
Revised: 7/28/2024 
 
 
 
 

BOARD OF CONTRACT AND SUPPLY 
CITY OF PROVIDENCE, RHODE ISLAND 

 
 

REQUEST FOR PROPOSALS 
Item Description:  BUNDLED SCHOOL CONSTRUCTION- CLASSICAL HIGH SCHOOL COMMERCIAL CHILLER  AND RESERVOIR & 
LEVITON ELEMENTARY SCHOOLS RTU REPLACEMENTS 
 
Procurement/MinuteTraq #: 54502 
 
Date to be opened: 10/5/2026 
 
Issuing Department: Public Property 
 
QUESTIONS 

• Please direct questions related to the process, how to fill out forms, and how to submit an 
application(Pages 1-8) to the Purchasing Department.  

o Portal Submission: 
https://forms.monday.com/forms/2623174bcb0d6268172c99a3aab9a409?r=use1  

• Please direct questions relative to the Minority and Women’s Business Enterprise Program and the 
corresponding forms (Pages 10-11) to the MBE/WBE Outreach Director for the City of Providence, 
Grace Diaz  

o Email: gdiaz@providenceri.gov 
 Please use subject line “MBE WBE Forms” 

• Please direct questions relative to the specifications outlined (beginning on page 14) to the issuing 
department’s subject matter expert: 

o Name: Paul DeMelo 
o Title: Owners Project Manager 
o Email Address: pdemelo@downesco.com 

 
Pre-Bid Submission Conference 
There will be a Mandatory Pre-Bid Conference 
  
Date of mandatory On-Site Pre-Bid Conference: 9/9/26  Time : 9:30am (2hrs) 
Location : 770 Westminster St, Providence, RI 02903 (Classical HS – then progress to Leveton ES & Reservoir 
ES) 
 
Deadline for questions submissions:  
Questions Due : 9/14/26 @ 4pm 
Final Addendum : 9/17/26 
 
  

https://forms.monday.com/forms/2623174bcb0d6268172c99a3aab9a409?r=use1
https://www.providenceri.gov/purchasing/minority-women-owned-business-mbewbe-procurement-program/


Page 2 of 16 
 

INSTRUCTIONS FOR SUBMISSION 
 

Meeting Date: 10/5/2026 
 

Bids may be submitted up to 2:15 P.M. on the above meeting date at the Department of the City Clerk. Room 
311, City Hall. 25 Dorrance Street, Providence. At 2:15 P.M. all bids will be publicly opened and read at the 
Board of Contract Meeting in Conference Room 305, on the 3rd floor of City Hall. 
 

• Bidders must submit 2 copies of their bid in sealed envelopes or packages labeled with the captioned 
Item Description and the City Department to which the solicitation and bid are related and must 
include the company name and address on the envelope as well. (On page 1). 

• If required by the Department, please keep the original bid bond and check in only one of the envelopes. 
• Communications to the Board of Contract and Supply that are not competitive sealed bids (i.e. product 

information/samples) should have “NOT A BID” written on the envelope or wrapper. 
• Only use form versions and templates included in this solicitation. If you have an old version of a form 

do not recycle it for use in this bid. 
• The bid envelope and information relative to the bid must be addressed to: 

 
Board of Contract and Supply 
Department of the City Clerk – City Hall, Room 311 
25 Dorrance Street 
Providence, RI 02903 
 

 
**PLEASE NOTE: This bid may include details regarding information that you will need to provide 
(such as proof of licenses) to the issuing department before the formalization of an award.  
 
This information is NOT requested to be provided in your initial bid by design.  
 
All bids submitted to the City Clerk become public record. Failure to follow instructions could result in 
information considered private being posted to the city’s Open Meetings Portal and made available as a 
public record. The City has made a conscious effort to avoid the posting of sensitive information on the 
City’s Open Meetings Portal, by requesting that such sensitive information be submitted to the issuing 
department only at their request.  
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BID PACKAGE CHECKLIST  
 
Digital forms are available in the City of Providence Purchasing Department Office or online at 
http://www.providenceri.gov/purchasing/how-to-submit-a-bid/ 

The bid package MUST include the following, in this order: 

• Bid Form 1: Bidder's Blank as the cover page/ 1st page (see page 6 of this document) 
• Bid Form 2: Certification of Bidder as 2nd page (see page 7 of this document) 
• Bid Form 3: Certificate Regarding Public Records (see page 8 of this document) 
• Bid Form 4: Affidavit of City Vendor (see pages 9 and 10 of this document)  
• Forms from the Minority and Women Business Enterprise Program: Based on Bidder Category. See 

forms and instructions enclosed (pages 10-11) or on: 
https://www.providenceri.gov/purchasing/minority-women-owned-business-mbewbe-procurement-
program/ 

*Please note: MBE/WBE forms must be completed for EVERY bid submitted and must be inclusive of 
ALL required signatures. Forms without all required signatures will be considered incomplete. 

• Bidder’s Proposal/Packet: Formal response to the specifications outlined in this RFP, including pricing 
information and details related to the good(s) or service(s) being provided. Please be mindful of 
formatting responses as requested to ensure clarity. 

• Financial Assurance, if requested (as indicated on page 5 of this document under “Bid Terms”) 
 
All of the above listed documents are REQUIRED. (With the exception of financial assurances, which are 
only required if specified on page 5.) 
 
***Failure to meet specified deadlines, follow specific submission instructions, or enclose all required 
documents with all applicable signatures will result in disqualification, or in an inability to appropriately 
evaluate bids. 
 

  

https://library.municode.com/ri/providence/codes/code_of_ordinances
mailto:gdiaz@providenceri.gov
mailto:gdiaz@providenceri.gov
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NOTICE TO VENDORS 
 

1. The Board of Contract and Supply will make the award to the lowest qualified and responsible bidder.  
2. In determining the lowest responsible bidder, cash discounts based on preferable payment terms will not be 

considered.  
3. Where prices are the same, the Board of Contract and Supply reserves the right to award to one bidder, or 

to split the award. 
4. No proposal will be accepted if the bid is made in collusion with any other bidder.  
5. Bids may be submitted on an “equal in quality” basis. The City reserves the right to decide equality. 

Bidders must indicate brand or the make being offered and submit detailed specifications if other than 
brand requested. 

6. A bidder who is an out-of-state corporation shall qualify or register to transact business in this State, in 
accordance with the Rhode Island Business Corporation Act, RIGL Sec. 7-1.2-1401, et seq. 

7. The Board of Contract and Supply reserves the right to reject any and all bids. 
8. Competing bids may be viewed in person at the Department of the City Clerk, City Hall, Providence, 

immediately upon the conclusion of the formal Board of Contract and Supply meeting during which the 
bids were unsealed/opened. Bids may also be accessed electronically on the internet via the City’s Open 
Meetings Portal.  

9. As the City of Providence is exempt from the payment of Federal Excise Taxes and Rhode Island Sales 
Tax, prices quoted are not to include these taxes. 

10. In case of error in the extension of prices quoted, the unit price will govern. 
11. The contractor will NOT be permitted to: a) assign or underlet the contract, or b) assign either legally or 

equitably any monies or any claim thereto without the previous written consent of the City Purchasing 
Director. 

12. Delivery dates must be shown in the bid. If no delivery date is specified, it will be assumed that an 
immediate delivery from stock will be made.  

13. A certificate of insurance will normally be required of a successful vendor. 
14. For many contracts involving construction, alteration and/or repair work, State law provisions concerning 

payment of prevailing wage rates apply (RIGL Sec. 37-13-1 et seq.) 
15. No goods should be delivered, or work started without a Purchase Order. 
16. Submit 2 copies of the bid to the City Clerk, unless the specification section of this document 

indicates otherwise. 
17. Bidder must certify that it does not unlawfully discriminate on the basis of race, color, national origin, 

gender, gender identity or expression, sexual orientation and/or religion in its business and hiring practices 
and that all of its employees are lawfully employed under all applicable federal, state and local laws, rules 
and regulations. (See Bid Form 2.)  

 

  

mailto:mbe-wbe@providenceri.gov
mailto:mbe-wbe@providenceri.gov
mailto:purchasing@providenceri.gov
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BID TERMS 
 

1. Financial assurances may be required in order to be a successful bidder for Commodity or Construction 
and Service contracts. If either of the first two checkboxes below is checked, the specified assurance 
must accompany a bid, or the bid will not be considered by the Board of Contract and Supply. The 
third checkbox indicates the lowest responsible bidder will be contacted and required to post a bond to 
be awarded the contract.   
 
a)  A certified check for $      must be deposited with the City Clerk as a guarantee that the 

Contract will be signed and delivered by the bidder. 
 

b)  A bid bond in the amount of       per centum (%) of the proposed total price, must be deposited 
with the City Clerk as a guarantee that the contract will be signed and delivered by the bidder; and 
the amount of such bid bond shall be retained for the use of the City as liquidated damages in case of 
default. Any person signing a bid bond as an attorney-in-fact shall include with the bid bond an 
original, or a photocopy or facsimile of an original, power of attorney.  

 
c)  A performance and payment bond with a satisfactory surety company will be posted by the 

bidder in a sum equal to one hundred per centum (100%) of the awarded contract. 
 

d)  No financial assurance is necessary for this item. 
 

2. Awards will be made within nighty (90) days of bid opening. All bid prices will be considered firm, 
unless qualified otherwise. Requests for price increases will not be honored. 

3. Failure to deliver within the time quoted or failure to meet specifications may result in default in 
accordance with the general specifications. It is agreed that deliveries and/or completion are subject to 
strikes, lockouts, accidents, and Acts of God. 

The following entry applies only for COMMODITY BID TERMS: 
 

4. Payment for partial delivery will not be allowed except when provided for in blanket or term contracts. 
The following entries apply only for CONSTRUCTION AND SERVICE BID TERMS: 
 

5. Only one shipping charge will be applied in the event of partial deliveries for blanket or term contracts. 
6. Prior to commencing performance under the contract, the successful bidder shall attest to compliance 

with the provisions of the Rhode Island Worker’s Compensation Act, RIGL 28-29-1, et seq.  If exempt 
from compliance, the successful bidder shall submit a sworn Affidavit by a corporate officer to that 
effect, which shall accompany the signed contract. 

7. Prior to commencing performance under the contract, the successful bidder shall, submit a certificate of 
insurance, in a form and in an amount satisfactory to the City. 

 

  

mailto:gdiaz@providenceri.gov
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BID FORM 1: Bidders Blank 
 

1. Bids must meet the attached specifications. Any exceptions or modifications must be noted and fully explained. 
 

2. Bidder’s responses must be in ink or typewritten, and all blanks on the bid form should be completed. 
 

3. The price or prices proposed should be stated both in WRITING and in FIGURES, and any proposal not so stated may be 
rejected. Contracts exceeding twelve months must specify annual costs for each year. 

 

4. Bids SHOULD BE TOTALED so that the final cost is clearly stated (unless submitting a unit price bid), however each 
item should be priced individually. Do not group items. Awards may be made on the basis of total bid or by individual 
items. 

 
5. All bids MUST BE SIGNED IN INK.  

 
Name of Bidder (Firm or Individual):  

Contact Name:  

Business Address:  

Business Phone #:    

Contact Email Address:  

Agrees to bid on (Write the “Item Description” here):  

 

If the bidder’s company is based in a state other than Rhode 

Island, list name and contact information for a local agent 

for service of process that is located within Rhode Island 

 

 

Delivery Date (if applicable):  

Name of Surety Company (if applicable):  

Classical HS Chiller Replacement Total: 

Leviton ES RTU Replacement Total: 

Reservoir ES RTU Replacement Total:               

Total (all 3) Amount in Writing*:   

Total (all 3) Amount in Figures*:  

  

*If you are submitting a unit price bid, please insert “Unit Price Bid” 

Use additional pages if necessary for additional bidding details.  

 

 

Signature of Representation 

 

 

Title 
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BID FORM 2: Certification of Bidder 
(Non-Discrimination/Hiring) 
 

Upon behalf of_____________________________________________ (Firm or Individual Bidding), 
 
I,                          (Name of Person Making Certification), 
 
being its          (Title or “Self”), hereby certify that: 
 
 
 
1. Bidder does not unlawfully discriminate on the basis of race, color, national origin, gender, sexual 

orientation and/or religion in its business and hiring practices. 
2. All of Bidder’s employees have been hired in compliance with all applicable federal, state and local 

laws, rules and regulations. 
 
 
 
I affirm by signing below that I am duly authorized on behalf of Bidder, on 

this day of 20 . 
 

_________________________________________________ 

Signature of Representation 

 

________________________________________________ 

Printed Name 
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BID FORM 3: Certificate Regarding Public Records  
 

Upon behalf of______________________________________________ (Firm or Individual Bidding), 

I,                          (Name of Person Making Certification), 

being its            (Title or “Self”), hereby certify an 

understanding that: 

1. All bids submitted in response to Requests for Proposals (RFP’s) and Requests for Qualification 
(RFQ’s), documents contained within, and the details outlined on those documents become public 
record upon receipt by the City Clerk’s office and opening at the corresponding Board of Contract 
and Supply (BOCS) meeting. 

2. The Purchasing Department and the issuing department for this RFP/RFQ have made a conscious 
effort to request that sensitive/personal information be submitted directly to the issuing 
department and only at request if verification of specific details is critical the evaluation of a 
vendor’s bid. 

3. The requested supplemental information may be crucial to evaluating bids. Failure to provide 
such details may result in disqualification, or an inability to appropriately evaluate bids.  

4. If sensitive information that has not been requested is enclosed or if a bidder opts to enclose the 
defined supplemental information prior to the issuing department’s request in the bidding packet 
submitted to the City Clerk, the City of Providence has no obligation to redact those details and 
bears no liability associated with the information becoming public record.  

5. The City of Providence observes a public and transparent bidding process. Information required in 
the bidding packet may not be submitted directly to the issuing department at the discretion of the 
bidder in order to protect other information, such as pricing terms, from becoming public. Bidders 
who make such an attempt will be disqualified. 

 
I affirm by signing below that I am duly authorized on behalf of Bidder, on 

this day of 20 . 

 
_________________________________________________ 

Signature of Representation 

 

________________________________________________ 

Printed Name 
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BID FORM 4: Affidavit of City Vendor 
 
Per our Code of Ordinances Sec. 21.-28.1 (e), this form applies to a) the business, b) any political action committee whose name 
includes the name of the business, c) all persons holding ten (10) percent or greater equity interest or five thousand dollars ($5,000.00) 
or greater cash value interest in the business at any time during the reporting period, d) all executive officers of the business entity, e) 
any spouse or dependent child of any individual identified in a) though d) above. 
 
Executive officers who are not residents of the state of Rhode Island are exempted from this requirement.  
 
Per R.I.G.L. § 36-14-2, “Business” means a sole proprietorship, partnership, firm, corporation, holding company, joint stock company, 
receivership, trust, or any other entity recognized in law through which business for profit or not for profit is conducted. 
 
Name of the person making this affidavit: ____________________________________________ 
 
Position in the “Business” ________________________________________________________ 
 
Name of Entity _________________________________________________________________ 
 
Address: ________________________________________________________________________ 
 
Phone number: ________________ 
 
The number of persons or entities in your entity that are required to report under Sec. 21.-28.1 (e):   _____   

 
Read the following paragraph and answer one of the options: 
 
Within the 12 month period preceding the date of this bid submission with the City of Providence, or with respect to the contracts that 
are not in writing within the 12 month period preceding the date of notification that the contract has reached the $100,000 threshold, 
have you made campaign contributions within a calendar year to (please list all persons or entities required under Sec. 21.-28.1 (e)).   
 
a. Members of the Providence City Council?  ☐ Yes      ☐ No 

• If Yes, please complete the following:  
Recipient(s) of the Contribution:  
Contribution Date(s):     Contribution Amount(s):   
 
 

b. Candidates for election or reelection to the Providence City Council? ☐ Yes      ☐ No 
• If Yes, please complete the following:  

Recipient(s) of the Contribution:  
Contribution Date(s):     Contribution Amount(s):   

 
 

c. The Mayor of Providence? ☐ Yes      ☐ No 
• If Yes, please complete the following:  

Recipient(s) of the Contribution:  
Contribution Date(s):     Contribution Amount(s):   
 

 
d. Candidates for election or reelection to the office of Mayor of Providence? ☐ Yes      ☐ No 

• If Yes, please complete the following:  
Recipient(s) of the Contribution:  
Contribution Date(s):     Contribution Amount(s):   
 
 
 
_________________________________________  _____________________________________ 
Signed under the pains and penalties of perjury.   Position 
 
 

 

 

 

 

 

 

 

https://library.municode.com/ri/providence/codes/code_of_ordinances?nodeId=PTIICOOR_CH21REFI_ARTIICOPUSA_S21-28.1QUPADOBUCI
https://www.providenceri.gov/purchasing/minority-women-owned-business-mbewbe-procurement-program/
https://library.municode.com/ri/providence/codes/code_of_ordinances?nodeId=PTIICOOR_CH21REFI_ARTIICOPUSA_S21-28.1QUPADOBUCI
http://providenceri.iqm2.com/Citizens/Default.aspx?nodeId=PTIICOOR_CH21REFI_ARTIICOPUSA_S21-28.1QUPADOBUCI
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MBE/WBE Participation Plan  
 

Please complete separate forms for each MBE/WBE subcontractor/supplier to be utilized on the solicitation. 
 

Bidder’s Name:  
Bidder’s Address:  
Point of Contact:  
Telephone:  
Email:  
Procurement #:  
Project Name:  
Which one of the following describes your 
business’ status in terms of Minority and/or Woman 
Owned Business Enterprise certification with the 
State of Rhode Island? (Check all that apply). 

☐MBE     ☐WBE  ☐Neither MBE nor WBE 

This form is intended to capture commitments between the prime contractor/vendor and MBE/WBE subcontractors and suppliers, 
including a description of the work to be performed and the percentage of the work as submitted to the prime contractor/vendor. 
Please note that all MBE/WBE subcontractors/suppliers must be certified by the Office of Diversity, Equity and Opportunity at the 
time of bid. The MBE/WBE Directory can be found here. Please visit, the City’s MBE/WBE page for details of the program (e.g. 
instructions and requirements).   

• Nonprofit organizations are not required to complete the rest of this form. 
• Construction projects unable to identify subcontractors prior to bid submission (e.g. Design Build) are required to 

provide updates to the MBE/WBE Outreach Office  
Name of Subcontractor/Supplier:   
Type of RI Certification:  ☐MBE                    ☐WBE  ☐Neither 
Address:  
Point of Contact:  
Telephone:  
Email:  
Detailed Description of Work to Be 
Performed by Subcontractor or Materials 
to be Supplied by Supplier Per the Scope 
of Work provided in the RFP 

 

Total Contract Value ($):   
  

Subcontract 
Value ($):  Participation 

Rate (%):  

Anticipated Date of Performance:  
I certify under penalty of perjury that the forgoing statements are true and correct.  
Prime Contractor/Vendor Signature                                                               Title                                                          Date 
 

Subcontractor/Supplier Signature                                                                    Title                                                          Date    
 

 
*If you did not meet the 20% MBE/WBE combined participation goal, submit a Waiver Request Form.  
  

http://webserver.rilin.state.ri.us/Statutes/TITLE37/37-13/INDEX.HTM
http://www.providenceri.gov/purchasing/how-to-submit-a-bid/


Page 11 of 16 
 

MBE/WBE Waiver Request Form 
Fill out this form only if you did not meet the 20% MBE/WBE participation goal.  
State-certified MBE or WBE Prime Bidders are NOT REQUIRED to fill out this form. 
 
Submit this form to the City of Providence MBE/WBE Outreach Director, Grace Diaz, at 
gdiaz@providenceri.govhttps://dedi.ri.gov/divisions-units/minority-business-enterprise-compliance-office/minority-business-
enterprise-mbe, for review prior to bid submission. This waiver applies only to the current bid which you are submitting to the City 
of Providence and does not apply to other bids your company may submit in the future. In case a waiver is needed, City Department 
Directors should not recommend a bidder for an award if this form is not included, absent or is not signed by the city of Providence 
MBE/WBE director. 
 
Prime Bidder: _______________________________________ Contact Email and Phone________________________________    
Company Name, Address: ________________________________________ Trade _________________________________                                                                                       
Project /Item Description (as seen on RFP):  
_________________________________________________________________________________________________________ 
_________________________________________________________________________________________________________ 
 
To receive a waiver, you must list the certified MBE and/or WBE companies you contacted, the name of the primary individual with 
whom you interacted, and the reason the MBE/WBE company could not participate on this project. 

MBE/WBE Company 
Name 

Individual’s Name Company Name  Why did you choose not to 
work with this company? 

    
 
 

    
 
 

    
 
 

    
 
 

    
 
 

 
I acknowledge the City of Providence’s goal of a combined MBE/WBE participation is 20% of the total bid value. I am requesting a 
waiver of _______ % MBE/WBE (20% minus the value of Box F on the Subcontractor Disclosure Form). If an opportunity is 
identified to subcontract any task associated with the fulfillment of this contract, a good faith effort will be made to select MBE/WBE 
certified businesses as partners.  
 
_________________________________  _________________________________ ____________________ 
Signature of Prime Contractor /   Printed Name    Date Signed 
or Duly Authorized Representative 
 
_________________________________  _________________________________ ____________________ 
Signature of City of Providence             Printed Name of City of Providence  Date Signed 
MBE/WBE Outreach Director /                       MBE/WBE Outreach Director  
or Duly Authorized Representative   

https://library.municode.com/ri/providence/codes/code_of_ordinances
https://dedi.ri.gov/divisions-units/minority-business-enterprise-compliance-office/minority-business-enterprise-mbe
https://dedi.ri.gov/divisions-units/minority-business-enterprise-compliance-office/minority-business-enterprise-mbe
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FOR CONSTRUCTION PROJECTS 
 
APPRENTICE REQUIREMENTS (Construction Projects Valued at $100,000 or More). 
 
Attention of prospective bidders is called to the fact that this project is to be bid upon and executed under the City of Providence Code 
of Ordinances Chapter 21 Art. II Section 21-28.1 c(1) and (2) related to utilizing apprentices in the contract. This ordinance outlines 
requirements for utilizing not less than 15% of total hours worked by apprentices. The City may lower this percentage only if it 
determines in writing that compliance is not feasible or that it would be unduly cost prohibitive to the project. The attention of 
prospective bidders is also called to the fact that reporting the efforts undertaken and progress towards achieving the requirements in 
this ordinance is a condition for payment. Compliance reporting shall be submitted with any contract payment requisition, in a format 
to be specified by the City. This demonstration of compliance through such reports shall be a condition of the requisition for payment 
to be processed. Upon the contract being awarded to the successful bidder, a mandatory meeting will be scheduled to review the 
project requirements relative to apprenticeship requirements and the process and protocols by which these goals will be achieved. At 
this meeting, specific forms and procedures for the documentation and achievement of these requirements by the successful bidder 
will be provided, discussed and agreed upon for the execution of the contract. 
 
 
“FIRST SOURCE” REQUIREMENTS. 
 
Attention of prospective bidders is called to the fact that this project is to be bid upon and executed under the City of Providence Code 
of Ordinances Chapter 21 Art. III 1/2 First Source Agreements Sec. 21-91 through 21-96. This ordinance outlines requirements for 
hiring Providence residents to work on this project. The City may waive this requirement only upon a determination in writing that 
qualified residents of Providence are not available for the project, pursuant to Sec. 21-94(e). The attention of prospective bidders is 
called to the fact that reporting the efforts undertaken and progress towards achieving the requirements in this ordinance is a condition 
for payment. Compliance reporting shall be submitted with any contract payment requisition, in a format to be specified by the City. 
This demonstration of compliance through such reports shall be a condition of the requisition for payment to be processed. Upon the 
contract being awarded to the successful bidder, a mandatory meeting will be scheduled to review the project requirements relative to 
the First Source Agreements and the process and protocols by which these goals will be achieved. At this meeting, specific forms and 
procedures for the documentation and achievement of these requirements by the successful bidder will be provided, discussed, and 
agreed upon for the execution of the contract. 

 

  

http://webserver.rilegislature.gov/Statutes/TITLE28/28-29/INDEX.htm?nodeId=PTIICOOR_CH21REFI_ARTIICOPUSA_S21-28.1QUPADOBUCI
http://webserver.rilegislature.gov/Statutes/TITLE36/36-14/36-14-2.htm?nodeId=PTIICOOR_CH21REFI_ARTIII_1-2_FIURAG


Page 13 of 16 
 

BID PACKAGE SPECIFICATIONS 

Overview  
The City of Providence is seeking proposals for the upgrade/replacement of the Classical HS Chiller and the 
Rooftop units at Leviton and Reservoir Elementary Schools.  
 
 
 
Scope of Work  
The scope of work for the Classical HS Chiller Replacement and the Roof Top unit replacements at the Leviton 
and Reservoir Elementary schools is as indicated in the construction documents.  
 
Drawings 
Cover Sheet  
G001 – Abbreviations & Symbols 
A010 – Code Reviews 
D101 – Classical Roof Plan Demolition 
D102 – Leviton Floor & Roof Plan Demolition 
D103 - Reservoir Roof Plan Demolition 
S100 – Classical Chiller Dunnage & Leviton Joist Details 
ME0.1 – Mechanical / Electrical Notes and Legends 
ME1.1 – Classical School Mechanical / Electrical Demolition Roof Plans 
ME1.2 – Classical School Mechanical / Electrical Renovation Plans, Details & Schedules 
ME2.1 – Leviton School Mechanical / Electrical Demolition Plans 
ME2.2 – Leviton School Mechanical / Electrical Renovation Plans, Details & Schedules 
ME3.1 – Reservoir School Mechanical / Electrical Demolition Plans 
ME3.2 – Reservoir School Mechanical / Electrical Renovation Plans, Details & Schedules 
 
 
Specifications 
Project Manual – RTU and Chiller Replacement at Classical High School, Leviton Dual Language School and 
Reservoir Elementary School   
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SUPPLEMENTAL INFORMATION 
 
If the issuing department for this RFP determines that your firm’s bid is best suited to accommodate their need, 
you will be asked to provide proof of the following prior to formalizing an award. 
 
An inability to provide the outlined items at the request of the department may lead to the disqualification of 
your bid.   
 
This information is NOT requested to be provided in your initial bid that you will submit to the City Clerk’s 
office by the “date to be opened” noted on page 1. This list only serves as a list of items that your firm should 
be ready to provide on request. 
 
All bids submitted to the City Clerk become public record. Failure to follow instructions could result in 
information considered private being posted to the city’s Open Meetings Portal and made available as a 
public record.  
 
You must be able to provide: 
 

• Business Tax ID will be requested after an award is approved by the Board of Contract and Supply. 
• Proof of Insurance. 
• Certificate of Good Standing with the Rhode Island Secretary of State.   

 
  



Revised: 4/29/2023 
 
 
 
 

BOARD OF CONTRACT AND SUPPLY 
CITY OF PROVIDENCE, RHODE ISLAND 
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CITY OF PROVIDENCE STANDARD TERMS & CONDITIONS 
 

1. The terms “you” and “your” contained herein refer 
to the person or entity that is a party to the 
agreement with the City of Providence (“the City”) 
and to such person’s or entity’s employees, officers, 
and agents. 

2. The Request For Proposals (“RFP”) and these 
Standard Terms and Conditions together constitute 
the entire agreement of the parties (“the 
Agreement”) with regard to any and all matters. By 
your submission of a bid proposal or response to the 
City’s RFP, you accept these Standard Terms & 
Conditions and agree that they supersede any 
conflicting provisions provided by bid or in any 
terms and conditions contained or linked within a 
bid and/or response. Changes in the terms and 
conditions of the Agreement, or the scope of work 
thereunder, may only be made by a writing signed 
by the parties.  

3. You are an independent contractor and in no way 
does this Agreement render you an employee or 
agent of the City or entitle you to fringe benefits, 
workers’ compensation, pension obligations, 
retirement or any other employment benefits. The 
City shall not deduct federal or state income taxes, 
social security or Medicare withholdings, or any 
other taxes required to be deducted by an employer, 
and this is your responsibility to yourself and your 
employees and agents. 

4. You shall not assign your rights and obligations 
under this Agreement without the prior written 
consent of the City. Any assignment without prior 
written consent of the City shall be voidable at the 
election of the City. The City retains the right to 
refuse any and all assignments in the City’s sole and 
absolute discretion.  

5. Invoices submitted to the City shall be payable sixty 
(60) days from the time of receipt by the City. 
Invoices shall include support documentation 
necessary to evidence completion of the work being 
invoiced. The City may request any other 
reasonable documentation in support of an invoice. 
The time for payment shall not commence, and 
invoices shall not be processed for payment, until 
you provide reasonably sufficient support 
documentation. In no circumstances shall the City 
be obligated to pay or shall you be entitled to 
receive interest on any overdue invoice or payment. 
In no circumstances shall the City be obligated to 

pay any costs associated with your collection of an 
outstanding invoice. 

6. For contracts involving construction, alteration, 
and/or repair work, the provisions of applicable 
state labor law concerning payment of prevailing 
wage rates (R.I. Gen. Laws §§ 37-13-1 et seq., as 
amended) and the City’s First Source Ordinance 
(Providence Code of Ordinances §§ 21-91 et seq., as 
amended) apply. 

7. With regard to any issues, claims, or controversies 
that may arise under this Agreement, the City shall 
not be required to submit to dispute resolution or 
mandatory/binding arbitration. Nothing prevents the 
parties from mutually agreeing to settle any disputes 
using mediation or non-binding arbitration. 

8. To the fullest extent permitted by law, you shall 
indemnify, defend, and hold harmless the City, its 
employees, officers, agents, and assigns from and 
against any and all claims, damages, losses, 
allegations, demands, actions, causes of action, 
suits, obligations, fines, penalties, judgments, 
liabilities, costs and expenses, including but not 
limited to attorneys’ fees, of any nature whatsoever 
arising out of, in connection with, or resulting from 
the performance of the work provided in the 
Agreement. 

9. You shall maintain throughout the term of this 
Agreement the insurance coverage that is required 
by the RFP or, if none is required in the RFP, 
insurance coverage that is considered in your 
industry to be commercially reasonable, and you 
agree to name the City as an additional insured on 
your general liability policy and on any umbrella 
policy you carry.  

10. The City shall not subject itself to any contractual 
limitations on liability. The City shall have the time 
permitted within the applicable statute of 
limitations, and no less, to bring or assert any and 
all causes of action, suits, claims or demands the 
City may have arisen out of, in connection with, or 
resulting from the performance of the work 
provided in the Agreement, and in no event does the 
City agree to limit your liability to the price of the 
Agreement or any other monetary limit. 

11. The City may terminate this Agreement upon five 
(5) days’ written notice to you if you fail to observe 
any of the terms and conditions of this Agreement, 
or if the City believes your ability to perform the 
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terms and conditions of this Agreement has been 
materially impaired in any way, including but in no 
way limited to loss of insurance coverage, lapsing of 
a surety bond, if required, declaration of 
bankruptcy, or appointment of a receiver. In the 
event of termination by the City, you shall be 
entitled to just and equitable compensation for any 
satisfactory work completed and expenses incurred 
up to the date of termination. 

12. Written notice hereunder shall be deemed to have 
been duly served if delivered in person to the 
individual or member of the firm or entity or to an 
officer of the entity for whom it was intended, or if 
delivered at or sent by registered or certified mail to 
the last business address known by the party 
providing notice. 

13. In no event shall the Agreement automatically 
renew or be extended without a writing signed by 
the parties. 

14. You agree that products produced or resulting from 
the performance of the Agreement are the sole 
property of the City and may not be used by you 
without the express written permission of the City. 

15. For any Agreement involving the sharing or 
exchange of data involving potentially confidential 
and/or personal information, you shall comply with 
any and all state and/or federal laws or regulations 
applicable to confidential and/or personal 
information you receive from the City, including but 
not limited to the Rhode Island Identity Theft 
Protection Act, R.I. Gen. Laws § 11-49.3-1, during 
the term of the Agreement. You shall implement 
and maintain appropriate physical, technical, and 
administrative security measures for the protection 
of, and to prevent access to, use, or disclosure of, 
confidential and/or personal information. In the 
event of a breach of such information, you shall 
notify the City of such breach immediately, but in 
no event later than twenty-four (24) hours after 
discovery of such breach.  

16. The Agreement is governed by the laws of the State 
of Rhode Island. You expressly submit yourself to 
and agree that any and all actions arising out of, in 
connection with, or resulting from the performance 
of the Agreement or relationship between the parties 
shall occur solely in the venue and jurisdiction of 
the State of Rhode Island or the federal court 
located in Rhode Island. 

17. The failure of the City to require performance of 
any provision shall not affect the City’s right to 

require performance at any time thereafter, nor shall 
a waiver of any breach or default of this Agreement 
constitute a waiver of any subsequent breach or 
default or a waiver of the provision itself. 

18. If any term or provision of this Agreement, or the 
application thereof to any person or circumstance 
shall, in any extent, be invalid or unenforceable, the 
remainder of this Agreement shall not be affected 
thereby, and each term and provision shall be valid 
and enforceable to the fullest extent permitted by 
law.  
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SECTION 01 10 00 - SUMMARY OF THE WORK 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. The General Conditions, Supplementary Conditions and applicable portions of Division 1 of the 
Specification are a part of this Section, which shall consist of all labor, materials, equipment, 
tools, construction equipment and machinery, water, heat, utilities, transportation and other 
facilities and services necessary for the proper execution and completion of the work, whether 
temporary or permanent and whether or not incorporated or to be incorporated in the work; and 
as related to the project or projects defined in the Bidding Requirements. 

B. The specification format used herein is in accordance with MASTERFORMAT, CSI (2004 
Format) and in no way intends to restrict this Contractor from expediting his work as he sees fit, 
nor is there any intention of segregating the units of work as related to specific trades involving 
jurisdictional problems. 

1.2 WORK COVERED BY CONTRACT DOCUMENTS 

A. Project Identifications: Providence School RTU and Chiller Replacements 
 

1. Project Locations: 
a. Classical High School, 770 Westminster St. Providence RI 02903  
b. Leviton Dual Language School, 65 Greenwich St. Providence RI 02907 
c. Reservoir Elementary School, 156 Reservoir Ave. Providence RI 02907 

B. Owner:  Providence Public School District (PPSD) 

C. Owner's Representative:  Paul MeMelo – Downes Construction as Project Manager 

D. Architect: The Robinson Green Beretta Corporation, 50 Holden Street, Providence, RI 02908 

E. Contractor:   To be determined. 

1.3 SUMMARY OF THE WORK 

A. The scope of work on this project includes but is not limited to:  
 
The project scope will include the removal and replacement of select rooftop mechanical RTU’s 
and Chillers across of three (3) separate school facilities. 

1. Classical High School:  Removal and replacement of existing rooftop chiller on existing to 
remain dunnage. 

2. Leviton Dual Language School: Removal and replacement of two (2) rooftop RTUs, along 
with the coordination to provide curb adapters at existing locations. 

3. Reservoir Elementary School: Removal and replacement of one (1) rooftop RTU. 
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1.4 CONTRACTOR'S DUTIES 

A. The Contractor is responsible for all personnel involved in the work, including those of his direct 
employ, his sub-contractors and suppliers of materials and equipment and/or labor. The 
Technical Specifications have been divided for convenience only to cover the scope of work, 
and where reference to a particular contractor is noted, it is for convenience only. 

B. As it is impractical to enumerate every piece of equipment, device and/or accessory required for 
proper operation of the indicated systems specified within their respective Sections or Divisions 
of the Project Manual; it is intended that all materials, systems, and/or equipment, required to 
insure proper operation of the equipment, device, and/or accessory, be provided as a part of the 
Work of this Project so the specified work or system functions, and/or performs as required by 
the specification. To infer the intent is otherwise, is to render the specified work or system less 
than required. 

C. Except as specifically noted, provide and pay for: 
1. Labor, materials and equipment. 
2. Tools, construction equipment and machinery. 
3. Water, heat and utilities required for construction. 
4. Compliant waste management with Green Building standards. 
5. Other facilities and services necessary for proper execution and completion of the Work. 

D. Owner is exempt from sales tax on products permanently incorporated in the Work. 
1. Obtain sales tax exemption certificate number from Owner. 
2. Place exemption certificate number on invoices for materials incorporated in the Work. 
3. Furnish copies of invoices to the Owner. 
4. Upon completion of the Work, file with the Owner notarized statement that all purchases 

made under exemption certificate were entitled to be exempt. 
5. Pay legally assessed penalties for improper use of exemption certificate number. 

E. Pay sales, consumer, use and similar taxes for the Work or portions thereof. 

F. Secure and pay for, as necessary for proper execution and completion of the Work, and as 
applicable at time of receipt of Bids: 
1. Permits. 

a. Permit fees normally charged by the local building department are waived, 
however, all other permit fee, use fees, application fees, are the responsibility of 
the Contractor, unless noted otherwise. 

2. Government fees. 
3. Licenses. 

G. Give required notices for operations which may disturb the functions of adjacent facilities. 

H. Comply with codes, ordinances, rules, regulations, orders and other legal requirements of public 
authorities which bear on the performance of the Work. 

I. Promptly submit written notice, within five business days of discovery, to the Architect of 
observed variance of Contract Documents from legal requirements. 

J. Lay out all work and be responsible for all lines, elevations, measurements of the building, 
utilities and site work executed under the Contract. Verify the figures shown before laying out 
the Work and be responsible for any error resulting from failure to do so. Employ a competent 
registered engineer or registered land surveyor, approved by the Architect and Owner, for 
establishing all lines, levels and dimensions, and place at the disposal of the Architect, as 
required for checking purposes. 
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1. Upon completion of the foundation work, submit certified survey data which indicates and 
corroborates indicated building layout and foundation elevations. 

2. Provide certified survey at the completion of the Project, indicating building location, 
heights, grades, utility line inverts, and prominent site improvements. 

K. Enforce strict discipline and good order among employees. Do not employ persons not skilled in 
assigned task. 

L. Notify all trades, sub-contractors and suppliers of all designated alternatives and be responsible 
for their coordination. 

M. At your option, certain indicated materials and/or procedures are specified herein to be used in 
lieu of other indicated materials and/or procedures, at no change in Contract Price. Such 
options should be analyzed and coordinated during the bidding period, so that the selection of 
any may immediately be brought to the Architect's attention, once the Contract is awarded 
(within thirty days thereafter). 

1.5 HEALTH AND SAFETY PRECAUTIONS 

A. OSHA: 
1. These construction documents, and the joint and several phases of construction hereby 

contemplated, are to be governed, at all times, by the applicable portions of the Federal 
Laws, including but not limited to, the latest amendments of the following: 
a. Williams-Steiger Occupational Safety and Health Act of 1970, Public Law 91-956; 
b. Part 1910 - Occupational Safety and Health Standards, Title 29, Code of Federal 

Regulations, as amended to date; 
c. Part 1926 - Safety and Health Regulations for Construction, Title 29, Code of 

Federal Regulations, as amended to date. 
2. This Project, the Contractor and his sub-contractors shall, at all times, be governed by 

applicable Chapters of Title 29, Code of Federal Regulations, Part 1926 - Safety and 
Health Regulations for Construction, as amended to date. 
a. Note: Furnish the Owner and Architect copies of all accident reports. 

B. Emergencies: 
1. Should tornado, hurricane, gale or heavy wind warnings be issued, take precautions to 

minimize the danger to persons, to the work, and to the adjacent property. Damage 
caused to any part of the work shall be rectified or replaced to the complete satisfaction 
of the Architect and Owner and at no expense to the Owner. Injury to personnel or 
damage to adjacent property because of the work shall be the complete responsibility of 
the Contractor, and he accepts exclusive responsibility for same. 

C. Loading: 
1. Do not load any part of the existing work involved in this Contract, during construction, 

with a load greater than it is calculated to carry with safety. Should any accidents or 
damage occur through any violation of this requirement, the Contractor shall be held 
responsible under his Contract and Bond. When, in the opinion of the Architect, portions 
of the existing areas appear to be overloaded, it shall be the Contractor's responsibility to 
prove otherwise, or the Contractor shall follow the instructions of the Architect in 
connection with reduction of the loads. 

2. Contractor to review existing site conditions and survey to determine location of 
underground utility systems and structures. Protect systems from damage. Repair, 
replace any existing to remain systems, unless noted otherwise. 

RTU AND CHILLER REPLACEMENT 
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1.6 PROJECT RECORD DOCUMENTS 

A. Maintain at job site, one copy of: 
1. Contract Drawings. 
2. Specifications. 
3. Addenda. 
4. Reviewed Shop Drawings. 
5. Record Drawings. 
6. Change Orders. 
7. Other modifications to Contract. 
8. Field Test Reports. 
9. Approved materials, samples and colors. 

B. Store documents in approved field construction office, apart from documents used for 
construction. 

C. Provide files and racks for storage of documents. 
1. Provide red pen or pencil for all marking. 

D. File documents in accordance with Project Filing Format of MASTERFORMAT. 

E. Maintain documents in clean, dry, legible condition. 

F. Do not use record documents for construction purposes. 

G. Make documents available at all times for inspection by Architect and Owner. 

H. Recording changes: 
1. Keep record documents current. 
2. Do not permanently conceal any work until required information has been recorded. 
3. Contract Drawings: Legibly mark to record actual construction and the following: 

a. Record various elements of foundations in relation to lowest floor elevation. 
b. Reference horizontal and vertical location of underground utilities and 

appurtenances to permanent surface improvements. 
c. Reference location of internal utilities and appurtenances concealed in 

construction to visible and accessible features of structure. 
d. Record field changes of dimensions and details. 
e. Record changes made by Change Order or Field Order. 
f. Record details not on original Contract Drawings. 

4. Specifications and Addenda: Legibly mark up each Section to record the following: 
a. Manufacturer, trade name, catalog number, and supplier of each product and item 

of equipment actually installed. 
b. Changes made by Change Order and Field Order. 
c. Other matters and materials not previously specified. 

5. Shop Drawings: Maintain as record documents; legibly annotate drawings to record 
changes after review. 

1.7 TRANSPORTATION AND HANDLING 

A. Transport all materials and equipment on legally approved conveyances as required or 
recommended by the respective manufacturer or supplier. 
1. Obtain permits, as required. 

RTU AND CHILLER REPLACEMENT 
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B. Receive and handle all materials and equipment, at the project site, by conveyances or 
methods as recommended by the respective manufacturer or supplier. 

C. Coordinate delivery of equipment and materials when two or more trades, contractors or 
suppliers are involved. 

D. Remove from the site any material or item of equipment damaged during the transportation or 
handling process, and immediately replace at no additional cost to the Owner. 

1.8 STORAGE AND PROTECTION 

A. Store all materials and equipment as recommended by the respective manufacturer or supplier, 
including the following minimum requirements: 
1. All moisture sensitive materials shall be delivered dry and wrapped in plastic. 
2. Upon receipt of materials and equipment, check, distribute, store and safeguard in a 

clean, dry, ventilated location. 
3. Elevate off the ground, items which can be stored in exterior locations, and completely 

cover with approved tarpaulins. Protect against the elements at all times. 
4. Maintain all storage areas in a clean and orderly condition at all times. 
5. Immediately replace any material or item of equipment damaged, due to inadequate 

storage protection, at no additional cost to the Owner. 
6. Immediately remove any materials showing signed of mold and mildew, including any 

with moisture stains, from the site and properly dispose of them. Replace moldy materials 
with new undamaged materials. 

B. Allow for time in the construction schedule for materials to dry before they are enclosed. 

1.9 CUTTING AND PATCHING 

A. Execute cutting, including excavating, fitting or patching work required to: 
1. Make several parts fit properly. 
2. Uncover work to provide for installation of ill-timed work. 
3. Remove and replace defective work. 
4. Remove and replace work not conforming to the Contract Documents. 
5. Remove samples of installed work, as specified, for testing. 
6. Install specified work in existing construction. 

B. In addition to the Contract requirements, upon written instructions from Architect: 
1. Uncover work to provide for Architect's observation of covered work, as required by 

General Conditions. 
2. Remove samples of installed materials for testing; as required by the General Conditions. 

C. Do not endanger any work by cutting or altering work, or any part of it. 

D. Prior to cutting which affects structural safety of Project, or work of another Contractor, submit 
written notice to Architect requesting consent to proceed with cutting. 

E. Prior to cutting and patching, done on instruction of the Architect, submit written cost estimate. 

F. Should conditions of work, or schedule, indicate change of materials or methods, submit written 
recommendations to the Architect and Owner including: 
1. Conditions indicating change. 

RTU AND CHILLER REPLACEMENT 
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2. Recommendations for alternative materials or methods. 
3. Submittals required for Substitutions. 
4. Impact on operations and maintenance, both long and short term. 

G. Submit written notice, to the Architect and Owner, designating time work will be uncovered, to 
provide for observation. 

H. Payment for costs caused by ill-timed or defective work, or work not conforming to the Contract 
Documents, including costs for additional services of Architect or other costs to the Owner will 
be borne by the Contractor. 

I. Contractor Inspection: 
1. Inspect existing conditions of work, including existing underground structures and 

elements subject to movement or damage during: 
a. Cutting and patching. 
b. Excavating and backfilling. 

2. After uncovering work, inspect conditions affecting installation of new products. 

J. Preparation: (prior to cutting) 
1. Provide shoring, bracing and support as required to maintain structural integrity of the 

Project. 
2. Provide appropriate protection to fully protect other portions of the Project from dust, 

fumes, humidity, etc. 
3. Provide protection from the elements. 

K. Performance: Perform all work of fitting, adjustment, cutting, patching, finishing, and restoration 
to perfectly match the quality as specified throughout these specifications by trade persons 
skilled in the work being performed. 

1.10 OWNER-FURNISHED PRODUCTS 

A. Where Owner furnished and/or Owner furnished and installed products or equipment is 
specified, the Contractor is responsible to verify and coordinate, with the Owner, the extent of 
the Work under this Contract, associated with such product or equipment. 

B. Owner's duties: 
1. Schedule delivery date, with supplier, in accordance with the Construction Schedule, as 

developed with both the Architect and Owner in regards to furnished products. 
2. Obtain installation drawings and instructions. 

C. Contractor's duties: 
1. Designate required delivery date for each product in accordance with the Construction 

Schedule, as developed with both the Architect and Owner in regards to furnished 
products. 

2. Promptly inspect delivered products, report damaged or defective products. 
3. Handle at site, including uncrating and storage. 
4. Protect from exposure to elements and from damage. 
5. The Contractor shall endeavor to work with the Owner in their schedule to accommodate 

the work. It is expected that work will include, but not be limited to: Furnishings, 
Communications, Security, Audio-Visual and Technology. 

6. Repair or replace items damaged as a result of Contractor's operations. 

RTU AND CHILLER REPLACEMENT 
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1.11 CONTRACTOR USE OF PREMISES 

A. Confine operations at site to areas permitted by: 
1. Law. 
2. Ordinances. 
3. Permits. 
4. Contract Documents. 

B. Do not unreasonably encumber the site with materials and equipment. 

C. Do not load structure with weight that will endanger structure. 

D. Assume full responsibility for protection and safekeeping of products stored on the premises. 

E. Move any stored products which interfere with operations of Owner or other Contractor. 

F. Obtain and pay for use of additional storage or work areas needed for operations. 

G. Limit use of site for work and storage within confines of the Project Limit Line. 

H. Use of Site:  Limit use of Project site to work in areas or areas within the Contract limits 
indicated.  Do not disturb portions of Project site beyond areas in which the work is indicated. 
1. Limits:  Confine construction operations to construction areas indicated on drawings and 

allowed by the Owner. 
2. Driveways, Walkways and Entrances:  Keep driveways, loading areas and entrances 

serving premises clear and available to Owner, Owner’s employees, Owner’s Students 
and emergency vehicles at all times.  Do not use these areas for parking or storage of 
materials. 
a. Schedule deliveries to minimize use of driveways and entrances by construction 

operations. 

1.12 WORK RESTRICTIONS 

A. Work Restrictions, General:  Comply with restrictions on construction operations. 
1. Comply with limitations on use of public streets and with other requirements of authorities 

having jurisdiction. 

B. On-Site Work Hours:  Contractor to coordinate work hours with Owner. 

C. Existing Utility Interruptions:  Do not interrupt utilities serving facilities occupied by others unless 
permitted under the following conditions and then only after providing temporary utility services 
according to requirements indicated: 
1. Notify Owner not less than two days in advance of proposed utility interruptions. 
2. Obtain Owner's written permission before proceeding with utility interruptions. 

D. Noise, Vibration, and Odors:  Coordinate operations that may result in high levels of noise and 
vibration, odors, or other disruption to Owner occupancy with Owner. 
1. Notify Owner not less than two days in advance of proposed disruptive operations. 
2. Obtain Owner's written permission before proceeding with disruptive operations. 

E. Controlled Substances:  Use of tobacco products and other controlled substances within the 
Project site is not permitted. 

RTU AND CHILLER REPLACEMENT 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 10 00 

RTU AND CHILLER REPLACEMENT 
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SECTION 01 22 00 - UNIT PRICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for unit prices. 

B. Related Requirements: 

1. Division 01 Section "Contract Modification Procedures" for procedures for submitting and 
handling Change Orders. 

2. Division 01 Section "Quality Requirements" for general testing and inspecting 
requirements. 

1.3 DEFINITIONS 

A. Unit price is an amount incorporated in the Agreement, applicable during the duration of the 
Work as a price per unit of measurement for materials, equipment, or services, or a portion of 
the Work, added to or deducted from the Contract Sum by appropriate modification, if the scope 
of Work or estimated quantities of Work required by the Contract Documents are increased or 
decreased. 

1.4 PROCEDURES 

A. Unit prices include all necessary material, plus cost for delivery, installation, insurance, 
applicable taxes (when required), overhead, and profit. 

B. Measurement and Payment:  See individual Specification Sections for work that requires 
establishment of unit prices.  Methods of measurement and payment for unit prices are 
specified in those Sections. 

C. Owner reserves the right to reject Contractor's measurement of work-in-place that involves use 
of established unit prices and to have this work measured, at Owner's expense, by an 
independent surveyor acceptable to Contractor. 

D. List of Unit Prices:  A schedule of unit prices is included in Part 3.  Specification Sections 
referenced in the schedule contain requirements for materials described under each unit price. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 SCHEDULE OF UNIT PRICES 

 
The Bidder submits these predetermined Unit Prices as the Basis for any change orders approved in 
advance by the Owner.  These Unit Prices include all costs, including labor, materials, services, 
regulatory compliance, overhead, and profit 
 

 

Unit Price 
No. 1 

Pressure Treated Wood Blocking 

Remove and replace damaged or rotted pressure 
treated 2 x blocking in kind. 

 

 Wood Blocking: BF (Board Feet) $   , 
   . 

  

Unit Price in Words:   

____________________________________________________________________________________ 

 
 
 

Unit Price 
No. 2 

Roof Membrane - TPO 

Remove and replace damaged roofing membrane 
in kind. 

 

 Roofing Membrane: SF (Square Feet) $   , 
   . 

  

Unit Price in Words:   

____________________________________________________________________________________ 

 

Unit Price 
No. 3 

HVAC Dunnage Reinforcement Steel 

Furnish and install new steel reinforcement at 
Classical Highschool chiller dunnage as noted in 
Sheet S-100. 

 

 Steel: LF (Linear Feet) $   , 
   . 

  

Unit Price in Words:   

____________________________________________________________________________________ 
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Unit Price 
No. 4 

HVAC Curb Roof Support Steel 

Furnish and install RTU Curb roof joists  
reinforcement steel as defined in Sheet S-100. 

 

 Steel: LF (Linear Feet) $   , 
   . 

  

Unit Price in Words:   

____________________________________________________________________________________ 

 

END OF SECTION 01 22 00 
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SECTION 01 25 00 - SUBSTITUTION PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for substitutions. 

B. Related Requirements: 

1. Division 01 Section "Product Requirements" for requirements for submitting comparable 
product submittals for products by listed manufacturers. 

1.3 DEFINITIONS 

A. Substitutions:  Changes in products, materials, equipment, and methods of construction from 
those required by the Contract Documents and proposed by Contractor. 

1. Substitutions for Cause:  Changes proposed by Contractor that are required due to 
changed Project conditions, such as unavailability of product, regulatory changes, or 
unavailability of required warranty terms. 

1.4 ACTION SUBMITTALS 

A. Substitution Requests:  Submit three copies of each request for consideration.  Identify product 
or fabrication or installation method to be replaced.  Include Specification Section number and 
title and Drawing numbers and titles. 

1. Substitution Request Form:  Use CSI Form 13.1A and/or facsimile of form. 
2. Documentation:  Show compliance with requirements for substitutions and the following, 

as applicable: 

a. Statement indicating why specified product or fabrication or installation cannot be 
provided, if applicable. 

b. Coordination information, including a list of changes or revisions needed to other 
parts of the Work and to construction performed by Owner and separate 
contractors that will be necessary to accommodate proposed substitution. 

c. Detailed comparison of significant qualities of proposed substitution with those of 
the Work specified.  Include annotated copy of applicable Specification Section.  
Significant qualities may include attributes such as performance, weight, size, 
durability, visual effect, sustainable design characteristics, warranties, and specific 
features and requirements indicated.  Indicate deviations, if any, from the Work 
specified. 
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d. Product Data, including drawings and descriptions of products and fabrication and 
installation procedures. 

e. Samples, where applicable or requested. 
f. Certificates and qualification data, where applicable or requested. 
g. List of similar installations for completed projects with project names and 

addresses and names and addresses of architects and owners. 
h. Material test reports from a qualified testing agency indicating and interpreting test 

results for compliance with requirements indicated. 
i. Research reports evidencing compliance with building code in effect for Project, 

from ICC-ES. 
j. Detailed comparison of Contractor's construction schedule using proposed 

substitution with products specified for the Work, including effect on the overall 
Contract Time.  If specified product or method of construction cannot be provided 
within the Contract Time, include letter from manufacturer, on manufacturer's 
letterhead, stating date of receipt of purchase order, lack of availability, or delays in 
delivery. 

k. Cost information, including a proposal of change, if any, in the Contract Sum. 
l. Contractor's certification that proposed substitution complies with requirements in 

the Contract Documents except as indicated in substitution request, is compatible 
with related materials, and is appropriate for applications indicated. 

m. Contractor's waiver of rights to additional payment or time that may subsequently 
become necessary because of failure of proposed substitution to produce 
indicated results. 

3. Architect's Action:  If necessary, Architect will request additional information or 
documentation for evaluation within seven days of receipt of a request for substitution.  
Architect will notify Contractor through Gilbane of acceptance or rejection of proposed 
substitution within 7 days of receipt of request, or seven days of receipt of additional 
information or documentation, whichever is later. 

a. Forms of Acceptance:  Change Order, Construction Change Directive, or 
Architect's Supplemental Instructions for minor changes in the Work. 

b. Use product specified if Architect does not issue a decision on use of a proposed 
substitution within time allocated. 

1.5 QUALITY ASSURANCE 

A. Compatibility of Substitutions:  Investigate and document compatibility of proposed substitution 
with related products and materials.  Engage a qualified testing agency to perform compatibility 
tests recommended by manufacturers. 

1.6 PROCEDURES 

A. Coordination:  Revise or adjust affected work as necessary to integrate work of the approved 
substitutions. 
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PART 2 - PRODUCTS 

2.1 SUBSTITUTIONS 

A. Substitutions for Cause:  Submit requests for substitution immediately on discovery of need for 
change, but not later than 15 days prior to time required for preparation and review of related 
submittals. 

1. Conditions:  Architect will consider Contractor's request for substitution when the 
following conditions are satisfied.  If the following conditions are not satisfied, Architect 
will return requests without action, except to record noncompliance with these 
requirements: 

a. Requested substitution is consistent with the Contract Documents and will produce 
indicated results. 

b. Substitution request is fully documented and properly submitted. 
c. Requested substitution will not adversely affect Contractor's construction schedule. 
d. Requested substitution has received necessary approvals of authorities having 

jurisdiction. 
e. Requested substitution is compatible with other portions of the Work. 
f. Requested substitution has been coordinated with other portions of the Work. 
g. Requested substitution provides specified warranty. 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 25 00 
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50 Holden Street 
Providence, RI  02908 
Phone:  401-272-1730 
Fax:  401-273-7156 

 SUBSTITUTION REQUEST FORM 

(After the Bidding Phase) 

Date:  ____________________________              

Project Title: ________________________________________ RGB Project No.: __________________________________ 

To: ________________________________________ Product Description: __________________________________ 

Submitted By: ________________________________________ Specification Section/Title: __________________________________ 

Phone/Fax No.: ________________________________________ Specification Page/Paragraph: __________________________________ 

Proposed Product: ________________________________________ Proposed Manufacturer: __________________________________ 

Trade Name: ________________________________________ Manufacturer’s Address: _______________________
_______________________ 

Model Number: ________________________________________ Phone & Fax Number: __________________________________ 

Where installed: ________________________________________ Proposed Installer: __________________________________ 

Previous User(s) 
User(s) Phone No: 

_____________________________

__________________________ 
Installer’s Address: _______________________

_______________________ 

How Long in Use: (  ) New Item  (  ) 2-5 yrs  (  ) 5-10 yrs  (  ) 10+ yrs Phone & Fax Number: __________________________________ 

Reasons for not 
providing specified 
item: 

_____________________________________________________________________
_____________________________________________________________________ 

How substitution 
affects other parts 
of the Work: 

_____________________________________________________________________
_____________________________________________________________________ 

Savings to Owner for accepting substitution: ____________________________________________ ($__________________________________) 

Proposed substitution changes to Contract Time: (     )  Add (     )  Delete (     )  None (______________________________) days. 

Supporting Data Attached: (     )  Drawings (     )  Product Data (     )  Samples (     )  Reports (     )  Tests (     )  Other 

SUBMITTOR’S SIDE-BY-SIDE, LINE-BY-LINE COMPARATIVE DATA (REQUIRED FOR PROCESSING FORM) 

Product Specification 
Section/Paragraph 

List All Performance Criteria as noted in Specifications 

(Attach Additional Sheets if Needed) 

List All Proposed Substitution Product Criteria 

(Attach Additional Sheets if Needed) 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

________________ _______________________________________________ _____________________________________________________ 

The Undersigned Certifies: 

Proposed substitution has been fully investigated and determined to be equal or superior in all respects to specified product.  Same warranty will be 
furnished for proposed substitution as for specified product.  Same maintenance service and source or replacement parts, as applicable, is available.  
Proposed substitution will have no adverse effect on other trades and will not affect or delay progress schedule.  Cost data as stated above is complete. 
Claims for additional costs related to accepted substitution which may subsequently become apparent are to be waived.  Proposed substitution does not 
affect dimensions and functional clearances.  Payment will be made for changes to building design, including A/E design, detailing, and construction 
costs caused by the substitution.  Coordination, installation, and changes in the Work as necessary for accepted substitution will be complete in all 
aspects. (All forms required to be signed for processing).  

Signed by: _______________________________ Company: ______________________________________ Date: _________________ 
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SECTION 01 26 00 - CONTRACT MODIFICATION PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract and other Division 01 Specification Sections, 
apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for handling and processing 
Contract modifications. 

B. Related Requirements: 

1. Division 01 Section "Substitution Procedures" for administrative procedures for handling 
requests for substitutions made after the Contract award. 

1.3 MINOR CHANGES IN THE WORK 

A. Architect will issue supplemental instructions authorizing minor changes in the Work, not 
involving adjustment to the Contract Sum or the Contract Time, on AIA Document G710, 
"Architect's Supplemental Instructions." 

1.4 PROPOSAL REQUESTS 

A. Owner-Initiated Proposal Requests:  Architect will issue a detailed description of proposed 
changes in the Work that may require adjustment to the Contract Sum or the Contract Time.  If 
necessary, the description will include supplemental or revised Drawings and Specifications. 

1. Work Change Proposal Requests issued by Architect are not instructions either to stop 
work in progress or to execute the proposed change. 

2. Within time specified in Proposal Request or 15 days, when not otherwise specified, after 
receipt of Proposal Request, submit a quotation estimating cost adjustments to the 
Contract Sum and the Contract Time necessary to execute the change. 

a. Include a list of quantities of products required or eliminated and unit costs, with 
total amount of purchases and credits to be made.  If requested, furnish survey 
data to substantiate quantities. 

b. Indicate applicable taxes, delivery charges, equipment rental, and amounts of 
trade discounts. 

c. Include costs of labor and supervision directly attributable to the change. 
d. Include an updated Contractor's construction schedule that indicates the effect of 

the change, including, but not limited to, changes in activity duration, start and 
finish times, and activity relationship.  Use available total float before requesting an 
extension of the Contract Time. 

e. Quotation Form:  Use forms acceptable to Architect. 

RTU AND CHILLER REPLACEMENT 
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B. Contractor-Initiated Proposals:  If latent or changed conditions require modifications to the 
Contract, Contractor may initiate a claim by submitting a request for a change to Architect. 

1. Include a statement outlining reasons for the change and the effect of the change on the 
Work.  Provide a complete description of the proposed change.  Indicate the effect of the 
proposed change on the Contract Sum and the Contract Time. 

2. Include a list of quantities of products required or eliminated and unit costs, with total 
amount of purchases and credits to be made.  If requested, furnish survey data to 
substantiate quantities. 

3. Indicate applicable taxes, delivery charges, equipment rental, and amounts of trade 
discounts. 

4. Include costs of labor and supervision directly attributable to the change. 
5. Include an updated Contractor's construction schedule that indicates the effect of the 

change, including, but not limited to, changes in activity duration, start and finish times, 
and activity relationship.  Use available total float before requesting an extension of the 
Contract Time. 

6. Comply with requirements in Division 01 Section "Substitution Procedures" if the 
proposed change requires substitution of one product or system for product or system 
specified. 

7. Proposal Request Form:  Use form acceptable to Architect. 

1.5 ADMINISTRATIVE CHANGE ORDERS 

A. Allowance Adjustment:  See Division 01 Section "Allowances" for administrative procedures for 
preparation of Change Order Proposal for adjusting the Contract Sum to reflect actual costs of 
allowances. 

B. Unit-Price Adjustment:  See Division 01 Section "Unit Prices" for administrative procedures for 
preparation of Change Order Proposal for adjusting the Contract Sum to reflect measured 
scope of unit-price work. 

1.6 CHANGE ORDER PROCEDURES 

A. On Owner's approval of a Work Changes Proposal Request, Architect will issue a Change 
Order for signatures of Owner and Contractor on AIA Document G701. 

1.7 CONSTRUCTION CHANGE DIRECTIVE 

A. Construction Change Directive:  Architect may issue a Construction Change Directive on 
AIA Document G714. Construction Change Directive instructs Contractor to proceed with a 
change in the Work, for subsequent inclusion in a Change Order. 

1. Construction Change Directive contains a complete description of change in the Work.  It 
also designates method to be followed to determine change in the Contract Sum or the 
Contract Time. 

B. Documentation:  Maintain detailed records on a time and material basis of work required by the 
Construction Change Directive. 

1. After completion of change, submit an itemized account and supporting data necessary 
to substantiate cost and time adjustments to the Contract. 

RTU AND CHILLER REPLACEMENT 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 26 00 
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SECTION 01 29 00 - PAYMENT PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements necessary to prepare and process 
Applications for Payment. 

B. Related Requirements: 
 
1. Division 01 Section "Unit Prices" for administrative requirements governing the use of unit 

prices. 
2. Division 01 Section "Contract Modification Procedures" for administrative procedures for 

handling changes to the Contract. 
3. Division 01 Section "Construction Progress Documentation" for administrative 

requirements governing the preparation and submittal of the Contractor's construction 
schedule. 

1.3 SCHEDULE OF VALUES 

A. Coordination:  Coordinate preparation of the schedule of values with preparation of Contractor's 
construction schedule. 

1. Coordinate line items in the schedule of values with other required administrative forms 
and schedules, including the following: 

a. Application for Payment forms with continuation sheets. 
b. Submittal schedule. 
c. Items required to be indicated as separate activities in Contractor's construction 

schedule. 

2. Submit the schedule of values to Architect through Construction Manager at earliest 
possible date, but no later than ten days before the date scheduled for submittal of initial 
Applications for Payment. 

3. Subschedules for Phased Work:  Where the Work is separated into phases requiring 
separately phased payments, provide subschedules showing values coordinated with 
each phase of payment. 

B. Format and Content:  Use Project Manual table of contents as a guide to establish line items for 
the schedule of values.  Provide at least one line item for each Specification Section. 

1. Identification:  Include the following Project identification on the schedule of values: 

RTU AND CHILLER REPLACEMENT 
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a. Project name and location. 
b. Name of Architect. 
c. Architect's project number. 
d. Contractor's name and address. 
e. Date of submittal. 

2. Arrange schedule of values consistent with format of AIA Document G703. 

3. Provide a breakdown of the Contract Sum in enough detail to facilitate continued 
evaluation of Applications for Payment and progress reports.  Coordinate with Project 
Manual table of contents.  Provide multiple line items for principal subcontract amounts in 
excess of five percent of the Contract Sum. 

a. Include separate line items under Contractor and principal subcontracts for Project 
closeout requirements in an amount totaling five percent of the Contract Sum and 
subcontract amount. 

4. Round amounts to nearest whole dollar; total shall equal the Contract Sum. 
5. Provide a separate line item in the schedule of values for each part of the Work where 

Applications for Payment may include materials or equipment purchased or fabricated 
and stored, but not yet installed. 

a. Differentiate between items stored on-site and items stored off-site.  If required, 
include evidence of insurance. 

6. Provide separate line items in the schedule of values for initial cost of materials, for each 
subsequent stage of completion, and for total installed value of that part of the Work. 

7. Allowances:  Provide a separate line item in the schedule of values for each allowance.  
Show line-item value of unit-cost allowances, as a product of the unit cost, multiplied by 
measured quantity.  Use information indicated in the Contract Documents to determine 
quantities. 

8. Purchase Contracts:  Provide a separate line item in the schedule of values for each 
purchase contract.  Show line-item value of purchase contract.  Indicate owner payments 
or deposits, if any, and balance to be paid by Contractor. 

9. Each item in the schedule of values and Applications for Payment shall be complete.  
Include total cost and proportionate share of general overhead and profit for each item. 

a. Temporary facilities and other major cost items that are not direct cost of actual 
work-in-place may be shown either as separate line items in the schedule of 
values or distributed as general overhead expense, at Contractor's option. 

10. Schedule Updating:  Update and resubmit the schedule of values before the next 
Applications for Payment when Change Orders or Construction Change Directives result 
in a change in the Contract Sum. 

1.4 APPLICATIONS FOR PAYMENT 

A. Each Application for Payment following the initial Application for Payment shall be consistent 
with previous applications and payments as certified by Architect and Construction Manager 
and paid for by Owner. 

1. Initial Application for Payment, Application for Payment at time of Substantial Completion, 
and final Application for Payment involve additional requirements. 

RTU AND CHILLER REPLACEMENT 
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B. Payment Application Times:  The date for each progress payment is indicated in the Agreement 
between Owner and Contractor.  The period of construction work covered by each Application 
for Payment is the period indicated in the Agreement. 

1. Submit draft copy of Application for Payment seven days prior to due date for review by 
Architect. 

C. Application for Payment Forms:  Use AIA Document G702 and AIA Document G703 as form for 
Applications for Payment. 

D. Application for Payment Forms:  Use forms provided by Owner for Applications for Payment.  
Sample copies are included in Project Manual. 

E. Application Preparation:  Complete every entry on form.  Notarize and execute by a person 
authorized to sign legal documents on behalf of Contractor.  Architect will return incomplete 
applications without action. 

1. Entries shall match data on the schedule of values and Contractor's construction 
schedule.  Use updated schedules if revisions were made. 

2. Include amounts for work completed following previous Application for Payment, whether 
or not payment has been received.  Include only amounts for work completed at time of 
Application for Payment. 

3. Include amounts of Change Orders and Construction Change Directives issued before 
last day of construction period covered by application. 

4. Indicate separate amounts for work being carried out under Owner-requested project 
acceleration. 

F. Stored Materials:  Include in Application for Payment amounts applied for materials or 
equipment purchased or fabricated and stored, but not yet installed.  Differentiate between 
items stored on-site and items stored off-site. 

1. Provide certificate of insurance, evidence of transfer of title to Owner, and consent of 
surety to payment, for stored materials. 

2. Provide supporting documentation that verifies amount requested, such as paid invoices.  
Match amount requested with amounts indicated on documentation; do not include 
overhead and profit on stored materials. 

3. Provide summary documentation for stored materials indicating the following: 

a. Value of materials previously stored and remaining stored as of date of previous 
Applications for Payment. 

b. Value of previously stored materials put in place after date of previous Application 
for Payment and on or before date of current Application for Payment. 

c. Value of materials stored since date of previous Application for Payment and 
remaining stored as of date of current Application for Payment. 

G. Transmittal:  Submit four signed and notarized original copies of each Application for Payment 
to Architect by a method ensuring receipt within 24 hours.  One copy shall include waivers of 
lien and similar attachments. 

1. Transmit each copy with a transmittal form listing attachments and recording appropriate 
information about application. 

RTU AND CHILLER REPLACEMENT 
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H. Waivers of Mechanic's Lien:  With each Application for Payment, submit waivers of mechanic's 
lien from entities lawfully entitled to file a mechanic's lien arising out of the Contract and related 
to the Work covered by the payment. 

1. Submit partial waivers on each item for amount requested in previous application, after 
deduction for retainage, on each item. 

2. When an application shows completion of an item, submit conditional final or full waivers. 
3. Owner reserves the right to designate which entities involved in the Work must submit 

waivers. 
4. Waiver Forms:  Submit executed waivers of lien on forms acceptable to Owner. 

I. Waivers of Mechanic's Lien:  With each Application for Payment, submit waivers of mechanic's 
liens from subcontractors, sub-subcontractors, and suppliers for construction period covered by 
the previous application. 

1. Submit partial waivers on each item for amount requested in previous application, after 
deduction for retainage, on each item. 

2. When an application shows completion of an item, submit conditional final or full waivers. 
3. Owner reserves the right to designate which entities involved in the Work must submit 

waivers. 
4. Submit final Application for Payment with or preceded by conditional final waivers from 

every entity involved with performance of the Work covered by the application who is 
lawfully entitled to a lien. 

5. Waiver Forms:  Submit executed waivers of lien on forms, acceptable to Owner. 

J. Initial Application for Payment:  Administrative actions and submittals that must precede or 
coincide with submittal of first Application for Payment include the following: 

1. List of subcontractors. 
2. Schedule of values. 
3. Contractor's construction schedule (preliminary if not final). 
4. Products list (preliminary if not final). 
5. Schedule of unit prices. 
6. Submittal schedule (preliminary if not final). 
7. List of Contractor's staff assignments. 
8. List of Contractor's principal consultants. 
9. Copies of building permits. 
10. Copies of authorizations and licenses from authorities having jurisdiction for performance 

of the Work. 
11. Initial progress report. 
12. Report of preconstruction conference. 
13. Certificates of insurance and insurance policies. 
14. Performance and payment bonds. 
15. Data needed to acquire Owner's insurance. 

K. Application for Payment at Substantial Completion:  After Architect issues the Certificate of 
Substantial Completion, submit an Application for Payment showing 100 percent completion for 
portion of the Work claimed as substantially complete. 

1. Include documentation supporting claim that the Work is substantially complete and a 
statement showing an accounting of changes to the Contract Sum. 

2. This application shall reflect Certificate(s) of Substantial Completion issued previously for 
Owner occupancy of designated portions of the Work. 

RTU AND CHILLER REPLACEMENT 
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L. Final Payment Application:  After completing Project closeout requirements, submit final 
Application for Payment with releases and supporting documentation not previously submitted 
and accepted, including, but not limited, to the following: 

1. Evidence of completion of Project closeout requirements. 
2. Insurance certificates for products and completed operations where required and proof 

that taxes, fees, and similar obligations were paid. 
3. Updated final statement, accounting for final changes to the Contract Sum. 
4. AIA Document G706, "Contractor's Affidavit of Payment of Debts and Claims." 
5. AIA Document G706A, "Contractor's Affidavit of Release of Liens." 
6. AIA Document G707, "Consent of Surety to Final Payment." 
7. Evidence that claims have been settled. 
8. Final liquidated damages settlement statement. 
9. Build code required contractor certification. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 29 00 
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SECTION 01 31 00 - PROJECT MANAGEMENT AND COORDINATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative provisions for coordinating construction operations on Project 
including, but not limited to, the following: 

1. General coordination procedures. 
2. Coordination drawings. 
3. Requests for Information (RFIs). 
4. Project Web site. 
5. Project meetings. 

B. Each contractor shall participate in coordination requirements.  Certain areas of responsibility 
are assigned to a specific contractor. 

C. Related Requirements: 

1. Division 01 Section "Multiple Contract Summary" for a description of the division of work 
among separate contracts and responsibility for coordination activities not in this Section. 

2. Division 01 Section "Construction Progress Documentation" for preparing and submitting 
Contractor's construction schedule. 

3. Division 01 Section "Execution" for procedures for coordinating general installation and 
field-engineering services, including establishment of benchmarks and control points. 

4. Division 01 Section "Closeout Procedures" for coordinating closeout of the Contract. 

1.3 DEFINITIONS 

A. RFI:  Request from Owner, Architect, or Contractor seeking information required by or 
clarifications of the Contract Documents. 

1.4 INFORMATIONAL SUBMITTALS 

A. Subcontract List:  Prepare a written summary identifying individuals or firms proposed for each 
portion of the Work, including those who are to furnish products or equipment fabricated to a 
special design. Use CSI Form 1.5A. Include the following information in tabular form: 

1. Name, address, and telephone number of entity performing subcontract or supplying 
products. 

2. Number and title of related Specification Section(s) covered by subcontract. 
3. Drawing number and detail references, as appropriate, covered by subcontract. 
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B. Key Personnel Names:  Within 15 days of starting construction operations, submit a list of key 
personnel assignments, including superintendent and other personnel in attendance at Project 
site.  Identify individuals and their duties and responsibilities; list addresses and telephone 
numbers, including home, office, and cellular telephone numbers and e-mail addresses.  
Provide names, addresses, and telephone numbers of individuals assigned as alternates in the 
absence of individuals assigned to Project. 

1. Post copies of list in project meeting room, in temporary field office, on Project Web 
site, and by each temporary telephone.  Keep list current at all times. 

1.5 GENERAL COORDINATION PROCEDURES 

A. Coordination:  Coordinate construction operations included in different Sections of the 
Specifications to ensure efficient and orderly installation of each part of the Work.  Coordinate 
construction operations, included in different Sections, that depend on each other for proper 
installation, connection, and operation. 

1. Schedule construction operations in sequence required to obtain the best results where 
installation of one part of the Work depends on installation of other components, before 
or after its own installation. 

2. Coordinate installation of different components to ensure maximum performance and 
accessibility for required maintenance, service, and repair. 

3. Make adequate provisions to accommodate items scheduled for later installation. 

B. Prepare memoranda for distribution to each party involved, outlining special procedures 
required for coordination.  Include such items as required notices, reports, and list of attendees 
at meetings. 

1. Prepare similar memoranda for Owner and separate contractors if coordination of their 
Work is required. 

C. Conservation:  Coordinate construction activities to ensure that operations are carried out with 
consideration given to conservation of energy, water, and materials.  Coordinate use of 
temporary utilities to minimize waste. 

1. Salvage materials and equipment involved in performance of, but not actually 
incorporated into, the Work.  See other Sections for disposition of salvaged materials that 
are designated as Owner's property. 

1.6 REQUESTS FOR INFORMATION (RFIs) 

A. General:  Immediately on discovery of the need for additional information or interpretation of the 
Contract Documents, Contractor shall prepare and submit an RFI in the form specified. 

1. Architect will return RFIs submitted to Architect by other entities controlled by Contractor 
with no response. 

2. Coordinate and submit RFIs in a prompt manner so as to avoid delays in Contractor's 
work or work of subcontractors. 

B. Content of the RFI:  Include a detailed, legible description of item needing information or 
interpretation and the following: 
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1. Project name. 
2. Project number. 
3. Date. 
4. Name of Contractor. 
5. Name of Architect and Construction Manager. 
6. RFI number, numbered sequentially. 
7. RFI subject. 
8. Specification Section number and title and related paragraphs, as appropriate. 
9. Drawing number and detail references, as appropriate. 
10. Field dimensions and conditions, as appropriate. 
11. Contractor's suggested resolution.  If Contractor's suggested resolution impacts the 

Contract Time or the Contract Sum, Contractor shall state impact in the RFI. 
12. Contractor's signature. 
13. Attachments:  Include sketches, descriptions, measurements, photos, Product Data, 

Shop Drawings, coordination drawings, and other information necessary to fully describe 
items needing interpretation. 

a. Include dimensions, thicknesses, structural grid references, and details of affected 
materials, assemblies, and attachments on attached sketches. 

C. RFI Forms:  Contractors standard AIA form or AIA Document G716, Software-generated form 
with substantially the same content as indicated above, acceptable to Architect. 

1. Attachments shall be electronic files in Adobe Acrobat PDF format. 

D. Architect's Action:  Architect and Construction Manager will review each RFI, determine action 
required, and respond.  Allow seven working days for Architect's response for each RFI.  RFIs 
received by Architect after 1:00 p.m. will be considered as received the following working day. 

1. The following Contractor-generated RFIs will be returned without action: 

a. Requests for approval of submittals. 
b. Requests for approval of substitutions. 
c. Requests for approval of Contractor's means and methods. 
d. Requests for coordination information already indicated in the Contract 

Documents. 
e. Requests for adjustments in the Contract Time or the Contract Sum. 
f. Requests for interpretation of Architect's actions on submittals. 
g. Incomplete RFIs or inaccurately prepared RFIs. 

2. Architect's action may include a request for additional information, in which case 
Architect's time for response will date from time of receipt of additional information. 

3. Architect's action on RFIs that may result in a change to the Contract Time or the 
Contract Sum may be eligible for Contractor to submit Change Proposal according to 
Division 01 Section "Contract Modification Procedures." 

a. If Contractor believes the RFI response warrants change in the Contract Time or 
the Contract Sum, notify Architect in writing within 7 days of receipt of the RFI 
response. 

E. RFI Log:  Prepare, maintain, and submit a tabular log of RFIs organized by the RFI number.  
Submit log weekly.  Use CSI Log Form 13.2B. Use Software log with not less than the following: 

1. Project name. 
2. Name and address of Contractor. 
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3. Name and address of Architect and Construction Manager. 
4. RFI number including RFIs that were returned without action or withdrawn. 
5. RFI description. 
6. Date the RFI was submitted. 
7. Date Architect's and Construction Manager's response was received. 

F. On receipt of Architect's and Construction Manager's action, update the RFI log and 
immediately distribute the RFI response to affected parties.  Review response and notify 
Architect and Construction Manager within seven days if Contractor disagrees with response. 

1. Identification of related Minor Change in the Work, Construction Change Directive, and 
Proposal Request, as appropriate. 

1.7 PROJECT WEB SITE, WHEN REQUIRED AND/OR PROVIDED 

A. Provide, administer, and use Project Web site for purposes of hosting and managing project 
communication and documentation until Final Completion.  Project Web site shall include the 
following functions: 

1. Project directory. 
2. Project correspondence. 
3. Meeting minutes. 
4. Contract modifications forms and logs. 
5. RFI forms and logs. 
6. Task and issue management. 
7. Photo documentation. 
8. Schedule and calendar management. 
9. Submittals forms and logs. 
10. Payment application forms. 
11. Drawing and specification document hosting, viewing, and updating. 
12. Online document collaboration. 
13. Reminder and tracking functions. 
14. Archiving functions. 

B. Provide up to seven Project Web site user licenses for use of the Owner, Construction 
Manager, Architect, and Architect's consultants.   

C. On completion of Project, provide one complete archive copy(ies) of Project Web site files to 
Owner and to Architect in a digital storage format acceptable to Architect. 

D. Provide one of the following Project Web site software packages under their current published 
licensing agreements: 

1. Procore. 
2. Meridian Systems, Prolog and ProjectTalk. 

E. Contractor, subcontractors, and other parties granted access by Contractor to Project Web site 
shall execute a data licensing agreement in the form of AIA Document C106. 
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1.8 PROJECT MEETINGS 

A. General:  Schedule and conduct meetings and conferences at Project site unless otherwise 
indicated. 

1. Attendees:  Inform participants and others involved, and individuals whose presence is 
required, of date and time of each meeting.  Notify Owner and Architect of scheduled 
meeting dates and times. 

2. Agenda:  Prepare the meeting agenda.  Distribute the agenda to all invited attendees. 
3. Minutes:  Entity responsible for conducting meeting will record significant discussions and 

agreements achieved.  Distribute the meeting minutes to everyone concerned, including 
Owner, Construction Manager, and Architect, within three days of the meeting. 

B. Progress Meetings:  Conduct progress meetings at weekly and/or regular intervals. 

1. Coordinate dates of meetings with preparation of payment requests. 
2. Agenda:  Review and correct or approve minutes of previous progress meeting.  Review 

other items of significance that could affect progress.  Include topics for discussion as 
appropriate to status of Project. 

a. Contractor's Construction Schedule:  Review progress since the last meeting.  
Determine whether each activity is on time, ahead of schedule, or behind 
schedule, in relation to Contractor's construction schedule.  Determine how 
construction behind schedule will be expedited; secure commitments from parties 
involved to do so.  Discuss whether schedule revisions are required to ensure that 
current and subsequent activities will be completed within the Contract Time. 

1) Review schedule for next period. 

b. Review present and future needs of each entity present, including the following: 

1) Interface requirements. 
2) Sequence of operations. 
3) Status of submittals. 
4) Access. 
5) Progress cleaning. 
6) Quality and work standards. 
7) Status of correction of deficient items. 
8) Field observations. 
9) Status of RFIs. 
10) Status of proposal requests. 
11) Pending changes. 
12) Status of Change Orders. 
13) Pending claims and disputes. 
14) Documentation of information for payment requests. 

3. Minutes:  Entity responsible for conducting the meeting will record and distribute the 
meeting minutes to each party present and to parties requiring information. 

a. Schedule Updating:  Revise Contractor's construction schedule after each 
progress meeting where revisions to the schedule have been made or recognized.  
Issue revised schedule concurrently with the report of each meeting. 
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PART 2 - EXECUTION (Not Used) 

END OF SECTION 01 31 00 
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SECTION 01 32 00 - CONSTRUCTION PROGRESS DOCUMENTATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for documenting the progress of 
construction during performance of the Work, including the following: 

1. Startup construction schedule. 
2. Contractor's construction schedule. 
3. Construction schedule updating reports. 
4. Daily construction reports. 
5. Material location reports. 
6. Site condition reports. 
7. Special reports. 

B. Related Requirements: 

1. Division 01 Section "Submittal Procedures" for submitting schedules and reports. 
2. Division 01 Section "Quality Requirements" for submitting a schedule of tests and 

inspections. 

1.3 DEFINITIONS 

A. Activity:  A discrete part of a project that can be identified for planning, scheduling, monitoring, 
and controlling the construction project.  Activities included in a construction schedule consume 
time and resources. 

1. Critical Activity:  An activity on the critical path that must start and finish on the planned 
early start and finish times. 

2. Predecessor Activity:  An activity that precedes another activity in the network. 
3. Successor Activity:  An activity that follows another activity in the network. 

B. Cost Loading:  The allocation of the schedule of values for the completion of an activity as 
scheduled.  The sum of costs for all activities must equal the total Contract Sum unless 
otherwise approved by Architect. 

C. CPM:  Critical path method, which is a method of planning and scheduling a construction project 
where activities are arranged based on activity relationships.  Network calculations determine 
when activities can be performed and the critical path of Project. 
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D. Critical Path:  The longest connected chain of interdependent activities through the network 
schedule that establishes the minimum overall Project duration and contains no float. 

E. Event:  The starting or ending point of an activity. 

F. Float:  The measure of leeway in starting and completing an activity. 

1. Float time is not for the exclusive use or benefit of either Owner or Contractor, but is a 
jointly owned, expiring Project resource available to both parties as needed to meet 
schedule milestones and Contract completion date. 

2. Free float is the amount of time an activity can be delayed without adversely affecting the 
early start of the successor activity. 

3. Total float is the measure of leeway in starting or completing an activity without adversely 
affecting the planned Project completion date. 

G. Resource Loading:  The allocation of manpower and equipment necessary for the completion of 
an activity as scheduled. 

1.4 INFORMATIONAL SUBMITTALS 

A. Format for Submittals:  Submit required submittals in the following format: 

1. Working electronic copy of schedule file, where indicated. 
2. PDF electronic file. 

B. Startup construction schedule. 

1. Approval of cost-loaded, startup construction schedule will not constitute approval of 
schedule of values for cost-loaded activities. 

C. Startup Network Diagram:  Of size required to display entire network for entire construction 
period.  Show logic ties for activities. 

D. Contractor's Construction Schedule:  Initial schedule, of size required to display entire schedule 
for entire construction period. 

1. Submit a working electronic copy of schedule, using software indicated, and labeled to 
comply with requirements for submittals.  Include type of schedule (initial or updated) and 
date on label. 

E. CPM Reports:  Concurrent with CPM schedule, submit each of the following reports.  Format for 
each activity in reports shall contain activity number, activity description, cost and resource 
loading, original duration, remaining duration, early start date, early finish date, late start date, 
late finish date, and total float in calendar days. 

1. Activity Report:  List of all activities sorted by activity number and then early start date, or 
actual start date if known. 

2. Logic Report:  List of preceding and succeeding activities for all activities, sorted in 
ascending order by activity number and then early start date, or actual start date if 
known. 

3. Total Float Report:  List of all activities sorted in ascending order of total float. 
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4. Earnings Report:  Compilation of Contractor's total earnings from the Notice to Proceed 
until most recent Application for Payment. 

F. Construction Schedule Updating Reports:  Submit with Applications for Payment. 

G. Daily Construction Reports:  Submit at weekly intervals. 

H. Material Location Reports:  Submit at weekly intervals. 

I. Site Condition Reports:  Submit at time of discovery of differing conditions. 

J. Special Reports:  Submit at time of unusual event. 

K. Qualification Data:  For scheduling consultant. 

1.5 QUALITY ASSURANCE 

A. Prescheduling Conference:  Conduct conference at Project site to comply with requirements in 
Division 01 Section "Project Management and Coordination." Review methods and procedures 
related to the preliminary construction schedule and Contractor's construction schedule, 
including, but not limited to, the following: 

1. Review software limitations and content and format for reports. 
2. Verify availability of qualified personnel needed to develop and update schedule. 
3. Discuss constraints, including phasing, work stages, area separations, interim milestones 

and partial Owner occupancy. 
4. Review delivery dates for Owner-furnished products. 
5. Review schedule for work of Owner's separate contracts. 
6. Review submittal requirements and procedures. 
7. Review time required for review of submittals and resubmittals. 
8. Review requirements for tests and inspections by independent testing and inspecting 

agencies. 
9. Review and finalize list of construction activities to be included in schedule. 
10. Review procedures for updating schedule. 

1.6 COORDINATION 

A. Coordinate preparation and processing of schedules and reports with performance of 
construction activities and with scheduling and reporting of separate contractors. 

B. Coordinate Contractor's construction schedule with the schedule of values, list of subcontracts, 
submittal schedule, progress reports, payment requests, and other required schedules and 
reports. 

1. Secure time commitments for performing critical elements of the Work from entities 
involved. 

2. Coordinate each construction activity in the network with other activities and schedule 
them in proper sequence. 



SECTION 01 32 00 – CONST. PROGRESS DOCUMENTATION  RTU AND CHILLER REPLACEMENT 
Providence, RI 

 
   

 
  CONSTRUCTION PROGRESS DOCUMENTATION 
© THE ROBINSON GREEN BERETTA CORPORATION – 7006 Section 01 32 00 - Page 4 of 7 
 

PART 2 - PRODUCTS 

2.1 CONTRACTOR'S CONSTRUCTION SCHEDULE, GENERAL 

A. Time Frame:  Extend schedule from date established for the Notice to Proceed to date of final 
completion. 

1. Contract completion date shall not be changed by submission of a schedule that shows 
an early completion date, unless specifically authorized by Change Order. 

B. Activities:  Treat each story or separate area as a separate numbered activity for each main 
element of the Work.  Comply with the following: 

1. Activity Duration:  Define activities so no activity is longer than 20 days, unless 
specifically allowed by Architect. 

2. Procurement Activities:  Include procurement process activities for the following long lead 
items and major items, requiring a cycle of more than 60 days, as separate activities in 
schedule.  Procurement cycle activities include, but are not limited to, submittals, 
approvals, purchasing, fabrication, and delivery. 

a. Mechanical RTU &/or Chiller 

b. Mechanical Curb Adapter  

c. Crane lift 

3. Submittal Review Time:  Include review and resubmittal times indicated in Division 01 
Section "Submittal Procedures" in schedule.  Coordinate submittal review times in 
Contractor's construction schedule with submittal schedule. 

4. Substantial Completion:  Indicate completion in advance of date established for 
Substantial Completion, and allow time for Architect's and Construction Manager's 
administrative procedures necessary for certification of Substantial Completion. 

5. Punch List and Final Completion:  Include not more than 45 days for completion of punch 
list items and final completion. 

C. Constraints:  Include constraints and work restrictions indicated in the Contract Documents and 
as follows in schedule, and show how the sequence of the Work is affected. 

1. Phasing:  Arrange list of activities on schedule by phase. 
2. Work under More Than One Contract:  Include a separate activity for each contract. 
3. Work by Owner:  Include a separate activity for each portion of the Work performed by 

Owner. 
4. Products Ordered in Advance:  Include a separate activity for each product.  Include 

delivery date indicated in Division 01 Section "Summary." Delivery dates indicated 
stipulate the earliest possible delivery date. 

5. Work Restrictions:  Show the effect of the following items on the schedule: 

a. Coordination with existing construction. 
b. Limitations of continued occupancies. 
c. Uninterruptible services. 
d. Use of premises restrictions. 
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6. Work Stages:  Indicate important stages of construction for each major portion of the 
Work, including, but not limited to, the following: 
a. Submittals. 
b. Purchases. 
c. Deliveries. 
d. Installation. 
e. Tests and inspections. 
f. Adjusting. 
g. Curing. 

D. Milestones:  Include milestones indicated in the Contract Documents in schedule, including, but 
not limited to, the Notice to Proceed, Substantial Completion, and final completion. 

E. Cost Correlation:  Superimpose a cost correlation timeline, indicating planned and actual costs.  
On the line, show planned and actual dollar volume of the Work performed as of planned and 
actual dates used for preparation of payment requests. 

1. See Division 01 Section "Payment Procedures" for cost reporting and payment 
procedures. 

F. Upcoming Work Summary:  Prepare summary report indicating activities scheduled to occur or 
commence prior to submittal of next schedule update.  Summarize the following issues: 

1. Unresolved issues. 
2. Unanswered Requests for Information. 
3. Rejected or unreturned submittals. 
4. Notations on returned submittals. 
5. Pending modifications affecting the Work and Contract Time. 

G. Recovery Schedule:  When periodic update indicates the Work is 14 or more calendar days 
behind the current approved schedule, submit a separate recovery schedule indicating means 
by which Contractor intends to regain compliance with the schedule.  Indicate changes to 
working hours, working days, crew sizes, and equipment required to achieve compliance, and 
date by which recovery will be accomplished. 

H. Computer Scheduling Software:  Prepare schedules using current version of a program that has 
been developed specifically to manage construction schedules. 

1. Use Procore, Microsoft Project, Primavera, Meridian Prolog, Scheduling component of 
Project Web site software specified in Division 01 Section "Project Management and 
Coordination," for Windows 10 operating system. 

2.2 CONTRACTOR'S CONSTRUCTION SCHEDULE (GANTT CHART) 

A. Gantt-Chart Schedule:  Submit a comprehensive, fully developed, horizontal, Gantt-chart-type, 
Contractor's construction schedule within 30 days of date established for the Notice to Proceed.  
Base schedule on the startup construction schedule and additional information received since 
the start of Project. 

B. Preparation:  Indicate each significant construction activity separately.  Identify first workday of 
each week with a continuous vertical line. 
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1. For construction activities that require three months or longer to complete, indicate an 
estimated completion percentage in 10 percent increments within time bar. 

2.3 REPORTS 

A. Daily Construction Reports:  Prepare a daily construction report recording the following 
information concerning events at Project site: 

1. Approximate count of personnel at Project site. 
2. Equipment at Project site. 
3. Material deliveries. 
4. High and low temperatures and general weather conditions, including presence of rain or 

snow. 
5. Accidents. 
6. Meetings and significant decisions. 
7. Unusual events (see special reports). 
8. Stoppages, delays, shortages, and losses. 
9. Emergency procedures. 
10. Orders and requests of authorities having jurisdiction. 
11. Change Orders received and implemented. 
12. Construction Change Directives received and implemented. 
13. Substantial Completions authorized. 

B. Material Location Reports:  At monthly intervals, prepare and submit a comprehensive list of 
materials delivered to and stored at Project site.  List shall be cumulative, showing materials 
previously reported plus items recently delivered.  Include with list a statement of progress on 
and delivery dates for materials or items of equipment fabricated or stored away from Project 
site.  Indicate the following categories for stored materials: 

1. Material stored prior to previous report and remaining in storage. 
2. Material stored prior to previous report and since removed from storage and installed. 
3. Material stored following previous report and remaining in storage. 

C. Site Condition Reports:  Immediately on discovery of a difference between site conditions and 
the Contract Documents, prepare and submit a detailed report.  Submit with a Request for 
Information.  Include a detailed description of the differing conditions, together with 
recommendations for changing the Contract Documents. 

2.4 RECORD DOCUMENTS 

A. Prior to the start of construction, the Architect shall deliver to the Contractor, a complete set of 
“Issued for Construction” drawings, and a complete project manual, including addenda, for the 
purpose of maintaining record documents. 

B. Also, maintain a copy of all modifications and change orders. 

C. Maintain the documents in a safe, dry location during the entire construction process.  The 
Contractor, together with his sub-contractors, shall indicate clearly and accurately, any and all 
changes necessitated by field conditions.  In addition, accurately maintain dimensions locating 
all pipes, ducts, etc.  built into or under concrete slabs or masonry walls, including elevations, 
inverts, etc. 
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D. With each monthly requisition, send certification, signed by the Contractor’s Superintendant and 
Owner’s Field Representative, that the documents are being maintained accurately and 
currently.  At the completion of the Project, return the documents to the Architect, along with 
certification that the documents are complete in that they represent the true constructed 
conditions. 

2.5 ELECTRONIC FILES 

A. The Robinson Green Beretta Corporation shall make electronic drawing files available to the 
successful Contractor, at no-charge for the purpose of preparing submittals, record drawings, 
etc in accordance with the following policy: 

 
1. Requester must sign an Electronic File Transmittal Form. 
2. Copies of documents that may be relied upon by the Contractor are limited to the printed 

copies (also known as hard copies) that are signed or sealed by the Architect.  Files in 
electronic media format or test, data, graphic or other types that are furnished by the 
Architect to the Contractor are only for the convenience of the Contractor.  Any 
conclusion or information obtained or derived from such electronic files will be at the 
user’s sole risk.  When transferring documents in electronic media format, the Architect 
make no representations as to long-term compatibility, usability, or readability of 
documents resulting from the use of software application packages, operating systems or 
computer hardware differing from those in use by the Architect at the beginning of this 
project. 

END OF SECTION 01 32 00 
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SECTION 01 33 00 - SUBMITTAL PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract and 01 Specification Sections apply to this 
Section. 

1.2 SUMMARY 

A. Section includes requirements for the submittal schedule and administrative and procedural 
requirements for submitting Shop Drawings, Product Data, Samples, and other submittals. 

B. Related Requirements: 

1. Division 01 Section “Quality Requirements” for submitting test and inspection reports and 
for mockup requirements. 

2. Division 01 Section “Closeout Procedures” for submitting warranties. 
3. Division 01 Section "Project Record Documents" for submitting record Drawings, record 

Specifications, and record Product Data. 

4. Division 02 through 07 Sections for specific requirements for submittals in those 
Sections. 

1.3 DEFINITIONS 

A. Action Submittals:  Written and graphic information and physical samples that require 
Architect's and Construction Manager's responsive action.  Action submittals are those 
submittals indicated in individual Specification Sections as "action submittals." 

B. Informational Submittals:  Written and graphic information and physical samples that do not 
require Architect's and Construction Manager's responsive action.  Submittals may be rejected 
for not complying with requirements.  Informational submittals are those submittals indicated in 
individual Specification Sections as "informational submittals." 

C. File Transfer Protocol (FTP):  Communications protocol that enables transfer of files to and from 
another computer over a network and that serves as the basis for standard Internet protocols.  
An FTP site is a portion of a network located outside of network firewalls within which internal 
and external users are able to access files. 

D. Portable Document Format (PDF):  An open standard file format licensed by Adobe Systems 
used for representing documents in a device-independent and display resolution-independent 
fixed-layout document format. 
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1.4 ACTION SUBMITTALS 

A. Submittal Schedule:  Submit a schedule of submittals, arranged in chronological order by dates 
required by construction schedule.  Include time required for review, ordering, manufacturing, 
fabrication, and delivery when establishing dates.  Include additional time required for making 
corrections or revisions to submittals noted by Architect and additional time for handling and 
reviewing submittals required by those corrections. 

1. Coordinate submittal schedule with list of subcontracts, the schedule of values, and 
Contractor's construction schedule. 

2. Final Submittal:  Submit concurrently with the first complete submittal of Contractor's 
construction schedule. 

a. Submit revised submittal schedule to reflect changes in current status and timing 
for submittals. 

3. Format:  Arrange the following information in a tabular format: 

a. Scheduled date for first submittal. 
b. Specification Section number and title. 
c. Submittal category:  Action; informational. 
d. Name of subcontractor. 
e. Description of the Work covered. 
f. Scheduled date for Architect's final release or approval. 
g. Scheduled date of fabrication. 

1.5 SUBMITTAL ADMINISTRATIVE REQUIREMENTS 

A. Architect's Digital Data Files:  Electronic digital data files of the Contract Drawings will be 
provided by Architect for Contractor's use in preparing submittals. 

1. Architect will furnish Contractor one set of digital data drawing files of the Contract 
Drawings for use in preparing Shop Drawings and Project record drawings. 

a. Architect makes no representations as to the accuracy or completeness of digital 
data drawing files as they relate to the Contract Drawings. 

b. Digital Drawing Software Program:  The Contract Drawings are available in 
AutoCAD. 

c. Contractor shall execute a data licensing agreement in the form of 
AIA Document C106, Digital Data Licensing Agreement. The following digital data 
files will by furnished for each appropriate discipline: 

1) Classical School Plan 
2) Leviton School Plan 
3) Reservoir School Plan 

B. Coordination:  Coordinate preparation and processing of submittals with performance of 
construction activities. 

1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, 
and related activities that require sequential activity. 
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2. Submit all submittal items required for each Specification Section concurrently unless 
partial submittals for portions of the Work are indicated on approved submittal schedule. 

3. Submit action submittals and informational submittals required by the same Specification 
Section as separate packages under separate transmittals. 

4. Coordinate transmittal of different types of submittals for related parts of the Work so 
processing will not be delayed because of need to review submittals concurrently for 
coordination. 

a. The Architect reserves the right to withhold action on a submittal requiring 
coordination with other submittals until related submittals are received. 

C. Processing Time:  Allow time for submittal review, including time for resubmittals, as follows.  
Time for review shall commence on Architect's receipt of submittal.  No extension of the 
Contract Time will be authorized because of failure to transmit submittals enough in advance of 
the Work to permit processing, including re-submittals. 

1. Initial Review:  Allow 10 days for initial review of each submittal.  Allow additional time if 
coordination with subsequent submittals is required.  Architect will advise Contractor 
when a submittal being processed must be delayed for coordination. 

2. Intermediate Review:  If intermediate submittal is necessary, process it in same manner 
as initial submittal. 

3. Re-submittal Review:  Allow 5 days for review of each re-submittal. 
4. Sequential Review:  Where sequential review of submittals by Architect's consultants, 

Owner, or other parties is indicated, allow 14 days for initial review of each submittal. 

D. Electronic Submittals:  Identify and incorporate information in each electronic submittal file as 
follows: 

1. Assemble complete submittal package into a single indexed file incorporating submittal 
requirements of a single Specification Section and transmittal form with links enabling 
navigation to each item. 

2. Name file with submittal number or other unique identifier, including revision identifier. 

a. File name shall use project identifier and Specification Section number followed by 
a decimal point and then a sequential number (e.g., LNHS-061000.01).  
Resubmittals shall include an alphabetic suffix after another decimal point (e.g., 
LNHS-061000.01.A). 

3. Provide means for insertion to permanently record Contractor's review and approval 
markings and action taken by Architect. 

4. Transmittal Form for Electronic Submittals:  Use electronic form, containing the following 
information: 

a. Project name. 
b. Date. 
c. Name and address of Architect. 
d. Name of Construction Manager. 
e. Name of Contractor. 
f. Name of firm or entity that prepared submittal. 
g. Names of subcontractor, manufacturer, and supplier. 
h. Category and type of submittal. 
i. Submittal purpose and description. 
j. Specification Section number and title. 
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k. Specification paragraph number or drawing designation and generic name for each 
of multiple items. 

l. Drawing number and detail references, as appropriate. 
m. Location(s) where product is to be installed, as appropriate. 
n. Related physical samples submitted directly. 
o. Indication of full or partial submittal. 
p. Transmittal number, numbered consecutively. 
q. Submittal and transmittal distribution record. 
r. Other necessary identification. 
s. Remarks. 

E. Options:  Identify options requiring selection by Architect. 

F. Deviations and Additional Information:  On an attached separate sheet, prepared on 
Contractor's letterhead, record relevant information, requests for data, revisions other than 
those requested by Architect on previous submittals, and deviations from requirements in the 
Contract Documents, including minor variations and limitations.  Include same identification 
information as related submittal. 

G. Re-submittals:  Make re-submittals in same form and number of copies as initial submittal. 

1. Note date and content of previous submittal. 
2. Note date and content of revision in label or title block and clearly indicate extent of 

revision. 
3. Resubmit submittals until they are marked with approval notation from Architect's action 

stamp. 

H. Distribution:  Furnish copies of final submittals to manufacturers, subcontractors, suppliers, 
fabricators, installers, authorities having jurisdiction, and others as necessary for performance of 
construction activities.  Show distribution on transmittal forms. 

I. Use for Construction:  Retain complete copies of submittals on Project site.  Use only final 
action submittals that are marked with approval notation from Architect's action stamp. 

PART 2 - PRODUCTS 

2.1 SUBMITTAL PROCEDURES 

A. General Submittal Procedure Requirements:  Prepare and submit submittals required by 
individual Specification Sections.  Types of submittals are indicated in individual Specification 
Sections. 

1. Submit electronic submittals via email as PDF electronic files. 

a. Architect will return annotated file.  Annotate and retain one copy of file as an 
electronic Project record document file. 

2. Action Submittals:  Submit 3 paper copies of each submittal unless otherwise indicated.  
Architect will return 2 copies. 

3. Informational Submittals:  Submit 2 paper copies of each submittal unless otherwise 
indicated.  Architect will not return copies. 
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4. Certificates and Certifications Submittals:  Provide a statement that includes signature of 
entity responsible for preparing certification.  Certificates and certifications shall be 
signed by an officer or other individual authorized to sign documents on behalf of that 
entity. 

a. Provide a digital signature with digital certificate on electronically submitted 
certificates and certifications where indicated. 

B. Product Data:  Collect information into a single submittal for each element of construction and 
type of product or equipment. 

1. If information must be specially prepared for submittal because standard published data 
are not suitable for use, submit as Shop Drawings, not as Product Data. 

2. Mark each copy of each submittal to show which products and options are applicable. 
3. Include the following information, as applicable: 

a. Manufacturer's catalog cuts. 
b. Manufacturer's product specifications. 
c. Standard color charts. 
d. Statement of compliance with specified referenced standards. 
e. Testing by recognized testing agency. 
f. Application of testing agency labels and seals. 
g. Notation of coordination requirements. 
h. Availability and delivery time information. 

4. Submit Product Data before or concurrent with Samples. 
5. Submit Product Data in the following format: 

a. PDF electronic file. 

C. Shop Drawings:  Prepare Project-specific information, drawn accurately to scale.  Do not base 
Shop Drawings on reproductions of the Contract Documents or standard printed data, unless 
submittal based on Architect's digital data drawing files is otherwise permitted. 

1. Preparation:  Fully illustrate requirements in the Contract Documents.  Include the 
following information, as applicable: 

a. Identification of products. 
b. Schedules. 
c. Compliance with specified standards. 
d. Notation of coordination requirements. 
e. Notation of dimensions established by field measurement. 
f. Relationship and attachment to adjoining construction clearly indicated. 
g. Seal and signature of professional engineer if specified. 

2. Sheet Size:  Except for templates, patterns, and similar full-size drawings, submit Shop 
Drawings on sheets at least 8-1/2 by 11 inches, but no larger than 30 by 42 inches . 

3. Submit Shop Drawings in the following format: 

a. PDF electronic file. 

RTU AND CHILLER REPLACEMENT 



SECTION 01 33 00 SUBMITTAL PROCEDURES                          ROOF AND CHILLER REPLACEMENT 
Providence, RI 

 
   

  

                                                                                                                         SUBMITTAL PROCEDURES 
© THE ROBINSON GREEN BERETTA CORPORATION – 7006                             01 33 00 - Page 6 of 9 

D. Samples:  Submit Samples for review of kind, color, pattern, and texture for a check of these 
characteristics with other elements and for a comparison of these characteristics between 
submittal and actual component as delivered and installed. 

1. Transmit Samples that contain multiple, related components such as accessories 
together in one submittal package. 

2. Identification:  Attach label on unexposed side of Samples that includes the following: 

a. Generic description of Sample. 
b. Product name and name of manufacturer. 
c. Sample source. 
d. Number and title of applicable Specification Section. 
e. Specification paragraph number and generic name of each item. 

3. For projects where electronic submittals are required, provide corresponding electronic 
submittal of Sample transmittal, digital image file illustrating Sample characteristics, and 
identification information for record. 

4. Disposition:  Maintain sets of approved Samples at Project site, available for quality-
control comparisons throughout the course of construction activity.  Sample sets may be 
used to determine final acceptance of construction associated with each set. 

a. Samples that may be incorporated into the Work are indicated in individual 
Specification Sections.  Such Samples must be in an undamaged condition at time 
of use. 

b. Samples not incorporated into the Work, or otherwise designated as Owner's 
property, are the property of Contractor. 

5. Samples for Initial Selection:  Submit manufacturer's color charts consisting of units or 
sections of units showing the full range of colors, textures, and patterns available. 

a. Number of Samples:  Submit two full set(s) of available choices where color, 
pattern, texture, or similar characteristics are required to be selected from 
manufacturer's product line.  Architect will return submittal with options selected. 

6. Samples for Verification:  Submit full-size units or Samples of size indicated, prepared 
from same material to be used for the Work, cured and finished in manner specified, and 
physically identical with material or product proposed for use, and that show full range of 
color and texture variations expected.  Samples include, but are not limited to, the 
following:  partial sections of manufactured or fabricated components; small cuts or 
containers of materials; complete units of repetitively used materials; swatches showing 
color, texture, and pattern; color range sets; and components used for independent 
testing and inspection. 

a. Number of Samples:  Submit three sets of Samples.  Architect will retain two 
Sample sets; remainder will be returned. 

1) Submit a single Sample where assembly details, workmanship, fabrication 
techniques, connections, operation, and other similar characteristics are to 
be demonstrated. 

2) If variation in color, pattern, texture, or other characteristic is inherent in 
material or product represented by a Sample, submit at least three sets of 
paired units that show approximate limits of variations. 
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E. Product Schedule:  As required in individual Specification Sections, prepare a written summary 
indicating types of products required for the Work and their intended location.  Include the 
following information in tabular form: 

1. Type of product.  Include unique identifier for each product indicated in the Contract 
Documents or assigned by Contractor if none is indicated. 

2. Manufacturer and product name, and model number if applicable. 
3. Number and name of room or space. 
4. Location within room or space. 
5. Submit product schedule in the following format: 

a. PDF electronic file. 

F. Coordination Drawing Submittals:  Comply with requirements specified in Division 01 Section 
"Project Management and Coordination." 

G. Test and Inspection Reports and Schedule of Tests and Inspections Submittals:  Comply with 
requirements specified in Division 01 Section "Quality Requirements." 

H. Closeout Submittals and Maintenance Material Submittals:  Comply with requirements specified 
in Division 01 Section "Closeout Procedures." 

I. Maintenance Data:  Comply with requirements specified in Division 01 Section "Operation and 
Maintenance Data." 

J. NE-CHPS Submittals:  Comply with requirements specified in Division 01 CHPS design 
requirements Section. 

K. Qualification Data:  Prepare written information that demonstrates capabilities and experience of 
firm or person.  Include lists of completed projects with project names and addresses, contact 
information of architects and owners, and other information specified. 

L. Welding Certificates:  Prepare written certification that welding procedures and personnel 
comply with requirements in the Contract Documents.  Submit record of Welding Procedure 
Specification and Procedure Qualification Record on AWS forms.  Include names of firms and 
personnel certified. 

M. Installer Certificates:  Submit written statements on manufacturer's letterhead certifying that 
Installer complies with requirements in the Contract Documents and, where required, is 
authorized by manufacturer for this specific Project. 

N. Manufacturer Certificates:  Submit written statements on manufacturer's letterhead certifying 
that manufacturer complies with requirements in the Contract Documents.  Include evidence of 
manufacturing experience where required. 

O. Product Certificates:  Submit written statements on manufacturer's letterhead certifying that 
product complies with requirements in the Contract Documents. 

P. Material Certificates:  Submit written statements on manufacturer's letterhead certifying that 
material complies with requirements in the Contract Documents. 
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Q. Material Test Reports:  Submit reports written by a qualified testing agency, on testing agency's 
standard form, indicating and interpreting test results of material for compliance with 
requirements in the Contract Documents. 

R. Product Test Reports:  Submit written reports indicating that current product produced by 
manufacturer complies with requirements in the Contract Documents.  Base reports on 
evaluation of tests performed by manufacturer and witnessed by a qualified testing agency, or 
on comprehensive tests performed by a qualified testing agency. 

S. Research Reports:  Submit written evidence, from a model code organization acceptable to 
authorities having jurisdiction, that product complies with building code in effect for Project.  
Include the following information: 

1. Name of evaluation organization. 
2. Date of evaluation. 
3. Time period when report is in effect. 
4. Product and manufacturers' names. 
5. Description of product. 
6. Test procedures and results. 
7. Limitations of use. 

T. Preconstruction Test Reports:  Submit reports written by a qualified testing agency, on testing 
agency's standard form, indicating and interpreting results of tests performed before installation 
of product, for compliance with performance requirements in the Contract Documents. 

U. Compatibility Test Reports:  Submit reports written by a qualified testing agency, on testing 
agency's standard form, indicating and interpreting results of compatibility tests performed 
before installation of product.  Include written recommendations for primers and substrate 
preparation needed for adhesion. 

V. Field Test Reports:  Submit written reports indicating and interpreting results of field tests 
performed either during installation of product or after product is installed in its final location, for 
compliance with requirements in the Contract Documents. 

W. Design Data:  Prepare and submit written and graphic information, including, but not limited to, 
performance and design criteria, list of applicable codes and regulations, and calculations.  
Include list of assumptions and other performance and design criteria and a summary of loads.  
Include load diagrams if applicable.  Provide name and version of software, if any, used for 
calculations.  Include page numbers. 

2.2 DELEGATED-DESIGN SERVICES 

A. Performance and Design Criteria:  Where professional design services or certifications by a 
design professional are specifically required of Contractor by the Contract Documents, provide 
products and systems complying with specific performance and design criteria indicated. 

1. If criteria indicated are not sufficient to perform services or certification required, submit a 
written request for additional information to Architect. 
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PART 3 - EXECUTION 

3.1 ARCHITECT'S ACTION 

A. Action Submittals:  Architect will review each submittal, make marks to indicate corrections or 
revisions required, and return it.  Architect will stamp each submittal with an action stamp and 
will mark stamp appropriately to indicate action. 

B. Informational Submittals:  Architect will review each submittal and will not return it, or will return 
it if it does not comply with requirements.  Architect will forward each submittal to appropriate 
party. 

C. Partial submittals prepared for a portion of the Work will be reviewed when use of partial 
submittals has received prior approval from Architect. 

D. Incomplete submittals are unacceptable, will be considered nonresponsive, and will be returned 
for re-submittal without review. 

E. Submittals not required by the Contract Documents may be returned by the Architect without 
action. 

END OF SECTION 01 33 00 
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SECTION 01 41 00 - QUALITY REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for quality assurance and quality 
control. 

B. Testing and inspecting services are required to verify compliance with requirements specified or 
indicated.  These services do not relieve Contractor of responsibility for compliance with the 
Contract Document requirements. 

1. Specific quality-assurance and -control requirements for individual construction activities 
are specified in the Sections that specify those activities.  Requirements in those 
Sections may also cover production of standard products. 

2. Specified tests, inspections, and related actions do not limit Contractor's other quality-
assurance and -control procedures that facilitate compliance with the Contract Document 
requirements. 

3. Requirements for Contractor to provide quality-assurance and -control services required 
by Architect, Owner, Commissioning Authority and/or Construction Manager, or 
authorities having jurisdiction are not limited by provisions of this Section. 

C. Related Requirements: 
1. Divisions 02 through 07 Sections for specific test and inspection requirements. 

1.3 DEFINITIONS 

A. Quality-Assurance Services:  Activities, actions, and procedures performed before and during 
execution of the Work to guard against defects and deficiencies and substantiate that proposed 
construction will comply with requirements. 

B. Quality-Control Services:  Tests, inspections, procedures, and related actions during and after 
execution of the Work to evaluate that actual products incorporated into the Work and completed 
construction comply with requirements.  Services do not include contract enforcement activities 
performed by Architect and/or or Construction Manager. 

C. Field Quality-Control Testing:  Tests and inspections that are performed on-site for installation of 
the Work and for completed Work. 

D. Installer/Applicator/Erector:  Contractor or another entity engaged by Contractor as an employee, 
Subcontractor, or Sub-subcontractor, to perform a particular construction operation, including 
installation, erection, application, and similar operations. 
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1. Use of trade-specific terminology in referring to a trade or entity does not require that 
certain construction activities be performed by accredited or unionized individuals, or that 
requirements specified apply exclusively to specific trade(s). 

E. Experienced:  When used with an entity or individual, "experienced" means having successfully 
completed a minimum of five previous projects similar in nature, size, and extent to this Project; 
being familiar with special requirements indicated; and having complied with requirements of 
authorities having jurisdiction. 

1.4 CONFLICTING REQUIREMENTS 

A. Referenced Standards:  If compliance with two or more standards is specified and the standards 
establish different or conflicting requirements for minimum quantities or quality levels, comply 
with the most stringent requirement.  Refer conflicting requirements that are different, but 
apparently equal, to Architect for a decision before proceeding. 

B. Minimum Quantity or Quality Levels:  The quantity or quality level shown or specified shall be the 
minimum provided or performed.  The actual installation may comply exactly with the minimum 
quantity or quality specified, or it may exceed the minimum within reasonable limits.  To comply 
with these requirements, indicated numeric values are minimum or maximum, as appropriate, for 
the context of requirements.  Refer uncertainties to Architect for a decision before proceeding. 

1.5 INFORMATIONAL SUBMITTALS 

A. Contractor's Quality-Control Plan:  For quality-assurance and quality-control activities and 
responsibilities. 

B. Qualification Data:  For Contractor's quality-control personnel. 

C. Contractor's Statement of Responsibility:  When required by authorities having jurisdiction, 
submit copy of written statement of responsibility sent to authorities having jurisdiction before 
starting work on the following systems: 

1. Seismic-force-resisting system, designated seismic system, or component listed in the 
designated seismic system quality-assurance plan prepared by Architect. 

2. Main wind-force-resisting system or a wind-resisting component listed in the wind-force-
resisting system quality-assurance plan prepared by Architect. 

D. Testing Agency Qualifications:  For testing agencies specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience.  Include proof of qualifications in the form of a 
recent report on the inspection of the testing agency by a recognized authority. 

E. Schedule of Tests and Inspections:  Prepare in tabular form and include the following: 

1. Specification Section number and title. 
2. Entity responsible for performing tests and inspections. 
3. Description of test and inspection. 
4. Identification of applicable standards. 
5. Identification of test and inspection methods. 
6. Number of tests and inspections required. 
7. Time schedule or time span for tests and inspections. 
8. Requirements for obtaining samples. 
9. Unique characteristics of each quality-control service. 
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1.6 REPORTS AND DOCUMENTS 

A. Test and Inspection Reports:  Prepare and submit certified written reports specified in other 
Sections.  Include the following: 

1. Date of issue. 
2. Project title and number. 
3. Name, address, and telephone number of testing agency. 
4. Dates and locations of samples and tests or inspections. 
5. Names of individuals making tests and inspections. 
6. Description of the Work and test and inspection method. 
7. Identification of product and Specification Section. 
8. Complete test or inspection data. 
9. Test and inspection results and an interpretation of test results. 
10. Record of temperature and weather conditions at time of sample taking and testing and 

inspecting. 
11. Comments or professional opinion on whether tested or inspected Work complies with 

the Contract Document requirements. 
12. Name and signature of laboratory inspector. 
13. Recommendations on retesting and reinspecting. 

B. Manufacturer's Technical Representative's Field Reports:  Prepare written information 
documenting manufacturer's technical representative's tests and inspections specified in other 
Sections.  Include the following: 

1. Name, address, and telephone number of technical representative making report. 
2. Statement on condition of substrates and their acceptability for installation of product. 
3. Statement that products at Project site comply with requirements. 
4. Summary of installation procedures being followed, whether they comply with 

requirements and, if not, what corrective action was taken. 
5. Results of operational and other tests and a statement of whether observed performance 

complies with requirements. 
6. Statement whether conditions, products, and installation will affect warranty. 
7. Other required items indicated in individual Specification Sections. 

C. Factory-Authorized Service Representative's Reports:  Prepare written information documenting 
manufacturer's factory-authorized service representative's tests and inspections specified in 
other Sections.  Include the following: 

1. Name, address, and telephone number of factory-authorized service representative 
making report. 

2. Statement that equipment complies with requirements. 
3. Results of operational and other tests and a statement of whether observed performance 

complies with requirements. 
4. Statement whether conditions, products, and installation will affect warranty. 
5. Other required items indicated in individual Specification Sections. 

D. Permits, Licenses, and Certificates:  For Owner's records, submit copies of permits, licenses, 
certifications, inspection reports, releases, jurisdictional settlements, notices, receipts for fee 
payments, judgments, correspondence, records, and similar documents, established for 
compliance with standards and regulations bearing on performance of the Work. 
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1.7 QUALITY ASSURANCE 

A. General:  Qualifications paragraphs in this article establish the minimum qualification levels 
required; individual Specification Sections specify additional requirements. 

B. Manufacturer Qualifications:  A firm experienced in manufacturing products or systems similar to 
those indicated for this Project and with a record of successful in-service performance, as well as 
sufficient production capacity to produce required units. 

C. Fabricator Qualifications:  A firm experienced in producing products similar to those indicated for 
this Project and with a record of successful in-service performance, as well as sufficient 
production capacity to produce required units. 

D. Installer Qualifications:  A firm or individual experienced in installing, erecting, or assembling 
work similar in material, design, and extent to that indicated for this Project, whose work has 
resulted in construction with a record of successful in-service performance. 

E. Manufacturer's Technical Representative Qualifications:  An authorized representative of 
manufacturer who is trained and approved by manufacturer to observe and inspect installation of 
manufacturer's products that are similar in material, design, and extent to those indicated for this 
Project. 

F. Preconstruction Testing:  Where testing agency is indicated to perform preconstruction testing for 
compliance with specified requirements for performance and test methods, comply with the 
following: 

1. Contractor responsibilities include the following: 

a. Provide test specimens representative of proposed products and construction. 
b. Submit specimens in a timely manner with sufficient time for testing and analyzing 

results to prevent delaying the Work. 
c. Provide sizes and configurations of test assemblies, mockups to adequately 

demonstrate capability of products to comply with performance requirements. 
d. When testing is complete, remove test specimens, assemblies, and mockups, and 

laboratory mockups; do not reuse products on Project. 

2. Testing Agency Responsibilities:  Submit a certified written report of each test, inspection, 
and similar quality-assurance service to Architect and Commissioning Authority, with 
copy to Contractor.  Interpret tests and inspections and state in each report whether 
tested and inspected work complies with or deviates from the Contract Documents. 

 
 
QUALITY CONTROL 

G. Contractor Responsibilities:  Tests and inspections not explicitly assigned to the Owner are 
Contractor's responsibility.  Perform additional quality-control activities required to verify that the 
Work complies with requirements, whether specified or not. 

1. Unless otherwise indicated, provide quality-control services specified and those required 
by authorities having jurisdiction.  Perform quality-control services required of Contractor 
by authorities having jurisdiction, whether specified or not. 

2. Where services are indicated as Contractor's responsibility, engage a qualified testing 
agency to perform these quality-control services. 
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a. Contractor shall not employ same entity engaged by Owner, unless agreed to in 
writing by Owner. 

3. Notify testing agencies at least 24 hours in advance of time when Work that requires 
testing or inspecting will be performed. 

4. Where quality-control services are indicated as Contractor's responsibility, submit a 
certified written report, in duplicate, of each quality-control service. 

5. Testing and inspecting requested by Contractor and not required by the Contract 
Documents are Contractor's responsibility. 

6. Submit additional copies of each written report directly to authorities having jurisdiction, 
when they so direct. 

H. Manufacturer's Field Services:  Where indicated, engage a factory-authorized service 
representative to inspect field-assembled components and equipment installation, including 
service connections.  Report results in writing as specified in Division 01 Section "Submittal 
Procedures." 

I. Manufacturer's Technical Services:  Where indicated, engage a manufacturer's technical 
representative to observe and inspect the Work.  Manufacturer's technical representative's 
services include participation in preinstallation conferences, examination of substrates and 
conditions, verification of materials, observation of Installer activities, inspection of completed 
portions of the Work, and submittal of written reports. 

J. Associated Services:  Cooperate with agencies performing required tests, inspections, and 
similar quality-control services, and provide reasonable auxiliary services as requested.  Notify 
agency sufficiently in advance of operations to permit assignment of personnel.  Provide the 
following: 

1. Access to the Work. 
2. Incidental labor and facilities necessary to facilitate tests and inspections. 
3. Adequate quantities of representative samples of materials that require testing and 

inspecting.  Assist agency in obtaining samples. 
4. Facilities for storage and field curing of test samples. 
5. Delivery of samples to testing agencies. 
6. Preliminary design mix proposed for use for material mixes that require control by testing 

agency. 
7. Security and protection for samples and for testing and inspecting equipment at Project 

site. 

K. Coordination:  Coordinate sequence of activities to accommodate required quality-assurance and 
-control services with a minimum of delay and to avoid necessity of removing and replacing 
construction to accommodate testing and inspecting. 

1.8 INSPECTION AND TESTING SERVICES 

A. Owner Responsibilities:  Where quality-control services are indicated as Owner's responsibility, 
Owner will engage a qualified testing agency to perform these services. 

1. Owner will furnish Contractor with names, addresses, and telephone numbers of testing 
agencies engaged and a description of types of testing and inspecting they are engaged 
to perform. 

2. Costs for retesting and reinspecting construction that replaces or is necessitated by work 
that failed to comply with the Contract Documents will be charged to Contractor. 
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B. Approvals: Testing agencies, supervising Engineers and laboratories as approved by the 
Architect. 

C. Submittals: Submit two copies of each test result, within seven days of test, to the following: 

1. Owner. 
2. Contractor. 
3. Architect. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 ACCEPTABLE TESTING AGENCIES 

A. Firms acceptable to perform designated tests and inspections are: 

1. Geisser Engineering Corporation, 227 Wampanoag Trail, Riverside, RI  02915 
2. Briggs Engineering & Testing, 100 Weymouth Street, Rockland, MA  02370 
3. Theilsch Engineering, 195 Frances Ave, Cranston, RI  02910 
4. Other firms as approved by architect 

3.2 TEST AND INSPECTION LOG 

A. Test and Inspection Log:  Prepare a record of tests and inspections.  Include the following: 

1. Date test or inspection was conducted. 
2. Description of the Work tested or inspected. 
3. Date test or inspection results were transmitted to Architect. 
4. Identification of testing agency or special inspector conducting test or inspection. 

B. Maintain log at Project site.  Post changes and revisions as they occur.  Provide access to test 
and inspection log for Architect's, Commissioning Authority's, and Construction Manager's 
reference during normal working hours. 

3.3 REPAIR AND PROTECTION 

A. General:  On completion of testing, inspecting, sample taking, and similar services, repair 
damaged construction and restore substrates and finishes. 

1. Provide materials and comply with installation requirements specified in other 
Specification Sections or matching existing substrates and finishes.  Restore patched 
areas and extend restoration into adjoining areas with durable seams that are as invisible 
as possible.  Comply with the Contract Document requirements for cutting and patching 
in Division 01 Section "Execution." 

B. Protect construction exposed by or for quality-control service activities. 

C. Repair and protection are Contractor's responsibility, regardless of the assignment of 
responsibility for quality-control services. 
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END OF SECTION 01 40 00 
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SECTION 01 60 00 - PRODUCT REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for selection of products for use in 
Project; product delivery, storage, and handling; manufacturers' standard warranties on 
products; special warranties; and comparable products. 

B. Related Requirements: 
1. Division 01 Section "Substitution Procedures" for requests for substitutions. 

1.3 DEFINITIONS 

A. Products:  Items obtained for incorporating into the Work, whether purchased for Project or 
taken from previously purchased stock.  The term "product" includes the terms "material," 
"equipment," "system," and terms of similar intent. 

1. Named Products:  Items identified by manufacturer's product name, including make or 
model number or other designation shown or listed in manufacturer's published product 
literature, that is current as of date of the Contract Documents. 

2. New Products:  Items that have not previously been incorporated into another project or 
facility.  Products salvaged or recycled from other projects are not considered new 
products. 

3. Comparable Product:  Product that is demonstrated and approved through submittal 
process to have the indicated qualities related to type, function, dimension, in-service 
performance, physical properties, appearance, and other characteristics that equal or 
exceed those of specified product. 

B. Basis-of-Design Product Specification:  A specification in which a specific manufacturer's 
product is named and accompanied by the words "basis-of-design product," including make or 
model number or other designation, to establish the significant qualities related to type, function, 
dimension, in-service performance, physical properties, appearance, and other characteristics 
for purposes of evaluating comparable products of additional manufacturers named in the 
specification. 

1.4 ACTION SUBMITTALS 

A. Comparable Product Requests:  Submit request for consideration of each comparable product.  
Identify product or fabrication or installation method to be replaced.  Include Specification 
Section number and title and Drawing numbers and titles. 

RTU AND CHILLER REPLACEMENT 
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1. Include data to indicate compliance with the requirements specified in "Comparable 
Products" Article. 

2. Architect's Action:  If necessary, Architect will request additional information or 
documentation for evaluation within one week of receipt of a comparable product request.  
Architect will notify Contractor of approval or rejection of proposed comparable product 
request within 10 days of receipt of request, or seven days of receipt of additional 
information or documentation, whichever is later. 

a. Form of Approval:  As specified in Division 01 Section "Submittal Procedures." 
b. Use product specified if Architect does not issue a decision on use of a 

comparable product request within time allocated. 

B. Basis-of-Design Product Specification Submittal:  Comply with requirements in Division 01 
Section "Submittal Procedures." Show compliance with requirements. 

1.5 QUALITY ASSURANCE 

A. Compatibility of Options:  If Contractor is given option of selecting between two or more 
products for use on Project, select product compatible with products previously selected, even if 
previously selected products were also options. 

1. Each contractor is responsible for providing products and construction methods 
compatible with products and construction methods of other contractors. 

2. If a dispute arises between contractors over concurrently selectable but incompatible 
products, Architect will determine which products shall be used. 

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle products using means and methods that will prevent damage, 
deterioration, and loss, including theft and vandalism.  Comply with manufacturer's written 
instructions. 

B. Delivery and Handling: 

1. Schedule delivery to minimize long-term storage at Project site and to prevent 
overcrowding of construction spaces. 

2. Coordinate delivery with installation time to ensure minimum holding time for items that 
are flammable, hazardous, easily damaged, or sensitive to deterioration, theft, and other 
losses. 

3. Deliver products to Project site in an undamaged condition in manufacturer's original 
sealed container or other packaging system, complete with labels and instructions for 
handling, storing, unpacking, protecting, and installing. 

4. Inspect products on delivery to determine compliance with the Contract Documents and 
to determine that products are undamaged and properly protected. 

C. Storage: 

1. Store products to allow for inspection and measurement of quantity or counting of units. 
2. Store materials in a manner that will not endanger Project structure. 
3. Store products that are subject to damage by the elements, under cover in a weathertight 

enclosure above ground, with ventilation adequate to prevent condensation. 
4. Protect foam plastic from exposure to sunlight, except to extent necessary for period of 

installation and concealment. 

RTU AND CHILLER REPLACEMENT 
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5. Comply with product manufacturer's written instructions for temperature, humidity, 
ventilation, and weather-protection requirements for storage. 

6. Protect stored products from damage and liquids from freezing. 
7. Provide a secure location and enclosure at Project site for storage of materials and 

equipment by Owner's construction forces.  Coordinate location with Owner. 

1.7 PRODUCT WARRANTIES 

A. Warranties specified in other Sections shall be in addition to, and run concurrent with, other 
warranties required by the Contract Documents.  Manufacturer's disclaimers and limitations on 
product warranties do not relieve Contractor of obligations under requirements of the Contract 
Documents. 

1. Manufacturer's Warranty:  Written warranty furnished by individual manufacturer for a 
particular product and specifically endorsed by manufacturer to Owner. 

2. Special Warranty:  Written warranty required by the Contract Documents to provide 
specific rights for Owner. 

B. Special Warranties:  Prepare a written document that contains appropriate terms and 
identification, ready for execution. 

1. Manufacturer's Standard Form:  Modified to include Project-specific information and 
properly executed. 

2. Specified Form:  When specified forms are included with the Specifications, prepare a 
written document using indicated form properly executed. 

3. See Divisions 02 through 33 Sections for specific content requirements and particular 
requirements for submitting special warranties. 

C. Submittal Time:  Comply with requirements in Division 01 Section "Closeout Procedures." 

PART 2 - PRODUCTS 

2.1 PRODUCT SELECTION PROCEDURES 

A. General Product Requirements:  Provide products that comply with the Contract Documents, 
are undamaged and, unless otherwise indicated, are new at time of installation. 

1. Provide products complete with accessories, trim, finish, fasteners, and other items 
needed for a complete installation and indicated use and effect. 

2. Standard Products:  If available, and unless custom products or nonstandard options are 
specified, provide standard products of types that have been produced and used 
successfully in similar situations on other projects. 

3. Owner reserves the right to limit selection to products with warranties not in conflict with 
requirements of the Contract Documents. 

4. Where products are accompanied by the term "as selected," Architect will make 
selection. 

5. Descriptive, performance, and reference standard requirements in the Specifications 
establish salient characteristics of products. 

6. Or Equal:  For products specified by name and accompanied by the term "or equal," or 
"or approved equal," or "or approved," comply with requirements in "Comparable 
Products" Article to obtain approval for use of an unnamed product. 

RTU AND CHILLER REPLACEMENT 
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B. Product Selection Procedures: 

1. Product:  Where Specifications name a single manufacturer and product, provide the 
named product that complies with requirements.  Comparable products or substitutions 
for Contractor's convenience will not be considered. 

2. Manufacturer/Source:  Where Specifications name a single manufacturer or source, 
provide a product by the named manufacturer or source that complies with requirements.  
Comparable products or substitutions for Contractor's convenience will not be 
considered. 

3. Products: 

a. Restricted List:  Where Specifications include a list of names of both 
manufacturers and products, provide one of the products listed that complies with 
requirements.  Comparable products or substitutions for Contractor's convenience 
will not be considered unless otherwise indicated. 

4. Manufacturers: 

a. Restricted List:  Where Specifications include a list of manufacturers' names, 
provide a product by one of the manufacturers listed that complies with 
requirements. Comparable products or substitutions for Contractor's convenience 
may be considered unless otherwise indicated. 

5. Basis-of-Design Product:  Where Specifications name a product, or refer to a product 
indicated on Drawings, and include a list of manufacturers, provide the specified or 
indicated product or a comparable product by one of the other named manufacturers.  
Drawings and Specifications indicate sizes, profiles, dimensions, and other 
characteristics that are based on the product named.  Comply with requirements in 
"Comparable Products" Article for consideration of an unnamed product by one of the 
other named manufacturers. 

C. Visual Matching Specification:  Where Specifications require "match Architect's sample", 
provide a product that complies with requirements and matches Architect's sample.  Architect's 
decision will be final on whether a proposed product matches. 

1. If no product available within specified category matches and complies with other 
specified requirements, comply with requirements in Division 01 Section "Substitution 
Procedures" for proposal of product. 

D. Visual Selection Specification:  Where Specifications include the phrase "as selected by 
Architect from manufacturer's full range" or similar phrase, select a product that complies with 
requirements.  Architect will select color, gloss, pattern, density, or texture from manufacturer's 
product line that includes both standard and premium items. 

2.2 COMPARABLE PRODUCTS 

A. Conditions for Consideration:  Architect will consider Contractor's request for comparable 
product when the following conditions are satisfied.  If the following conditions are not satisfied, 
Architect may return requests without action, except to record noncompliance with these 
requirements: 

1. Evidence that the proposed product does not require revisions to the Contract 
Documents that it is consistent with the Contract Documents and will produce the 
indicated results, and that it is compatible with other portions of the Work. 

RTU AND CHILLER REPLACEMENT 
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2. Detailed comparison of significant qualities of proposed product with those named in the 
Specifications.  Significant qualities include attributes such as performance, weight, size, 
durability, visual effect, and specific features and requirements indicated. 

3. Evidence that proposed product provides specified warranty. 
4. List of similar installations for completed projects with project names and addresses and 

names and addresses of architects and owners, if requested. 
5. Samples, if requested. 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 60 00 
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SECTION 017300 - EXECUTION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract and other Division 01 Specification Sections, 
apply to this Section. 

1.2 SUMMARY 

A. Section includes general administrative and procedural requirements governing execution of the 
Work including, but not limited to, the following: 

1. Construction layout. 
2. Installation of the Work. 
3. Cutting and patching. 
4. Coordination of Owner-installed products. 
5. Progress cleaning. 
6. Starting and adjusting. 
7. Protection of installed construction. 
8. Correction of the Work. 

B. Related Requirements: 

1. Division 01 Section "Submittal Procedures" for submitting surveys. 
2. Division 01 Section "Closeout Procedures" for submitting final property survey with 

Project Record Documents, recording of Owner-accepted deviations from indicated lines 
and levels, and final cleaning. 

1.3 DEFINITIONS 

A. Cutting:  Removal of in-place construction necessary to permit installation or performance of 
other work. 

B. Patching:  Fitting and repair work required to restore construction to original conditions after 
installation of other work. 

1.4 INFORMATIONAL SUBMITTALS 

A. Certificates:  Submit certificate signed by land surveyor and/or professional engineer certifying 
that location and elevation of improvements comply with requirements. 

B. Cutting and Patching Plan:  Submit plan describing procedures at least 10 days prior to the time 
cutting and patching will be performed.  Include the following information: 

1. Extent:  Describe reason for and extent of each occurrence of cutting and patching. 

RTU AND CHILLER REPLACEMENT 
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2. Changes to In-Place Construction:  Describe anticipated results.  Include changes to 
structural elements and operating components as well as changes in building 
appearance and other significant visual elements. 

3. Products:  List products to be used for patching and firms or entities that will perform 
patching work. 

4. Dates:  Indicate when cutting and patching will be performed. 

C. Landfill Receipts:  Submit copy of receipts issued by a landfill facility, licensed to accept 
hazardous materials, for hazardous waste disposal. 

1.5 QUALITY ASSURANCE 

A. Cutting and Patching:  Comply with requirements for and limitations on cutting and patching of 
construction elements. 

1. Structural Elements:  When cutting and patching structural elements, notify Architect of 
locations and details of cutting and await directions from Architect before proceeding.  
Shore, brace, and support structural elements during cutting and patching.  Do not cut 
and patch structural elements in a manner that could change their load-carrying capacity 
or increase deflection 

2. Operational Elements:  Do not cut and patch operating elements and related components 
in a manner that results in reducing their capacity to perform as intended or that results in 
increased maintenance or decreased operational life or safety. Operational elements 
include the following: 

a. Primary operational systems and equipment. 
b. Mechanical systems piping and ducts. 
c. Control systems. 
d. Communication systems. 
e. Electrical wiring systems. 

3. Other Construction Elements:  Do not cut and patch other construction elements or 
components in a manner that could change their load-carrying capacity, that results in 
reducing their capacity to perform as intended, or that results in increased maintenance 
or decreased operational life or safety. Other construction elements include but are not 
limited to the following: 

a. Water, moisture, or vapor barriers. 
b. Membranes and flashings. 
c. Equipment supports. 
d. Piping, ductwork, vessels, and equipment. 
e. Noise- and vibration-control elements and systems. 

4. Visual Elements:  Do not cut and patch construction in a manner that results in visual 
evidence of cutting and patching.  Do not cut and patch exposed construction in a 
manner that would, in Architect's opinion, reduce the building's aesthetic qualities.  
Remove and replace construction that has been cut and patched in a visually 
unsatisfactory manner. 

B. Cutting and Patching Conference:  Before proceeding, meet at Project site with parties involved 
in cutting and patching, including mechanical and electrical trades.  Review areas of potential 
interference and conflict.  Coordinate procedures and resolve potential conflicts before 
proceeding. 
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C. Manufacturer's Installation Instructions:  Obtain and maintain on-site manufacturer's written 
recommendations and instructions for installation of products and equipment. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. In-Place Materials:  Use materials for patching identical to in-place materials.  For exposed 
surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent 
possible. 

1. If identical materials are unavailable or cannot be used, use materials that, when 
installed, will provide a match acceptable to Architect for the visual and functional 
performance of in-place materials. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examination and Acceptance of Conditions:  Before proceeding with each component of the 
Work, examine substrates, areas, and conditions, with Installer or Applicator present where 
indicated, for compliance with requirements for installation tolerances and other conditions 
affecting performance.  Record observations. 

1. Examine roughing-in for mechanical and electrical systems to verify actual locations of 
connections before equipment and fixture installation. 

2. Examine walls, floors, and roofs for suitable conditions where products and systems are 
to be installed. 

3. Verify compatibility with and suitability of substrates, including compatibility with existing 
finishes or primers. 

B. Proceed with installation only after unsatisfactory conditions have been corrected.  Proceeding 
with the Work indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. Field Measurements:  Take field measurements as required to fit the Work properly.  Recheck 
measurements before installing each product.  Where portions of the Work are indicated to fit to 
other construction, verify dimensions of other construction by field measurements before 
fabrication.  Coordinate fabrication schedule with construction progress to avoid delaying the 
Work. 

B. Space Requirements:  Verify space requirements and dimensions of items shown 
diagrammatically on Drawings. 

C. Review of Contract Documents and Field Conditions:  Immediately on discovery of the need for 
clarification of the Contract Documents caused by differing field conditions outside the control of 
Contractor, submit a request for information to Architect according to requirements in 
Division 01 Section "Project Management and Coordination." 
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3.3 CONSTRUCTION LAYOUT 

A. Verification:  Before proceeding to lay out the Work, verify layout information shown on 
Drawings, in relation to the property survey and existing benchmarks.  If discrepancies are 
discovered, notify Architect promptly. 

3.4 INSTALLATION 

A. General:  Locate the Work and components of the Work accurately, in correct alignment and 
elevation, as indicated. 

1. Where space is limited, install components to maximize space available for maintenance 
and ease of removal for replacement. 

2. Conceal pipes, ducts, and wiring in finished areas unless otherwise indicated. 

B. Comply with manufacturer's written instructions and recommendations for installing products in 
applications indicated. 

C. Install products at the time and under conditions that will ensure the best possible results.  
Maintain conditions required for product performance until Substantial Completion. 

D. Conduct construction operations so no part of the Work is subjected to damaging operations or 
loading in excess of that expected during normal conditions of occupancy. 

E. Sequence the Work and allow adequate clearances to accommodate movement of construction 
items on site and placement in permanent locations. 

F. Tools and Equipment:  Do not use tools or equipment that produce harmful noise levels. 

G. Templates:  Obtain and distribute to the parties involved templates for work specified to be 
factory prepared and field installed.  Check Shop Drawings of other work to confirm that 
adequate provisions are made for locating and installing products to comply with indicated 
requirements. 

H. Attachment:  Provide blocking and attachment plates and anchors and fasteners of adequate 
size and number to securely anchor each component in place, accurately located and aligned 
with other portions of the Work.  Where size and type of attachments are not indicated, verify 
size and type required for load conditions. 

1. Mounting Heights:  Where mounting heights are not indicated, mount components at 
heights directed by Architect. 

2. Allow for building movement, including thermal expansion and contraction. 
3. Coordinate installation of anchorages.  Furnish setting drawings, templates, and 

directions for installing anchorages, including sleeves, concrete inserts, anchor bolts, and 
items with integral anchors, that are to be embedded in concrete or masonry.  Deliver 
such items to Project site in time for installation. 

I. Joints:  Make joints of uniform width.  Where joint locations in exposed work are not indicated, 
arrange joints for the best visual effect.  Fit exposed connections together to form hairline joints. 

J. Hazardous Materials:  Use products, cleaners, and installation materials that are not considered 
hazardous. 
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3.5 CUTTING AND PATCHING 

A. Cutting and Patching, General:  Employ skilled workers to perform cutting and patching.  
Proceed with cutting and patching at the earliest feasible time, and complete without delay. 

1. Cut in-place construction to provide for installation of other components or performance 
of other construction, and subsequently patch as required to restore surfaces to their 
original condition. 

B. Existing Warranties:  Remove, replace, patch, and repair materials and surfaces cut or 
damaged during installation or cutting and patching operations, by methods and with materials 
so as not to void existing warranties. 

C. Temporary Support:  Provide temporary support of work to be cut. 

D. Protection:  Protect in-place construction during cutting and patching to prevent damage.  
Provide protection from adverse weather conditions for portions of Project that might be 
exposed during cutting and patching operations. 

E. Adjacent Occupied Areas:  Where interference with use of adjoining areas or interruption of free 
passage to adjoining areas is unavoidable, coordinate cutting and patching according to 
requirements in Division 01 Section "Summary." 

F. Existing Utility Services and Mechanical/Electrical Systems:  Where existing services/systems 
are required to be removed, relocated, or abandoned, bypass such services/systems before 
cutting to prevent interruption to occupied areas. 

G. Cutting:  Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar 
operations, including excavation, using methods least likely to damage elements retained or 
adjoining construction.  If possible, review proposed procedures with original Installer; comply 
with original Installer's written recommendations. 

1. In general, use hand or small power tools designed for sawing and grinding, not 
hammering and chopping.  Cut holes and slots neatly to minimum size required, and with 
minimum disturbance of adjacent surfaces.  Temporarily cover openings when not in use. 

2. Finished Surfaces:  Cut or drill from the exposed or finished side into concealed surfaces. 
3. Concrete and Masonry:  Cut using a cutting machine, such as an abrasive saw or a 

diamond-core drill. 
4. Excavating and Backfilling:  Comply with requirements in applicable Division 31 Sections 

where required by cutting and patching operations. 
5. Mechanical and Electrical Services:  Cut off pipe or conduit in walls or partitions to be 

removed.  Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent 
entrance of moisture or other foreign matter after cutting. 

6. Proceed with patching after construction operations requiring cutting are complete. 

H. Patching:  Patch construction by filling, repairing, refinishing, closing up, and similar operations 
following performance of other work.  Patch with durable seams that are as invisible as 
practicable.  Provide materials and comply with installation requirements specified in other 
Sections, where applicable. 

1. Inspection:  Where feasible, test and inspect patched areas after completion to 
demonstrate physical integrity of installation. 

2. Exposed Finishes:  Restore exposed finishes of patched areas and extend finish 
restoration into retained adjoining construction in a manner that will minimize evidence of 
patching and refinishing. 
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a. Clean piping, conduit, and similar features before applying paint or other finishing 
materials. 

b. Restore damaged pipe covering to its original condition. 

3. Floors and Walls:  Where walls or partitions that are removed extend one finished area 
into another, patch and repair floor and wall surfaces in the new space.  Provide an even 
surface of uniform finish, color, texture, and appearance.  Remove in-place floor and wall 
coverings and replace with new materials, if necessary, to achieve uniform color and 
appearance. 

a. Where patching occurs in a painted surface, prepare substrate and apply primer 
and intermediate paint coats appropriate for substrate over the patch, and apply 
final paint coat over entire unbroken surface containing the patch.  Provide 
additional coats until patch blends with adjacent surfaces. 

4. Ceilings:  Patch, repair, or rehang in-place ceilings as necessary to provide an even-
plane surface of uniform appearance. 

5. Exterior Building Enclosure:  Patch components in a manner that restores enclosure to a 
weathertight condition and ensures thermal and moisture integrity of building enclosure. 

I. Cleaning:  Clean areas and spaces where cutting and patching are performed.  Remove paint, 
mortar, oils, putty, and similar materials from adjacent finished surfaces. 

3.6 OWNER-INSTALLED PRODUCTS 

A. Site Access:  Provide access to Project site for Owner's construction personnel. 

B. Coordination:  Coordinate construction and operations of the Work with work performed by 
Owner's construction personnel. 

1. Construction Schedule:  Inform Owner of Contractor's preferred construction schedule for 
Owner's portion of the Work.  Adjust construction schedule based on a mutually 
agreeable timetable.  Notify Owner if changes to schedule are required due to differences 
in actual construction progress. 

2. Preinstallation Conferences:  Include Owner's construction personnel at preinstallation 
conferences covering portions of the Work that are to receive Owner's work.  Attend 
preinstallation conferences conducted by Owner's construction personnel if portions of 
the Work depend on Owner's construction. 

3.7 PROGRESS CLEANING 

A. General:  Clean Project site and work areas daily, including common areas.  Enforce 
requirements strictly.  Dispose of materials lawfully. 

1. Comply with requirements in NFPA 241 for removal of combustible waste materials and 
debris. 

2. Do not hold waste materials more than seven days during normal weather or three days if 
the temperature is expected to rise above 80 deg F (27 deg C). 

3. Containerize hazardous and unsanitary waste materials separately from other waste.  
Mark containers appropriately and dispose of legally, according to regulations. 

a. Use containers intended for holding waste materials of type to be stored. 
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4. Coordinate progress cleaning for joint-use areas where Contractor and other contractors 
are working concurrently. 

B. Site:  Maintain Project site free of waste materials and debris. 

C. Work Areas:  Clean areas where work is in progress to the level of cleanliness necessary for 
proper execution of the Work. 

1. Remove liquid spills promptly. 
2. Where dust would impair proper execution of the Work, broom-clean or vacuum the 

entire work area, as appropriate. 

D. Installed Work:  Keep installed work clean.  Clean installed surfaces according to written 
instructions of manufacturer or fabricator of product installed, using only cleaning materials 
specifically recommended.  If specific cleaning materials are not recommended, use cleaning 
materials that are not hazardous to health or property and that will not damage exposed 
surfaces. 

E. Concealed Spaces:  Remove debris from concealed spaces before enclosing the space. 

F. Exposed Surfaces in Finished Areas:  Clean exposed surfaces and protect as necessary to 
ensure freedom from damage and deterioration at time of Substantial Completion. 

G. Waste Disposal:  Do not bury or burn waste materials on-site.  Do not wash waste materials 
down sewers or into waterways.  Comply with waste disposal requirements in Division 01 
Section "Construction Waste Management and Disposal." 

H. During handling and installation, clean and protect construction in progress and adjoining 
materials already in place.  Apply protective covering where required to ensure protection from 
damage or deterioration at Substantial Completion. 

I. Clean and provide maintenance on completed construction as frequently as necessary through 
the remainder of the construction period.  Adjust and lubricate operable components to ensure 
operability without damaging effects. 

J. Limiting Exposures:  Supervise construction operations to assure that no part of the 
construction, completed or in progress, is subject to harmful, dangerous, damaging, or 
otherwise deleterious exposure during the construction period. 

3.8 STARTING AND ADJUSTING 

A. Coordinate startup and adjusting of equipment and operating components with requirements in 
Division 01 Section "General Commissioning Requirements." 

B. Start equipment and operating components to confirm proper operation.  Remove 
malfunctioning units, replace with new units, and retest. 

C. Adjust equipment for proper operation.  Adjust operating components for proper operation 
without binding. 

D. Test each piece of equipment to verify proper operation.  Test and adjust controls and safeties.  
Replace damaged and malfunctioning controls and equipment. 
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E. Manufacturer's Field Service:  Comply with qualification requirements in Division 01 Section 
"Quality Requirements." 

3.9 PROTECTION OF INSTALLED CONSTRUCTION 

A. Provide final protection and maintain conditions that ensure installed Work is without damage or 
deterioration at time of Substantial Completion. 

B. Comply with manufacturer's written instructions for temperature and relative humidity. 

END OF SECTION 01 73 00 
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SECTION 01 74 20 - CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for the following: 

1. Salvaging nonhazardous construction waste. 
2. Recycling nonhazardous construction waste. 
3. Disposing of nonhazardous construction waste. 

1.3 DEFINITIONS 

A. Construction Waste:  Building and site improvement materials and other solid waste resulting 
from construction, remodeling, renovation, or repair operations.  Construction waste includes 
packaging. 

B. Disposal:  Removal off-site of demolition and construction waste and subsequent sale, 
recycling, reuse, or deposit in landfill or incinerator acceptable to authorities having jurisdiction. 

C. Recycle:  Recovery of demolition or construction waste for subsequent processing in 
preparation for reuse. 

1.4 PERFORMANCE REQUIREMENTS 

A. General:  Achieve end-of-Project rates for salvage/recycling of a minimum of 50 percent by 
weight of total non-hazardous solid waste generated by the Work. Practice efficient waste 
management in the use of materials in the course of the Work.  Use all reasonable means to 
divert construction and demolition waste from landfills and incinerators.  Facilitate recycling and 
salvage of materials, including the following: 

1. Construction Waste (which may include the following when within the project scope): 

 
a. Lumber. 
b. Wood trim. 
c. Metals. 
d. Roofing. 
e. Insulation. 
f. Packaging:  Regardless of salvage/recycle goal indicated in "General" Paragraph 

above, salvage or recycle 100 percent of the following uncontaminated packaging 
materials: 
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1) Paper. 
2) Cardboard. 
3) Boxes. 
4) Plastic sheet and film. 
5) Polystyrene packaging. 
6) Wood crates. 
7) Plastic pails. 

1.5 INFORMATIONAL SUBMITTALS 

A. Waste Reduction Calculations:  Before request for Substantial Completion, submit calculated 
end-of-Project rates for salvage, recycling, and disposal as a percentage of total waste 
generated by the Work. 

B. Records of Donations:  Indicate receipt and acceptance of salvageable waste donated to 
individuals and organizations.  Indicate whether organization is tax exempt. 

C. Records of Sales:  Indicate receipt and acceptance of salvageable waste sold to individuals and 
organizations.  Indicate whether organization is tax exempt. 

D. Recycling and Processing Facility Records:  Indicate receipt and acceptance of recyclable 
waste by recycling and processing facilities licensed to accept them.  Include manifests, weight 
tickets, receipts, and invoices. 

E. Landfill and Incinerator Disposal Records:  Indicate receipt and acceptance of waste by landfills 
and incinerator facilities licensed to accept them.  Include manifests, weight tickets, receipts, 
and invoices. 

F. NE-CHPS Submittal:  Per Material Prerequisite 3: Site Waste Management submit: 
1. A copy of the waste management plan developed according to the above criteria 
2. Submit a copy of contract with contractor(s) who will execute the plan. 

G. Qualification Data:  For waste management coordinator. 

1.6 QUALITY ASSURANCE 

A. Waste Management Coordinator Qualifications:  Experienced firm, with a record of successful 
waste management coordination of projects with similar requirements as waste management 
coordinator.  Waste management coordinator may also serve as NE-CHPS coordinator. 

B. Regulatory Requirements:  Comply with hauling and disposal regulations of authorities having 
jurisdiction. 

C. Waste Management Conference:  Conduct conference at Project site. Review methods and 
procedures related to waste management including, but not limited to, the following: 

1. Review and discuss waste management plan including responsibilities of waste 
management coordinator. 

2. Review requirements for documenting quantities of each type of waste and its 
disposition. 

3. Review and finalize procedures for materials separation and verify availability of 
containers and bins needed to avoid delays. 
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4. Review procedures for periodic waste collection and transportation to recycling and 
disposal facilities. 

5. Review waste management requirements for each trade. 

1.7 WASTE MANAGEMENT PLAN 

A. General:  Develop a waste management plan according to ASTM E 1609 and requirements in 
this Section.  Plan shall consist of waste identification, waste reduction work plan, and 
cost/revenue analysis.  Distinguish between demolition and construction waste. Indicate 
quantities by weight or volume, but use same units of measure throughout waste management 
plan. 

B. Waste Identification:  Indicate anticipated types and quantities of demolition and construction 
waste generated by the Work.  Use Form CWM-1 for construction waste or equivalent.  Include 
estimated quantities and assumptions for estimates. 

C. Waste Reduction Work Plan:  List each type of waste and whether it will be salvaged, recycled, 
or disposed of in landfill or incinerator.  Use Form CWM-3 for construction waste or equivalent.  
Include points of waste generation, total quantity of each type of waste, quantity for each means 
of recovery, and handling and transportation procedures. 

1. Salvaged Materials for Reuse:  For materials that will be salvaged and reused in this 
Project, describe methods for preparing salvaged materials before incorporation into the 
Work. 

2. Salvaged Materials for Sale:  For materials that will be sold to individuals and 
organizations, include list of their names, addresses, and telephone numbers. 

3. Salvaged Materials for Donation:  For materials that will be donated to individuals and 
organizations, include list of their names, addresses, and telephone numbers. 

4. Recycled Materials:  Include list of local receivers and processors and type of recycled 
materials each will accept.  Include names, addresses, and telephone numbers. 

5. Disposed Materials:  Indicate how and where materials will be disposed of.  Include 
name, address, and telephone number of each landfill and incinerator facility. 

6. Handling and Transportation Procedures:  Include method that will be used for separating 
recyclable waste including sizes of containers, container labeling, and designated 
location where materials separation will be performed. 

D. Cost/Revenue Analysis:  Indicate total cost of waste disposal as if there was no waste 
management plan and net additional cost or net savings resulting from implementing waste 
management plan.  Use Form CWM-5 for construction waste or equivalent.  Include the 
following: 

1. Total quantity of waste. 
2. Estimated cost of disposal (cost per unit).  Include hauling and tipping fees and cost of 

collection containers for each type of waste. 
3. Total cost of disposal (with no waste management). 
4. Revenue from salvaged materials. 
5. Revenue from recycled materials. 
6. Savings in hauling and tipping fees by donating materials. 
7. Savings in hauling and tipping fees that are avoided. 
8. Handling and transportation costs.  Include cost of collection containers for each type of 

waste. 
9. Net additional cost or net savings from waste management plan. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 PLAN IMPLEMENTATION 

A. General:  Implement approved waste management plan.  Provide handling, containers, storage, 
signage, transportation, and other items as required to implement waste management plan 
during the entire duration of the Contract. 

1. Comply with operation, termination, and removal requirements in Division 01 Section 
"Temporary Facilities and Controls." 

B. Waste Management Coordinator:  Engage a waste management coordinator to be responsible 
for implementing, monitoring, and reporting status of waste management work plan. 

C. Training:  Train workers, subcontractors, and suppliers on proper waste management 
procedures, as appropriate for the Work. 

1. Distribute waste management plan to everyone concerned within three days of submittal 
return. 

2. Distribute waste management plan to entities when they first begin work on-site.  Review 
plan procedures and locations established for salvage, recycling, and disposal. 

D. Site Access and Temporary Controls:  Conduct waste management operations to ensure 
minimum interference with roads, streets, walks, walkways, and other adjacent occupied and 
used facilities. 

1. Designate and label specific areas on Project site necessary for separating materials that 
are to be salvaged, recycled, reused, donated, and sold. 

3.2 RECYCLING CONSTRUCTION WASTE, GENERAL 

A. General:  Recycle paper and beverage containers used by on-site workers. 

B. Recycling Receivers and Processors:  Use only available recycling receivers and processors 
licensed to do business in the local area. 

C. Recycling Incentives:  Revenues, savings, rebates, tax credits, and other incentives received for 
recycling waste materials shall be shared equally by Owner and Contractor. 

D. Preparation of Waste:  Prepare and maintain recyclable waste materials according to recycling 
or reuse facility requirements.  Maintain materials free of dirt, adhesives, solvents, petroleum 
contamination, and other substances deleterious to the recycling process. 

E. Procedures:  Separate recyclable waste from other waste materials, trash, and debris.  
Separate recyclable waste by type at Project site to the maximum extent practical according to 
approved construction waste management plan. 
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1. Provide appropriately marked containers or bins for controlling recyclable waste until 
removed from Project site.  Include list of acceptable and unacceptable materials at each 
container and bin. 

a. Inspect containers and bins for contamination and remove contaminated materials 
if found. 

2. Stockpile processed materials on-site without intermixing with other materials.  Place, 
grade, and shape stockpiles to drain surface water.  Cover to prevent windblown dust. 

3. Stockpile materials away from construction area.  Do not store within drip line of 
remaining trees. 

4. Store components off the ground and protect from the weather. 
5. Remove recyclable waste from Owner's property and transport to recycling receiver or 

processor. 

3.3 RECYCLING CONSTRUCTION WASTE 

A. Packaging: 

1. Cardboard and Boxes:  Break down packaging into flat sheets.  Bundle and store in a dry 
location. 

2. Polystyrene Packaging:  Separate and bag materials. 
3. Pallets:  As much as possible, require deliveries using pallets to remove pallets from 

Project site.  For pallets that remain on-site, break down pallets into component wood 
pieces and comply with requirements for recycling wood. 

4. Crates:  Break down crates into component wood pieces and comply with requirements 
for recycling wood. 

B. Wood Materials: 

1. Clean Cut-Offs of Lumber:  Grind or chip into small pieces. 
2. Clean Sawdust:  Bag sawdust that does not contain painted or treated wood. 

a. Comply with requirements in Division 32 Section "Plants." for use of clean sawdust 
as organic mulch. 

3.4 DISPOSAL OF WASTE 

A. General:  Except for items or materials to be salvaged, recycled, or otherwise reused, remove 
waste materials from Project site and legally dispose of them in a landfill or incinerator 
acceptable to authorities having jurisdiction. 

1. Except as otherwise specified, do not allow waste materials that are to be disposed of 
accumulate on-site. 

2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces 
and areas. 

B. Burning:  Do not burn waste materials. 

C. Burning:  Burning of waste materials is permitted only at designated areas on Owner's property, 
provided required permits are obtained.  Provide full-time monitoring for burning materials until 
fires are extinguished. 
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D. Disposal:  Remove waste materials and dispose of at designated spoil areas on Owner's 
property. 

E. Disposal:  Remove waste materials from Owner's property and legally dispose of them. 

END OF SECTION 01 74 20 
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SECTION 01 77 00 - CLOSEOUT PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for contract closeout, including, 
but not limited to, the following: 

1. Substantial Completion procedures. 
2. Final completion procedures. 
3. Warranties. 
4. Final cleaning. 
5. Repair of the Work. 

B. Related Requirements: 

1. Division 01 Section "Execution" for progress cleaning of Project site. 
2. Division 01 Section "Project Record Documents" for submitting record Drawings, record 

Specifications, and record Product Data. 
3. Divisions 02 through 07 Sections for specific closeout and special cleaning requirements 

for the Work in those Sections. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For cleaning agents. 

B. Contractor's List of Incomplete Items:  Initial submittal at Substantial Completion. 

C. Certified List of Incomplete Items:  Final submittal at Final Completion. 

1.4 CLOSEOUT SUBMITTALS 

A. Certificates of Release:  From authorities having jurisdiction. 

B. Certificate of Insurance:  For continuing coverage. 

C. Field Report 
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1.5 SUBSTANTIAL COMPLETION PROCEDURES 

A. Contractor's List of Incomplete Items:  Prepare and submit a list of items to be completed and 
corrected (Contractor's punch list), indicating the value of each item on the list and reasons why 
the Work is incomplete. 

B. Submittals Prior to Substantial Completion:  Complete the following a minimum of 10 days prior 
to requesting inspection for determining date of Substantial Completion.  List items below that 
are incomplete at time of request. 

1. Certificates of Release:  Obtain and submit releases from authorities having jurisdiction 
permitting Owner unrestricted use of the Work and access to services and utilities.  
Include occupancy permits, operating certificates, and similar releases. 

2. Submit closeout submittals specified in other Division 01 Sections, including project 
record documents, operation and maintenance manuals, final completion construction 
photographic documentation, damage or settlement surveys, property surveys, and 
similar final record information. 

3. Submit closeout submittals specified in individual Divisions 02 through 09 Sections, 
including specific warranties, workmanship bonds, maintenance service agreements, final 
certifications, and similar documents. 

4. Submit maintenance material submittals specified in individual Divisions 02 through 00 
Sections, including tools, spare parts, extra materials, and similar items, and deliver to 
location designated by Architect and/or Construction Manager.  Label with manufacturer's 
name and model number where applicable. 

a. Schedule of Predictive and Preventative Maintenance Material Items:  Prepare and 
submit schedule of maintenance material submittal items, including name and 
quantity of each item and name and number of related Specification Section.  
Obtain Owner's signature for receipt of submittals. 

5. Submit test/adjust/balance records. 
6. Submit changeover information related to Owner's occupancy, use, operation, and 

maintenance. 

C. Procedures Prior to Substantial Completion:  Complete the following a minimum of 10 days prior 
to requesting inspection for determining date of Substantial Completion.  List items below that 
are incomplete at time of request. 

1. Advise Owner of pending insurance changeover requirements. 
2. Complete final cleaning requirements, including touchup painting. 
3. Touch up and otherwise repair and restore marred exposed finishes to eliminate visual 

defects. 

D. Inspection:  Submit a written request for inspection to determine Substantial Completion a 
minimum of 10 days prior to date the work will be completed and ready for final inspection and 
tests.  On receipt of request, Architect and/or Construction Manager will either proceed with 
inspection or notify Contractor of unfulfilled requirements.  Architect will prepare the Certificate 
of Substantial Completion after inspection or will notify Contractor of items, either on 
Contractor's list or additional items identified by Architect, that must be completed or corrected 
before certificate will be issued. 

1. Reinspection:  Request reinspection when the Work identified in previous inspections as 
incomplete is completed or corrected. 

2. Results of completed inspection will form the basis of requirements for final completion. 
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1.6 FINAL COMPLETION PROCEDURES 

A. Submittals Prior to Final Completion:  Before requesting final inspection for determining final 
completion, complete the following: 
1. Certified List of Incomplete Items:  Submit certified copy of Architect's Substantial 

Completion inspection list of items to be completed or corrected (punch list), endorsed 
and dated by Architect.  Certified copy of the list shall state that each item has been 
completed or otherwise resolved for acceptance. 

2. Certificate of Insurance:  Submit evidence of final, continuing insurance coverage 
complying with insurance requirements. 

B. Inspection:  Submit a written request for final inspection to determine acceptance a minimum of 
10 days prior to date the work will be completed and ready for final inspection and tests.  On 
receipt of request, Architect will either proceed with inspection or notify Contractor of unfulfilled 
requirements.  Architect will prepare a final Certificate for Payment after inspection or will notify 
Contractor of construction that must be completed or corrected before certificate will be issued. 

1. Reinspection:  Request reinspection when the Work identified in previous inspections as 
incomplete is completed or corrected. 

1.7 LIST OF INCOMPLETE ITEMS (PUNCH LIST) 

A. Organization of List:  Include name and identification of each space and area affected by 
construction operations for incomplete items and items needing correction including, if 
necessary, areas disturbed by Contractor that are outside the limits of construction. 

1. Organize list of spaces in sequential order, starting with exterior areas first and 
proceeding from lowest floor to highest floor. 

2. Organize items applying to each space by major element, including categories for ceiling, 
individual walls, floors, equipment, and building systems. 

3. Include the following information at the top of each page: 

a. Project name. 
b. Date. 
c. Name of Architect. 
d. Name of Contractor. 
e. Page number. 

4. Submit list of incomplete items in the following format: 

a. PDF electronic file.  Architect will return annotated file. 

1.8 SUBMITTAL OF PROJECT WARRANTIES 

A. Time of Submittal:  Submit written warranties on request of Architect for designated portions of 
the Work where commencement of warranties other than date of Substantial Completion is 
indicated, or when delay in submittal of warranties might limit Owner's rights under warranty. 

B. Partial Occupancy:  Submit properly executed warranties within 15 days of completion of 
designated portions of the Work that are completed and occupied or used by Owner during 
construction period by separate agreement with Contractor. 
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C. Organize warranty documents into an orderly sequence based on the table of contents of 
Project Manual. 

1. Bind warranties and bonds in heavy-duty, three-ring, vinyl-covered, loose-leaf binders, 
thickness as necessary to accommodate contents, and sized to receive 8-1/2-by-11-inch 
(215-by-280-mm) paper. 

2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty.  Mark 
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 Installer. 

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

4. Warranty Electronic File:  Scan warranties and bonds and assemble complete warranty 
and bond submittal package into a single indexed electronic PDF file with links enabling 
navigation to each item.  Provide bookmarked table of contents at beginning of 
document. 

D. Provide additional copies of each warranty to include in operation and maintenance manuals. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Cleaning Agents:  Use cleaning materials and agents recommended by manufacturer or 
fabricator of the surface to be cleaned.  Do not use cleaning agents that are potentially 
hazardous to health or property or that might damage finished surfaces. 

1. Use cleaning products that comply with Green Seal's GS-37, or if GS-37 is not 
applicable, use products that comply with the California Code of Regulations maximum 
allowable VOC levels. 

PART 3 - EXECUTION 

3.1 FINAL CLEANING AND DISINFECTING 

A. General:  Perform final cleaning and disinfecting.  Conduct cleaning and waste-removal 
operations to comply with the requirements of OSHA (Occupational Safety and Health 
Administration), the CDC (Center for Disease Control), DOH (Department of Health) and other 
local ordinances regarding protocols for sanitizing the construction site due to the COVID-19 
pandemic.  The construction site and newly renovated and constructed spaces must be cleaned 
and disinfected with EPA approved cleaning products specific for disinfecting COVID-19 before 
the students and staff can occupy the spaces.  

B. Cleaning:  Employ experienced workers or professional cleaners for final cleaning and 
disinfecting.  Comply with manufacturer's written instructions. 

1. Complete the following cleaning operations before requesting inspection for certification 
of Substantial Completion for entire Project or for a designated portion of Project: 
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a. Clean Project site, yard, and grounds, in areas disturbed by construction activities, 
including landscape development areas, of rubbish, waste material, litter, and 
other foreign substances. 

b. Sweep paved areas broom clean.  Remove petrochemical spills, stains, and other 
foreign deposits. 

c. Rake grounds that are neither planted nor paved to a smooth, even-textured 
surface. 

d. Remove tools, construction equipment, machinery, and surplus material from 
Project site. 

e. Remove snow and ice to provide safe access to building. 
f. Clean and disinfect exposed exterior and interior hard-surfaced finishes to a dirt-

free condition, free of stains, films, and similar foreign substances.  Avoid 
disturbing natural weathering of exterior surfaces.  Restore reflective surfaces to 
their original condition. 

g. Remove debris and surface dust from limited access spaces, including roofs, 
plenums, shafts, trenches, equipment vaults, manholes, attics, and similar spaces. 

h. Sweep concrete floors broom clean in unoccupied spaces. 
i. Vacuum carpet (Refer to Div 1 for NE-CHPS requirements) and similar soft 

surfaces, removing debris and excess nap; clean according to manufacturer's 
recommendations if visible soil or stains remain. 

j. Clean and disinfect transparent materials, including mirrors and glass in doors and 
windows.  Remove glazing compounds and other noticeable, vision-obscuring 
materials.  Polish mirrors and glass, taking care not to scratch surfaces. 

k. Remove labels that are not permanent. 
l. Wipe and disinfect surfaces of mechanical and electrical equipment, elevator 

equipment, and similar equipment.  Remove excess lubrication, paint and mortar 
droppings, and other foreign substances. 

m. Clean and disinfect plumbing fixtures to a sanitary condition, free of stains, 
including stains resulting from water exposure. 

n. Replace disposable air filters and clean permanent air filters.  Clean exposed 
surfaces of diffusers, registers, and grills. 

o. Clean ducts, blowers, and coils if units were operated without filters during 
construction or that display contamination with particulate matter on inspection. 

1) Clean HVAC system in compliance with NADCA Standard 1992-01.  
Provide written report on completion of cleaning. 

p. Clean light fixtures, lamps, globes, and reflectors to function with full efficiency. 
q. Leave Project clean and ready for occupancy. 

C. Pest Control:  Comply with pest control requirements in Division 01 Section "Temporary 
Facilities and Controls." Prepare written report. 

D. Construction Waste Disposal:  Comply with waste disposal requirements in Division 01 Section 
"Construction Waste Management and Disposal." 

3.2 REPAIR OF THE WORK 

A. Complete repair and restoration operations before requesting inspection for determination of 
Substantial Completion. 

B. Repair or remove and replace defective construction.  Repairing includes replacing defective 
parts, refinishing damaged surfaces, touching up with matching materials, and properly 
adjusting operating equipment.  Where damaged or worn items cannot be repaired or restored, 
provide replacements.  Remove and replace operating components that cannot be repaired. 
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Restore damaged construction and permanent facilities used during construction to specified 
condition. 
1. Touch up and otherwise repair and restore marred or exposed finishes and surfaces.  

Replace finishes and surfaces that that already show evidence of repair or restoration. 

a. Do not paint over "UL" and other required labels and identification, including 
mechanical and electrical nameplates.  Remove paint applied to required labels 
and identification. 

2. Replace parts subject to operating conditions during construction that may impede 
operation or reduce longevity. 

END OF SECTION 01 77 00 
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SECTION 01 78 30 - PROJECT RECORD DOCUMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for project record documents, 
including the following: 

1. Record Drawings. 
2. Record Specifications. 
3. Record Product Data. 
4. Miscellaneous record submittals. 

B. Related Requirements: 

1. Division 01 Section "Execution" for final property survey. 
2. Division 01 Section "Closeout Procedures" for general closeout procedures. 
3. Divisions 02 through 07 Sections for specific requirements for project record documents 

of the Work in those Sections. 

1.3 CLOSEOUT SUBMITTALS 

A. Record Drawings:  Comply with the following: 

1. Number of Copies:  Submit one set(s) of marked-up record prints. 
2. Number of Copies:  Submit copies of record Drawings as follows: 

a. Initial Submittal: 
1) Submit PDF electronic files of scanned record prints.  
2) Architect will indicate whether general scope of changes, additional 

information recorded, and quality of drafting are acceptable. 

b. Final Submittal: 

1) Submit three paper-copy set(s) of marked-up record prints. 
2) Submit PDF electronic files of scanned record prints. 
3) Print each drawing, whether or not changes and additional information were 

recorded. 

B. Record Specifications:  Submit one paper copy annotated PDF electronic files of Project's 
Specifications, including addenda and contract modifications. 

C. Record Product Data:  Submit annotated PDF electronic files and directories of each submittal. 

RTU AND CHILLER REPLACEMENT 



SECTION 01 78 30 – PROJECT RECORD DOCUMENTS              ROOF AND CHILLER REPLACEMENT 

Providence, RI 
 

  PROJECT RECORD DOCUMENTS
© THE ROBINSON GREEN BERETTA CORPORATION – 7006               Section 01 78 30 - Page 2 of 4 

 

1. Where record Product Data are required as part of operation and maintenance manuals, 
submit duplicate marked-up Product Data as a component of manual. 

D. Miscellaneous Record Submittals:  See other Specification Sections for miscellaneous record-
keeping requirements and submittals in connection with various construction activities.  Submit 
annotated PDF electronic files and directories of each submittal. 

E. Reports:  Submit written report weekly indicating items incorporated into project record 
documents concurrent with progress of the Work, including revisions, concealed conditions, 
field changes, product selections, and other notations incorporated. 

PART 2 - PRODUCTS 

2.1 RECORD DRAWINGS 

A. Record Prints:  Maintain one set of marked-up paper copies of the Contract Drawings and Shop 
Drawings, incorporating new and revised drawings as modifications are issued. 

1. Preparation:  Mark record prints to show the actual installation where installation varies 
from that shown originally.  Require individual or entity who obtained record data, 
whether individual or entity is Installer, subcontractor, or similar entity, to provide 
information for preparation of corresponding marked-up record prints. 

a. Give particular attention to information on concealed elements that would be 
difficult to identify or measure and record later. 

b. Accurately record information in an acceptable drawing technique. 
c. Record data as soon as possible after obtaining it. 
d. Record and check the markup before enclosing concealed installations. 
e. Cross-reference record prints to corresponding archive photographic 

documentation. 

2. Content:  Types of items requiring marking include, but are not limited to, the following: 

a. Dimensional changes to Drawings. 
b. Revisions to details shown on Drawings. 
c. Changes made by Change Order. 
d. Changes made following Architect's written orders. 
e. Details not on the original Contract Drawings. 
f. Field records for variable and concealed conditions. 
g. Record information on the Work that is shown only schematically. 

3. Mark the Contract Drawings and Shop Drawings completely and accurately.  Use 
personnel proficient at recording graphic information in production of marked-up record 
prints. 

4. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish 
between changes for different categories of the Work at same location. 

5. Mark important additional information that was either shown schematically or omitted 
from original Drawings. 

6. Note Construction Change Directive numbers, alternate numbers, Change Order 
numbers, and similar identification, where applicable. 
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B. Record Digital Data Files:  Immediately before inspection for Certificate of Substantial 
Completion, review marked-up record prints with Architect.  When authorized, prepare a full set 
of corrected digital data files of the Contract Drawings, as follows: 

1. Format:  Annotated PDF electronic file with comment function enabled. 
2. Incorporate changes and additional information previously marked on record prints.  

Delete, redraw, and add details and notations where applicable. 
3. Refer instances of uncertainty to Architect for resolution. 
4. Architect will furnish Contractor one set of digital data files of the Contract Drawings for 

use in recording information. 

a. See Division 01 Section "Submittal Procedures" for requirements related to use of 
Architect's digital data files. 

b. Architect will provide data file layer information.  Record markups in separate 
layers. 

C. Format:  Identify and date each record Drawing; include the designation "PROJECT RECORD 
DRAWING" in a prominent location. 

1. Record Prints:  Organize record prints and newly prepared record Drawings into 
manageable sets.  Bind each set with durable paper cover sheets.  Include identification 
on cover sheets. 

2. Format:  Annotated PDF electronic file with comment function enabled. 
3. Record Digital Data Files:  Organize digital data information into separate electronic files 

that correspond to each sheet of the Contract Drawings.  Name each file with the sheet 
identification.  Include identification in each digital data file. 

4. Identification:  As follows: 

a. Project name. 
b. Date. 
c. Designation "PROJECT RECORD DRAWINGS." 
d. Name of Architect. 
e. Name of Contractor. 

2.2 RECORD SPECIFICATIONS 

A. Preparation:  Mark Specifications to indicate the actual product installation where installation 
varies from that indicated in Specifications, addenda, and contract modifications. 

1. Give particular attention to information on concealed products and installations that 
cannot be readily identified and recorded later. 

2. Mark copy with the proprietary name and model number of products, materials, and 
equipment furnished, including substitutions and product options selected. 

3. Record the name of manufacturer, supplier, Installer, and other information necessary to 
provide a record of selections made. 

4. For each principal product, indicate whether record Product Data has been submitted in 
operation and maintenance manuals instead of submitted as record Product Data. 

5. Note related Change Orders, record Product Data, and record Drawings where 
applicable. 

B. Format:  Submit record Specifications as scanned PDF electronic file(s) of marked-up paper 
copy of Specifications. 
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2.3 RECORD PRODUCT DATA 

A. Preparation:  Mark Product Data to indicate the actual product installation where installation 
varies substantially from that indicated in Product Data submittal. 

1. Give particular attention to information on concealed products and installations that 
cannot be readily identified and recorded later. 

2. Include significant changes in the product delivered to Project site and changes in 
manufacturer's written instructions for installation. 

3. Note related Change Orders, record Specifications, and record Drawings where 
applicable. 

B. Format:  Submit record Product Data as scanned PDF electronic file(s) of marked-up paper 
copy of Product Data. 

1. Include record Product Data directory organized by Specification Section number and 
title, electronically linked to each item of record Product Data. 

2.4 MISCELLANEOUS RECORD SUBMITTALS 

A. Assemble miscellaneous records required by other Specification Sections for miscellaneous 
record keeping and submittal in connection with actual performance of the Work.  Bind or file 
miscellaneous records and identify each, ready for continued use and reference. 

B. Format:  Submit miscellaneous record submittals as scanned PDF electronic file(s) of marked-
up miscellaneous record submittals. 

1. Include miscellaneous record submittals directory organized by Specification Section 
number and title, electronically linked to each item of miscellaneous record submittals. 

PART 3 - EXECUTION 

3.1 RECORDING AND MAINTENANCE 

A. Recording:  Maintain one copy of each submittal during the construction period for project 
record document purposes.  Post changes and revisions to project record documents as they 
occur; do not wait until end of Project. 

B. Maintenance of Record Documents and Samples:  Store record documents and Samples in the 
field office apart from the Contract Documents used for construction.  Do not use project record 
documents for construction purposes.  Maintain record documents in good order and in a clean, 
dry, legible condition, protected from deterioration and loss.  Provide access to project record 
documents for Architect's reference during normal working hours. 

END OF SECTION 01 78 30p 
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SECTION 02 41 20 - SELECTIVE DEMOLITION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract per Division 01 Specification Sections apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Demolition and removal of selected portions of building. 
2. Salvage of existing items to be reused or recycled. 

B. Related Requirements: 
1. Division 01 Section "Summary" for restrictions on the use of the premises, Owner-

occupancy requirements, and phasing requirements. 
2. Division 01 Section "Execution" for cutting and patching procedures. 

1.3 DEFINITIONS 

A. Remove:  Detach items from existing construction and legally dispose of them off-site unless 
indicated to be removed and salvaged or removed and reinstalled. 

B. Remove and Salvage:  Carefully detach from existing construction, in a manner to prevent 
damage, and deliver to Owner and/or ready for reuse. 

C. Remove and Reinstall:  Detach items from existing construction, prepare for reuse, and reinstall 
where indicated. 

D. Existing to Remain:  Existing items of construction that are not to be permanently removed and 
that are not otherwise indicated to be removed, removed and salvaged, or removed and 
reinstalled. 

1.4 MATERIALS OWNERSHIP 

A. Unless otherwise indicated, demolition waste becomes property of Contractor. 

1.5 PREINSTALLATION MEETINGS 

A. Pre-demolition Conference:  Conduct conference at Project site. 
1. Inspect and discuss condition of construction to be selectively demolished. 
2. Review structural load limitations of existing structure. 
3. Review and finalize selective demolition schedule and verify availability of materials, 

demolition personnel, equipment, and facilities needed to make progress and avoid 
delays. 
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4. Review requirements of work performed by other trades that rely on substrates exposed 
by selective demolition operations. 

5. Review areas where existing construction is to remain and requires protection. 

1.6 INFORMATIONAL SUBMITTALS 

A. Proposed Protection Measures:  Submit report, including drawings, that indicates the measures 
proposed for protecting individuals and property for environmental protection, for dust control 
and for noise control.  Indicate proposed locations and construction of barriers. 

B. Schedule of Selective Demolition Activities:  Indicate the following: 
1. Detailed sequence of selective demolition and removal work, with starting and ending 

dates for each activity.  Ensure daily building operations are uninterrupted. 
2. Interruption of utility services.  Indicate how long utility services will be interrupted. 
3. Coordination for shutoff, capping, and continuation of utility services. 
4. Use of elevator and stairs. 
5. Coordination of Owner's continuing occupancy of portions of existing building and of 

Owner's partial occupancy of completed Work. 

C. Inventory:  Submit a list of items to be removed and salvaged and deliver to Owner prior to start 
of demolition. 

D. Pre-demolition Photographs or Video:  Submit before Work begins. 

E. Warranties:  Documentation indicated that existing warranties are still in effect after completion 
of selective demolition. 

1.7 CLOSEOUT SUBMITTALS 

A. Inventory:  Submit a list of items that have been removed and salvaged. 

B. Landfill Records:  Indicate receipt and acceptance of hazardous wastes by a landfill facility 
licensed to accept hazardous wastes. 

1.8 FIELD CONDITIONS 

A. Owner will occupy portions of building immediately adjacent to selective demolition area.  
Conduct selective demolition so Owner's operations will not be disrupted. 

B. Conditions existing at time of inspection for bidding purpose will be maintained by Owner as far 
as practical. 

C. Notify Architect of discrepancies between existing conditions and Drawings before proceeding 
with selective demolition. 

D. Hazardous Materials:  It is not expected that hazardous materials will be encountered in the 
Work. 
1. Hazardous materials will be removed by Owner before start of the Work. 
2. If suspected hazardous materials are encountered, do not disturb; immediately notify 

Architect and Owner.  Hazardous materials will be removed by Owner under a separate 
contract. 

RTU AND CHILLER REPLACEMENT 



SECTION 02 41 20 – SELECTIVE DEMOLITION  ROOF AND CHILLER REPLACEMENT 
  Providence, RI 
   
 

 
  SELECTIVE DEMOLITION 
© THE ROBINSON GREEN BERETTA CORPORATION – 7006 Section 02 41 20 - Page 3 of 6 

E. Storage or sale of removed items or materials on-site is not permitted. 

F. Utility Service:  Maintain existing utilities indicated to remain in service and protect them against 
damage during selective demolition operations. 
1. Maintain fire-protection facilities in service during selective demolition operations. 

PART 2 - PRODUCTS 

2.1 PEFORMANCE REQUIREMENTS 

A. Regulatory Requirements:  Comply with governing EPA notification regulations before 
beginning selective demolition.  Comply with hauling and disposal regulations of authorities 
having jurisdiction. 

B. Standards:  Comply with ANSI/ASSE A10.6 and NFPA 241. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that utilities have been disconnected and capped before starting selective demolition 
operations. 

B. Review record documents of existing construction provided by Owner.  Owner does not 
guarantee that existing conditions are same as those indicated in record documents. 

C. Survey existing conditions and correlate with requirements indicated to determine extent of 
selective demolition required. 

D. When unanticipated mechanical, electrical, or structural elements that conflict with intended 
function or design are encountered, investigate and measure the nature and extent of conflict.  
Promptly submit a written report to Architect. 

E. Perform and/or engage a professional engineer to perform an engineering survey of condition of 
building to determine whether removing any element might result in structural deficiency or 
unplanned collapse of any portion of structure or adjacent structures during selective building 
demolition operations. 
1. Perform surveys as the Work progresses to detect hazards resulting from selective 

demolition activities. 
2. Steel Tendons:  Locate tensioned steel tendons and include recommendations for de-

tensioning. 

F. Survey of Existing Conditions:  Record existing conditions by use of measured drawings, 
preconstruction photographs, preconstruction videotapes and/or templates as indicated. If not 
indicated, provide preconstruction photographs for record. 
1. Inventory and record the condition of items to be removed and salvaged.  Provide 

photographs or video of conditions that might be misconstrued as damage caused by 
salvage operations. 
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2. Before selective demolition or removal of existing building elements that will be 
reproduced or duplicated in final Work, make permanent record of measurements, 
materials, and construction details required to make exact reproduction. 

3.2 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS 

A. Existing Services/Systems to Remain:  Maintain services/systems indicated to remain and 
protect them against damage. 
1. Comply with requirements for existing services/systems interruptions specified in 

Division 01 Section "Summary." 

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned:  Locate, identify, 
disconnect, and seal or cap off indicated utility services and mechanical/electrical systems 
serving areas to be selectively demolished. 
1. Arrange to shut off indicated utilities with utility companies. 
2. If services/systems are required to be removed, relocated, or abandoned, provide 

temporary services/systems that bypass area of selective demolition and that maintain 
continuity of services/systems to other parts of building. 

3. Disconnect, demolish, and remove fire-suppression systems, plumbing, and HVAC 
systems, equipment, and components indicated to be removed. 
a. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap 

or plug remaining piping with same or compatible piping material. 
b. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same 

or compatible piping material. 
c. Equipment to Be Removed:  Disconnect and cap services and remove equipment. 
d. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and 

remove, clean, and store equipment; when appropriate, reinstall, reconnect, and 
make equipment operational. 

e. Equipment to Be Removed and Salvaged:  Disconnect and cap services and 
remove equipment and deliver to Owner. 

f. Ducts to Be Removed:  Remove portion of ducts indicated to be removed and plug 
remaining ducts with same or compatible ductwork material. 

g. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or compatible 
ductwork material. 

3.3 PREPARATION 

A. Site Access and Temporary Controls:  Conduct selective demolition and debris-removal 
operations to ensure minimum interference with roads, streets, walks, walkways, and other 
adjacent occupied and used facilities. 
1. Comply with requirements for access and protection specified in Division 01 Section 

"Temporary Facilities and Controls." 

B. Temporary Facilities:  Provide temporary barricades and other protection required to prevent 
injury to people and damage to adjacent buildings and facilities to remain. 
1. Provide protection to ensure safe passage of people around selective demolition area 

and to and from occupied portions of building. 
2. Provide temporary weather protection, during interval between selective demolition of 

existing construction on exterior surfaces and new construction, to prevent water leakage 
and damage to structure and interior areas. 

3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are 
exposed during selective demolition operations. 
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C. Temporary Shoring:  Provide and maintain shoring, bracing, and structural supports as required 
to preserve stability and prevent movement, settlement, or collapse of construction and finishes 
to remain, and to prevent unexpected or uncontrolled movement or collapse of construction 
being demolished. 
1. Strengthen or add new supports when required during progress of selective demolition. 

3.4 SELECTIVE DEMOLITION, GENERAL 

A. General:  Demolish and remove existing construction only to the extent required by new 
construction and as indicated.  Use methods required to complete the Work within limitations of 
governing regulations and as follows: 
1. Proceed with selective demolition systematically, from higher to lower level.  Complete 

selective demolition operations above each floor or tier before disturbing supporting 
members on the next lower level. 

2. Neatly cut openings and holes plumb, square, and true to dimensions required.  Use 
cutting methods least likely to damage construction to remain or adjoining construction.  
Use hand tools or small power tools designed for sawing or grinding, not hammering and 
chopping, to minimize disturbance of adjacent surfaces.  Temporarily cover openings to 
remain. 

3. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring 
existing finished surfaces. 

4. Do not use cutting torches until work area is cleared of flammable materials.  At 
concealed spaces, such as duct and pipe interiors, verify condition and contents of 
hidden space before starting flame-cutting operations.  Maintain fire watch and portable 
fire-suppression devices during flame-cutting operations. 

5. Maintain adequate ventilation when using cutting torches. 
6. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and 

promptly dispose of off-site. 
7. Locate selective demolition equipment and remove debris and materials so as not to 

impose excessive loads on supporting walls, floors, or framing. 
8. Dispose of demolished items and materials promptly. Comply with requirements in 

Division 01 Section "Construction Waste Management and Disposal” when provided. 

B. Removed and Salvaged Items: 
1. Clean salvaged items. 
2. Pack or crate items after cleaning.  Identify contents of containers. 

C. Removed and Reinstalled Items: 
1. Clean and repair items to functional condition adequate for intended reuse. 
2. Pack or crate items after cleaning and repairing.  Identify contents of containers. 
3. Protect items from damage during transport and storage. 
4. Reinstall items in locations indicated.  Comply with installation requirements for new 

materials and equipment.  Provide connections, supports, and miscellaneous materials 
necessary to make item functional for use indicated. 

D. Existing Items to Remain:  Protect construction indicated to remain against damage and soiling 
during selective demolition.  When permitted by Architect, items may be removed to a suitable, 
protected storage location during selective demolition and cleaned and reinstalled in their 
original locations after selective demolition operations are complete. 
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3.5 DISPOSAL OF DEMOLISHED MATERIALS 

A. General:  Except for items or materials indicated to be recycled, reused, salvaged, reinstalled, 
or otherwise indicated to remain Owner's property, remove demolished materials from Project 
site and legally dispose of them in an EPA-approved landfill. 
1. Do not allow demolished materials to accumulate on-site. 
2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces 

and areas. 
3. Remove debris from elevated portions of building by chute, hoist, or other device that will 

convey debris to grade level in a controlled descent. 
4. Comply with requirements specified in Division 01 Section "Construction Waste 

Management and Disposal." 

B. Burning:  Do not burn demolished materials. 

C. Disposal:  Transport demolished materials off Owner's property and legally dispose of them. 

3.6 CLEANING 

A. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective 
demolition operations.  Return adjacent areas to condition existing before selective demolition 
operations began. 

END OF SECTION 02 41 20 
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SECTION 23 05 00 – COMMON WORK RESULTS FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Silicone sealants. 
2. Thermometers, liquid in glass. 
3. Duct-thermometer mounting brackets. 
4. Thermowells. 
5. Pressure gauges, dial type. 
6. Gauge attachments. 
7. Test plugs. 

1.2 DEFINITIONS 

A. Existing Piping To Remain: Existing piping that is not to be removed and that is not otherwise 
indicated to be removed, removed and salvaged, or removed and reinstalled. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. For each type of product, excluding motors which are included in Part 1 of HVAC 
equipment Sections. 

a. Include construction details, material descriptions, and dimensions of individual 
components, and finishes. 

b. Include operating characteristics and furnished accessories. 

1.4 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For each type of meter. 

B. Welding certificates. 

C. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each type of meter and gauge to include in operation and 
maintenance manuals. 
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1.6 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel in accordance with AWS D1.1/D1.1M. 

B. Pipe and Pressure-Vessel Welding Qualifications: Qualify procedures and operators in 
accordance with 2021 ASME Boiler and Pressure Vessel Code, Section IX. 

PART 2 - PRODUCTS 

2.1 METERS AND GAUGES FOR HVAC PIPING 

A. Thermometers, Liquid in Glass - Metal Case, Industrial Style: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Trerice, H. O. Co. 
b. Weiss Instruments, Inc. 
c. Winters Instruments - U.S. 

2. Source Limitations: Provide liquid-in-glass, metal-case, industrial-style thermometers 
from single manufacturer. 

3. Standard: ASME B40.200. 
4. Case:  Cast aluminum; 7-inch nominal size unless otherwise indicated. 
5. Case Form:  Adjustable angle unless otherwise indicated. 
6. Tube: Glass with magnifying lens and blue organic liquid. 
7. Tube Background: Nonreflective aluminum with permanently etched scale markings 

graduated in deg F and deg C. 
8. Window:  Glass or plastic. 
9. Stem:  Aluminum and of length to suit installation. 

a. Design for Air-Duct Installation: With ventilated shroud. 
b. Design for Thermowell Installation: Bare stem. 

10. Connector: 1-1/4 inches, with ASME B1.1 screw threads. 
11. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a maximum of 

1.5 percent of scale range. 

B. Thermowells: 

1. Standard: ASME B40.200. 
2. Description: Pressure-tight, socket-type fitting made for insertion in piping tee fitting. 
3. Material for Use with Copper Tubing:  CNR (90-10 copper nickel). 
4. Material for Use with Steel Piping:  CRES (stainless steel). 
5. Type: Stepped shank unless straight or tapered shank is indicated. 
6. External Threads: NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads. 
7. Internal Threads: 1/2, 3/4, and 1 inch, with ASME B1.1 screw threads. 
8. Bore: Diameter required to match thermometer bulb or stem. 
9. Insertion Length: Length required to match thermometer bulb or stem. 
10. Lagging Extension: Include on thermowells for insulated piping and tubing. 
11. Bushings: For converting size of thermowell's internal screw thread to size of 

thermometer connection. 
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12. Heat-Transfer Medium:  Mixture of graphite and glycerin. 

C. Pressure Gauges, Dial Type - Direct Mounted, Metal Case: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ashcroft Inc. 
b. Blue Ribbon Corp. 
c. Trerice, H. O. Co. 
d. WATTS; A Watts Water Technologies Company. 
e. Winters Instruments - U.S. 

2. Source Limitations: Provide dial-type, direct-mounted, metal-case pressure gauges from 
single manufacturer. 

3. Standard: ASME B40.100. 
4. Case:  Liquid-filled type(s); cast aluminum or drawn steel; 4-1/2-inch nominal diameter. 
5. Pressure-Element Assembly: Bourdon tube. 
6. Pressure Connection: Brass, with NPS 1/2, ASME B1.20.1 pipe threads and bottom-

outlet type unless back-outlet type is indicated. 
7. Movement: Mechanical, with link to pressure element and connection to pointer. 
8. Dial: Nonreflective aluminum with permanent scale markings graduated in psi and kPa. 
9. Pointer: Dark-colored metal. 
10. Window:  Glass. 
11. Ring:  Metal. 
12. Accuracy:  Grade A, plus or minus 1 percent of middle half of span. 

D. Test Plugs: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. IMI Flow Design, Inc. 
b. Nexus Valve, Inc.; Aalberts Hydronic Flow Control. 
c. Trerice, H. O. Co. 
d. WATTS; A Watts Water Technologies Company. 
e. Weiss Instruments, Inc. 

2. Source Limitations: Provide test plugs from single manufacturer. 
3. Description: Test-station fitting made for insertion in piping tee fitting. 
4. Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include 

extended stem on units to be installed in insulated piping. 
5. Thread Size:  NPS 1/2, ASME B1.20.1 pipe thread. 
6. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F. 
7. Core Inserts:  EPDM self-sealing rubber. 

PART 3 - EXECUTION 

3.1 INSTALLATION OF METERS AND GAUGES 

A. Install thermowells with socket extending to center of pipe and in vertical position in piping tees. 
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B. Install thermowells of sizes required to match thermometer connectors. Include bushings if 
required to match sizes. 

C. Install thermowells with extension on insulated piping. 

D. Fill thermowells with heat-transfer medium. 

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions. 

F. Install direct-mounted pressure gauges in piping tees with pressure gauge located on pipe at 
the most readable position. 

G. Install valve and snubber in piping for each pressure gauge for fluids (except steam). 

H. Install valve and syphon fitting in piping for each pressure gauge for steam. 

I. Install test plugs in piping tees. 

J. Install flow indicators in piping systems in accessible positions for easy viewing. 

K. Install connection fittings in accessible locations for attachment to portable indicators. 

L. Thermometer stems are to be of length to match thermowell insertion length. 

M. Install thermometers in the following locations: 

1. Two inlets and two outlets of each chiller. 

N. Install pressure gauges in the following locations: 

1. Inlet and outlet of each chiller chilled-water and condenser-water connection. 

3.2 CONNECTIONS 

A. Install meters and gauges adjacent to machines and equipment to allow space for service and 
maintenance of meters, gauges, machines, and equipment. 

3.3 ADJUSTING 

A. After installation, calibrate meters according to manufacturer's written instructions. 

B. Adjust faces of meters and gauges to proper angle for best visibility. 

3.4 THERMOMETER SCHEDULE  

A. Scale Range for Chilled-Water Piping: 0 to 100 deg F and minus 20 to plus 50 deg C. 

3.5 PRESSURE-GAUGE SCHEDULE  

A. Scale Range for Chilled-Water Piping:  0 to 100 psi and 0 to 600 kPa. 
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END OF SECTION 23 05 00 
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SECTION 23 05 29 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Metal pipe hangers and supports. 
2. Metal framing systems. 
3. Thermal-hanger shield inserts. 
4. Fastener systems. 
5. Pipe stands. 
6. Equipment stands. 
7. Equipment supports. 

B. Related Requirements: 

1. Division 23 "Hydronic Piping Distribution Systems" for pipe guides and anchors. 
2. Division 23 "Vibration Controls for HVAC" for vibration isolation devices. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and 
installation details and include calculations for the following; include Product Data for 
components: 

1. Metal framing systems. 
2. Pipe stands. 
3. Equipment supports. 

1.4 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.5 QUALITY ASSURANCE 

A. Structural-Steel Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
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B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code, Section IX. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand 
the effects of gravity loads and stresses within limits and under conditions indicated according 
to ASCE/SEI 7. 

1. Design supports for multiple pipes, including pipe stands, capable of supporting 
combined weight of supported systems, system contents, and test water. 

2. Design equipment supports capable of supporting combined operating weight of 
supported equipment and connected systems and components. 

2.2 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Galvanized Metallic Coatings: Pregalvanized, hot-dip galvanized, or electro-galvanized. 
3. Nonmetallic Coatings: Plastic coated, or epoxy powder-coated. 
4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 
5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel. 

B. Stainless Steel Pipe Hangers and Supports: 

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 
3. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel. 

2.3 METAL FRAMING SYSTEMS 

A. MFMA Manufacturer Metal Framing Systems: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. ABB, Electrification Business. 
b. Cooper B-line; brand of Eaton, Electrical Sector. 
c. Flex-Strut Inc. 
d. G-Strut. 
e. Haydon Corporation. 
f. MIRO Industries. 
g. Rooftop Support Systems; Eberl Iron Works, Inc. 
h. Unistrut; Atkore International. 
i. Wesanco, Inc. 
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2. Description: Shop- or field-fabricated, pipe-support assembly made of steel channels, 
accessories, fittings, and other components for supporting multiple parallel pipes. 

3. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
4. Channels: Continuous slotted of the following material 

a. Carbon-steel – For dry locations indoors 
b. Galvanized steel – For outdoor locations  
c. Type 304 stainless steel – For wet or corrosive locations. 

5. Channel Width: Selected for applicable load criteria. 
6. Channel Nuts: Formed or stamped nuts or other devices designed to fit into channel slot 

and, when tightened, prevent slipping along channel. 
7. Hanger Rods: Continuous-thread rod, nuts, and washer made of galvanized steel or 

stainless steel – matching channel material. 
8. Metallic Coating – Carbon steel:   

a. Plain – Indoor dry location 
b. Pregalvanized G90 – Outdoor installation 

9. Plastic Coating:  PVC. 

2.4 THERMAL-HANGER SHIELD INSERTS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Buckaroos, Inc. 
2. CADDY; brand of nVent Electrical plc. 
3. Carpenter & Paterson, Inc. 
4. KB Enterprise. 
5. National Pipe Hanger Corporation. 
6. Pipe Shields Inc. 
7. Piping Technology & Products, Inc. 
8. Rilco Manufacturing Co., Inc. 
9. Value Engineered Products, Inc. 

B. Insulation-Insert Material for Cold Piping:  ASTM C552, Type II cellular glass with 100-psi or 
ASTM C591, Type VI, Grade 1 polyisocyanurate with 125-psi minimum compressive strength 
and vapor barrier. 

C. Insulation-Insert Material for Hot Piping:  Water-repellent-treated, ASTM C533, Type I calcium 
silicate with 100-psi; ASTM C552, Type II cellular glass with 100-psi; or ASTM C591, Type VI, 
Grade 1 polyisocyanurate with 125-psi minimum compressive strength. 

D. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe. 

E. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe. 

F. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air 
temperature. 
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2.5 FASTENER SYSTEMS 

A. Mechanical-Expansion Anchors: Insert-wedge-type anchors for use in hardened portland 
cement concrete; with pull-out, tension, and shear capacities appropriate for supported loads 
and building materials where used. Powder actuated fasteners are not acceptable. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Cooper B-line; brand of Eaton, Electrical Sector. 
b. Empire Industries, Inc. 
c. Hilti, Inc. 
d. ITW Ramset/Red Head; Illinois Tool Works, Inc. 
e. MKT Fastening, LLC. 

2. Indoor Applications:  Zinc-coated or stainless steel. 
3. Outdoor Applications: Stainless steel. 

2.6 PIPE STANDS 

A. General Requirements for Pipe Stands: Shop- or field-fabricated assemblies made of 
manufactured corrosion-resistant components to support roof-mounted piping. 

B. Compact Pipe Stand: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. MIRO Industries. 
b. PHP Systems/Design. 
c. RectorSeal HVAC; a CSW Industrials Company. 

2. Description: Single base unit with integral-rod roller, pipe clamps, or V-shaped cradle to 
support pipe, for roof installation without membrane penetration. 

3. Base: Single, vulcanized rubber, molded polypropylene, or polycarbonate. 
4. Hardware: Galvanized steel or polycarbonate. 
5. Accessories: Protection pads. 

C. Low-Profile, Single Base, Single-Pipe Stand: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. MIRO Industries. 
b. PHP Systems/Design. 

2. Description: Single base with vertical and horizontal members, and pipe support, for roof 
installation without membrane protection. 

3. Base: Single, vulcanized rubber, molded polypropylene, or polycarbonate. 
4. Vertical Members: Two, stainless-steel, continuous-thread 1/2-inch rods. 
5. Horizontal Member: Adjustable horizontal, stainless-steel pipe support channels. 
6. Pipe Supports:  Roller or Clevis hanger. 
7. Hardware:  Stainless steel. 
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8. Accessories: Protection pads. 
9. Height:  12 inches above roof. 

D. High-Profile, Single Base, Single-Pipe Stand: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. MIRO Industries. 
b. PHP Systems/Design. 

2. Description: Single base, vertical and horizontal members, and pipe support, for roof 
installation without membrane penetration. 

3. Base: Single vulcanized rubber or molded polypropylene. 
4. Vertical Members: Two, stainless-steel, continuous-thread 1/2-inch rods. 
5. Horizontal Member: One, adjustable height, galvanized- or stainless-steel pipe support 

slotted channel or plate. 
6. Pipe Supports:  Roller or Clevis hanger. 
7. Hardware:  Galvanized steel. 
8. Accessories: Protection pads, 1/2-inch continuous-thread stainless steel rod. 
9. Height:  36 inches above roof. 

E. High-Profile, Multiple-Pipe Stand: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. MIRO Industries. 
b. PHP Systems/Design. 
c. RectorSeal HVAC; a CSW Industrials Company. 

2. Description: Assembly of bases, vertical and horizontal members, and pipe supports, for 
roof installation without membrane penetration. 

3. Bases: Two or more; vulcanized rubber. 
4. Vertical Members: Two or more, galvanized-steel channels. 
5. Horizontal Members: One or more, adjustable height, galvanized-steel pipe support. 
6. Pipe Supports:  Roller or Clevis hanger. 
7. Hardware:  Galvanized steel. 
8. Accessories: Protection pads, 1/2-inch continuous-thread rod. 
9. Height:  36 inches above roof. 

F. Curb-Mounted-Type Pipe Stands: Shop- or field-fabricated pipe supports made from structural-
steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof 
curb. All steel components shall be galvanized.  

2.7 EQUIPMENT SUPPORTS 

A. Description: Welded, shop- or field-fabricated equipment support made from structural carbon-
steel shapes. 
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2.8 OUTDOOR EQUIPMENT STANDS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. MIRO Industries. 
2. RectorSeal HVAC; a CSW Industrials Company. 

B. Description: Individual foot supports with elevated adjustable channel cross bars and 
clamps/fasteners/bolts for ground or roof supported outdoor equipment components, without 
roof membrane penetration, in a pre-fabricated system that can be modularly-assembled on 
site. 

C. Foot Material: Rubber or polypropylene. 

D. Rails Material: Hot dip galvanized carbon steel. 

E. Wind/Sliding Load Resistance: Up to 100 mph minimum. 

2.9 MATERIALS 

A. Aluminum: ASTM B221. 

B. Carbon Steel: ASTM A1011/A1011M. 

C. Structural Steel: ASTM A36/A36M, carbon-steel plates, shapes, and bars; galvanized. 

D. Stainless Steel: ASTM A240/A240M. 

E. Threaded Rods: Continuously threaded. Zinc-plated or galvanized steel for indoor applications 
and stainless steel for outdoor applications. Mating nuts and washers of similar materials as 
rods. 

F. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 
and nonmetallic grout; suitable for interior and exterior applications. 

1. Properties: Nonstaining, noncorrosive, and nongaseous. 
2. Design Mix: 5000-psi, 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with requirements in Division 07 for firestopping materials and installation for 
penetrations through fire-rated walls, ceilings, and assemblies. 

B. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits. Minimum 
static design load used for strength determination shall be weight of supported components plus 
200 lb. 
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3.2 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, and 
attachments as required to properly support piping from the building structure. 

B. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support 
together on field-assembled strut systems. 

C. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping. 

D. Pipe Stand Installation: 

1. Pipe Stand Types except Curb-Mounted Type: Assemble components and mount on 
smooth roof surface. Do not penetrate roof membrane. 

2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand and 
mount on permanent, stationary roof curb. See Division 07 for curbs. 

E. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 
washers, and other accessories. 

F. Equipment Support Installation: Fabricate from welded-structural-steel shapes. 

G. Install hangers and supports to allow controlled thermal and seismic movement of piping 
systems, to permit freedom of movement between pipe anchors, and to facilitate action of 
expansion joints, expansion loops, expansion bends, and similar units. 

H. Install lateral bracing with pipe hangers and supports to prevent swaying. 

I. Install building attachments within concrete slabs or attach to structural steel. Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and 
larger and at changes in direction of piping. Install concrete inserts before concrete is placed; 
fasten inserts to forms and install reinforcing bars through openings at top of inserts. 

J. Do not attach any HVAC piping or equipment supports from metal roof deck. 

K. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses 
from movement will not be transmitted to connected equipment. 

L. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed 
maximum pipe deflections allowed by ASME B31.9 for building services piping. 

M. Insulated Piping: 

1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature: Clamp may project through 
insulation. 

b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield 
insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services 
piping. 

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is 
indicated. Fill interior voids with insulation that matches adjoining insulation. 
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a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields 
shall span an arc of 180 degrees. 

a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

4. Refer to Hanger and Support schedule for shield dimmensions. 
5. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation. 

3.3 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 
equipment above floor. 

B. Grouting: Place grout under supports for equipment and make bearing surface smooth. 

C. Provide lateral bracing, to prevent swaying, for equipment supports. 

3.4 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment 
supports. 

B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be 
shop welded because of shipping size limitations. 

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 
appearance and quality of welds; and methods used in correcting welding work; and with the 
following: 

1. Use materials and methods that minimize distortion and develop strength and corrosion 
resistance of base metals. 

2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and so 

contours of welded surfaces match adjacent contours. 

3.5 ADJUSTING 

A. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches. 

3.6 PAINTING 

Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after 
erecting hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 
requirements for touching up field-painted surfaces. 
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1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils. 

B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A780/A780M. 

3.7 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems and 
equipment. 

B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 
piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and equipment outdoors, 
or where installed indoors and will not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 
direct contact with copper tubing. 

E. Use stainless steel pipe hangers and stainless steel attachments for hostile environment and 
wet & corrosive applications. 

F. Use thermal-hanger shield inserts for insulated piping and tubing. 

G. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types: 

 

Nominal 

Pipe Size 

(inch) 

Max Span 

(feet) 

Minimum Threaded 

Rod Size (inch) 

Hanger Type Shield Dimmensions for 

Insulated Piping 

(Length x Thickness, 

inch) 

3/4 5 0.375 Clevis 

12 x 0.048 

1 5 0.375 Clevis 

1-1/4 6 0.375 Clevis 

1-1/2 8 0.375 Clevis 

2 8 0.375 Clevis 

2-1/2 9 0.5 Clevis 

3 10 0.5 Clevis 

4 12 0.625 One rod roller 

18 x 0.06 5 12 0.625 One rod roller 

6 12 0.625 One rod roller 

8 – 12 12 0.75 (two) Two rod roller 

24 x 0.105 14 – 18  12 0.875 (two) Two rod roller 

20 – 24  12 1.25 (two) Two rod roller 

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or 
insulated, stationary pipes NPS 1/2 to NPS 30. 

2. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with steel-
pipe base stanchion support and cast-iron floor flange or carbon-steel plate. 

3. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for pipes 
NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base stanchion 
support and cast-iron floor flange. 
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4. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, from two 
rods if longitudinal movement caused by expansion and contraction might occur. 

5. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to 
NPS 24, from single rod if horizontal movement caused by expansion and contraction 
might occur. 

6. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if 
longitudinal movement caused by expansion and contraction might occur but vertical 
adjustment is unnecessary. 

7. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 if small 
horizontal movement caused by expansion and contraction might occur and vertical 
adjustment is unnecessary. 

8. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes NPS 2 to 
NPS 30 if vertical and lateral adjustment during installation might be required in addition 
to expansion and contraction. 

H. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 

1. Vertical piping supports maximum spacing shall be 10 feet for copper pipe and 15 feet for 
steel pipe. 

2. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to 
NPS 24. 

3. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4 
to NPS 24 if longer ends are required for riser clamps. 

I. Building Attachments: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 

1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend 
pipe hangers from concrete ceiling. 

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist 
construction, to attach to top flange of structural shape. 

3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams, 
channels, or angles. 

4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams. 
5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads are 

considerable and rod sizes are large. 
6. C-Clamps (MSS Type 23): For structural shapes. 
7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to 

flange edge. 
8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams. 
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of steel I-

beams for heavy loads. 
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel I-

beams for heavy loads, with link extensions. 
11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to 

structural steel. 
12. Welded-Steel Brackets: For support of pipes from below or for suspending from above by 

using clip and rod. Use one of the following for indicated loads: 

a. Light (MSS Type 31): 750 lb. 
b. Medium (MSS Type 32): 1500 lb. 
c. Heavy (MSS Type 33): 3000 lb. 

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams. 
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is required. 

RTU AND CHILLER REPLACEMENT 
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15. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to linear 
horizontal movement where headroom is limited. 

J. Saddles and Shields: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with 
insulation that matches adjoining insulation. 

2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer to 
prevent crushing insulation. 

3. Thermal-Hanger Shield Inserts: For supporting insulated pipe. 
K. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping 

system Sections, install the following types: 

1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping movement. 
2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed 1-

1/4 inches. 
3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger with 

springs. 
4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or thermal 

expansion in piping systems. 
5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load and limit variability 

factor to 25 percent to allow expansion and contraction of piping system from hanger. 
6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and limit 

variability factor to 25 percent to allow expansion and contraction of piping system from 
base support. 

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load and limit 
variability factor to 25 percent to allow expansion and contraction of piping system from 
trapeze support. 

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of stress 
from one support to another support, critical terminal, or connected equipment. Include 
auxiliary stops for erection, hydrostatic test, and load-adjustment capability. These 
supports include the following types: 

a. Horizontal (MSS Type 54): Mounted horizontally. 
b. Vertical (MSS Type 55): Mounted vertically. 
c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze member. 

L. Comply with MFMA-103 for metal framing system selections and applications that are not 
specified in piping system Sections. 

RTU AND CHILLER REPLACEMENT 
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SECTION 23 05 48.13 - VIBRATION AND WIND CONTROLS FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions, Division 01, and Division 20 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Elastomeric isolation mounts. 
2. Restrained elastomeric isolation mounts. 
3. Open-spring isolators. 
4. Restrained-spring isolators. 
5. Pipe-riser resilient support. 
6. Resilient pipe guides. 
7. Elastomeric hangers. 
8. Spring hangers. 
9. Snubbers. 
10. Restraints - rigid type. 
11. Restraint accessories. 

1.3 DEFINITIONS 

A. IBC: International Building Code. 

B. OSHPD: Office of Statewide Health Planning and Development (for the State of California 
owned and regulated medical facilities). 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated load, rated deflection, and overload capacity for each vibration isolation 
device. 

2. Include load rating for each wind-force-restraint fitting and assembly. 
3. Illustrate and indicate style, material, strength, fastening provision, and finish for each 

type and size of vibration isolation device and wind-force-restraint component. 
4. Annotate to indicate application of each product submitted and compliance with 

requirements. 
5. Interlocking Snubbers: Include ratings for horizontal, vertical, and combined loads. 

B. Shop Drawings: 

1. Detail fabrication and assembly of equipment bases. 
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2. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments 
to structure and to supported equipment. Include adjustable motor bases, rails, and 
frames for equipment mounting. 

C. Delegated-Design Submittal: 

1. For each wind-load protection device that is required by this Section or is indicated on 
Drawings, submit the following: 

a. Vibration Isolator and Wind-Load-Restraint Selection: Select vibration isolators, 
wind-load restraints, and vibration isolation bases complying with performance 
requirements, design criteria, and analysis data. 

b. Riser Supports: Include riser diagrams and calculations showing anticipated 
expansion and contraction at each support point, initial and final loads on building 
structure, and spring deflection changes. Include certification by professional 
engineer that riser system was examined for excessive stress and that none 
exists. 

c. Concrete Anchors and Inserts: Include calculations showing anticipated wind 
loads. 

d. Wind-Load Design Calculations: Submit all static and dynamic loading calculations 
prepared under "Wind-Load Design Calculations" Paragraph in "Performance 
Requirements" Article. 

e. Qualified Professional Engineer: All designated-design submittals for wind-restraint 
calculations are to be signed and sealed by qualified professional engineer 
responsible for their preparation. 

2. Wind-Restraint Detail Drawing: 

a. Design Analysis: To support selection and arrangement of wind restraints. Include 
calculations of combined tensile and shear loads. 

b. Details: Indicate fabrication and arrangement. Detail attachments of restraints to 
restrained items and to the structure. Show attachment locations, methods, and 
spacings. Identify components, list their strengths, and indicate directions and 
values of forces transmitted to the structure during wind events. Indicate 
association with vibration isolation devices. 

c. Coordinate vibration isolation details with wind-restraint details required for 
equipment mounted outdoors. Comply also with requirements in other Sections for 
equipment mounted outdoors. 

3. All delegated-design submittals for wind-restraint detail Drawings are to be signed and 
sealed by qualified professional engineer responsible for their preparation. 

4. Product Listing, Preapproval, and Evaluation Documentation: By an evaluation service 
member of ICC-ES or an agency acceptable to authorities having jurisdiction, showing 
maximum ratings of restraint items and basis for approval (tests or calculations). 

5. Design Calculations for Vibration Isolation Devices: Calculate static and dynamic loading 
due to equipment weight and operating forces required to select proper vibration 
isolators, and to design vibration isolation bases. 

6. Riser Supports: Include riser diagrams and calculations showing anticipated expansion 
and contraction at each support point, initial and final loads on building structure, and 
spring deflection changes. Include certification that riser system was examined for 
excessive stress and that none exists. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Welding certificates. 

C. Field quality-control reports. 

D. Wind-Force Performance Certification: Provide special certification for HVAC components 
subject to high wind exposure and impact damage and designated on Drawings or in the 
Specifications to require wind-force performance certification. 

1. Provide equipment manufacturer's written certification for each designated HVAC device, 
stating that it will remain in place and operable following the design wind event and 
comply with all requirements of authorities having jurisdiction. 

2. Provide manufacturer's written certification for each designated louver, damper, or similar 
device, stating that it will remain in place and protect opening from penetration of 
windborne debris and comply with all requirements of authorities having jurisdiction. 

3. Certification must be based on ICC-ES or similar nationally recognized testing standard 
procedures acceptable to authorities having jurisdiction. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications: An independent agency, with the experience and capability to 
conduct testing indicated, be an NRTL as defined by OSHA in 29 CFR 1910.7 and be 
acceptable to authorities having jurisdiction. 

B. Welding Qualifications: Qualify procedures and personnel in accordance with AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 

C. Wind-Load-Restraint Device Load Ratings: Devices to be tested and rated in accordance with 
applicable code requirements and authorities having jurisdiction. Devices to be listed by a 
nationally recognized third party that requires periodic follow-up inspections and has a listing 
directory available to the public. Provide third-party listing by one or more of the following:  ICC-
ES product listing, an evaluation service member of ICC-ES, or an agency acceptable to 
authorities having jurisdiction. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer to design system. 

1. Wind-Load Performance: Equipment shall withstand the effects of high wind events 
determined in accordance with ASCE/SEI 7-05. 

B. Wind-Load Design Calculations: 

1. Perform calculations to obtain force information necessary to properly select wind-load-
restraint devices, fasteners, and anchorage. Perform calculations using methods 
acceptable to applicable code authorities and as presented in ASCE/SEI 7-16. Where 
"ASCE/SEI 7" is used throughout this Section, it is to be understood that the edition 
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referred to in this subparagraph is intended as referenced throughout the Section Text 
unless otherwise noted. 

a. Factors indicated below that are specific to individual pieces of equipment must be 
obtained by Contractor and must be included in individual component submittal 
packages.  

b. Coordinate design wind-load calculations with vibration isolation requirements. 
Comply with requirements in other Sections in addition to those in this Section for 
equipment mounted outdoors. 

2. Design wind pressure "p" for external sidewall-mounted equipment such as louvers is to 
be calculated by Delegated-Design Contractor using methods in ASCE/SEI 7-16, Ch. 30. 
Perform calculations in accordance with one of the following, as appropriate: 

a. PART 1: Low-Rise Buildings. 
b. PART 2: Low-Rise Buildings (Simplified). 
c. PART 3: Buildings with "h" less than 60 feet. 
d. PART 4: Buildings with "h" greater than 60 feet and less than 160 feet. 
e. PART 5: Open Buildings. 

3. Design wind pressure "p" for rooftop equipment is to be calculated by Delegated-Design 
Contractor using methods in ASCE/SEI 7-16, Ch. 30, PART 6: Building Appurtenances 
and Rooftop Structures and Equipment. 

a. Risk Category:  III. 
b. h = Mean Roof Height: Varies. 
c. V = Basic Wind Speed: 135 MPH, 3-second gust. 
d. Exposure Category:  B.  

C. Consequential Damage: Provide additional restraints for suspended HVAC components or 
anchorage of floor-, roof-, or wall-mounted HVAC components as indicated in ASCE/SEI 7-16 
so that failure of a non-essential or essential HVAC component will not cause the failure of any 
other essential architectural, mechanical, or electrical building component. 

D. Fire/Smoke Resistance: All components that are not constructed of ferrous metals must have a 
maximum flame-spread index of 25 and maximum smoke-developed index of 50 when tested 
by an NRTL in accordance with ASTM E84 or UL 723, and be so labeled. 

E. Component Supports: 

1. Load ratings, features, and applications of all reinforcement components must be based 
on testing standards of a nationally recognized testing agency. 

2.2 ELASTOMERIC ISOLATION MOUNTS 

A. Elastomeric Isolation Mounts:  

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ace Mountings Co., Inc. 
b. CADDY; brand of nVent Electrical plc. 
c. California Dynamics Corporation. 
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d. Kinetics Noise Control, Inc. 
e. Mason Industries, Inc. 
f. NOVIA; a division of Carpenter & Paterson. 

2. Mounting Plates: 

a. Top Plate: Encapsulated steel load transfer top plates, factory drilled and 
threaded with threaded studs or bolts. 

b. Baseplate: Encapsulated steel bottom plates with holes provided for anchoring to 
support structure. 

3. Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other elastomeric 
material. 

2.3 RESTRAINED ELASTOMERIC ISOLATION MOUNTS 

A. Restrained Elastomeric Isolation Mounts:  

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ace Mountings Co., Inc. 
b. CADDY; brand of nVent Electrical plc. 
c. California Dynamics Corporation. 
d. Isolation Technology, Inc. 
e. Kinetics Noise Control, Inc. 
f. Mason Industries, Inc. 
g. NOVIA; a division of Carpenter & Paterson. 

2. Description: All-directional isolator with restraints containing two separate and opposing 
elastomeric elements that prevent central threaded element and attachment hardware 
from contacting the housing during normal operation. 

a. Housing: Cast-ductile iron or welded steel. 
b. Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other elastomeric 

material. 

2.4 OPEN-SPRING ISOLATORS 

A. Freestanding, Laterally Stable, Open-Spring Isolators: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ace Mountings Co., Inc. 
b. CADDY; brand of nVent Electrical plc. 
c. California Dynamics Corporation. 
d. Kinetics Noise Control, Inc. 
e. Mason Industries, Inc. 
f. NOVIA; a division of Carpenter & Paterson. 
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2. Outside Spring Diameter: Not less than 80 percent of the compressed height of the 
spring at rated load. 

3. Minimum Additional Travel: 50 percent of the required deflection at rated load. 
4. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
5. Overload Capacity: Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
6. Baseplates: Factory-drilled steel plate for bolting to structure with an elastomeric isolator 

pad attached to the underside. Baseplates shall limit floor load to 500 psi. 
7. Top Plate and Adjustment Bolt: Threaded top plate with adjustment bolt and cap screw to 

fasten and level equipment. 

2.5 RESTRAINED-SPRING ISOLATORS 

A. Freestanding, Laterally Stable, Open-Spring Isolators with Vertical-Limit Stop Restraint: . 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ace Mountings Co., Inc. 
b. CADDY; brand of nVent Electrical plc. 
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc. 
e. NOVIA; a division of Carpenter & Paterson. 

2. Housing: Steel housing with vertical-limit stops to prevent spring extension due to weight 
being removed. 

a. Base with holes for bolting to structure with an elastomeric isolator pad attached to 
the underside. Bases shall limit floor load to 500 psi. 

b. Top plate with threaded mounting holes and elastomeric pad. 
c. Internal leveling bolt that acts as blocking during installation. 

3. Restraint: Limit stop as required for equipment and authorities having jurisdiction. 
4. Outside Spring Diameter: Not less than 80 percent of the compressed height of the 

spring at rated load. 
5. Minimum Additional Travel: 50 percent of the required deflection at rated load. 
6. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
7. Overload Capacity: Support 200 percent of rated load, fully compressed, without 

deformation or failure. 

2.6 PIPE-RISER RESILIENT SUPPORT 

A. All-Directional, Acoustical Pipe Anchor Consisting of Two Steel Tubes Separated by a Minimum 
1/2-inch-Thick Neoprene: . 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. California Dynamics Corporation. 
b. Kinetics Noise Control, Inc. 
c. Mason Industries, Inc. 
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d. Vibration Eliminator Co., Inc. 
e. Vibration Management Corp. 

2. Vertical-Limit Stops: Steel and neoprene vertical-limit stops arranged to prevent vertical 
travel in both directions. 

3. Maximum Load Per Support: 500 psi on isolation material providing equal isolation in all 
directions. 

2.7 RESILIENT PIPE GUIDES 

A. Telescopic Arrangement of Two Steel Tubes or Post and Sleeve Arrangement Separated by a 
Minimum 1/2-inch-Thick Neoprene: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. California Dynamics Corporation. 
b. Kinetics Noise Control, Inc. 
c. Mason Industries, Inc. 
d. Vibration Eliminator Co., Inc. 

2. Factory-Set Height Guide with Shear Pin: Shear pin shall be removable and reinsertable 
to allow for selection of pipe movement. Guides shall be capable of motion to meet 
location requirements. 

2.8 ELASTOMERIC HANGERS 

A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ace Mountings Co., Inc. 
b. CADDY; brand of nVent Electrical plc. 
c. California Dynamics Corporation. 
d. Kinetics Noise Control, Inc. 
e. Mason Industries, Inc. 
f. NOVIA; a division of Carpenter & Paterson. 

2. Frame: Steel, fabricated with a connection for an upper threaded hanger rod and an 
opening on the underside to allow for a maximum of 30 degrees of angular lower hanger-
rod misalignment without binding or reducing isolation efficiency. 

3. Damping Element: Molded, oil-resistant rubber, neoprene, or other elastomeric material 
with a projecting bushing for the underside opening preventing steel-to-steel contact. 

2.9 SPRING HANGERS 

A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in Compression: 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ace Mountings Co., Inc. 
b. CADDY; brand of nVent Electrical plc. 
c. California Dynamics Corporation. 
d. Kinetics Noise Control, Inc. 
e. Mason Industries, Inc. 
f. NOVIA; a division of Carpenter & Paterson. 

2. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for a 
maximum of 30 degrees of angular hanger-rod misalignment without binding or reducing 
isolation efficiency. 

3. Outside Spring Diameter: Not less than 80 percent of the compressed height of the 
spring at rated load. 

4. Minimum Additional Travel: 50 percent of the required deflection at rated load. 
5. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
6. Minimum deflection as indicated on Drawings. 
7. Overload Capacity: Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
8. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-reinforced 

cup to support spring and bushing projecting through bottom of frame. 
9. Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower 

threaded rod. 
10. Self-centering hanger rod cap to ensure concentricity between hanger rod and support 

spring coil. 

2.10 SNUBBERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. CADDY; brand of nVent Electrical plc. 
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc. 
4. VMC GROUP. 
5. Vibration Management Corp. 

B. Description: Factory fabricated using welded structural-steel shapes and plates, anchor bolts, 
and replaceable resilient isolation washers and bushings. 

1. Post-Installed Concrete Anchor Bolts: Secure to concrete surface with post-installed 
concrete anchors. Anchors to be prequalified in accordance with ACI 355.2 testing and 
designated in accordance with ACI 318-14 Ch. 17 for 2015 or 2018 IBC. 

2. Preset Concrete Inserts: Prequalified in accordance with ICC-ES AC446 testing. 
3. Anchors in Masonry: Design in accordance with TMS 402. 
4. Resilient Isolation Washers and Bushings: Oil- and water-resistant neoprene. 
5. Resilient Cushion: Maximum 1/4-inch air gap, and minimum 1/4 inch thick. 
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2.11 RESTRAINTS - RIGID TYPE 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. CADDY; brand of nVent Electrical plc. 
2. California Dynamics Corporation. 
3. Hilti, Inc. 
4. Unistrut; Atkore International. 

B. Description: Shop- or field-fabricated bracing assembly made of AISI S110-07-S1 slotted steel 
channels, ANSI/ASTM A53/A53M steel pipe as per NFPA 13, or other rigid steel brace member. 
Includes accessories for attachment to braced component at one end and to building structure 
at the other end and other matching components and with corrosion-resistant coating; rated in 
tension, compression, and torsion forces. 

2.12 RESTRAINTS - CABLE TYPE 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. CADDY; brand of nVent Electrical plc. 
2. Cooper B-line; brand of Eaton, Electrical Sector. 
3. Gripple Inc. 
4. Loos & Co. Inc. 
5. VMC GROUP. 

B. Restraint Cables:  ASTM A1023/A1023M galvanized or ASTM A603 galvanized-steel cables. 
End connections made of steel assemblies with thimbles, brackets, swivel, and bolts designed 
for restraining cable service; with fittings attached by means of poured socket, swaged socket, 
or mechanical (Flemish eye) loop.  

C. Restraint cable assembly and cable fittings must comply with ASCE/SEI 19-10. All cable fittings 
and complete cable assembly must maintain the minimum cable breaking force. U-shaped 
cable clips and wedge-type end fittings do not comply and are unacceptable. 

2.13 RESTRAINT ACCESSORIES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. CADDY; brand of nVent Electrical plc. 
2. Cooper B-line; brand of Eaton, Electrical Sector. 
3. Hilti, Inc. 
4. Mason Industries, Inc. 
5. Unistrut; Atkore International. 

B. Hanger-Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted 
connections to hanger rod. 

C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching hangers to 
rigid channel bracings and restraint cables. 
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D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for rigid 
equipment mountings, and matched to type and size of anchor bolts and studs. 

E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene 
elements and steel sleeves designed for rigid equipment mountings, and matched to type and 
size of attachment devices used. 

F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant 
neoprene, with a flat washer face. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation and wind-load control devices for 
compliance with requirements for installation tolerances and other conditions affecting 
performance of the Work. 

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before 
installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 APPLICATIONS 

A. Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for application 
by an evaluation service member of ICC-ES or an agency acceptable to authorities having 
jurisdiction. 

B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where indicated or scheduled on Drawings 
to receive them and where required to prevent buckling of hanger rods due to wind-load forces. 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength is 
adequate to carry static and wind force loads within specified loading limits. 

3.3 SCHEDULE FOR EQUIPMENT VIBRATION ISOLATION DEVICE APPLICATIONS 

A. Provide vibration isolators of the type and minimum deflection distance indicated in the tables 
below. Isolators shall be provided for all motorized, rotating, piston driven, and vibrating 
equipment per the schedule tables. Isolator selections shall be based upon approved equipment 
submittals.  

 
Base Types Isolator Types 

A No base, isolators attached direct-
ly to equipment 

1 Pad, rubber 

B Structural steel rails or base 2 Rubber floor isola-
tor or hanger 

C Concrete inertia base 3 Spring floor isola-
tor or hanger 

D Curb-mounted base 4 Restrained spring 
isolator 

 5 Thrust restraint 
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Refrigeration Machines and Chillers - Vibration Isolation Schedule 

Equipment 
Type 

Horse-
power 
and 
Other 

RPM 

Floor Span 

Notes 
Slab on Grade Up to 20ft 20 to 30ft 30 to 40ft 

Base 
Type 

Isol-
ator 
Type 

Min 
Defl, 
inch 

Base 
Type 

Isol-
ator 
Type 

Min 
Defl, 
inch 

Base 
Type 

Isol-
ator 
Type 

Min 
Defl, 
inch 

Base 
Type 

Isol-
ator 
Type 

Min 
Defl, 
inch 

Air-cooled 
recip., scroll 

All All A 4 1.0 A 4 1.5 A 4 1.5 A 4 2.5  

Air-cooled 
screw 

All All A 4 1.0 A 4 1.5 B 4 2.5 B 4 2.5  

 
 
3.4 SCHEDULE FOR PIPING VIBRATION ISOLATION DEVICE APPLICATIONS 

A. Suspended piping vibration isolation 

1. Isolation hangers shall be used for all piping in equipment rooms and up to 50 feet from 
vibration-isolated equipment and pressure-regulating valve (PRV) stations. At least the 
first three hangers from the equipment should provide the same deflection as the 
equipment isolators, with a maximum limitation of 2-inch deflection; the remaining 
hangers should be spring or combination spring and rubber with 0.75 inch deflection.  

2. The first two hangers adjacent to the equipment should be the positioning or pre-
compressed type. 

3. Piping over 2 NPS that is suspended below or within 50 feet of conference rooms, 
classrooms, multipurpose rooms, auditoriums, and concert halls shall be hung with 
isolation hangers.  

B. Floor supported piping vibration isolation 

1. Floor supports for piping in equipment rooms and adjacent to isolated equipment shall be 
supported by vibration isolators. The isolators shall be selected according to guidelines 
for Suspended Piping hangers. The first two adjacent floor support should be the 
restrained spring type, with a blocking feature that prevents load transfer to equipment 
flanges as the piping is filled or drained.  

2. Where pipe is subjected to large thermal movement, a slide plate (PTFE, graphite, or 
steel) shall be installed on top of the isolator, and a thermal barrier shall be used when 
rubber products are installed directly beneath steam or hot water lines. 

C. Pipe riser supports vibration isolation 

1. Provide resilient pipe riser anchor support at midpoint of riser. The remaining pipe 
supports at each floor or structural level shall be spring isolated to support riser and allow 
thermal expansion.  

2. Provide spring hangers for first three hangers connected to branch piping at each floor 
level takeoff.  

3.5 INSTALLATION OF VIBRATION AND WIND-LOAD CONTROL DEVICES 
A. Provide vibration and wind-load control devices for systems and equipment where indicated in 

Equipment Schedules or Vibration-Control Device Schedules on Drawings, where 
Specifications indicate they are to be installed on specific equipment and systems, and where 
required by applicable codes. 

B. Coordinate location of embedded connection hardware with supported equipment attachment 
and mounting points and with requirements for concrete reinforcement and formwork specified 
in Division 03 "Cast-in-Place Concrete." 

C. Installation of vibration isolators and wind-load restraints must not cause any change of position 
of equipment, piping, or ductwork resulting in stresses or misalignment. 
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D. Comply with requirements in Division 07 "Roof Accessories" for installation of roof curbs, 
equipment supports, and roof penetrations. 

E. Equipment Restraints: 

1. Install snubbers on HVAC equipment mounted on vibration isolators. Locate snubbers as 
close as possible to vibration isolators and bolt to equipment base and supporting 
structure. 

2. Install resilient bolt isolation washers on equipment anchor bolts where clearance 
between anchor and adjacent surface exceeds 0.125 inch. 

3. Install wind-load-restraint devices using methods approved by an evaluation service 
member of ICC-ES that provides required submittals for component. 

F. Piping Restraints: 

1. Comply with requirements in MSS SP-127. 
1. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a maximum 

of 80 feet o.c. 
2. Brace a change of direction longer than 12 feet. 

G. Install wind-load-restraint cables so they do not bend across edges of adjacent equipment or 
building structure. 

H. Install wind-load-restraint devices using methods approved by an evaluation service member of 
ICC-ES that provides required submittals for component. 

I. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide 
resilient media between anchor bolt and mounting hole in concrete base. 

J. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide 
resilient media where equipment or equipment-mounting channels are attached to wall. 

K. Attachment to Structure: If specific attachment is not indicated, anchor bracing to structure at 
flanges of beams, at upper truss chords of bar joists, or at concrete members. 

L. Post-Installed Concrete Anchors: 

1. Identify position of reinforcing steel and other embedded items prior to drilling holes for 
anchors. Do not damage existing reinforcing or embedded items during coring or drilling. 
Notify structural engineer if reinforcing steel or other embedded items are encountered 
during drilling. Locate and avoid prestressed tendons, electrical and telecommunications 
conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full 
design strength. 

3. Wedge-Type Anchor Bolts: Protect threads from damage during anchor installation. 
Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in the structural 
element to which anchor is to be fastened. 

4. Adhesive-Type Anchor Bolts: Clean holes to remove loose material and drilling dust prior 
to installation of adhesive. Place adhesive in holes proceeding from the bottom of the 
hole and progressing toward the surface in such a manner as to avoid introduction of air 
pockets in the adhesive. 

5. Set anchors to manufacturer's recommended torque, using a torque wrench. 
6. Install zinc-coated steel anchors for interior and stainless steel anchors for exterior 

applications. 
3.6 ACCOMMODATION OF DIFFERENTIAL MOTION 

A. Provide flexible connections in piping systems where they cross structural joints and other point 
where differential movement may occur. Provide adequate flexibility to accommodate differential 
movement as determined in accordance with ASCE/SEI 7. Comply with requirements in 
Division 23 “Hydronic Piping Distribution Systems” for piping flexible connections. 

3.7 INSTALLATION OF VIBRATION ISOLATION EQUIPMENT BASES 
A. Coordinate location of embedded connection hardware with supported equipment attachment 

and mounting points and with requirements for concrete reinforcement and formwork specified 
in Division 03 "Cast-in-Place Concrete." 
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B. Coordinate dimensions of equipment bases with requirements of isolated equipment specified in 
this and other Sections. Where dimensions of base are indicated on Drawings, they may require 
adjustment to accommodate isolated equipment. 

3.8 ADJUSTING 
A. Adjust isolators after system is at operating weight. 
B. Adjust limit stops on restrained-spring isolators to mount equipment at normal operating height. 

After equipment installation is complete, adjust limit stops so they are out of contact during 
normal operation. 

3.9 FIELD QUALITY CONTROL 
A. Perform tests and inspections with the assistance of a factory-authorized service representative. 
B. Tests and Inspections: 

1. Provide evidence of recent calibration of test equipment by a testing agency acceptable 
to authorities having jurisdiction. 

2. Schedule test with Owner, through Architect, before connecting anchorage device to 
restrained component (unless postconnection testing has been approved), and with at 
least seven days' advance notice. 

3. Obtain Architect's approval before transmitting test loads to structure. Provide temporary 
load-spreading members. 

4. Test at least four of each type and size of installed anchors and fasteners selected by 
Architect. 

5. Test to 90 percent of rated proof load of device. 
6. Measure isolator restraint clearance. 
7. Measure isolator deflection. 
8. Verify snubber minimum clearances. 
9. Test and adjust restrained-air-spring isolator controls and safeties. 

C. Remove and replace malfunctioning units and retest as specified above. 
D. Prepare test and inspection reports. 

END OF SECTION 230548.13 
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SECTION 23 05 53 - IDENTIFICATION FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Equipment labels. 
2. Warning tape. 
3. Pipe labels. 
4. Stencils. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For color, letter style, and graphic representation required for each identification 
material and device. 

C. Equipment-Label Schedule: Include a listing of all equipment to be labeled with the proposed 
content for each label. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Metal Labels for Equipment: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers offer-
ing products that may be incorporated into the Work include, but are not limited to the fol-
lowing: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. Champion America. 
d. Craftmark Pipe Markers. 
e. Kolbi Pipe Marker Co. 
f. LEM Products Inc. 
g. Marking Services Inc. 
h. Pipemarker.com; Brimar Industries, Inc. 
i. Seton Identification Products; a Brady Corporation company. 
j. emedco. 

2. Material and Thickness:  Brass, 0.032-inch minimum thickness, with predrilled or 
stamped holes for attachment hardware. 

3. Letter and Background Color: As indicated for specific application under Part 3. 
4. Minimum Label Size: Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch. 

RTU AND CHILLER REPLACEMENT 
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5. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 
1/2 inch for viewing distances of up to 72 inches, and proportionately larger lettering for 
greater viewing distances. Include secondary lettering two-thirds to three-fourths the size 
of principal lettering. 

6. Fasteners: Stainless steel rivets or self-tapping screws. 
7. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

B. Plastic Labels for Equipment: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers offer-
ing products that may be incorporated into the Work include, but are not limited to, the 
following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. Champion America. 
d. Craftmark Pipe Markers. 
e. Kolbi Pipe Marker Co. 
f. LEM Products Inc. 
g. Marking Services Inc. 
h. Pipemarker.com; Brimar Industries, Inc. 
i. Seton Identification Products; a Brady Corporation company. 
j. emedco. 

2. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 
1/16 inch thick, with predrilled holes for attachment hardware. 

3. Letter and Background Color: As indicated for specific application under Part 3. 
4. Maximum Temperature: Able to withstand temperatures of up to 160 deg F. 
5. Minimum Label Size: Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch. 
6. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 

1/2 inch for viewing distances of up to 72 inches, and proportionately larger lettering for 
greater viewing distances. Include secondary lettering two-thirds to three-fourths the size 
of principal lettering. 

7. Fasteners: Stainless steel rivets or self-tapping screws. 
8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

C. Label Content: Include equipment's Drawing designation or unique equipment number, Drawing 
numbers where equipment is indicated (plans, details, and schedules), and the Specification 
Section number and title where equipment is specified. 

2.2 WARNING TAPE 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Brady Corporation. 
2. Craftmark Pipe Markers. 
3. National Marker Company. 
4. Pipemarker.com; Brimar Industries, Inc. 
5. Seton Identification Products; a Brady Corporation company. 

B. Material: Vinyl. 

RTU AND CHILLER REPLACEMENT 
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C. Minimum Thickness: 0.005 inch. 

D. Letter, Pattern, and Background Color: As indicated for specific application under Part 3. 

E. Waterproof Adhesive Backing: Suitable for indoor or outdoor use. 

F. Maximum Temperature: 160 deg F. 

G. Minimum Width:  4 inches. 

2.3 PIPE LABELS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc. 
2. Brady Corporation. 
3. Carlton Industries, LP. 
4. Champion America. 
5. Craftmark Pipe Markers. 
6. Kolbi Pipe Marker Co. 
7. LEM Products Inc. 
8. Marking Services Inc. 
9. Pipemarker.com; Brimar Industries, Inc. 
10. Seton Identification Products; a Brady Corporation company. 
11. emedco. 

B. General Requirements for Manufactured Pipe Labels: Preprinted, color coded, with lettering 
indicating service and showing flow direction in accordance with ASME A13.1. 

C. Letter and Background Color: As indicated for specific application under Part 3. 

D. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference of pipe 
and to attach to pipe without fasteners or adhesive. 

E. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing. 

F. Pipe Label Contents: Include identification of piping service using same designations or 
abbreviations as used on Drawings. Also include: 

1. Pipe size. 
2. Flow-Direction Arrows: Include flow-direction arrows on distribution piping. Arrows may 

be either integral with label or applied separately. 
3. Lettering Size:  Size letters in accordance with ASME A13.1 for piping. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of incompatible primers, paints, and encapsulants, as well 
as dirt, oil, grease, release agents, and other substances that could impair bond of identification 
devices. 

RTU AND CHILLER REPLACEMENT 
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3.2 INSTALLATION, GENERAL REQUIREMENTS 

A. Coordinate installation of identifying devices with completion of covering and painting of 
surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 

D. Locate identifying devices so that they are readily visible from the point of normal approach. 

3.3 INSTALLATION OF EQUIPMENT LABELS, WARNING SIGNS, AND LABELS 

A. Permanently fasten labels on each item of mechanical equipment. 

B. Sign and Label Colors: 

1. White letters on an ANSI Z535.1 safety-blue background. 

C. Locate equipment labels where accessible and visible. 

D. Arc-Flash Warning Signs: Provide arc-flash warning signs on electrical disconnects and other 
equipment where arc-flash hazard exists, as indicated on Drawings, and in accordance with 
requirements of OSHA and NFPA 70E, and other applicable codes and standards. 

3.4 INSTALLATION OF WARNING TAPE 

A. Warning Tape Color and Pattern:  Yellow background with black diagonal stripes. 

B. Install warning tape on pipes and ducts, with cross-designated walkways providing less than 6 
ft. of clearance. 

C. Locate tape so as to be readily visible from the point of normal approach. 

3.5 INSTALLATION OF PIPE LABELS 

A. Piping Color Coding: Painting of piping is specified in Division 09 "Interior Painting." 

B. Install pipe labels showing service and flow direction with permanent adhesive on pipes. 

C. Pipe-Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings 
in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, 
and plenums; and exterior exposed locations as follows: 

1. Within 3 ft. of each valve and control device. 
2. At access doors, manholes, and similar access points that permit view of concealed pip-

ing. 
3. Within 3 ft. of equipment items and other points of origination and termination. 
4. Spaced at maximum intervals of 25 ft. along each run. Reduce intervals to 10 ft. in areas 

of congested piping, ductwork, and equipment. 

RTU AND CHILLER REPLACEMENT 
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D. Do not apply plastic pipe labels or plastic tapes directly to bare pipes conveying fluids at 
temperatures of 125 deg F or higher. Where these pipes are to remain uninsulated, use a short 
section of insulation or use stenciled labels. 

E. Flow-Direction Arrows: Use arrows to indicate direction of flow in pipes, including pipes where 
flow is allowed in both directions. 

F. Pipe-Label Color Schedule: 

1. Chilled-Water Piping:  White letters on an ANSI Z535.1 safety-green background. 

END OF SECTION 23 05 53 

RTU AND CHILLER REPLACEMENT 
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SECTION 23 05 93 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Testing, Adjusting, and Balancing of Air Systems: 

a. Constant-volume air systems. 
b. Variable-air-volume systems. 

2. Testing, Adjusting, and Balancing of Hydronic Piping Systems: 

a. Testing, adjusting, and balancing of equipment. 

3. Pipe leakage tests verification. 

1.3 DEFINITIONS 

A. AABC: Associated Air Balance Council. 

B. NEBB: National Environmental Balancing Bureau. 

C. TAB: Testing, adjusting, and balancing. 

D. TABB: Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist: An independent entity meeting qualifications to perform TAB work. 

F. TDH: Total dynamic head. 

G. UFAD: Underfloor air distribution. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: Within 60 days of Contractor's Notice to Proceed, submit documentation that 
the TAB specialist and this Project's TAB team members meet the qualifications specified in 
"Quality Assurance" Article. 

B. Contract Documents Examination Report: Within 90 days of Contractor's Notice to Proceed, 
submit the Contract Documents review report, as specified in Part 3. 
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C. Strategies and Procedures Plan: Within 90 days of Contractor's Notice to Proceed, submit TAB 
strategies and step-by-step procedures, as specified in "Preparation" Article. 

D. System Readiness Checklists: Within 90 days of Contractor's Notice to Proceed, submit system 
readiness checklists, as specified in "Preparation" Article. 

E. Examination Report: Submit a summary report of the examination review required in 
"Examination" Article. 

F. Certified TAB reports. 

G. Sample report forms. 

H. Instrument calibration reports, to include the following: 

1. Instrument type and make. 
2. Serial number. 
3. Application. 
4. Dates of use. 
5. Dates of calibration. 

1.5 QUALITY ASSURANCE 

A. TAB Specialists Qualifications, Certified by AABC: 

1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC. 
2. TAB Technician: Employee of the TAB specialist and certified by AABC. 

B. TAB Specialists Qualifications, Certified by NEBB or TABB: 

1. TAB Field Supervisor: Employee of the TAB specialist and certified by NEBB or TABB. 
2. TAB Technician: Employee of the TAB specialist and certified by NEBB or TABB. 

C. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in 
ASHRAE 111, Section 4, "Instrumentation." 

D. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6.7.2.3 - 
"System Balancing." 

E. Code and AHJ Compliance: TAB is required to comply with governing codes and requirements 
of authorities having jurisdiction. 

1.6 FIELD CONDITIONS 

A. Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB 
period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's 
operations. 
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PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to discover 
conditions in systems designs that may preclude proper TAB of systems and equipment. 

B. Examine installed systems for balancing devices, such as test ports, gauge cocks, thermometer 
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify 
that locations of these balancing devices are applicable for intended purpose and are 
accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data, including HVAC system descriptions, statements of design assumptions 
for environmental conditions and systems output, and statements of philosophies and 
assumptions about HVAC system and equipment controls. 

E. Examine ceiling plenums used for HVAC to verify that they are properly separated from 
adjacent areas and sealed. 

F. Examine equipment performance data, including fan and pump curves. 

1. Relate performance data to Project conditions and requirements, including system effects 
that can create undesired or unpredicted conditions that cause reduced capacities in all 
or part of a system. 

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when 
installed under conditions different from the conditions used to rate equipment 
performance. To calculate system effects for air systems, use tables and charts found in 
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design." 
Compare results with the design data and installed conditions. 

G. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed. 

H. Examine test reports specified in individual system and equipment Sections. 

I. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, 
filters are clean, and equipment with functioning controls is ready for operation. 

J. Examine temporary and permanent strainers. Verify that temporary strainer screens used 
during system cleaning and flushing have been removed and permanent strainer baskets are 
installed and clean. 

K. Examine control valves for proper installation for their intended function of isolating, throttling, 
diverting, or mixing fluid flows. 

L. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 

M. Examine system pumps to ensure absence of entrained air in the suction piping. 



SECTION 23 05 93 - TESTING, ADJUSTING, AND BALANCING FOR HVAC    RTU AND CHILLER REPLACEMENT 

  Providence, RI 

 TESTING, ADJUSTING, AND BALANCING FOR HVAC 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 23 05 93 - Page 4 of 13 

N. Examine operating safety interlocks and controls on HVAC equipment. 

O. Examine control dampers for proper installation for their intended function of isolating, throttling, 
diverting, or mixing air flows. 

P. Report deficiencies discovered before and during performance of TAB procedures. Observe 
and record system reactions to changes in conditions. Record default set points if different from 
indicated values. 

3.2 PREPARATION 

A. Prepare a TAB plan that includes the following: 

1. Equipment and systems to be tested. 
2. Strategies and step-by-step procedures for balancing the systems. 
3. Instrumentation to be used. 
4. Sample forms with specific identification for all equipment. 

B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness 
for TAB work. Include, at a minimum, the following: 

1. Airside: 
a. Duct systems are complete with terminals installed. 
b. Clean filters are installed. 
c. Fans are operating, free of vibration, and rotating in correct direction. 
d. Variable-frequency controllers' startup is complete and safeties are verified. 
e. Automatic temperature-control systems are operational. 
f. Suitable access to balancing devices and equipment is provided. 

2. Hydronics: 

a. Verify leakage and pressure tests on water distribution systems have been 
satisfactorily completed. 

b. Piping is complete with terminals installed. 
c. Water treatment is complete. 
d. Systems are flushed, filled, and air purged. 
e. Strainers are pulled and cleaned. 
f. Shutoff and balance valves have been verified to be 100 percent open. 
g. Pumps are started and proper rotation is verified. 
h. Pump gauge connections are installed directly at pump inlet and outlet flanges or 

in discharge and suction pipe prior to valves or strainers. 
i. Variable-frequency controllers' startup is complete and safeties are verified. 
j. Suitable access to balancing devices and equipment is provided. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system in accordance with the procedures 
contained in ASHRAE 111 and in this Section. Where conflicting procedures are found, comply 
with ASHRAE 111 per ASHRAE 62.1, Section 7.2.2 - "Air Balancing." When this section and 
ASHRAE 111 does not contain sufficient procedures, select from one of the following standards: 

a. AABC's "National Standards for Total System Balance” 
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b. NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 
Environmental Systems" 

c. SMACNA – “HVAC Systems – Testing, Adjusting and Balancing” 

B. Cut insulation, ducts, pipes, and equipment casings for installation of test probes to the 
minimum extent necessary for TAB procedures. 

1. After testing and balancing, patch probe holes in ducts with same material and thickness 
as used to construct ducts. 

2. Where holes for probes are required in piping or hydronic equipment, install pressure and 
temperature test plugs to seal systems. 

3. Install and join new insulation that matches removed materials. Restore insulation, 
coverings, vapor barrier, and finish in accordance with Division 23 "Duct Insulation," 
Division 23 "HVAC Equipment Insulation," and Division 23 "HVAC Piping Insulation." 

C. Mark equipment and balancing devices, including damper-control positions, valve position 
indicators, fan-speed-control levers, and similar controls and devices, with paint or other 
suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.4 TESTING, ADJUSTING, AND BALANCING OF HVAC EQUIPMENT 

A. Test, adjust, and balance HVAC equipment indicated on Drawings, including, but not limited to, 
the following: 
1. Heating equipment 

a. Furnaces. 
2. Cooling equipment 

a. Water chillers. 

3. Air-handling equipment 
a. Rooftop air-conditioning units. 

4. Packaged air conditioners. 
5. Heat pumps. 

3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and 
recommended testing procedures. Crosscheck the summation of required outlet volumes with 
required fan volumes. 

B. Prepare schematic diagrams of systems' Record drawings duct layouts. 

C. Determine the best locations in main and branch ducts for accurate duct-airflow measurements. 

D. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-
air dampers through the supply-fan discharge and mixing dampers. 

E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

F. Verify that motor starters are equipped with properly sized thermal protection. 
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G. Check dampers for proper position to achieve desired airflow path. 

H. Check for airflow blockages. 

I. Check condensate drains for proper connections and functioning. 

J. Check for proper sealing of air-handling-unit components. 

3.6 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by 
fan manufacturer. 

1. Measure total airflow. 

a. Set outside-air, return-air, and relief-air dampers for proper position that simulates 
minimum outdoor-air conditions. 

b. Where duct conditions allow, measure airflow by main Pitot-tube traverse. If 
necessary, perform multiple Pitot-tube traverses close to the fan and prior to any 
outlets, to obtain total airflow. 

c. Where duct conditions are unsuitable for Pitot-tube traverse measurements, a coil 
traverse may be acceptable. 

2. Measure fan static pressures as follows: 

a. Measure static pressure directly at the fan outlet or through the flexible connection. 
b. Measure static pressure directly at the fan inlet or through the flexible connection. 
c. Measure static pressure across each component that makes up the air-handling 

system. 
d. Report artificial loading of filters at the time static pressures are measured. 

3. Review Contractor-prepared shop drawings and Record drawings to determine variations 
in design static pressures versus actual static pressures. Calculate actual system-effect 
factors. Recommend adjustments to accommodate actual conditions. 

4. Obtain approval from Architect, Owner, Construction Manager, and Commissioning 
Authority for adjustment of fan speed higher or lower than indicated speed. Comply with 
requirements in HVAC Sections for air-handling units for adjustment of fans, belts, and 
pulley sizes to achieve indicated air-handling-unit performance. 

5. Do not make fan-speed adjustments that result in motor overload. Consult equipment 
manufacturers about fan-speed safety factors. Modulate dampers and measure fan-
motor amperage to ensure that no overload occurs. Measure amperage in full-cooling, 
full-heating, economizer, and any other operating mode to determine the maximum 
required brake horsepower. 

B. Verify final system conditions. 

1. Re-measure and confirm that minimum outdoor, return, and relief airflows are within 
design. Readjust to design if necessary. 

2. Re-measure and confirm that total airflow is within design. 
3. Re-measure all final fan operating data, speed, volts, amps, and static profile. 
4. Mark all final settings. 
5. Test system in economizer mode. Verify proper operation and adjust if necessary. 
6. Measure and record all operating data. 
7. Record final fan-performance data. 
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3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports for pumps, coils, and other equipment. Obtain approved submittals and 
manufacturer-recommended testing procedures. Crosscheck the summation of required coil 
and equipment flow rates with pump design flow rate. 

B. Prepare schematic diagrams of systems' Record drawings piping layouts. 

C. In addition to requirements in "Preparation" Article, prepare hydronic systems for testing and 
balancing as follows: 
1. Locate start-stop and disconnect switches, electrical interlocks, and motor controllers. 
2. Verify that motor controllers are equipped with properly sized thermal protection. 
3. Check that air has been purged from the system. 

D. Measure and record upstream and downstream pressure of each piece of equipment. 

3.8 PROCEDURES FOR WATER CHILLERS 

A. Air-Cooled Chillers: Balance water flow through each evaporator to within specified tolerances 
of indicated flow, with all pumps operating. With only one chiller operating in a multiple-chiller 
installation, do not exceed the flow for the maximum tube velocity recommended by the chiller 
manufacturer. Measure and record the following data with each chiller operating at design 
conditions: 

1. Evaporator-water entering and leaving temperatures, pressure drop, and water flow. 
2. Evaporator and condenser refrigerant temperatures and pressures, using instruments 

furnished by chiller manufacturer. 
3. Power factor if factory-installed instrumentation is furnished for measuring kilowatts. 
4. Kilowatt input if factory-installed instrumentation is furnished for measuring kilowatts. 
5. Capacity: Calculate in tons of cooling. 
6. Efficiency: Calculate operating efficiency for comparison to submitted equipment. 
7. Verify condenser-fan rotation and record fan and motor data, including number of fans 

and entering- and leaving-air temperatures. 

3.9 PIPE LEAKAGE TESTS 

A. Witness the pipe pressure testing performed by Installer. 

B. Verify that proper test methods are used and that leakage rates are within specified limits. 

C. Report deficiencies observed. 

3.10 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS 

A. Perform testing and balancing of existing systems to the extent that existing systems are 
affected by the renovation work. 
1. Verify that the existing water flow rates of the renovated work are within the acceptable 

limits defined by equipment manufacturer and are within +/-10% of scheduled water flow 
rates. 
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3.11 TOLERANCES 

A. Set HVAC system's airflow rates and water flow rates within the following tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent. 
If design value is less than 100 cfm, within 10 cfm. 

2. Air Outlets and Inlets:  Plus or minus 10 percent. If design value is less than 100 cfm, 
within 10 cfm. 

3. Heating-Water, Chilled-Water, and Condenser Water Flow Rate:  Plus or minus 5 
percent. If design value is less than 10 gpm, within 10 percent. 

B. Maintaining pressure relationships as designed shall have priority over the tolerances specified 
above. 

3.12 PROGRESS REPORTING 

A. Initial Construction-Phase Report: Based on examination of the Contract Documents as 
specified in "Examination" Article, prepare a report on the adequacy of design for system-
balancing devices. Recommend changes and additions to system-balancing devices, to 
facilitate proper performance measuring and balancing. Recommend changes and additions to 
HVAC systems and general construction to allow access for performance-measuring and -
balancing devices. 

B. Status Reports: Prepare biweekly progress reports to describe completed procedures, 
procedures in progress, and scheduled procedures. Include a list of deficiencies and problems 
found in systems being tested and balanced. Prepare a separate report for each system and 
each building floor for systems serving multiple floors. 

3.13 FINAL REPORT 

A. General: Prepare a certified written report; tabulate and divide the report into separate sections 
for tested systems and balanced systems. 

1. Include a certification sheet at the front of the report's binder, signed and sealed by the 
certified testing and balancing engineer. 

2. Include a list of instruments used for procedures, along with proof of calibration. 
3. Certify validity and accuracy of field data. 

B. Final Report Contents: In addition to certified field-report data, include the following: 

1. Fan curves. 
2. Manufacturers' test data. 
3. Field test reports prepared by system and equipment installers. 
4. Other information relative to equipment performance; do not include Shop Drawings and 

Product Data. 

C. General Report Data: In addition to form titles and entries, include the following data: 

1. Title page. 
2. Name and address of the TAB specialist. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
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6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the report. 

Number each page in the report. 
11. Summary of contents, including the following: 

a. Indicated versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract 

Documents. 

12. Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer's name, type, size, and fittings. 
14. Notes to explain why certain final data in the body of reports vary from indicated values. 
15. Test conditions for fans performance forms, including the following: 

a. Settings for outdoor-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Heating coil, dry-bulb conditions. 
e. Fan drive settings, including settings and percentage of maximum pitch diameter. 
f. Variable-frequency controller settings for variable-air-volume systems. 
g. Settings for pressure controller(s). 
h. Other system operating conditions that affect performance. 

D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present 
each system with single-line diagram and include the following: 

1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Water and steam flow rates. 
3. Duct, outlet, and inlet sizes. 
4. Pipe and valve sizes and locations. 
5. Terminal units. 
6. Balancing stations. 
7. Position of balancing devices. 

E. Air-Handling-Unit Test Reports: For air-handling units, include the following: 

1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. Sheave make, size in inches, and bore. 
i. Center-to-center dimensions of sheave and amount of adjustments in inches. 
j. Number, make, and size of belts. 
k. Number, type, and size of filters. 

2. Motor Data: 
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a. Motor make, and frame type and size. 
b. Horsepower and speed. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Center-to-center dimensions of sheave and amount of adjustments in inches. 

3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan speed. 
d. Inlet and discharge static pressure in inches wg. 
e. For each filter bank, filter static-pressure differential in inches wg. 
f. Preheat-coil static-pressure differential in inches wg. 
g. Cooling-coil static-pressure differential in inches wg. 
h. Heating-coil static-pressure differential in inches wg. 
i. List for each internal component with pressure-drop, static-pressure differential in 

inches wg. 
j. Outdoor airflow in cfm. 
k. Return airflow in cfm. 
l. Outdoor-air damper position. 
m. Return-air damper position. 

F. Gas- and Oil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory startup 
equipment reports, include the following: 

1. Unit Data: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Fuel type in input data. 
g. Output capacity in Btu/h. 
h. Ignition type. 
i. Burner-control types. 
j. Motor horsepower and speed. 
k. Motor volts, phase, and hertz. 
l. Motor full-load amperage and service factor. 
m. Sheave make, size in inches, and bore. 
n. Center-to-center dimensions of sheave and amount of adjustments in inches. 

2. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 
b. Entering-air temperature in deg F. 
c. Leaving-air temperature in deg F. 
d. Air temperature differential in deg F. 
e. Entering-air static pressure in inches wg. 
f. Leaving-air static pressure in inches wg. 
g. Air static-pressure differential in inches wg. 
h. Low-fire fuel input in Btu/h. 
i. High-fire fuel input in Btu/h. 
j. Manifold pressure in psig. 
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k. High-temperature-limit setting in deg F. 
l. Operating set point in Btu/h. 
m. Motor voltage at each connection. 
n. Motor amperage for each phase. 
o. Heating value of fuel in Btu/h. 

G. Electric-Coil Test Reports: For electric furnaces, duct coils, and electric coils installed in central-
station air-handling units, include the following: 

1. Unit Data: 

a. System identification. 
b. Location. 
c. Coil identification. 
d. Capacity in Btu/h. 
e. Number of stages. 
f. Connected volts, phase, and hertz. 
g. Rated amperage. 
h. Airflow rate in cfm. 
i. Face area in sq. ft.. 
j. Minimum face velocity in fpm. 

2. Test Data (Indicated and Actual Values): 

a. Heat output in Btu/h. 
b. Airflow rate in cfm. 
c. Air velocity in fpm. 
d. Entering-air temperature in deg F. 
e. Leaving-air temperature in deg F. 
f. Voltage at each connection. 
g. Amperage for each phase. 

H. Fan Test Reports: For supply, return, and exhaust fans, include the following: 

1. Fan Data: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and size. 
e. Manufacturer's serial number. 
f. Arrangement and class. 
g. Sheave make, size in inches, and bore. 
h. Center-to-center dimensions of sheave and amount of adjustments in inches. 

2. Motor Data: 

a. Motor make, and frame type and size. 
b. Horsepower and speed. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Center-to-center dimensions of sheave and amount of adjustments in inches. 
g. Number, make, and size of belts. 
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3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan speed. 
d. Discharge static pressure in inches wg. 
e. Suction static pressure in inches wg. 

I. Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a grid 
representing the duct cross-section and record the following: 

1. Report Data: 

a. System fan and air-handling-unit number. 
b. Location and zone. 
c. Traverse air temperature in deg F. 
d. Duct static pressure in inches wg. 
e. Duct size in inches. 
f. Duct area in sq. ft.. 
g. Indicated airflow rate in cfm. 
h. Indicated velocity in fpm. 
i. Actual airflow rate in cfm. 
j. Actual average velocity in fpm. 
k. Barometric pressure in psig. 

J. Instrument Calibration Reports: 

1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

3.14 VERIFICATION OF TAB REPORT 

A. The TAB specialist's test and balance engineer shall conduct the inspection in the presence of 
Construction Manager. 

B. Construction Manager shall randomly select measurements, documented in the final report, to 
be rechecked. Rechecking shall be limited to the lesser of either 10 percent of the total 
measurements recorded or the extent of measurements that can be accomplished in a normal 
8-hour business day. 

C. If rechecks yield measurements that differ from the measurements documented in the final 
report by more than the tolerances allowed, the measurements shall be noted as "FAILED." 

D. If the number of "FAILED" measurements is greater than 10 percent of the total measurements 
checked during the final inspection, the TAB shall be considered incomplete and shall be 
rejected. 

E. If recheck measurements find the number of failed measurements noncompliant with 
requirements indicated, proceed as follows: 
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1. TAB specialists shall recheck all measurements and make adjustments. Revise the final 
report and balancing device settings to include all changes; resubmit the final report and 
request a second final inspection. All changes shall be tracked to show changes made to 
previous report. 

2. If the second final inspection also fails, Owner may pursue others Contract options to 
complete TAB work. 

F. Prepare test and inspection reports. 

3.15 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are 
being maintained throughout and to correct unusual conditions. 

B. Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and 
winter conditions, perform additional TAB during near-peak summer and winter conditions. 

END OF SECTION 23 05 93 
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SECTION 23 07 19 - HVAC PIPING AND EQUIPMENT INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes insulation for HVAC piping systems. 

B. Related Requirements: 
1. Division 23 “Hangers and Supports for HVAC” 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. Include thermal conductivity, water-vapor permeance 
thickness, and jackets (both factory and field applied, if any). 

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work. 

1. Detail application of protective shields, saddles, and inserts at hangers for each type of 
insulation and hanger. 

2. Detail attachment and covering of heat tracing inside insulation. 
3. Detail insulation application at pipe expansion joints for each type of insulation. 
4. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each 

type of insulation. 
5. Detail removable insulation at piping specialties. 
6. Detail application of field-applied jackets. 
7. Detail application at linkages of control devices. 
8. Detail removable insulation at equipment connections.  
9. Detail field application for each equipment type. 

1.3 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified Installer. 

B. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship 
program or craft training program. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging: Insulation system materials are to be delivered to the Project site in unopened 
containers. The packaging is to include name of manufacturer, fabricator, type, description, and 
size, as well as ASTM standard designation, and maximum use temperature. 
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1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Division 
23 "Hangers and Supports for HVAC Piping and Equipment." 

B. Coordinate clearance requirements with piping Installer for piping insulation application. Before 
preparing piping Shop Drawings, establish and maintain clearance requirements for installation 
of insulation and field-applied jackets and finishes and for space required for maintenance. 

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, after 
installing and testing heat tracing. Insulation application may begin on segments that have 
satisfactory test results. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation 
Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground 
Piping Insulation Schedule" articles for where insulating materials are applied. 

B. Products do not contain asbestos, lead, mercury, or mercury compounds. 

C. Glass-Fiber, Preformed Pipe: Glass fibers bonded with a thermosetting resin; suitable for 
maximum use temperature up to 850 deg F in accordance with ASTM C411. Comply with 
ASTM C547. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Johns Manville; a Berkshire Hathaway company. 
b. Knauf Insulation. 
c. Manson Insulation Inc. 
d. Owens Corning. 

2. Preformed Pipe Insulation: Type I, Grade A with factory-applied ASJ or ASJ-SSL. 
3. Fabricated shapes in accordance with ASTM C450 and ASTM C585. 
4. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

2.2 INSULATING CEMENTS 

A. Glass-Fiber and Mineral Wool Insulating Cement: Comply with ASTM C195. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ramco Insulation, Inc. 



SECTION 23 07 19 - HVAC PIPING AND EQUIPMENT INSULATION    RTU AND CHILLER REPLACEMENT 

  Providence, RI 

 HVAC PIPING AND EQUIPMENT INSULATION 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 23 07 19 - Page 3 of 15 

B. Expanded or Exfoliated Vermiculite Insulating Cement: Comply with ASTM C196. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ramco Insulation, Inc. 

C. Glass-Fiber and Mineral Wool Hydraulic-Setting Insulating and Finishing Cement: Comply with 
ASTM C449. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Ramco Insulation, Inc. 

2.3 ADHESIVES 

A. Materials are compatible with insulation materials, jackets, and substrates and for bonding 
insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Calcium Silicate Adhesive: Fibrous, sodium-silicate-based adhesive with a service temperature 
range of 50 to 800 deg F. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Mon-Eco Industries, Inc. 
d. Vimasco Corporation. 

2. Adhesive: As recommended by calcium silicate manufacturer and with a VOC content of 
50 g/L or less. 

3. Verify adhesive complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

C. Cellular-Glass Adhesive: Two-component, thermosetting urethane adhesive containing no 
flammable solvents, with a service temperature range of minus 100 to plus 200 deg F. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Foster Brand; H. B. Fuller. 

2. Adhesive: As recommended by cellular glass manufacturer and with a VOC content of 
80 g/L or less. 
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3. Verify adhesive complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

D. Flexible Elastomeric Adhesive: Solvent-based adhesive. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Aeroflex USA. 
b. Armacell LLC. 
c. K-Flex USA. 

2. Adhesive: As recommended by flexible elastomeric and polyolefin manufacturer and with 
a VOC content of 80 g/L or less. 

3. Verify adhesive complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

4. Flame-spread index is 25 or less and smoke-developed index is 50 or less as tested in 
accordance with ASTM E84. 

5. Wet Flash Point: Below 0 deg F. 
6. Service Temperature Range: 40 to 200 deg F. 
7. Color:  Match insulation color. 

E. Glass-Fiber and Mineral Wool Adhesive: Comply with MIL-A-3316C, Class 2, Grade A. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Mon-Eco Industries, Inc. 

2. Adhesive: As recommended by mineral fiber manufacturer and with a VOC content of 
80 g/L or less. 

3. Verify adhesive complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

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

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Mon-Eco Industries, Inc. 

2. Verify adhesives have a VOC content of 50 g/L or less. 
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3. Verify adhesive complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

G. PVC Jacket Adhesive: Compatible with PVC jacket. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Johns Manville; a Berkshire Hathaway company. 
b. Sekisui Voltek, LLC. 
c. Speedline Corporation. 
d. The Dow Chemical Company. 

2. Adhesive: As recommended by Adhesive - PVC Jacket manufacturer and with a VOC 
content of 50 g/L or less. 

3. Verify adhesive complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

2.4 MASTICS AND COATINGS 

A. Materials are compatible with insulation materials, jackets, and substrates. 

1. Mastics: As recommended by insulation manufacturer and with a VOC content of 50 g/L 
or less. 

2. Verify mastics comply with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

B. Vapor-Retarder Mastic, Water Based: Suitable for indoor use on below-ambient services. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Knauf Insulation. 

2. Water-Vapor Permeance: Comply with ASTM E96/E96M or ASTM F1249. 
3. Service Temperature Range:  0 to 180 deg F. 
4. Comply with MIL-PRF-19565C, Type II, for permeance requirements. 
5. Color:  White. 

C. Vapor-Retarder Mastic, Solvent Based, Indoor Use: Suitable for indoor use on below-ambient 
services. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
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a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Mon-Eco Industries, Inc. 

2. Water-Vapor Permeance: Comply with ASTM E96/E96M or ASTM F1249. 
3. Service Temperature Range: 0 to 180 deg F. 
4. Color:  White. 

D. Vapor-Retarder Mastic, Solvent Based, Outdoor Use: Suitable for outdoor use on below-
ambient services. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 

2. Water-Vapor Permeance: Comply with ASTM E96/E96M or ASTM F1249. 
3. Service Temperature Range: Minus 50 to plus 220 deg F. 
4. Color:  White. 

E. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Knauf Insulation. 

2. Water-Vapor Permeance: ASTM E96/E96M, greater than 1.0 perm at manufacturer's 
recommended dry film thickness. 

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

2.5 LAGGING ADHESIVES 

A. Adhesives comply with MIL-A-3316C, Class I, Grade A, and are compatible with insulation 
materials, jackets, and substrates. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Vimasco Corporation. 

2. Verify adhesive is as recommended by insulation manufacturer and has a VOC content 
of 50 g/L or less. 

3. Verify adhesive complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
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Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

4. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation. 

5. Service Temperature Range:  20 to plus 180 deg F. 
6. Color: White. 

2.6 SEALANTS 

A. Materials are as recommended by the insulation manufacturer and are compatible with 
insulation materials, jackets, and substrates. 

B. Joint Sealants: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Mon-Eco Industries, Inc. 
d. Owens Corning. 

2. Permanently flexible, elastomeric sealant. 

a. Service Temperature Range:  Minus 150 to plus 250 deg F. 
b. Color: White or gray. 

3. Verify sealant has a VOC content of 420 g/L or less. 

4. Verify sealant complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

C. FSK and Metal Jacket Flashing Sealants: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 
c. Mon-Eco Industries, Inc. 

2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: Aluminum. 
5. Verify sealant has a VOC content of 420 g/L or less. 

6. Verify sealant complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

D. ASJ Flashing Sealants and PVDC and PVC Jacket Flashing Sealants: 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Childers Brand; H. B. Fuller Construction Products. 
b. Foster Brand; H. B. Fuller. 

2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: White. 
5. Verify sealant has a VOC content of 420 g/L or less. 

6. Verify sealant complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." 

2.7 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications. When 
factory-applied jackets are indicated, comply with the following: 

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C1136, Type I. 

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 
removable protective strip; complying with ASTM C1136, Type I. 

3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C1136, Type II. 

4. ASJ+: Aluminum foil reinforced with glass scrim bonded to a kraft paper interleaving with 
an outer film leaving no paper exposed; complying with ASTM C1136, Types I, II, III, IV, 
and VII. 

5. PSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; 
complying with ASTM C1136, Type II. 

2.8 FIELD-APPLIED JACKETS 

A. Field-applied jackets comply with ASTM C1136, Type I, unless otherwise indicated. 

B. Metal Jacket: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Johns Manville; a Berkshire Hathaway company. 
b. RPR Products, Inc. 

2. Aluminum Jacket: Comply with ASTM B209, Alloy 3003, 3005, 3105, or 5005, Temper H-
14. 

a. Factory cut and rolled to size. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
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c. Moisture Barrier for Indoor Applications:  1-mil-thick, heat-bonded polyethylene 
and kraft paper. 

d. Moisture Barrier for Outdoor Applications:  53-mil-thick, heat-bonded polyethylene 
and kraft paper. 

e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed two-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are not 

available. 

2.9 TAPES 

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

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. 3M Industrial Adhesives and Tapes Division. 
b. Avery Dennison Corporation, Specialty Tapes Division. 
c. Ideal Tape Co., Inc., an American Biltrite Company. 
d. Knauf Insulation. 

2. Width:  2 inches. 
3. Thickness:  3.7 mils. 
4. Adhesion:  100 ounces force/inch in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch in width. 

2.10 SECUREMENTS 

A. Bands: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Johns Manville; a Berkshire Hathaway company. 
b. RPR Products, Inc. 

2. Stainless Steel: ASTM A240/A240M, Type 304; 0.015 inch thick, 1/2 inch wide with wing 
seal or closed seal. 

3. Aluminum: ASTM B209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch thick, 
1/2 inch wide with wing seal or closed seal. 

4. Springs: Twin spring set constructed of stainless steel, with ends flat and slotted to 
accept metal bands. Spring size is determined by manufacturer for application. 
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B. Staples: Outward-clinching insulation staples, nominal 3/4 inch wide, stainless steel or Monel. 

C. Wire:  0.062-inch soft-annealed, stainless steel. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. C & F Wire Products. 
b. Johns Manville; a Berkshire Hathaway company. 
c. RPR Products, Inc. 

2.11 CORNER ANGLES 

A. Aluminum Corner Angles:  0.040 inch thick, minimum 1 by 1 inch, aluminum in accordance with 
ASTM B209, Alloy 3003, 3005, 3105, or 5005; Temper H-14. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application. 

1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Clean and dry surfaces to receive insulation. Remove materials that will adversely affect 
insulation application. 

B. Clean and prepare surfaces to be insulated. Before insulating, apply a corrosion coating to 
insulated surfaces as follows: 

1. Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils thick and an 
epoxy finish 5 mils thick if operating in a temperature range between 140 and 300 deg F. 
Consult coating manufacturer for appropriate coating materials and application methods 
for operating temperature range. 

2. Carbon Steel: Coat carbon steel operating at a service temperature of between 32 and 
300 deg F with an epoxy coating. Consult coating manufacturer for appropriate coating 
materials and application methods for operating temperature range. 

C. Coordinate insulation installation with the tradesman installing heat tracing. Comply with 
requirements for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 
stainless steel surfaces, use demineralized water. 
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3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of piping, including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and of thicknesses 
required for each item of pipe system, as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service. Install 
accessories that do not corrode, compress, or otherwise damage insulation or jacket. 

D. Install insulation with longitudinal seams at top and bottom (12 o'clock and 6 o'clock positions) 
of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 

G. Keep insulation materials dry during storage, application, and finishing. Replace insulation 
materials that get wet during storage or in the installation process before being properly covered 
and sealed in accordance with the Contract Documents. 

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with 
adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure. Taper 
and seal ends attached to structure with vapor-barrier mastic. 

3. Install insert materials and insulation to tightly join the insert. Seal insulation to insulation 
inserts with adhesive or sealing compound recommended by insulation material 
manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over 
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth, but not to the extent of creating wrinkles or areas of 
compression in the insulation. 

2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation jacket. 
Secure strips with adhesive and outward-clinching staples along both edges of strip, 
spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with longitudinal 
seams at bottom of pipe. Clean and dry surface to receive self-sealing lap. Staple laps 
with outward-clinching staples along edge at 2 inches o.c. 

4. For below-ambient services, apply vapor-barrier mastic over staples. 
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5. Cover joints and seams with tape, in accordance with insulation material manufacturer's 
written instructions, to maintain vapor seal. 

6. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and 
at ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation. 

N. Finish installation with systems at operating conditions. Repair joint separations and cracking 
due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged areas. 
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches in 
similar fashion to butt joints. 

P. For above-ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 

3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof 
penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant. For applications requiring indoor and outdoor insulation, install 
insulation for outdoor applications tightly joined to indoor insulation ends. Seal joint with 
joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of 
roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials, except where more 
specific requirements are specified in various pipe insulation material installation articles below. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, Mechanical Couplings, and 
Unions: 

1. Install insulation over fittings, valves, strainers, flanges, mechanical couplings, unions, 
and other specialties with continuous thermal and vapor-retarder integrity unless 
otherwise indicated. 

2. Insulate pipe elbows using prefabricated fitting insulation or mitered or routed fittings 
made from same material and density as that of adjacent pipe insulation. Each piece is 
butted tightly against adjoining piece and bonded with adhesive. Fill joints, seams, voids, 
and irregular surfaces with insulating cement finished to a smooth, hard, and uniform 
contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with prefabricated fitting insulation or sectional pipe insulation of same 
material and thickness as that used for adjacent pipe. Cut sectional pipe insulation to fit. 
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Butt each section closely to the next and hold in place with tie wire. Bond pieces with 
adhesive. 

4. Insulate valves using prefabricated fitting insulation or sectional pipe insulation of same 
material, density, and thickness as that used for adjacent pipe. Overlap adjoining pipe 
insulation by not less than 2 times the thickness of pipe insulation, or one pipe diameter, 
whichever is thicker. For valves, insulate up to and including the bonnets, valve stuffing-
box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with insulating 
cement. 

5. Insulate strainers using prefabricated fitting insulation or sectional pipe insulation of same 
material, density, and thickness as that used for adjacent pipe. Overlap adjoining pipe 
insulation by not less than 2 times the thickness of pipe insulation, or one pipe diameter, 
whichever is thicker. Fill joints, seams, and irregular surfaces with insulating cement. 
Insulate strainers, so strainer basket flange or plug can be easily removed and replaced 
without damaging the insulation and jacket. Provide a removable reusable insulation 
cover. For below-ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges, mechanical couplings, and unions using a section of oversized 
preformed pipe insulation to fit. Overlap adjoining pipe insulation by not less than 2 times 
the thickness of pipe insulation, or one pipe diameter, whichever is thicker. Stencil or 
label the outside insulation jacket of each union with the word "union" matching size and 
color of pipe labels. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a 
mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for 
above-ambient services. Reinforce the mastic with reinforcing mesh. Trowel the mastic to 
a smooth and well-shaped contour. 

8. For services not specified to receive a field-applied jacket, except for flexible elastomeric 
and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and 
unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining insulation 
facing, using PVC tape. 

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, 
test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape 
insulation at these connections by tapering it to and around the connection with insulating 
cement and finish with finishing cement, mastic, and flashing sealant. 

D. Install removable insulation covers. Installation conforms to the following: 

1. Make removable flange and union insulation from sectional pipe insulation of same 
thickness as that on adjoining pipe. Install same insulation jacket as that of adjoining pipe 
insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend insulation 
from flanges or union at least 2 times the insulation thickness over adjacent pipe 
insulation on each side of flange or union. Secure flange cover in place with stainless 
steel or aluminum bands. Select band material compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, except 
divide the two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting of 
mitered blocks wired to stainless steel fabric. Secure this wire frame, with its attached 
insulation, to flanges with tie wire. Extend insulation at least 2 inches over adjacent pipe 
insulation on each side of valve. Fill space between flange or union cover and pipe 
insulation with insulating cement. Finish cover assembly with insulating cement applied in 
two coats. After first coat is dry, apply and trowel second coat to a smooth finish. 

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 
surfaces with a metal jacket. 
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3.6 INSTALLATION OF GLASS-FIBER AND MINERAL WOOL INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of preformed pipe insulation to pipe with wire or bands, and tighten 
bands without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 
with vapor-barrier mastic and joint sealant. 

3. For insulation with jackets on above-ambient surfaces, secure laps with outward-clinched 
staples at 6 inches o.c. 

4. For insulation with jackets on below-ambient surfaces, do not staple longitudinal tabs. 
Instead, secure tabs with additional adhesive, as recommended by insulation material 
manufacturer, and seal with vapor-barrier mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install prefabricated pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with glass-fiber or mineral-wool blanket insulation. 
4. Install jacket material with manufacturer's recommended adhesive, overlap seams at 

least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install prefabricated sections of same material as that of straight segments of pipe 
insulation when available. 

2. When preformed insulation elbows and fittings are not available, install mitered sections 
of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation 
materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install prefabricated sections of same material as that of straight segments of pipe 
insulation when available. 

2. When prefabricated sections are not available, install fabricated sections of pipe 
insulation to valve body. 

3. Arrange insulation to permit access to packing and to allow valve operation without 
disturbing insulation. 

4. Install insulation to flanges as specified for flange insulation application. 

3.7 INSTALLATION OF FIELD-APPLIED JACKETS 

A. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof 
sealant recommended by insulation manufacturer. Secure jacket with stainless steel bands 12 
inches o.c. and at end joints. 

3.8 PIPING AND EQUIPMENT INSULATION SCHEDULE, GENERAL 

A. Insulation conductivity and thickness per pipe size comply with schedules in this Section or with 
requirements of authorities having jurisdiction, whichever is more stringent. 
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B. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for 
each piping system and pipe size range. If more than one material is listed for a piping system, 
selection from materials listed is Contractor's option. 

C. Dual temperature piping and equipment shall be insulated using the greater thickness of either 
Heating Hydronic Systems or Cooling Hydronic Systems tables below for the applicable pipe 
size.  

3.9 PIPING INSULATION SCHEDULE 

A. Provide piping insulation of minimum thickness, material, and required field applied jacketing as 
indicated in the system tables below.  

 

Cooling Hydronic Systems Insulation - Including: Chilled water, Glycol-chilled water, Condenser water, 
Heat recovery glycol, Brine, and all Heat traced systems 

Fluid 
Operating 
Temperature 
Range (°F) 

Insulation 
Conductivity  
(Btu in/h ft2 
°F) 

Mean 
Rating 
Temp. 
(°F) 

Insulation 
Type 

Thickness 
by pipe 
size 
(inches) - 
Indoor 

Thickness 
by pipe 
size 
(inches) - 
Outdoor 

Field 
Applied Jacket 

65-40 0.21 to 0.27 75 

Glass Fiber 
w/ ASJ or 
ASJ-SSL 

All - 1.5 All - 3 Indoor: PVC in 
mechanical 
rooms when <10 
feet above floor 
 
Outdoor:  
Aluminum w/ 
Moisture  
Barrier 

<40 0.20 to 0.26 50 All - 1.5 All - 3 

 
 

END OF SECTION 23 07 19 
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SECTION 23 21 13 - HYDRONIC PIPING DISTRIBUTION SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions, Division 01, and Division 20 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Steel pipe and fittings. 
2. Joining materials. 
3. Dielectric fittings. 
4. Valves and Specialty Valves 
5. Hydronic Piping Specialties 
6. Meters and Gauges 

1.3 ACTION SUBMITTALS 

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

1. Pipe and tube. 
2. Fittings. 
3. Joining materials. 
4. Alignment guides and anchors 
5. Ball, butterfly, globe and check valves 
6. Balancing valves 
7. Air vents 
8. Flexible Connectors 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Piping layout, or BIM model, drawn to scale, showing the items 
described in this Section, and coordinated with all building trades. Refer to Division 20 for 
requirements.  

B. Qualification Data: For Installer. 

C. Welding certificates. 

D. Field quality-control reports. 

E. Preconstruction Test Reports: 

1. Water Analysis: Submit a copy of the water analysis to illustrate water quality available at 
Project site. 
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1.5 CLOSEOUT SUBMITTALS 

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

1.6 MAINTENANCE MATERIAL SUBMITTALS 

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

1. Mechanical Seals:  One mechanical seal(s) for each pump. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications: 

1. Installers of Pressure-Sealed Joints: Installers shall be certified by pressure-seal joint 
manufacturer as having been trained and qualified to join piping with pressure-seal pipe 
couplings and fittings. 

B. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 

C. Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel 
Code: Section IX. 

1. Comply with ASME B31.9, "Building Services Piping," for materials, products, and 
installation. 

2. Certify that each welder has passed AWS qualification tests for welding processes 
involved and that certification is current. 

1.8 PRECONSTRUCTION TESTING 

A. Preconstruction Testing Service:  Engage a qualified testing agency to perform preconstruction 
testing on water quality. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 

1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooves, and weld ends. 
3. Set angle and globe valves closed to prevent rattling. Set ball valves open to minimize 

exposure of functional surfaces. Set butterfly valves closed or slightly open. 

B. Use the following precautions during storage of valves: 

1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher-than-ambient dew point temperature. If 

outdoor storage is necessary, store valves off the ground in watertight enclosures. 
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C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use 
handwheels or stems as lifting or rigging points unless specifically indicated for this purpose in 
manufacturer's written instructions. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 
minimum working pressure and temperature unless otherwise indicated: 

1. Chilled-Water Piping:  125 psig at 150 deg F . 
2. Air-Vent Piping:  200 deg F . 

B. Compatibility: Products shall be suitable for piping service fluids, materials, working pressures, 
and temperatures. 

C. Expansion Fitting, Alignment Guides, and Anchor Performance Requirements: 

1. Compatibility: Provide products suitable for piping service fluids, materials, working 
pressures, and temperatures. 

2. Capability: Provide products and installations that will accommodate maximum axial 
movement as scheduled or indicated on Drawings. 

2.2 HYDRONIC PIPE AND FITTINGS 

A. Steel Pipe and Fittings 

1. Steel Pipe: ASTM A53/A53M, black steel with plain ends; welded and seamless, 
Grade B, and wall thickness as indicated in Piping Schedule. 

2. Cast-Iron Threaded Fittings: ASME B16.4; Classes 125 and 250 as indicated in Piping 
Schedule. 

3. Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated in 
Piping Schedule. 

4. Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in "Piping 
Applications" Article. 

5. Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; 
raised ground face, and bolt holes spot faced as indicated in "Piping Applications" Article. 

6. Wrought-Steel Fittings: ASTM A234/A234M, wall thickness to match adjoining pipe. 
7. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, including 

bolts, nuts, and gaskets of the following material group, end connections, and facings: 

a. Material Group: 1.1. 
b. End Connections: Butt welding. 
c. Facings: Raised face. 

8. Grooved Mechanical-Joint Fittings and Couplings: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 
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1) Anvil International/Smith-Cooper International; Tailwind Capital, LLC. 
2) Apollo Valves; a part of Aalberts Integrated Piping Systems. 
3) National Fittings, Inc. 
4) Nexus Valve, Inc.; Aalberts Hydronic Flow Control. 
5) Smith-Cooper International. 
6) Gruvlok. 
7) Victaulic Company. 

b. Joint Fittings: ASTM A536, Grade 65-45-12 ductile iron; ASTM A47/A47M, 
Grade 32510 malleable iron; ASTM A53/A53M, Type F, E, or S, Grade B 
fabricated steel; or ASTM A106/A106M, Grade B steel fittings with grooves or 
shoulders constructed to accept grooved-end couplings; with nuts, bolts, locking 
pin, locking toggle, or lugs to secure grooved pipe and fittings. 

c. Couplings: Ductile- or malleable-iron housing and EPDM gasket of central cavity 
pressure-responsive design; with nuts, bolts, locking pin, locking toggle, or lugs to 
secure grooved pipe and fittings. 

9. Steel Pipe Nipples: ASTM A733, made of same materials and wall thicknesses as pipe in 
which they are installed. 

B. Joining Materials 

1. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping 
system contents. 

a. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless 
otherwise indicated. 

1) Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges. 
2) Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges. 

2. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated. 
3. Solder Filler Metals: ASTM B32, lead-free alloys. Include water-flushable flux according 

to ASTM B813. 
4. Brazing Filler Metals: AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for 

joining copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 
5. Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials 

appropriate for wall thickness and chemical analysis of steel pipe being welded. 

C. Dielectric Fittings  

1. General Requirements: Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material. Include end connections compatible with pipes to be 
joined. 

2. Dielectric Unions: 

a. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

1) A.Y. McDonald Mfg. Co. 
2) Capitol Manufacturing Company. 
3) GF Piping Systems: Georg Fischer LLC. 
4) HART Industrial Unions, LLC. 
5) Jomar Valve. 
6) Matco-Norca. 

RTU AND CHILLER REPLACEMENT 
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7) WATTS; A Watts Water Technologies Company. 
8) Wilkins. 
9) Zurn Industries, LLC. 

b. Description: 

1) Standard: ASSE 1079. 
2) Pressure Rating: Refer to piping schedule for pressure class. 
3) End Connections: Solder-joint copper alloy and threaded ferrous. 

3. Dielectric Flanges: 

a. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

1) GF Piping Systems: Georg Fischer LLC. 
2) WATTS; A Watts Water Technologies Company. 
3) Wilkins. 
4) Zurn Industries, LLC. 

b. Description: 

1) Standard: ASSE 1079. 
2) Factory-fabricated, bolted, companion-flange assembly. 
3) Pressure Rating: Refer to piping schedule for pressure class 
4) End Connections: Solder-joint copper alloy and threaded ferrous; threaded 

solder-joint copper alloy and threaded ferrous. 

4. Dielectric-Flange Insulating Kits: 

a. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

1) Advance Products & Systems, LLC. 
2) CALPICO, Inc. 
3) GF Piping Systems: Georg Fischer LLC. 
4) GPT; a division of EnPRO Industries. 

b. Description: 

1) Nonconducting materials for field assembly of companion flanges. 
2) Pressure Rating:  Refer to piping schedule for pressure class. 
3) Gasket: Neoprene or phenolic. 
4) Bolt Sleeves: Phenolic or polyethylene. 
5) Washers: Phenolic with steel backing washers. 

5. Dielectric Nipples: 

a. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

1) Anvil International/Smith-Cooper International; Tailwind Capital, LLC. 
2) Apollo Valves; a part of Aalberts Integrated Piping Systems. 
3) Elster Perfection; Honeywell. 
4) GPT; a division of EnPRO Industries. 

RTU AND CHILLER REPLACEMENT 
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5) Matco-Norca. 
6) Precision Plumbing Products. 
7) Sioux Chief Manufacturing Company, Inc. 
8) Victaulic Company. 

b. Description: 

1) Standard: IAPMO PS 66. 
2) Electroplated steel nipple, complying with ASTM F1545. 
3) Pressure Rating:  Refer to piping schedule for pressure class. 
4) End Connections: Male threaded or grooved. 
5) Lining: Inert and noncorrosive, propylene. 

2.3 HYDRONIC VALVES 

A. Source Limitations  

1. Obtain each type of valve from single source from single manufacturer. 

B. General Valve Performance and Product Requirements 

1. ASME Compliance: 

a. ASME B1.20.1 for threads for threaded-end valves. 
b. ASME B16.1 for flanges on iron valves. 
c. ASME B16.5 for metric flanges or iron valves. 
d. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria. 
e. ASME B16.18 for cast-copper soldered fittings. 
f. ASME B16.22 for wrought-copper and copper-alloy soldered fittings. 
g. ASME B31.1 for power piping valves. 
h. ASME B31.9 for building services piping valves. 

2. Provide bronze valves made with dezincification-resistant materials. Bronze valves made 
with copper alloy (brass) containing more than 15 percent zinc are unacceptable. 

3. See HVAC valve schedule articles for applications of valves. 
4. Valve Pressure and Temperature Ratings: Not less than indicated and as required for 

system pressures and temperatures. 
5. Valve Sizes: Same as upstream piping unless otherwise indicated. 
6. Valves in Insulated Piping: With 2-inch stem extensions. 
7. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system 

pressures and temperatures. 
8. Valve Sizes: Same as upstream piping unless otherwise indicated. 
9. Valve Actuator Types: 

a. Gear Actuator: For butterfly valves NPS 8 and larger; for ball valves NPS 4 and 
larger. 

b. Hand Lever: For butterfly valves smaller than NPS 8; for ball valves smaller than 
NPS 4. 

c. Chainwheel: Device for attachment to gear, stem, or other actuator of size and with 
chain for mounting height, according to "Installation of Valves" Article. 

d. Wrench. Furnish Owner with one wrench for every five plug valves, for each size 
square plug-valve head. 

10. Valves in Insulated Piping: 

RTU AND CHILLER REPLACEMENT 
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a. Provide 2-inch extended neck stems. 
b. Extended operating handles with nonthermal-conductive covering material, and 

protective sleeves that allow operation of valves without breaking vapor seals or 
disturbing insulation. 

c. Memory stops that are fully adjustable after insulation is applied. 

11. Valve Bypass and Drain Connections: MSS SP-45. 

C. Bronze Ball Valves, Two Piece with Full Port and Stainless Steel Trim, Threaded or Soldered 
Ends (2 inch and Under): 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

a. Apollo Valves; a part of Aalberts Integrated Piping Systems. 
b. Crane Fluid Systems; Crane Co. 
c. DynaQuip Controls. 
d. Hammond Valve. 
e. Jenkins Valves; a Crane Co. brand. 
f. Milwaukee Valve Company. 
g. NIBCO INC. 
h. Red-White Valve Corp. 
i. Stockham; a Crane Co. brand. 
j. Viega LLC. 
k. WATTS; A Watts Water Technologies Company. 

2. Standard: MSS SP-110. 
3. SWP Rating: 150 psig. 
4. CWP Rating: 600 psig. 
5. Body Design: Two piece. 
6. Body Material: Bronze. 
7. Ends: Threaded or soldered. 
8. Seats: PTFE. 
9. Stem: Stainless steel. 
10. Ball: Stainless steel, vented. 
11. Port: Full. 

D. Steel Ball Valves with Full Port and Stainless Steel Trim (2-1/2 inch and Over): 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. American Valve, Inc. 
b. Apollo Valves; a part of Aalberts Integrated Piping Systems. 
c. Bray Commercial. 
d. DynaQuip Controls. 
e. FNW; Ferguson Enterprises, Inc. 
f. Hammond Valve. 
g. Jomar Valve. 
h. Lance Valves. 
i. Milwaukee Valve Company. 
j. NIBCO INC. 
k. Neles Corporation. 
l. Stockham; a Crane Co. brand. 

RTU AND CHILLER REPLACEMENT 
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m. Viega LLC. 
n. WATTS; A Watts Water Technologies Company. 

2. Standard: MSS SP-72. 
3. CWP Rating: 285 psig (Class 150), 720psig (Class 300). 
4. Body Design: Split body. 
5. Body Material: Carbon steel, ASTM A216/A216M, Type WCB. 
6. Ends: Flanged. 
7. Seats: PTFE. 
8. Stem: Stainless steel. 
9. Ball: Stainless steel, vented. 
10. Port: Full. 

E. Butterfly Valves, Single-Flange (Lug-Type) Iron with Aluminum-Bronze Disc: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Apollo Valves; a part of Aalberts Integrated Piping Systems. 
b. Center Line; a Crane Co. brand. 
c. Jenkins Valves; a Crane Co. brand. 
d. Milwaukee Valve Company. 
e. NIBCO INC. 
f. Stockham; a Crane Co. brand. 
g. Viega LLC. 
h. WATTS; A Watts Water Technologies Company. 

2. Standard: MSS SP-67, Type I. 
3. CWP Rating:  200 psig. 
4. Body Design: Single flange (lug type), suitable for bidirectional dead-end service at rated 

pressure without use of downstream flange. 
5. Body Material: ASTM A126, cast iron or ASTM A536, ductile iron. 
6. Seat:  EPDM. 
7. Stem: One- or two-piece stainless steel. 
8. Disc: Aluminum bronze. 

F. High-Performance Butterfly Valves, Single-Flange (Lug-Type): 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABZ Valve and Controls. 
b. Apollo Valves; a part of Aalberts Integrated Piping Systems. 
c. Flowseal; Crane Energy Flow Solutions. 
d. Lance Valves. 
e. Milwaukee Valve Company. 
f. Stockham; a Crane Co. brand. 

2. Standard: MSS SP-68. 
3. CWP Rating: 285 psig at 100 deg F (Class 150), 720 psig at 100 deg F (Class 300). 
4. Body Design: Single flange (lug type), suitable for bidirectional dead-end service at rated 

pressure without use of downstream flange. 
5. Body Material:  Carbon steel. 

RTU AND CHILLER REPLACEMENT 
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6. Seat: Reinforced PTFE or metal. 
7. Stem: Stainless steel; offset from seat plane. 
8. Disc: Type 316 stainless steel. 
9. Service: Bidirectional. 

2.4 HYDRONIC PIPING SPECIALTIES 

A. Air Vents 

1. Manual Air Vents: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

1) Bell & Gossett; a Xylem brand. 
2) Caleffi North America. 
3) NuTech Hydronic Specialty Products. 
4) Taco Comfort Solutions. 

b. Body: Bronze. 
c. Internal Parts: Nonferrous. 
d. Operator: Screwdriver or thumbscrew. 
e. Inlet Connection: NPS 1/2. 
f. Discharge Connection: NPS 1/8. 
g. CWP Rating: 150 psig. 
h. Maximum Operating Temperature: 225 deg F. 

2. Automatic Air Vents: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

1) Bell & Gossett; a Xylem brand. 
2) Caleffi North America. 
3) Nexus Valve, Inc.; Aalberts Hydronic Flow Control. 
4) Taco Comfort Solutions. 

b. Body: Bronze or cast iron. 
c. Internal Parts: Nonferrous. 
d. Operator: Noncorrosive metal float. 
e. Inlet Connection: NPS 1/2. 
f. Discharge Connection: NPS 1/4. 
g. CWP Rating: 150 psig. 
h. Maximum Operating Temperature: 240 deg F. 

B. Flexible Connectors 

1. Stainless Steel Bellows, Flexible Connectors: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

RTU AND CHILLER REPLACEMENT 
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1) Flexicraft Industries. 
2) Flo Fab Inc. 
3) Metraflex Company (The). 

b. Body: Stainless steel bellows with woven, flexible, bronze, wire-reinforcing 
protective jacket. 

c. End Connections: Threaded or flanged to match equipment connected. 
d. Performance: Capable of 3/4-inch misalignment. 
e. CWP Rating: 150 psig. 
f. Maximum Operating Temperature: 250 deg F. 

2. Spherical, Rubber, Flexible Connectors: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

1) Flexicraft Industries. 
2) Flo Fab Inc. 
3) Metraflex Company. 

b. Body: Fiber-reinforced rubber body. 
c. End Connections: Steel flanges drilled to align with Classes 150 and 300 steel 

flanges. 
d. Performance: Capable of misalignment. 
e. CWP Rating: 150 psig. 
f. Maximum Operating Temperature: 250 deg F. 

2.5 HYDRONIC METERS AND GAUGES 

A. Comply with thermometers, thermowell, pressure-gauge, gauge attachments, test plug, flow 
meter, and thermal energy meter requirements specified in Division 23 “Common Work Results 
for HVAC.” 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

HVAC PIPING SYSTEMS SCHEDULE 
Rated 125psig @ 150degF for Chilled Water and Condenser Water Systems 
Rated 125psig @ 250degF for Hot Water and Dual Temp Water Systems 
Service Nominal 

Pipe Size 
Pipe Material Joint Type Fitting Material 

 
Chilled Water 

2-1/2” Up to 
12” Sch 40 Steel, Grade B, 

Type E (ERW) 

Welded Wrought Steel 

Flanged Class 150, Wrought or 
Forged Steel 

Flanged Class 125, Cast Iron 

VALVE AND SPECIALTY SCHEDULE 
Rated 125psig @ 150degF for Chilled Water and Condenser Water Systems 
Rated 125psig @ 250degF for Hot Water and Dual Temp Water Systems 

Valve Type 
Application Type Size 

(inches) 
Body Seat/ 
Body Trim 

Connection Minimum 
Rating 
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Ball Valve 
Isolation & 
Modulation 

Full port 2pc 1/2 - 2 Bronze/Teflon Threaded 400psig 
WOG 

Butterfly Valve 

Isolation General Ser-
vice 

2-1/2 – 6 Ductile Iron/EPDM Threaded 
Lug 

200 psig 
dead end 
service 

Modulation High Perfor-
mance 

8-24 Ductile Iron/EPDM Threaded 
Lug 

150 psig 
dead end 
service 

A. Uninsulated outdoor steel piping shall be painted with high temperature rust inhibiting primer, 
and finish painted with two coats high temperature enamel paint. Color to be selected by 
architect.  

B. Air-Vent Piping: 

1. Inlet: Same as service where installed with metal-to-plastic transition fittings for plastic 
piping systems according to piping manufacturer's written instructions. 

2. Outlet: Type K, annealed-temper copper tubing with soldered or flared joints. 
C. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves 

with higher SWP classes or CWP ratings may be substituted. 
D. Grooved mechanical-joint fittings may be used in lieu of welded or flanged steel pipe 

connections on 2-1/2” or larger steel pipe. Groove mechanical-joint fittings shall only be used in 
accessible locations. Accessible locations include mechanical rooms, open ceiling areas, and 
rooftops. Mechanical-joint fittings are prohibited from piping installed in shafts, chases, above 
ceilings, or below grade. 

3.2 EXAMINATION 
A. Examine equipment foundations and anchor-bolt locations for compliance with requirements for 

installation tolerances and other conditions affecting performance of the Work. 
B. Examine roughing-in for piping systems to verify actual locations of piping connections before 

pump installation. 
C. Examine foundations and inertia bases for suitable conditions where pumps will be installed. 
D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.3 INSTALLATION OF PIPING 
A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems. Indicated locations and arrangements are used to size pipe and calculate friction loss, 
expansion, and other design considerations. Install piping as indicated unless deviations to 
layout are approved on Coordination Drawings. 

B. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 
otherwise. 

C. Install piping to permit valve servicing. 
D. Install piping at indicated slopes. 
E. Install piping free of sags and bends. 
F. Install fittings for changes in direction and branch connections. 
G. Install piping to allow application of insulation. 
H. Select system components with pressure rating equal to or greater than system operating 

pressure. 
I. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 

of valves. 
J. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple 

with cap, at low points in piping system mains and elsewhere as required for system drainage. 
K. Install high point manual vents at system high points. Manual vent shall consist of 1/4" gage 

cock and 1/4" copper tubing to nearest floor drain. When located above ceiling, route copper 
tube down near ceiling level for water collection. All threaded joints shall have PTFE tape. 

L. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 
M. Refer to valve installation section for install requirements. If valves with specified SWP classes 

or CWP ratings are unavailable, provide the same types of valves with higher SWP classes or 
CWP ratings. 

RTU AND CHILLER REPLACEMENT 



SECTION 23 21 13 - HYDRONIC PIPING DISTRIBUTION SYSTEMS ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 HYDRONIC PIPING DISTRIBUTION SYSTEMS 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 23 21 13 - Page 12 of 15 

N. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated. 

O. Comply with requirements in Division 23 for identifying and labeling piping. 
P. Install piping vibration isolated hangers, supports, and isolated riser supports per Division 23 

“Vibration Controls for HVAC”.  

1. Piping connected to vibration-isolated equipment shall be isolated from building structure 
by spring vibration isolator. Provide spring hangers for suspended piping, spring vibration 
isolators for floor supports, and isolated riser supports. This applies to the first 50 feet of 
pipe length, or the entire pipe within the mechanical room, whichever is longer. Spring 
isolators for the first three supports adjacent to the connected equipment shall provide 
the same deflection of the isolators supporting the connected equipment (minimum 
deflection 1/2 inch and maximum of 2 inch). The remaining pipe support isolators within 
the specified limits shall be spring or combination spring and rubber with 0.75 inch 
deflection.  

2. The first two hangers adjacent to the equipment should be the positioning or pre-
compressed type. 

3. Piping over 2 NPS that is suspended below or within 50 feet of conference rooms, 
classrooms, multipurpose rooms, auditoriums, and concert halls shall be hung with 
isolation hangers.  

4. Floor supports for piping in equipment rooms and adjacent to isolated equipment shall be 
supported by vibration isolators. The isolators shall be selected according to guidelines 
for Suspended Piping hangers. The first two adjacent floor support should be the 
restrained spring type, with a blocking feature that prevents load transfer to equipment 
flanges as the piping is filled or drained.  

5. Where pipe is subjected to large thermal movement, a slide plate (PTFE, graphite, or 
steel) shall be installed on top of the isolator, and a thermal barrier shall be used when 
rubber products are installed directly beneath steam or hot water lines. 

3.4 JOINT CONSTRUCTION 
A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 
B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 
C. Soldered Joints: Apply ASTM B813, water-flushable flux, unless otherwise indicated, to tube 

end. Construct joints according to ASTM B828 or CDA's "Copper Tube Handbook," using lead-
free solder alloy complying with ASTM B32. 

D. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8/A5.8M. 

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

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal 
threading is specified. 

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 
damaged. Do not use pipe sections that have cracked or open welds. 

F. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes 
and welding operators according to "Quality Assurance" Article. 

G. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service 
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads. 

H. Grooved Joints: Assemble joints with coupling and gasket, lubricant, and bolts. Cut or roll 
grooves in ends of pipe based on pipe and coupling manufacturer's written instructions for pipe 
wall thickness. Use grooved-end fittings and rigid, grooved-end-pipe couplings. 

I. Mechanically Formed, Copper-Tube-Outlet Joints: Use manufacturer-recommended tools and 
procedure, and brazed joints. 

J. Pressure-Sealed Joints: Use manufacturer-recommended tools and procedure. Leave insertion 
marks on pipe after assembly. 
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3.5 INSTALLATION OF DIELECTRIC FITTINGS 
A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing. 
B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric unions. 
C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges. 
D. Dielectric Fittings for NPS 5 and Larger: Use dielectric flange kits. 

3.6 INSTALLATION OF VALVES 
A. Examination of Valves prior to install: 

1. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. 
Remove special packing materials, such as blocks, used to prevent disc movement 
during shipping and handling. 

2. Operate valves in positions from fully open to fully closed. Examine guides and seats 
made accessible by such operations. 

3. Examine threads on valve and mating pipe for form and cleanliness. 
4. Examine mating flange faces for conditions that might cause leakage. Check bolting for 

proper size, length, and material. Verify that gasket is of proper size, that its material 
composition is suitable for service, and that it is free from defects and damage. 

5. Do not attempt to repair defective valves; replace with new valves. Remove defective 
valves from site. 

B. Install valves with unions or flanges at each piece of equipment arranged to allow space for 
service, maintenance, and equipment removal without system shutdown. 

C. Provide support of piping adjacent to valves such that no force is imposed on valves. 
D. Locate valves for easy access and where not blocked by equipment, other piping, or building 

components. 
E. Install globe valves so that stems are horizontal or slope upward from centerline of pipe. 
F. Install ball valves in horizontal piping with stem at or above center of pipe. 
G. Install valves in position that does not project into aisles or block access to other equipment. 
H. Install valves in position to allow full stem and manual operator movement. 
I. Verify that joints of each valve have been properly installed and sealed to ensure that there is 

no leakage or damage. 
J. Install valve tags. Comply with requirements in Division 23 Section for Identification for HVAC 

Piping and Equipment for valve tags and schedules. 
K. Adhere to manufacturer's written installation instructions. When soldering or brazing valves, do 

not heat valves above maximum permitted temperature. Do not use solder with melting point 
temperature above valve manufacturer's recommended maximum. 

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

3.7 HYDRONIC SPECIALTIES INSTALLATION 
A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required 

for system air venting. 
B. Install manual vents at heat-transfer coils and elsewhere as required for air venting. 

3.8 INSTALLATION OF METERS AND GAUGES 
A. Comply with requirements for meters and gauges specified in other sections of Division 23.  

3.9 INSTALLATION OF HANGERS AND SUPPORTS 
A. Comply with requirements for hangers, supports, and anchor devices specified in other Division 

23 sections. 
B. Comply with requirements for seismic-restraint devices specified in Division 23 
C. Install hangers for copper tubing and steel piping, with maximum horizontal spacing and 

minimum rod diameters, to comply with MSS-58, locally enforced codes, and authorities having 
jurisdiction requirements, whichever are most stringent. 

D. Support horizontal piping within 12 inches of each fitting and coupling. 
E. Support vertical runs of copper tubing and steel piping to comply with MSS-58, locally enforced 

codes, and authorities having jurisdiction requirements, whichever are most stringent. 
F. Install the following pipe attachments: 

Nominal Pipe Size 

(inch) 

Max 

Span 

Minimum Thread-

ed Rod Size (inch) 

Hanger Type Shield Dimmensions for 

Insulated Piping 

RTU AND CHILLER REPLACEMENT 



SECTION 23 21 13 - HYDRONIC PIPING DISTRIBUTION SYSTEMS ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 HYDRONIC PIPING DISTRIBUTION SYSTEMS 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 23 21 13 - Page 14 of 15 

(feet) (Length x Thickness, inch) 

3/4 5 0.375 Clevis 

12 x 0.048 

1 5 0.375 Clevis 

1-1/4 6 0.375 Clevis 

1-1/2 8 0.375 Clevis 

2 8 0.375 Clevis 

2-1/2 9 0.5 Clevis 

3 10 0.5 Clevis 

4 12 0.625 One rod roller 

18 x 0.06 5 12 0.625 One rod roller 

6 12 0.625 One rod roller 

8 – 12 12 0.75 (two) Two rod roller 

24 x 0.105 14 – 18  12 0.875 (two) Two rod roller 

20 – 24  12 1.25 (two) Two rod roller 

3.10 IDENTIFICATION 
A. Identify system components. Comply with requirements for identification materials and 

installation in Division 23 "Identification for HVAC Piping and Equipment." 
3.11 FIELD QUALITY CONTROL 

A. Prepare hydronic piping according to ASME B31.9 and as follows: 

1. Leave joints, including welds, uninsulated and exposed for examination during test. 
2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test 

pressure. If temporary restraints are impractical, isolate expansion joints from testing. 
3. Flush hydronic piping systems with clean water; then remove and clean or replace 

strainer screens. 
4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be 

capable of sealing against test pressure without damage to valve. Install blinds in flanged 
joints to isolate equipment. 

5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to 
protect against damage by expanding liquid or other source of overpressure during test. 

B. Perform the following tests on hydronic piping: 

1. Use ambient temperature water as a testing medium unless there is risk of damage due 
to freezing. Another liquid that is safe for workers and compatible with piping may be 
used. 

2. While filling system, use vents installed at high points of system to release air. Use drains 
installed at low points for complete draining of test liquid. 

3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the 

system's working pressure. Test pressure shall not exceed maximum pressure for any 
vessel, pump, valve, or other component in system under test. Verify that stress due to 
pressure at bottom of vertical runs does not exceed 90 percent of specified minimum 
yield strength or 1.7 times the "SE" value in Appendix A in ASME B31.9, "Building 
Services Piping." 

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, 
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing 
components, and repeat hydrostatic test until there are no leaks. 

6. Prepare written report of testing. 
C. Perform the following before operating the system: 

1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
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4. Inspect air vents at high points of system and determine if all are installed and operating 
freely (automatic type), or bleed air completely (manual type). 

5. Set temperature controls so all coils are calling for full flow. 
6. Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers, 

cooling towers, to specified values. 
7. Verify lubrication of motors and bearings. 

END OF SECTION 23 21 13 
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SECTION 23 64 23.13 AIR COOLED SCROLL LIQUID CHILLER - YORK YLAA R454B 50HZ & 60HZ 

PART 1 - GENERAL  

1.1 GENERAL REQUIREMENTS 

A. The requirements of this Section shall conform to the general provisions of the Contract, 
including General and Supplementary Conditions, Conditions of the Contract, and Contract 
Drawings. 

1.2 SCOPE 

A. Provide Microprocessor controlled, multiple scroll compressor, air-cooled, liquid chillers of the 
scheduled capacities as shown and indicated on the Drawings, including but not limited to: 
1. Chiller package  
2. Charge of refrigerant and oil  
3. Electrical power and control connections  
4. Chilled liquid connections  
5. Manufacturer start-up  

1.3 QUALITY ASSURANCE 

A. Products shall be Designed, Tested, Rated and Certified in accordance with, and Installed in 
compliance with applicable sections of the following Standards and Codes: 
1. AHRI 550/590 – Water Chilling Packages Using the Vapor Compression Cycle  
2. AHRI 370 – Sound Rating of Large Outdoor Refrigerating and Air-Conditioning 

Equipment  
3. ANSI/ASHRAE 15 – Safety Code for Mechanical Refrigeration  
4. ANSI/ASHRAE 34 – Number Designation and Safety Classification of Refrigerants  
5. ASHRAE 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings  
6. ANSI/NFPA 70 – National Electrical Code (N.E.C.)  
7. ASME Boiler and Pressure Vessel Code, Section VIII, Division 1  
8. OSHA – Occupational Safety and Health Act  
9. Manufactured in facility registered to ISO 9001  
10. Conform to Intertek Testing Services for construction of chillers and provide ETL/cETL 

Listed Mark  

B. Factory Run Test: Chiller shall be pressure-tested, evacuated and fully charged with refrigerant 
and oil, and shall be factory operational run tested with water flowing through the vessel. 

C. Chiller manufacturer shall have a factory trained and supported service organization. 

D. Warranty: Manufacturer shall Warrant all equipment and material of its manufacture against 
defects in workmanship and material for a period of eighteen (18) months from date of shipment 
or twelve (12) months from date of start-up, whichever occurs first. 
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1.4 DELIVERY AND HANDLING 

A. Unit shall be delivered to job site fully assembled with all interconnecting refrigerant piping and 
internal wiring ready for field installation and charged with refrigerant and oil by the 
Manufacturer. 

B. Provide protective covering over vulnerable components for unit protection during shipment. Fit 
nozzles and open ends with plastic or fabric enclosures. 

C. Unit shall be stored and handled per Manufacturer’s instructions. 

PART 2 - PRODUCTS  

2.1 MAUFACTURERS 

A. Basis of design: York by Johnston Controls 

B. Alternate manufacturers: 
1. Trane 
2. Carrier 
3. Daikin  

2.2 CHILLER MATERIALS AND COMPONENTS 

A. General: Install and commission, as shown on the schedules and plans, factory assembled, 
charged, and tested air cooled scroll compressor chiller(s) as specified herin. Chiller shall be 
designed, selected, and constructed using a refrigerant with Flammability rating of "1", as 
defined by ANSI/ASHRAE STANDARD 34 Number Designation and Safety Classification of 
Refrigerants. Chiller shall include not less than two refrigerant circuits above 50 tons (200kW), 
scroll compressors, direct-expansion type evaporator, air-cooled condenser, refrigerant, 
lubrication system, interconnecting wiring, safety and operating controls including capacity 
controller, control center, motor starting components and special features as specified herin or 
required for safe, automatic operation. 

B. Cabinet: External structural members shall be constructed of heavy guage, galvanized steel 
coated with baked on powder paint which, when subject to ASTM B117, 1000 hour, 5% salt 
spray test, yields minimum ASTM 1654 rating of "6". 

C. Operating Characteristics: Provide low and high ambient temperature control options as 
required to ensure unit is capable of operation from 30°F to 115°F (-1°C to 46°C) ambient 
temperature. [Optional: -10°F to 125°F (-23°C to 52°C) ambient.] 

D. Service Isolation valves: Discharge (ball type) isolation valves factory installed per refrigerant 
circuit. Includes a system high-pressure relief valve in compliance with ASHRAE15. 

E. Pressure Transducers and Readeout Capability 
1. Discharge Pressure Transducers: Permits unit to sense and display discharge pressure.  
2. Suction Pressure Transducers: Permits unit to sense and display suction pressure.  
3. High Ambient Control: Allows units to operate when the ambient temperature is above 

115°F (46°C). Includes discharge pressure transducers  
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2.3 COMPRESSORS 

A. Compressors: Shall be hermetic, scroll-type, including: 
1. Compliant design for axial and radial sealing.  
2. Refrigerant flow through the compressor with 100% suction cooled motor.  
3. Large suction side free volume and oil sump to provide liquid handling capability.  
4. Compressor crankcase heaters to provide extra liquid migration protection.  
5. Annular discharge check valve and reverse vent assembly to provide low-pressure drop, 

silent shutdown and reverse rotation protection.  
6. Initial oil charge.  
7. Oil level sight glass.  
8. Vibration isolator mouonts for compressors.  
9. Brazed-type connections for fully hermetic refrigerant circuits.  
10. Compressor Motor overloads capable of monitoring compressor motor current. Provides 

extra protection against compressor reverse rotation, phase-loss and phase-imbalance.  

2.4 REFRIGERANT CIRCUIT COMPONENTS 

A. Each refrigerant circuit shall include: a discharge service ball type isolation valve, high side 
pressure relief, liquid line shutoff valve with charging port, low side pressure relief device, filter-
drier, solenoid valve, sight glass with moisture indicator, thermostatic expansion valves, and 
flexible, closed-cell foam insulated suction line and suction pressure transducer. 

2.5 HEAT EXCHANGERS 

A. Evaporator: 
1. Evaporator shall be brazed-plate stainless steel construction capable of refrigerant 

working pressure of 650 psig (3103 kPa) and liquid side pressure of 150 psig (1034 kPa) 
[Option for 300 psig (2068 kPa) available].  

2. Brazed plate heat exchangers shall be UL listed.  
3. Exterior surfaces shall be covered with 3/4" (19mm), flexible, closed cell insulation, 

thermal conductivity of 0.26k ([BTU/HR-Ft² - °F]/in.) maximum.  
4. Water nozzles shall be provided with grooves for field provided ANSI/AWWA C-606 

mechanical couplings.  
5. Evaporator shall include vent and drain fittings and thermostatically controlled heaters to 

protect to -20°F (-29°C) ambient in off-cycle.  
6. A serviceable wye-strainer and mechanical couplings shall be provided for field 

installation on evaporator inlet prior to startup.  
7. Evaporator shall be provided with piping extension kit and mechanical couplings to 

extend liquid connection from evaporator to edge of unit. Thermal dispersion type flow 
switch shall be factory installed in the evaporator outlet pipe extension and wired to the 
unit control panel. Insulation and heat trace on piping shall be responsibility of installing 
contractor. Extension kit nozzle connections shall be ANSI/AWWA C-606 (grooved).  

B. Air-cooled Condenser: 
1. Coils: Condenser coils shall be constructed of a single material to avoid galvanic 

corrosion due to dissimilar metals. Coils and headers are brazed as one piece. Integral 
sub cooling is included. Coils shall be designed for a design working pressure of 650 
PSIG (45 bar). Condenser coil shall be washable with potable water under 100 psi (7 bar) 
pressure.  

2. Low Sound Fans: Shall be dynamically and statically balanced, direct drive, corrosion 
resistant glass fiber reinforced composite blades molded into a low noise, full-airfoil cross 
section, providing vertical air discharge and low sound. Each fan shall be provided in an 
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individual compartment to prevent crossflow during fan cycling. Guards of heavy gauge, 
PVC (poly- vinylchloride) coated or galvanized steel shall be factory installed.  

3. Fan Motors: High efficiency, direct drive, 6 pole, 3 phase, insulation class “F”, current 
protected, Totally Enclosed Air-Over (TEAO) , rigid mounted, with double sealed, 
permanently lubricated, ball bearings.  

4. Low Sound Fans with Variable Speed Drives. All fans shall be powered by VSDs. Fans 
shall provide vertical air discharge from extended orifices. Fans shall be composed of 
corrosion resistant aluminum hub and glass-fiber-reinforced polypropylene composite 
blades molded into a low-noise airfoil section. Fan impeller shall be dynamically balanced 
for vibration-free operation. Fan guards of heavy gauge, PVC (polyvinyl chloride) coated 
or galvanized steel.  

2.6 CONTROLS 

A. General: Automatic start, stop, operating, and protection sequences across the range of 
scheduled conditions and transients. 

B. Power/Control Enclosure: Rain and dust tight NEMA 3R powder painted steel cabinet with 
hinged, latched, and gasket sealed door. 

C. Microprocessor Control Center: 
1. Automatic control of compressor start/stop, anti-coincidence and anti-recycle timers, 

automatic pumpdown at system shutdown, condenser fans, evaporator pump, evaporator 
heater, unit alarm contacts, and chiller operation from -10°F to 125°F (-23°C to 52°C) 
ambient. Automatic reset to normal chiller operation after power failure.  

2. Software stored in non-volatile memory, with programmed setpoints retained in lithium 
battery backed real-time-clock (RTC) memory for minimum 5 years.  

3. Forty character liquid crystal display, descriptions in English (or Spanish, French, Italian, 
or German), numeric data in English (or Metric) units. Sealed keypad with sections for 
Setpoints, Display/Print, Entry, Unit Options & clock, and On/Off Switch.  

4. Programmable Setpoints (within Manufacturer limits): display language; chilled liquid 
temperature setpoint and range, remote reset temperature range, daily schedule/holiday 
for start/stop, manual override for servicing, low and high ambient cutouts, low liquid 
temperature cutout, low suction pressure cutout, high discharge pressure cutout, anti-
recycle timer (compressor start cycle time), and anti-coincident timer (delay compressor 
starts).  

5. Display Data: Return and leaving liquid temperatures, low leaving liquid temperature 
cutout setting, low ambient temperature cutout setting, outdoor air temperature, English 
or metric data, suction pressure cutout setting, each system suction pressure, liquid 
temperature reset via a 4-20milliamp or 0-10 VDC input, anti-recycle timer status for each 
compressor, anti-coincident system start timer condition, compressor run status, no 
cooling load condition, day, date and time, daily start/stop times, holiday status, 
automatic or manual system lead/lag control, lead system definition, compressor 
starts/operating hours (each), status of hot gas valves, evaporator heater and fan 
operation, run permissive status, number of compressors running, liquid solenoid valve 
status, load & unload timer status, water pump status.  

6. System Safeties: Shall cause individual compressor systems to perform auto shut down; 
manual reset required after the third trip in 90 minutes. System Safeties include: high 
discharge pressure, low suction pressure, high pressure switch, and motor protector. 
Compressor motor protector shall protect against damage due to high input current or 
thermal overload of windings.  

7. Unit Safeties: Shall be automatic reset and cause compressors to shut down if low 
ambient, low leaving chilled liquid temperature, under voltage, and flow switch operation.  
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8. Alarm Contacts: Low ambient, low leaving chilled liquid temperature, low voltage, low 
battery, and (per compressor circuit): high discharge pressure, and low suction pressure.  

9. BAS Communications: YORKTalk 2, BACnet MS/TP, Modbus and N2 communication 
capabilities are standard.  

D. Manufacturer shall provide any controls not listed above, necessary for automatic chiller 
operation. Mechanical Contractor shall provide field control wiring necessary to interface 
sensors to the chiller control system. 

2.7 POWER CONNECTION AND DISTRIBUTION 

A. Power Panels: 
1. NEMA 3R/12 rain/dust tight, powder painted steel cabinets with hinged, latched, and 

gasket sealed outer doors. Provide main power connection(s), control power 
connections, compressor and fan motor start contactors, current overloads, and factory 
wiring.  

2. Power supply shall enter unit at a single location, be 3 phase of scheduled voltage, and 
connect to individual terminal blocks per compressor. Separate disconnecting means 
and/or external branch circuit protection (by Contractor) required per applicable local or 
national codes.  

B. Compressor, control and fan motor power wiring shall be located in an enclosed panel or routed 
through liquid tight conduit. 

2.8 ACCESSORIES AND OPTIONS 

A. Some accessories and options supersede standard product features. Your Johnson Controls 
representative will be pleased to provide assistance. 

B. Microprocessor controlled, Factory installed Across-the-Line type compressor motor starters as 
standard. 

C. Low Ambient Control: Permits unit operation to -10°F ambient. Standard unit controls to 30°F 
ambient. 
1. High Ambient Control: Permits unit operation above 115°F ambient.  

D. Power Supply Connections: 
1. Single Point or Multiple Point Disconnect: Single or Dual point Non-Fused Disconnect(s) 

and lockable external handle (in compliance with Article 440-14 of N.E.C.) can be 
supplied to isolate the unit power voltage for servicing. Separate external fusing must be 
supplied, by others, in the incoming power wiring, which must comply with the National 
Electric Code and/or local codes.  

E. Control Power Transformer: Converts unit power voltage to 120-1-60 (500 VA capacity). 
Factory-mounting includes primary and secondary wiring between the transformer and the 
control panel. 

F. Protective Chiller Panels (Factory or Field Mounted) 
1. Louvered/Wire Panels: Louvered steel panels on external condenser coils painted as per 

remainder of unit cabinet. Heavy gauge, welded wire-mesh, coated to resist corrosion, 
around base of machine to restrict unauthorized access.  
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G. Thermal Dispersion Flow Switch (Factory installed and wired in piping extension kit): Normally 
open, 30bar pressure rating, stainless steel 316L construction, IP67, -4°F to 158°F ambient 
rating. 

H. Hot Gas By-Pass: Permits continuous, stable operation at capacities below the minimum step of 
unloading to as low as 5% capacity (depending on both the unit & operating conditions) by 
introducing an artificial load on the evaporator. Hot gas by-pass is installed on only one 
refrigerant circuit. 

I. Low Temperature Process Glycol: Leaving chilled liquid setpoint range 10°F to 50°F (-12°C to 
10°C) 

PART 3 - EXECUTION  

3.1 INSTALLATION 

A. General: Rig and Install in full accordance with Manufacturer’s requirements, Project drawings, 
and Contract documents. 

B. Location: Locate chiller as indicated on drawings, including cleaning and service maintenance 
clearance per Manufacturer instructions. Adjust and level chiller on support structure. 

C. Components: Installing Contractor shall provide and install all auxiliary devices and accessories 
for fully operational chiller. 

D. Electrical: Coordinate electrical requirements and connections for all power feeds with Electrical 
Contractor (Division 16). 

E. Controls: Coordinate all control requirements and connections with Controls Contractor. 

F. Finish: Installing Contractor shall paint damaged and abraded factory finish with touch-up paint 
matching factory finish. 

 
 
END OF SECTION 23 64 23.13 
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SECTION 23 74 16.01 – PACKAGED, ELECTRIC ONLY, ROOFTOP AIR-CONDITIONING UNITS 

PART 1 - GENERAL 

A. Size Range: 7.5 to 15 Nominal Tons 

B. Basis of design Carrier Model Number: 50FE*08-16 

1. Or engineer approved equal 

1.1 SCHEDULES FOR DECENTRALIZED HVAC EQUIPMENT 

A. Decentralized Unitary HVAC Equipment Schedule 

B. Rooftop unit (RTU) schedule: 

1. Schedule is per the project specification requirements. 

1.2 HVAC EQUIPMENT INSULATION 

A. Decentralized, Rooftop Units: 

1. Evaporator fan compartment: 
a. Interior cabinet surfaces shall be insulated with a minimum 1/2 in. thick, minimum 1-

1/2 lb density, flexible fiberglass insulation bonded with a phenolic binder, neoprene 
coated on the air side. 

b. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and 
smoke generation. 

2. Electric Heat Compartment:  
a. Aluminum foil-faced fiberglass insulation shall be used. 
b. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and 

smoke generation. 

1.3 INSTRUMENTATION AND CONTROL DEVICES FOR HVAC 

A. Sensors and Transmitters 

1. Thermostats 
a. Thermostat must 

1) energize both “W” and “G” when calling for heat. 
2) have capability to energize 1 or 2 stages of cooling, and 2 different stages of 

heating. 
3) include capability for occupancy scheduling. 

1.4 ELECTRIC AND ELECTRONIC CONTROL SYSTEM FOR HVAC 

A. Decentralized, Rooftop Units: 
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1. General: 
a. Shall be complete with self-contained low--voltage control circuit protected by a 

resettable circuit breaker on the 24-v transformer side. Transformer shall have 75VA 
capability. 

b. Shall utilize color-coded wiring. 
c. Shall include a Unit Control Board to conveniently and safely provide connection 

points for vital control functions such as: smoke detectors, phase monitor, gas 
controller, economizer, thermostat, DDC control options, and low and high pressure 
switches. Controller shall also provide an intuitive means to adjust the indoor fan 
speed through a simple switch and pot adjustment design. 

d. Unit shall include a minimum of one 8-pin screw terminal connection board for 
connection of control wiring. 

B. Safeties: 

1. Compressor over-temperature, over-current. High internal pressure differential. 
2. Low pressure switch. 

a. Low pressure switch shall use different color wire than the high pressure switch. The 
purpose is to assist the installer and service technician to correctly wire and or 
troubleshoot the rooftop unit. 

3. High pressure switch. 
a. High pressure switch shall use different color wire than the low pressure switch. The 

purpose is to assist the installer and service technician to correctly wire and or 
troubleshoot the rooftop unit. 

4. Mixed Air Auto Reset Temperature Switch:  
a. All cooling units contain a low return air (or mixed air - depending on unit 

configuration) temperature switch for compressor protection. The switch prevents 
compressor operation at mixed air temperatures below 60F to ensure long term 
reliability but allows continued fan and economizer operation (if installed). The switch 
will automatically reset when the return/mixed air temperature warms above 65F and 
will allow compressor operation to continue. 

5. Heating section shall be provided with the -following minimum protections: 
a. High temperature limit switches. 

6. A2L Refrigerant Leak Dissipation System (Electromechanical) 
a. Leak dissipation system shall consist of control board and A2L sensor certified to 

UL 60335-2-40 
b. System shall be designed for the life of the unit 
c. Dissipation system shall be automatic, ship prewired, and require no additional field 

connections to thermostat to function 
d. Refrigerant leak sensor shall be installed in UL certified location and orientation. 

Sensor shall be self-correcting and resettable. Single use refrigerant leak sensor 
shall not be permitted 

e. Factory installed dissipation controller shall use onboard microprocessor and 
include: 
1) Automatic reset after a dissipation event has occurred 
2) Onboard LED with flash code to indicate current unit status and hardware 

failures 
3) Depressible “Test” button to allow for a system test and recall/reset of leak 

detection history 
4) 24V dry contact alarm terminal to allow for external notification of leak 

detection 
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f. Dissipation control board shall be accessible via normal maintenance locations and 
LED shall be visible 

g. Dissipation system shall “Fail Safe” per UL requirements 
h. Dissipation shall allow smoke and building fire systems to override in case of event 

1.5 SEQUENCE OF OPERATIONS FOR HVAC CONTROLS 

A. Decentralized, Rooftop Units: 

1. INSERT SEQUENCE OF OPER-ATION 

1.6 PANEL AIR FILTERS 

A. Decentralized, Rooftop Units: 

1. Standard filter section: 
a. Shall consist of factory installed, low velocity, disposable 2 in. thick fiberglass filters 

of -commercially available sizes. 
b. Unit shall use only one filter size. Multiple sizes are not acceptable. 
c. Filters shall be accessible through an access panel with “no-tool” removal as 

described in the unit cabinet section of this specification (23 81 19.13.G). 

1.7 SELF-CONTAINED AIR CONDITIONERS 

A. Small-Capacity Self-Contained Air Conditioners: 

1. General: 
a. Outdoor, rooftop mounted, electrically controlled, cooling unit utilizing a fully 

hermetic scroll compressor(s) for cooling duty. 
b. Factory assembled, single-piece cooling rooftop unit. Contained within the unit 

enclosure shall be all factory wiring, piping, controls, and special features required 
prior to field start-up. 

c. Unit shall use Puron Advance™ (R-454B) refrigerant. 
d. Unit shall be installed in accordance with the manufacturer’s instructions. 
e. Unit must be selected and installed in compliance with local, state, and federal 

codes. 

2. Quality Assurance: 
a. Unit meets DOE and ASHRAE 90.1 minimum efficiency requirements. 
b. Unit shall be rated in accordance with AHRI Standards 340/360. 
c. Unit shall be designed to conform to ASHRAE 15. 
d. Unit shall be UL-tested and certified in accordance with ANSI Z21.47 Standards and 

UL-listed and certified under Canadian standards as a total package for safety 
requirements. 

e. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and 
smoke generation. 

f. Unit casing shall be capable of withstanding 500 hour salt spray exposure per ASTM 
B117 (scribed specimen). 

g. Unit shall be designed in accordance with ISO 9001, and shall be manufactured in 
a facility registered by ISO 9001:2015. 

h. Roof curb shall be designed to conform to NRCA Standards. 
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i. Unit shall be subjected to a completely automated run test on the assembly line. The 
data for each unit will be stored at the factory, and must be available upon request. 

j. Unit shall be designed in accordance with UL Standard 60335-1 and 60335-2-40, 
including testing to withstand rain. Unit shall be IPX4 rated.  

k. Unit shall be constructed to prevent intrusion of snow and tested to prevent snow 
intrusion into the control box up to 40 mph. 

l. Unit shake tested to assurance level 1, ASTM D4169 to ensure shipping reliability. 

3. Delivery, Storage, and Handling: 
a. Unit shall be stored and handled per manufacturer’s recommendations. 
b. Lifted by crane requires either shipping top panel or spreader bars. 
c. Unit shall only be stored or positioned in the upright position. 

4. Project Conditions: 
a. As specified in the contract. 

5. Operating Characteristics: 
a. Unit shall be capable of starting and running at 115°F (46°C) ambient outdoor 

temperature, meeting maximum load criteria of AHRI Standard 340/360 at ±10% 
voltage. 

b. Compressor with standard controls shall be capable of operation down to 40°F 
(4°C), ambient outdoor temperatures.  

c. Unit shall discharge supply air vertically or horizontally as shown on contract 
drawings. 

d. Unit shall be factory configured for vertical -supply and return configurations. 
e. Unit shall be field convertible from vertical to horizontal airflow on all models. No 

special kit required except on 16 size models that require a Supply Duct Kit field 
installed for horizontal air flow. 

f. Unit shall be capable of mixed operation: vertical supply with horizontal return or 
horizontal supply with vertical return. 

6. Electrical Requirements: 
a. Main power supply voltage, phase, and frequency must match those required by the 

manufacturer.  

7. Unit Cabinet: 
a. Unit cabinet shall be constructed of galvanized steel, and shall be bonderized and 

coated with a prepainted baked enamel finish on all externally exposed surfaces. 
b. Unit cabinet exterior paint shall be: film thickness, (dry) 0.003 inches minimum, gloss 

(per ASTM D523, 60°F/16°C): 60, Hardness: H 2H Pencil hardness. 
c. Evaporator fan compartment interior cabinet insulation shall conform to AHRI 

Standards 340/360 minimum exterior sweat criteria. Interior surfaces shall be 
insulated with a minimum 1/2 in. thick, 1 lb density, flexible fiberglass insulation, 
neoprene coated on the air side. Aluminum foil-faced fiberglass insulation shall be 
used in the heat compartment. 

d. Base of unit shall have a minimum of 4 locations for thru-the-base gas and electrical 
connections (factory-installed or field-installed), standard. 

e. Base Rail: 
1) Unit shall have base rails on a minimum of 2 sides. 
2) Holes shall be provided in the base rails for rigging shackles to facilitate 

maneuvering and overhead rigging. 
3) Holes shall be provided in the base rail for moving the rooftop by fork truck. 
4) Base rail shall be a minimum of 16 gauge thickness. 

8. Condensate pan and connections: 
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a. Shall be a sloped condensate drain pan made of a corrosion resistant material. 
b. Shall comply with ASHRAE Standard 62. 
c. Shall use a 3/4 in. 14 NPT drain connection, possible either through the bottom or 

side of the drain pan. Connection shall be made per manufacturer’s 
recommendations. 

9. Top panel: 
a. Shall be a single piece top panel on 08-14 sizes and two piece on 16 size models 

10. Electrical Connections: 
a. All unit power wiring shall enter unit cabinet at a single, factory prepared, knockout 

location. 
b. Thru-the-base capability. 

1) Standard unit shall have a thru-the-base electrical location(s) using a raised, 
embossed portion of the unit basepan. 

2) Optional, factory approved, water-tight connection method must be used for 
thru-the-base electrical connections. 

3) No basepan penetration, other than those authorized by the manufacturer, is 
permitted. 

11. Component access panels (standard): 
a. Cabinet panels shall be easily removable for servicing. 
b. Unit shall have one factory installed, tool-less, removable, filter access panel. 
c. Panels covering control box, indoor fan, indoor fan motor, gas components (where 

applicable), and compressors shall have molded composite handles. 
d. Handles shall be UV modified, composite. They shall be permanently attached, and 

recessed into the panel. 
e. Screws on the vertical portion of all removable access panel shall engage into heat 

resistant, molded composite collars. 
f. Collars shall be removable and easily replaceable using manufacturer 

recommended parts.  

12. Coils: 
a. Standard Aluminum Fin-Copper Tube Coils: 

1) Standard evaporator and condenser coils shall have aluminum lanced plate 
fins mechanically bonded to seamless internally helical grooved copper tubes 
with all joints brazed. 

2) Evaporator coils shall be leak tested to 150 psig, pressure tested to 450 psig, 
and qualified to UL 60335-2-40 burst test at 1775 psig. 

3) Condenser coils shall be leak tested to 150 psig, pressure tested to 650 psig, 
and qualified to UL 60335-2-40 burst test at 1980 psig. 

13. Refrigerant Components: 
a. Refrigerant circuit shall include the following control, safety, and maintenance 

features: 
1) Thermostatic Expansion Valve (TXV) shall help provide optimum 

performance across the entire operating range. Shall contain removable 
power element to allow change out of power element and bulb without 
removing the valve body. 

2) Refrigerant filter drier — Solid core design with pre and post filter service 
gauge connections for filter diagnostics and maintenance 

3) Service gauge connections on suction and discharge lines. 
4) Pressure gauge access through a specially designed access port in the unit. 

b. There shall be gauge line access port in the skin of the rooftop 
1) The gauge access port shall enable maintenance personnel to route their 

pressure gauge lines. 
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2) This gauge access port shall facilitate correct and accurate condenser 
pressure readings by enabling the reading with the compressor access panel 
on. 

c. Compressors: 
1) Unit shall use tandem scroll compressor assembly on a single refrigeration 

circuit with two stages of cooling for efficient comfort cooling operation. 
2) Evaporator coils shall be a full active design to help better control latent 

removal and minimize unconditioned bypass air. 
3) Compressor motors shall be cooled by refrigerant gas passing through motor 

windings. 
4) Compressors shall be internally protected from high discharge temperature 

conditions. 
5) Compressors shall be protected from an over-temperature and over-

amperage conditions by an internal, motor overload device. 
6) Compressor shall be factory-mounted on rubber grommets. 
7) Compressor motors shall have internal line break thermal, current overload 

and high pressure differential protection. 
8) Crankcase heaters shall not be required for normal operating range, unless 

required by the manufacturer due to refrigerant charge limits. 

14. Filter Section: 
a. Filters access is specified in the unit cabinet section of this specification. 
b. Filters shall be held in place by a pivoting filter tray, facilitating easy removal and 

installation. 
c. Shall consist of factory installed, low velocity, throw-away 2 in. thick fiberglass filters. 
d. Filters shall be standard, commercially available sizes. 
e. Only one size filter per unit is allowed.  

15. Evaporator Fan and Motor with EcoBlue™ Technology: 
a. Direct Drive Evaporator fan motor: 

1) Shall be an ECM motor design. 
2) Shall be direct drive design for all static options. 
3) Shall have permanently lubricated bearings. 
4) Shall have inherent automatic-reset thermal overload protection.  
5) Shall have slow ramp up to speed capabilities. 
6) Shall require no fan/motor belts for operation, adjustments and or initial fan 

speed setup. 
7) Fan DC voltage set up on Unit Control Board shall eliminate the need of 

removal of blower access door, required on conventional belt drive systems. 
8) Shall be internally protected from electrical phase reversal. 

b. Evaporator Fan: 
1) Speed shall be easily set with dedicated selection switch and adjustment pot 

on unit control board. 
2) Shall provide 2 stage cooling capacity control, the indoor fan speed is 

automatically controlled to meet the code-compliant <66% low fan speed and 
100% at full fan speed operation. 

3) Blower fan shall be a Vane Axial fan design with fan assembly secured directly 
to ECM motor. Additional shafts, belts, pulleys/sheaves, and bearing blocks 
to drive fan shall not be permitted or necessary. 

4) Additional variable frequency drive to control fan motor speed shall not be 
permitted or necessary. All speed control electronics must be onboard fan 
motor assembly. 

5) Shall be constructed of a cast aluminum stator and high impact composite 
material on rotor and air inlet casing. 

6) Shall be a patented / pending design with a corrosion resistant material. 
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7) Fan assembly design shall be integrated to fan deck, dynamically balanced, 
and require no additional vibration isolation for normal operation. 

8) Shall have slow ramp up to speed capabilities to help reduce sound and 
comfort issues typically associated with single speed belt drive systems. 

9) Shall be a slide out design with removal of a few support brackets. 
c. Shall include an easily accessible Unit Control Board to conveniently and safely 

provide connection points for vital control functions such as: smoke detectors, phase 
monitor, gas controller, economizer, thermostat, and low and high pressure 
switches. Controller shall also provide an intuitive means to adjust the indoor fan 
speed through a simple switch and pot adjustment design. 

16. Condenser Fans and Motors: 
a. Condenser fan motors: 

1) Shall be a totally enclosed motor. 
2) Shall use permanently lubricated bearings. 
3) Shall have inherent thermal overload protection with an automatic reset 

feature. 
4) Shall use a shaft-down design on all sizes. 

b. Condenser Fans: 
1) Shall be a direct-driven propeller type fan. 
2) Shall have galvalum blades riveted to steel spider that have corrosion-

resistant properties and shall be dynamically balanced. 

17. Special Features Options and Accessories: 
a. Integrated EconomizerONE low leak rate models. 

1) Integrated, gear driven opposing modulating blade design type capable of 
simultaneous economizer and compressor operation. 

2) Independent modules for vertical or horizontal return configuration shall be 
available. Vertical return modules shall be available as a factory installed 
option. 

3) Damper blades shall be galvanized steel with composite gears. Plastic or 
composite blades on intake or return shall not be acceptable. 

4) Shall include all hardware and controls to provide free cooling with outdoor 
air when temperature and/or humidity are below set points. 

5) Shall be equipped with gear driven dampers for both the outdoor ventilation 
air and the return air for positive air stream control. 

6) Low leak rate shall be equipped with dampers not to exceed 2% leakage at 1 
in. wg pressure differential. 

7) Economizer controller on EconomizerONE models shall be the Siemens 
POL224 that provides: 
a) Combined minimum and DCV maximum damper position 

potentiometers with compressor staging relay. 
b) Optional configuration via WLAN stick and Siemens Climatix™ 

smartphone app for easy setup. 
c) Functions with solid-state analog enthalpy or dry bulb changeover 

control sensing. 
d) LED indication for free cooling, sensor, and damper operation. 
e) One-line LCD interface screen for setup, configuration and 

troubleshooting. 
f) On-board Fault Detection and Diagnostics (FDD) that senses and 

alerts when the economizer is not operating properly, per California 
Title 24, ASHRAE 90.1 and IECC®. 

g) Sensor failure loss of communication identification. 
h) Capabilities for use with multiple-speed or single speed indoor fan 

systems. 
i) Digital sensors: Dry bulb and Enthalpy. 
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b. Shall be capable of introducing up to 100% outdoor air. 
c. Shall be equipped with a barometric relief damper capable of relieving up to 100% 

return air and contain seals that meet ASHRAE 90.1 requirements. 
d. Shall be designed to close damper(s) during loss-of-power situations with spring 

return built into motor. 
e. The outdoor air enthalpy sensor shall be used to provide single enthalpy control. 

When used in conjunction with a return air enthalpy sensor, the unit will provide 
differential enthalpy control. The sensor allows the unit to determine if outside air is 
suitable for free cooling. 

f. The economizer controller shall also provide control of an accessory power exhaust 
unit function. Factory set at 100%, with a range of 0% to 100%. 

g. The economizer shall maintain minimum airflow into the building during occupied 
period and provide design ventilation rate for full occupancy. 

h. Dampers shall be completely closed when the unit is in the unoccupied mode. 
i. Economizer controller shall be capable of accepting a 0 to 10 vdc CO2 sensor input 

for IAQ/DCV control. In this mode, dampers shall modulate the outdoor air damper 
to provide ventilation based on the sensor input. 

j. Compressor lockout temperature on POL224 control is adjustable from –45°F to 
80°F (–43 to 26°C), set at a factory default of 32°F (0°C).  

k. Actuator shall be direct coupled to economizer gear. No linkage arms or control rods 
shall be acceptable. 

l. Contains LED indication for free cooling, sensor, and damper operation. 

18. Outdoor Air Enthalpy Sensor: 
a. Electric Heat: 

1) Heating Section: 
a) Heater element open coil resistance wire, nickel-chrome alloy, 0.29-in. 

inside diameter, strung through ceramic insulators mounted on metal 
frame. Coil ends are staked and welded to terminal screw slots. 

b) Heater assemblies are provided with integral fusing for protection of 
internal heater circuits. Auto reset thermo limit controls, magnetic 
heater contactors (24-v coil) and terminal block all mounted in electric 
heater control box (minimum 18 ga galvanized steel) attached to end 
of heater assembly. 

END OF SECTION 23 74 16.01 
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SECTION 23 74 16.02 - PACKAGED, HYBRID HEAT PUMP, ROOFTOP AIR-CONDITIONING UNITS 

PART 1 - GENERAL 

A. Size Range: 6 to 10 Nominal Tons 

B. Basis if design Carrier Model Number: 48QE*07-12 – Three Stage 

1. Or engineer approved equal 

1.1 Schedules for Decentralized HVAC Equipment 

A. Decentralized Unitary HVAC Equipment Schedule 

B. Rooftop unit (RTU) schedule: 

1. Schedule is per the project specification requirements. 

1.2 HVAC equipment insulation 

A. Decentralized, Rooftop Units: 

1. Evaporator fan compartment: 
a. Interior cabinet surfaces shall be insulated with a minimum 1/2 in. thick, minimum 1-

1/2 lb density, flexible fiberglass insulation bonded with a phenolic binder, neoprene 
coated on the air side. 

b. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and 
smoke generation. 

2. Gas Heat Compartment: 
a. Aluminum foil-faced fiberglass insulation shall be used. 
b. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and 

smoke generation. 

1.3 Instrumentation and control devices for HVAC 

A. Sensors and Transmitters 

1. Thermostats 
a. Thermostat must 

1) energize both “W” and “G” when calling for heat. 
2) have capability to energize 1 or 2 stages of cooling, and 2 different stages of 

heating. 
3) be heat pump design and include capability for occupancy scheduling. 

1.4 Direct Digital Control system for HVAC 

A. Decentralized, Rooftop Units: 

1. SystemVu™ intelligent integrated Direct Digital Control (DDC) shall provide: 
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a. Integrated unit operation for comfort cooling, heating ventilation as well as all 
monitoring, recording and reporting capabilities. Controller shall also provide 
diagnostics and alarms of abnormal unit operation through the controller. Controller 
shall have an intuitive user display and be able to be used in a standalone operation 
or via building automation system (BAS). 

b. Quick Unit Status LEDs of: Run — meaning all systems are go, ALERT — that 
indicates there is currently a non-critical issue with the unit, like filters need to be 
replaced and FAULT — that indicates the unit has a critical issue and will possibly 
shut down. 

c. Six large navigation keys for easy access. Navigation keys shall consist of: TEST, 
BACK, ENTER, and MENU along with UP and DOWN arrows. 

d. Full back lit user display with 4 line by 30 character text capabilities. Display menu 
shall be designed to provide guided major menus and sub menus main menus 
provided below: 
1) Shutdown Unit 
2) Run Status 
3) Settings 
4) Alerts/Faults 
5) Service 
6) Inputs 
7) Outputs 
8) USB 

e. The capability for standalone operation with conventional thermostat/sensor or use 
with building automation systems (BAS) of Carrier i-Vu®, BACnet, and Carrier 
Comfort Network® (CCN) systems. No special modules or boards are required for 
these capabilities. Has the capability to work with Equipment Touch™ and System 
Touch™ devices and ZS Sensors.  

f. The ability to read refrigerant pressures at display or via BAS network of; Discharge 
Pressure and Suction Pressure. The need for traditional refrigerant gauges is not 
required. 

g. USB Data Port for flash drive interaction. This will allow the transfer of data for 
uploads, downloads, perform software upgrades, back-up and restore data and file 
transfer data such as component number of starts and run hours. 

h. Reverse Rotation Protection of compressors if field 3-phase wiring is misapplied. 
i. Provide Service Capabilities of: 

1) Auto run test 
2) Manual run test 
3) Component run hours and starts 
4) Commissioning reports 
5) Data logging 
6) Alarm history 

j. Economizer control and diagnostics. Set up economizer operation, receive feedback 
from actuator. Also meets the most recent California Title 24, ASHRAE 90.1 and 
IECC Fault Detection and Diagnostic (FDD) requirements. 

k. Unit cooling operation down to 40°F (4°C).  
l. Controller shall have easy access connections around the controller perimeter area 

and consist of Mate-N-Lok, terminal block and RJ style modular jack connections. 
m. 365 day real time clock, 20 holiday schedules along with occupied and unoccupied 

scheduling. 
n. Auto-Recognition for easy installation and -commissioning of devices like 

economizers, space sensors etc. 
o. A 5°F temperature difference between cooling and heating set points to meet the 

latest ASHRAE 90.1 Energy Standard. 
p. Contain return air sensor, supply air sensor and outdoor air sensor to help monitor 

and provide data for the unit comfort operation, diagnostic and alarms. 
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1.5 Electric and Electronic Control System for HVAC 

A. Decentralized, Rooftop Units: 

1. General: 
a. Shall be complete with self-contained low--voltage control circuit protected by a 

resettable circuit breaker on the 24-v transformer side. Transformer shall have 75VA 
capability. 

b. Shall utilize color-coded wiring. 
c. Shall include a Unit Control Board to conveniently and safely provide connection 

points for vital control functions such as: smoke detectors, phase monitor, gas 
controller, economizer, thermostat, DDC control options, and low and high pressure 
switches.  

d. The heat exchanger shall be controlled by an integrated gas controller (IGC) 
microprocessor. See heat exchanger section of this specification. 

e. Shall include integrated defrost system to prevent excessive frost accumulation 
during heating duty, and shall be controlled as follows: 
1) Defrost shall be initiated on the basis of time and coil temperature. 
2) A 30, 60, 90, 120 minute timer shall activate the defrost cycle only if the coil 

temperature is low enough to indicate a heavy frost condition. 
3) Defrost cycle shall terminate when defrost thermostat is satisfied and shall 

have a positive termination time of 10 minutes. 

B. Safeties: 

1. Compressor over-temperature, over-current. High internal pressure differential. 
2. Low pressure switch. 

a. Low pressure switch shall use different color wire than the high pressure switch. The 
purpose is to assist the installer and service technician to correctly wire and or 
troubleshoot the rooftop unit. 

3. High pressure switch. 
a. High pressure switch shall use different color wire than the low pressure switch. The 

purpose is to assist the installer and service technician to correctly wire and or 
troubleshoot the rooftop unit. 

4. Automatic reset, motor thermal overload protector. 
5. Heating section shall be provided with the -following minimum protections: 

a. High temperature limit switches. 
b. Induced draft motor pressure switch 
c. Flame rollout switch. 
d. Flame proving controls. 

6. A2L Refrigerant Leak Dissipation System 
a. Leak dissipation system shall consist of control board and A2L sensor certified to 

UL 60335-2-40, integrated with SystemVu controller 
b. System shall be designed for the life of the unit 
c. Dissipation system shall be automatic, ship prewired, and require no additional field 

connections to function 
d. Refrigerant leak sensor shall be installed in UL certified location and orientation. 

Sensor shall be self-correcting and resettable. Single use refrigerant leak sensor 
shall not be permitted 

e. Factory installed dissipation system shall use onboard microprocessor and include: 
1) Automatic leak detection and dissipation algorithm 
2) Automatic reset after a dissipation event has occurred 
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3) Onboard LED with flash code to indicate current unit status and hardware 
failures 

4) Depressible “Test” button to allow for a system test and recall/reset of leak 
detection history 

5) 24V dry contact alarm terminal on dissipation control board to allow for 
external notification of leak detection 

6) Ability to notify BAS system of dissipation event via readable alarm point 
through SystemVu 

7) Recallable dissipation alarm history on SystemVu controller 
f. Dissipation control board shall be accessible via normal maintenance locations and 

LED shall be visible 
g. Dissipation system shall “Fail Safe” per UL requirements 
h. Dissipation shall allow smoke and building fire systems to override in case of event 

1.6 Sequence of Operations for HVAC Controls 

A. Decentralized, Rooftop Units: 

1. INSERT SEQUENCE OF OPERATION 

1.7 Panel Air Filters 

A. Decentralized, Rooftop Units: 

1. Standard filter section: 
a. Shall consist of factory installed, low velocity, disposable 2 in. thick fiberglass filters 

of -commercially available sizes. 
b. Unit shall use only one filter size. Multiple sizes are not acceptable. 
c. Filters shall be accessible through an access panel with “no-tool” removal as 

described in the unit cabinet section of this specification (23 81 19.13.G). 

1.8 Self-Contained Air Conditioners 

A. Small-Capacity Self-Contained Air Conditioners: 

1. General: 
a. Outdoor, rooftop mounted, electrically controlled, heating and cooling unit utilizing a 

fully hermetic scroll compressor(s) for cooling duty and a heat pump with auxiliary 
gas combustion for heating duty. 

b. Factory assembled, single-piece heating and cooling rooftop unit. Contained within 
the unit enclosure shall be all factory wiring, piping, controls, and special features 
required prior to field start-up. 

c. Unit shall use Puron Advance™ (R-454B) refrigerant. 
d. Unit shall be installed in accordance with the manufacturer’s instructions. 
e. Unit must be selected and installed in compliance with local, state, and federal 

codes. 

2. Quality Assurance: 
a. Unit meets DOE and ASHRAE 90.1 minimum efficiency requirements. 
b. Unit shall be rated in accordance with AHRI Standards 340/360. 
c. Unit shall be designed to conform to ASHRAE 15. 
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d. Unit shall be UL-tested and certified in accordance with ANSI Z21.47 Standards and 
UL-listed and certified under Canadian standards as a total package for safety 
requirements. 

e. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and 
smoke generation. 

f. Unit casing shall be capable of withstanding 500 hour salt spray exposure per ASTM 
B117 (scribed specimen). 

g. Unit shall be designed in accordance with ISO 9001, and shall be manufactured in 
a facility registered by ISO 9001:2015. 

h. Roof curb shall be designed to conform to NRCA Standards. 
i. Unit shall be subjected to a completely automated run test on the assembly line. The 

data for each unit will be stored at the factory, and must be available upon request. 
j. Unit shall be designed in accordance with UL Standard 60335-1 and 60335-2-40, 

including testing to withstand rain. Unit shall be IPX4 rated.  
k. Unit shall be constructed to prevent intrusion of snow and tested to prevent snow 

intrusion into the control box up to 40 mph. 
l. Unit shake tested to assurance level 1, ASTM D4169 to ensure shipping reliability. 

3. Delivery, Storage, and Handling: 
a. Unit shall be stored and handled per manufacturer’s recommendations. 
b. Lifted by crane requires either shipping top panel or spreader bars. 
c. Unit shall only be stored or positioned in the upright position. 

4. Project Conditions: 
a. As specified in the contract. 

5. Operating Characteristics: 
a. Unit shall be capable of starting and running at 125°F (52°C) ambient outdoor 

temperature, meeting maximum load criteria of AHRI Standard 340/360  at ±10% 
voltage. 

b. Compressor with standard controls shall be capable of operation down to 40°F 
(4°C), ambient outdoor temperatures.  

c. Compressor with standard controls shall be capable of operation down to -10°F (-
23°C) ambient outdoor temperatures or lower in heat pump heating mode. 

d. Unit shall discharge supply air vertically or horizontally as shown on contract 
drawings. 

e. Unit shall be factory configured for vertical -supply and return configurations. 
f. Unit shall be field convertible from vertical to horizontal airflow on all models. No 

special kit required except on 12 size models that require a Supply Duct Kit field 
installed for horizontal air flow. 

g. Unit shall be capable of mixed operation: vertical supply with horizontal return or 
horizontal supply with vertical return. 

6. Electrical Requirements: 
a. Main power supply voltage, phase, and frequency must match those required by the 

manufacturer.  

7. Unit Cabinet: 
a. Unit cabinet shall be constructed of galvanized steel, and shall be bonderized and 

coated with a prepainted baked enamel finish on all externally exposed surfaces. 
b. Unit cabinet exterior paint shall be: film thickness, (dry) 0.003 inches minimum, gloss 

(per ASTM D523, 60°F/16°C): 60, Hardness: H-2H Pencil hardness. 
c. Evaporator fan compartment interior cabinet insulation shall conform to AHRI 

Standards 340/360 exterior sweat criteria. Interior surfaces shall be insulated with a 
minimum 1/2 in. thick, 1 lb density, flexible fiberglass insulation, neoprene coated on 
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the air side. Aluminum foil-faced fiberglass insulation shall be used in the heat 
compartment. 

d. Base of unit shall have a minimum of 4 locations for thru-the-base gas and electrical 
connections (factory-installed or field-installed), standard. 

e. Base Rail: 
1) Unit shall have base rails on a minimum of 2 sides. 
2) Holes shall be provided in the base rails for rigging shackles to facilitate 

maneuvering and overhead rigging. 
3) Holes shall be provided in the base rail for moving the rooftop by fork truck. 
4) Base rail shall be a minimum of 16 gauge thickness. 

f. Condensate pan and connections: 
1) Shall be a sloped condensate drain pan made of a corrosion resistant 

material. 
2) Shall comply with ASHRAE Standard 62. 
3) Shall use a 3/4 in. 14 NPT drain connection, possible either through the 

bottom or side of the drain pan. Connection shall be made per manufacturer’s 
recommendations. 

g. Top panel: 
1) Shall be a single piece top panel on 07-09 sizes and two piece on 12 size 

models 
h. Gas Connections: 

1) All gas piping connecting to unit gas valve shall enter the unit cabinet at a 
single location on side of unit (horizontal plane). 

2) Thru-the-base capability 
3) Standard unit shall have a thru-the-base gas-line location using a raised, 

embossed portion of the unit basepan. 
4) Optional, factory approved, water-tight connection method must be used for 

thru-the-base gas connections. 
5) No basepan penetration, other than those authorized by the manufacturer, is 

permitted. 
i. Electrical Connections: 

1) All unit power wiring shall enter unit cabinet at a single, factory prepared, 
knockout location. 

2) Thru-the-base capability. 
3) Standard unit shall have a thru-the-base electrical location(s) using a raised, 

embossed portion of the unit basepan. 
4) Optional, factory approved, water-tight connection method must be used for 

thru-the-base electrical connections. 
5) No basepan penetration, other than those authorized by the manufacturer, is 

permitted. 
j. Component access panels (standard): 

1) Cabinet panels shall be easily removable for servicing. 
2) Unit shall have one factory installed, tool-less, removable, filter access panel. 
3) Panels covering control box, indoor fan, indoor fan motor, gas components 

(where applicable), and compressors shall have molded composite handles. 
4) Handles shall be UV modified, composite. They shall be permanently 

attached, and recessed into the panel. 
5) Screws on the vertical portion of all removable access panel shall engage into 

heat resistant, molded composite collars. 
6) Collars shall be removable and easily replaceable using manufacturer 

recommended parts.  

8. Gas Heat: 
a. General: 

1) Heat exchanger shall be an induced draft design. Positive pressure heat 
exchanger designs shall not be allowed. 
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2) Shall incorporate a direct-spark ignition -system and redundant main gas 
valve. 

3) Gas supply pressure at the inlet to the rooftop unit gas valve must match that 
required by the manufacturer. 

4) Mechanical heating cutoff temperature (i.e the outdoor air temperature the 
unit disables mechanical compression heating and enables exclusive gas 
heating) shall be adjustable through SystemVu™ 

b. The heat exchanger shall be controlled by an integrated gas controller (IGC) 
microprocessor. 
1) IGC board shall notify users of fault using an LED (light-emitting diode). 
2) The LED shall be visible without removing the control box access panel. 
3) IGC board shall contain algorithms that modify evaporator fan operation to 

prevent future cycling on high temperature limit switch. 
4) Unit shall be equipped with anti-cycle protection with one short cycle on unit 

flame rollout switch or 4 continuous short cycles on the high temperature limit 
switch. Fault indication shall be made using an LED. 

c. Stainless Steel Heat Exchanger construction: 
1) Use energy saving, direct-spark ignition system. 
2) Use a redundant main gas valve. 
3) Burners shall be of the in-shot type constructed of aluminum-coated steel. 
4) All gas piping shall enter the unit cabinet at a single location on side of unit 

(horizontal plane). 
5) The optional stainless steel heat exchanger shall be of the tubular-section 

type, constructed of a minimum of 20-gauge type 409 stainless steel. 
6) Type 409 stainless steel shall be used in heat exchanger tubes and vestibule 

plate. 
7) Complete stainless steel heat exchanger allows for greater application 

flexibility. 
d. Induced draft combustion motor and blower 

1) Shall be a direct-drive, single inlet, forward-curved centrifugal type. 
2) Shall be made from steel with a corrosion resistant finish. 
3) Shall have permanently lubricated sealed bearings. 
4) Shall have inherent thermal overload protection. 
5) Shall have an automatic reset feature. 

9. Coils: 
a. Standard Aluminum Fin-Copper Tube Coils: 

1) Standard evaporator and condenser coils shall have aluminum lanced plate 
fins mechanically bonded to seamless internally helical grooved copper tubes 
with all joints brazed. 

2) Evaporator coils shall be leak tested to 150 psig, pressure tested to 450 psig, 
and qualified to UL 60335-2-40 burst test at 1775 psig. 

3) Condenser coils shall be leak tested to 150 psig, pressure tested to 650 psig, 
and qualified to UL 60335-2-40 burst test at 1980 psig. 

10. Refrigerant Components: 
a. Refrigerant circuit shall include the following control, safety, and maintenance 

features: 
1) Thermostatic Expansion Valve (TXV) shall help provide optimum 

performance across the entire operating range. Shall contain removable 
power element to allow change out of power element and bulb without 
removing the valve body. 

2) Refrigerant filter drier — Solid core design with pre and post filter service 
gauge connections for filter diagnostics and maintenance 

3) Service gauge connections on suction and discharge lines. 
4) Pressure gauge access through a specially designed access port in the unit. 
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b. There shall be gauge line access port in the skin of the rooftop, covered by a black, 
removable plug. 
1) The plug shall be easy to remove and replace. 
2) When the plug is removed, the gauge access port shall enable maintenance 

personnel to route their pressure gauge lines. 
3) This gauge access port shall facilitate correct and accurate condenser 

pressure readings by enabling the reading with the compressor access panel 
on. 

4) The plug shall be made of a leak proof, UV-resistant, composite material. 
c. Compressors: 

1) Unit shall use tandem scroll compressor assembly on a single refrigeration 
circuit with two stages of cooling for efficient comfort cooling operation. 

2) Evaporator coils shall be a full active design to help better control latent 
removal and minimize unconditioned bypass air. 

3) Compressor motors shall be cooled by refrigerant gas passing through motor 
windings. 

4) Compressors shall be internally protected from high discharge temperature 
conditions. 

5) Compressors shall be protected from an over-temperature and over-
amperage conditions by an internal, motor overload device. 

6) Compressor shall be factory-mounted on rubber grommets. 
7) Compressor motors shall have internal line break thermal, current overload 

and high pressure differential protection. 
8) Crankcase heaters shall not be required for normal operating range, unless 

required by the manufacturer due to refrigerant charge limits. 

11. Filter Section: 
a. Filters access is specified in the unit cabinet section of this specification. 
b. Filters shall be held in place by a pivoting filter tray, facilitating easy removal and 

installation. 
c. Shall consist of factory installed, low velocity, throw-away 2 in. thick fiberglass filters. 
d. Filters shall be standard, commercially available sizes. 
e. Only one size filter per unit is allowed.  

12. Evaporator Fan and Motor with EcoBlue™ Technology: 
a. Direct Drive Evaporator fan motor: 

1) Shall be an ECM motor design. 
2) Shall be direct drive design for all static options. 
3) Shall have permanently lubricated bearings. 
4) Shall have inherent automatic-reset thermal overload protection.  
5) Shall have slow ramp up to speed capabilities. 
6) Shall require no fan/motor belts for operation, adjustments and or initial fan 

speed setup. 
7) Fan set up via SystemVu™ shall eliminate the need of removal of blower 

access door, required on conventional belt drive systems. 
8) Shall be internally protected from electrical phase reversal. 

b. Evaporator Fan: 
1) Speed shall be easily set through SystemVu™ controller. 
2) Shall provide 2 stage cooling capacity control, the indoor fan speed is 

automatically controlled to meet the code-compliant <66% low fan speed and 
100% at full fan speed operation. 

3) Blower fan shall be a Vane Axial fan design with fan assembly secured directly 
to ECM motor. Additional shafts, belts, pulleys/sheaves, and bearing blocks 
to drive fan shall not be permitted or necessary. 

RTU AND CHILLER REPLACEMENT 



SECTION 23 74 16.02 - PACKAGED, HYBRID HEAT PUMP, ROOFTOP AIR-CONDITIONING UNITS 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 PACKAGED, HYBRID HEAT PUMP, ROOFTOP AIR-CONDITIONING UNITS 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 23 74 16.02 - Page 9 of 19 

4) Additional variable frequency drive to control fan motor speed shall not be 
permitted or necessary. All speed control electronics must be onboard fan 
motor assembly. 

5) Shall be constructed of a high impact composite material stator, rotor, and air 
inlet casing. 

6) Shall be a patented / pending design with a corrosion resistant material. 
7) Fan assembly design shall be integrated to fan deck, dynamically balanced, 

and require no additional vibration isolation for normal operation. 
8) Shall have slow ramp up to speed capabilities to help reduce sound and 

comfort issues typically associated with single speed belt drive systems. 
9) Shall be a slide out design with removal of a few support brackets. 

c. Shall include an easily accessible SystemVu™ board to conveniently and safely 
provide connection points for vital control functions such as: smoke detectors, phase 
monitor, gas controller, economizer, thermostat, DDC control options, and low and 
high pressure switches.  

13. Condenser Fans and Motors: 
a. Condenser fan motors: 

1) Shall be a totally enclosed motor. 
2) Shall use permanently lubricated bearings. 
3) Shall have inherent thermal overload protection with an automatic reset 

feature. 
4) Shall use a shaft-down design on all sizes. 

b. Condenser Fans: 
1) Shall be a direct-driven propeller type fan. 
2) Shall have galvalum blades riveted to steel spider that have corrosion-

resistant properties and shall be dynamically balanced. 

14. Special Features Options and Accessories: 
a. Integrated EconoMi$er® 2 Ultra Low Leak rate models.  

1) Integrated, gear driven opposing modulating blade design type capable of 
simultaneous economizer and compressor operation. 

2) Independent modules for vertical or horizontal return configuration shall be 
available. Vertical return modules shall be available as a factory-installed 
option. 

3) Damper blades shall be galvanized steel with composite gears. Plastic or 
composite blades on intake or return shall not be acceptable. 

4) Shall include all hardware and controls to provide free cooling with outdoor 
air when temperature and/or humidity are below set points. 

5) Shall be equipped with gear driven dampers for both the outdoor ventilation 
air and the return air for positive air stream control. 

6) Ultra Low Leak design meets California Title 24 section 140.4 and ASHRAE 
90.1 requirements for 4 cfm per sq ft on the outside air dampers and 10 cfm 
per sq ft on the return dampers. 

7) Economizer controller on EconoMi$er® 2 models with SystemVu controls 
shall be a 4 to 20mA design controlled directly by the controller. SystemVu 
meet California Title 24, ASHRAE 90.1 and IECC Fault Detection and 
Diagnostic (FDD) requirements. 

8) Shall be capable of introducing up to 100% outdoor air. 
9) Shall be equipped with a barometric relief damper capable of relieving up to 

100% return air and contain seals that meet ASHRAE 90.1 requirements. 
10) Shall be designed to close damper(s) during loss-of-power situations with 

spring return built into motor. 
11) The outdoor air enthalpy sensor shall be used to provide single enthalpy 

control. When used in conjunction with a return air enthalpy sensor, the unit 
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will provide differential enthalpy control. The sensor allows the unit to 
determine if outside air is suitable for free cooling. 

12) The economizer controller shall also provide accommodation for control of an 
accessory power exhaust unit function. Factory set at 100%, with a range of 
0% to 100%. 

13) The economizer shall maintain minimum airflow into the building during 
occupied period and provide design ventilation rate for full occupancy. 

14) Dampers shall be completely closed when the unit is in the unoccupied mode. 
15) Economizer controller shall be capable of accepting a 0 to 10 vdc CO2 sensor 

input for IAQ/DCV control. In this mode, dampers shall modulate the outdoor 
air damper to provide ventilation based on the sensor input. 

16) Compressor lockout temperature control is adjustable from –45°F to 80°F (–
43 to 26°C), set at a factory default of 32°F (0°C).  

17) Actuator shall be direct coupled to economizer gear. No linkage arms or 
Guide Specifications 

PART 2 - GENERAL 

A. Size Range: 15 to 25 Nominal Tons 

B. Basis of design Carrier Model Number: 48QE*17-28 – Three Stage 

1. Or engineer approved equal 

2.1 Schedules for Decentralized HVAC Equipment 

A. Decentralized Unitary HVAC Equipment Schedule 

1. Rooftop unit (RTU) schedule: 
a. Schedule is per the project specification requirements. 

2.2 HVAC equipment insulation 

A. Decentralized, Rooftop Units: 

1. Evaporator fan compartment: 
a. Interior cabinet surfaces shall be insulated with a minimum 1/2 in. thick, minimum 1-

1/2 lb density, flexible fiberglass insulation bonded with a phenolic binder, neoprene 
coated on the air side. 

b. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and 
smoke generation. 

B. Gas Heat Compartment: 

1. Aluminum foil-faced fiberglass insulation shall be used. 
2. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and smoke 

generation. 

2.3 Instrumentation and control devices for HVAC 

A. Sensors and Transmitters 
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1. Thermostats 
a. Thermostat must 

1) energize both “W” and “G” when calling for heat. 
2) have capability to energize 1 or 2 stages of cooling, and 2 different stages of 

heating. 
3) be heat pump design and include capability for occupancy scheduling. 

2.4 Direct Digital Control system for HVAC 

A. Decentralized, Rooftop Units: 

1. SystemVu™ intelligent integrated Direct Digital Control (DDC) shall provide: 
a. Integrated unit operation for comfort cooling, heating ventilation as well as all 

monitoring, recording and reporting capabilities. Controller shall also provide 
diagnostics and alarms of abnormal unit operation through the controller. Controller 
shall have an intuitive user display and be able to be used in a standalone operation 
or via building automation system (BAS). 

b. Quick Unit Status LEDs of: Run — meaning all systems are go, ALERT — that 
indicates there is currently a non-critical issue with the unit, like filters need to be 
replaced and FAULT — that indicates the unit has a critical issue and will possibly 
shut down. 

c. Six large navigation keys for easy access. Navigation keys shall consist of: TEST, 
BACK, ENTER, and MENU along with UP and DOWN arrows. 

d. Full back lit user display with 4 line by 30 character text capabilities. Display menu 
shall be designed to provide guided major menus and sub menus main menus 
provided below: 
1) Shutdown Unit 
2) Run Status 
3) Settings 
4) Alerts/Faults 
5) Service 
6) Inputs 
7) Outputs 
8) USB 

e. The capability for standalone operation with conventional thermostat/sensor or use 
with building automation systems (BAS) of Carrier i-Vu®, BACnet, and Carrier 
Comfort Network® (CCN) systems. No special modules or boards are required for 
these capabilities. Has the capability to work with Equipment Touch™ and System 
Touch™ devices and ZS Sensors.  

f. The ability to read refrigerant pressures at display or via BAS network of; Discharge 
Pressure and Suction Pressure. The need for traditional refrigerant gauges is not 
required. 

g. USB Data Port for flash drive interaction. This will allow the transfer of data for 
uploads, downloads, perform software upgrades, back-up and restore data and file 
transfer data such as component number of starts and run hours. 

h. Reverse Rotation Protection of compressors if field 3-phase wiring is misapplied. 
i. Provide Service Capabilities of: 

1) Auto run test 
2) Manual run test 
3) Component run hours and starts 
4) Commissioning reports 
5) Data logging 
6) Alarm history 
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j. Economizer control and diagnostics. Set up economizer operation, receive feedback 
from actuator. Also meets the most recent California Title 24, ASHRAE 90.1 and 
IECC Fault Detection and Diagnostic (FDD) requirements. 

k. Unit mechanical cooling operation down to 40°F (4°C).  
l. Controller shall have easy access connections around the controller perimeter area 

and consist of Mate-N-Lok, terminal block and RJ style modular jack connections. 
m. 365 day real time clock, 20 holiday schedules along with occupied and unoccupied 

scheduling. 
n. Auto-Recognition for easy installation and -commissioning of devices like 

economizers, space sensors etc. 
o. A 5°F temperature difference between cooling and heating set points to meet the 

latest ASHRAE 90.1 Energy Standard. 
p. Contain return air sensor, supply air sensor and outdoor air sensor to help monitor 

and provide data for the unit comfort operation, diagnostic and alarms. 

2.5 Electric and Electronic Control System for HVAC 

A. Decentralized, Rooftop Units: 

1. General: 
a. Shall be complete with self-contained low--voltage control circuit protected by a 

resettable circuit breaker on the 24-v transformer side. Transformer shall have 75VA 
capability. 

b. Shall utilize color-coded wiring. 
c. Shall include a Unit Control Board to conveniently and safely provide connection 

points for vital control functions such as: smoke detectors, phase monitor, gas 
controller, economizer, thermostat, DDC control options, and low and high pressure 
switches.  

d. The heat exchanger shall be controlled by an integrated gas controller (IGC) 
microprocessor. See heat exchanger section of this specification. 

e. Shall include integrated defrost system to prevent excessive frost accumulation 
during heating duty, and shall be controlled as follows: 
1) Defrost shall be initiated on the basis of time and coil temperature. 
2) A 30, 60, 90, 120 minute timer shall activate the defrost cycle only if the coil 

temperature is low enough to indicate a heavy frost condition. 
3) Defrost cycle shall terminate when defrost thermostat is satisfied and shall 

have a positive termination time of 10 minutes. 

B. Safeties: 

1. Compressor over-temperature, over-current. High internal pressure differential. 
2. Low pressure switch. 
3. Low pressure switch shall use different color wire than the high pressure switch. The 

purpose is to assist the installer and service technician to correctly wire and or troubleshoot 
the rooftop unit. 

4. High pressure switch. 
a. High pressure switch shall use different color wire than the low pressure switch. The 

purpose is to assist the installer and service technician to correctly wire and or 
troubleshoot the rooftop unit. 

5. Automatic reset, motor thermal overload protector. 
6. Heating section shall be provided with the -following minimum protections: 

a. High temperature limit switches. 
b. Induced draft motor pressure switch 
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c. Flame rollout switch. 
d. Flame proving controls. 

7. A2L Refrigerant Leak Dissipation System 
a. Leak dissipation system shall consist of control board and A2L sensor certified to 

UL 60335-2-40, integrated with SystemVu controller 
b. System shall be designed for the life of the unit 
c. Dissipation system shall be automatic, ship prewired, and require no additional field 

connections to function 
d. Refrigerant leak sensor shall be installed in UL certified location and orientation. 

Sensor shall be self-correcting and resettable. Single use refrigerant leak sensor 
shall not be permitted 

e. Factory installed dissipation system shall use onboard microprocessor and include: 
1) Automatic leak detection and dissipation algorithm 
2) Automatic reset after a dissipation event has occurred 
3) Onboard LED with flash code to indicate current unit status and hardware 

failures 
4) Depressible “Test” button to allow for a system test and recall/reset of leak 

detection history 
5) 24V dry contact alarm terminal on dissipation control board to allow for 

external notification of leak detection 
6) Ability to notify BAS system of dissipation event via readable alarm point 

through SystemVu 
7) Recallable dissipation alarm history on SystemVu controller 

f. Dissipation control board shall be accessible via normal maintenance locations and 
LED shall be visible 

g. Dissipation system shall “Fail Safe” per UL requirements 
h. Dissipation shall allow smoke and building fire systems to override in case of event 

2.6 Sequence of Operations for HVAC Controls 

A. Decentralized, Rooftop Units: 

1. INSERT SEQUENCE OF OPERATION 

2.7 Panel Air Filters 

A. Decentralized, Rooftop Units: 

1. Standard filter section: 
a. Shall consist of factory installed, low velocity, disposable 2 in. thick fiberglass filters 

of -commercially available sizes. 
b. Unit shall use only one filter size. Multiple sizes are not acceptable. 
c. Filters shall be accessible through an access panel with “no-tool” removal as 

described in the unit cabinet section of this specification (23 81 19.13.G). 

2.8 Self-Contained Air Conditioners 

A. Small-Capacity Self-Contained Air Conditioners: 

1. General: 
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a. Outdoor, rooftop mounted, electrically controlled, heating and cooling unit utilizing a 
fully hermetic scroll compressor(s) for cooling duty and a heat pump with auxiliary 
gas combustion for heating duty. 

b. Factory assembled, single-piece heating and cooling rooftop unit. Contained within 
the unit enclosure shall be all factory wiring, piping, controls, and special features 
required prior to field start-up. 

c. Unit shall use Puron Advance™ (R-454B) refrigerant. 
d. Unit shall be installed in accordance with the manufacturer’s instructions. 
e. Unit must be selected and installed in compliance with local, state, and federal 

codes. 

2. Quality Assurance: 
a. Unit meets DOE and ASHRAE 90.1 minimum efficiency requirements. 
b. Unit shall be rated in accordance with AHRI Standards 340/360. 
c. Unit shall be designed to conform to ASHRAE 15. 
d. Unit shall be UL-tested and certified in accordance with ANSI Z21.47 Standards and 

UL-listed and certified under Canadian standards as a total package for safety 
requirements. 

e. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and 
smoke generation. 

f. Unit casing shall be capable of withstanding 500 hour salt spray exposure per ASTM 
B117 (scribed specimen). 

g. Unit shall be designed in accordance with ISO 9001, and shall be manufactured in 
a facility registered by ISO 9001:2015. 

h. Roof curb shall be designed to conform to NRCA Standards. 
i. Unit shall be subjected to a completely automated run test on the assembly line. The 

data for each unit will be stored at the factory, and must be available upon request. 
j. Unit shall be designed in accordance with UL Standard 60335-1 and 60335-2-40, 

including testing to withstand rain. Unit shall be IPX4 rated.  
k. Unit shall be constructed to prevent intrusion of snow and tested to prevent snow 

intrusion into the control box up to 40 mph. 
l. Unit shake tested to assurance level 1, ASTM D4169 to ensure shipping reliability. 

3. Delivery, Storage, and Handling: 
a. Unit shall be stored and handled per manufacturer’s recommendations. 
b. Lifted by crane requires either shipping top panel or spreader bars. 
c. Unit shall only be stored or positioned in the upright position. 

4. Project Conditions: 
a. As specified in the contract. 

5. Operating Characteristics: 
a. Unit shall be capable of starting and running at 125°F (52°C) ambient outdoor 

temperature, meeting maximum load criteria of AHRI Standard 340/360 at ±10% 
voltage. 

b. Compressor with standard controls shall be capable of operation down to 40°F 
(4°C), ambient outdoor temperatures.  

c. Compressor with standard controls shall be capable of operation down to -10°F (-
23°C) ambient outdoor temperatures or lower in heat pump heating mode. 

d. Unit shall discharge supply air vertically or horizontally as shown on contract 
drawings. 

e. Unit shall be factory configured for either vertical or horizontal supply and return 
configurations. Unit shall not require field conversion. 

6. Electrical Requirements: 

RTU AND CHILLER REPLACEMENT 



SECTION 23 74 16.02 - PACKAGED, HYBRID HEAT PUMP, ROOFTOP AIR-CONDITIONING UNITS 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 PACKAGED, HYBRID HEAT PUMP, ROOFTOP AIR-CONDITIONING UNITS 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 23 74 16.02 - Page 15 of 19 

a. Main power supply voltage, phase, and frequency must match those required by the 
manufacturer.  

7. Unit Cabinet: 
a. Unit cabinet shall be constructed of galvanized steel, and shall be bonderized and 

coated with a prepainted baked enamel finish on all externally exposed surfaces. 
b. Unit cabinet exterior paint shall be: film thickness, (dry) 0.003 inches minimum, gloss 

(per ASTM D523, 60°F/16°C): 60, Hardness: H-2H Pencil hardness. 
c. Evaporator fan compartment interior cabinet insulation shall conform to AHRI 

Standards 340/360 exterior sweat criteria. Interior surfaces shall be insulated with a 
minimum 1/2 in. thick, 1 lb density, flexible fiberglass insulation, neoprene coated on 
the air side. Aluminum foil-faced fiberglass insulation shall be used in the heat 
compartment. 

d. Base of unit shall have a minimum of 4 locations for thru-the-base gas and electrical 
connections (factory-installed or field-installed), standard. 

e. Base Rail: 
1) Unit shall have base rails on a minimum of 2 sides. 
2) Holes shall be provided in the base rails for rigging shackles to facilitate 

maneuvering and overhead rigging. 
3) Holes shall be provided in the base rail for moving the rooftop by fork truck. 
4) Base rail shall be a minimum of 16 gauge thickness. 

f. Condensate pan and connections: 
1) Shall be a sloped condensate drain pan made of a corrosion resistant 

material. 
2) Shall comply with ASHRAE Standard 62. 
3) Shall use a 3/4 in. 14 NPT drain connection, through the side of the drain pan. 

Connection shall be made per manufacturer’s recommendations. 
g. Top panel: 

1) Shall be a multi-top panel linked with watertight flanges and locking systems. 
h. Gas Connections: 

1) All gas piping connecting to unit gas valve shall enter the unit cabinet at a 
single location on side of unit (horizontal plane). 

2) Thru-the-base capability 
a) Standard unit shall have a thru-the-base gas-line location using a 

raised, embossed portion of the unit basepan. 
b) Factory approved, water-tight connection method is included on all 

units standard and must be used for thru-the-base gas connections. 
c) No basepan penetration, other than those authorized by the 

manufacturer, is permitted. 
i. Electrical Connections: 

1) All unit power wiring shall enter unit cabinet at a single, factory prepared, 
knockout location. 

2) Thru-the-base capability. 
a) Standard unit shall have a thru-the-base electrical location(s) using a 

raised, embossed portion of the unit basepan. 
b) Factory approved, water-tight connection method is included on all 

units standard and must be used for thru-the-base electrical 
connections. 

c) No basepan penetration, other than those authorized by the 
manufacturer, is permitted. 

j. Component access panels (standard): 
1) Cabinet panels shall be easily removable for servicing. 
2) Unit shall have one factory installed, tool-less, removable, filter access panel. 
3) Panels covering control box, indoor fan, indoor fan motor, gas components 

(where applicable), and compressors shall have molded composite handles. 
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4) Handles shall be UV modified, composite. They shall be permanently 
attached, and recessed into the panel. 

5) Screws on the vertical portion of all removable access panel shall engage into 
heat resistant, molded composite collars. 

6) Collars shall be removable and easily replaceable using manufacturer 
recommended parts.  

8. Gas Heat: 
a. General: 

1) Heat exchanger shall be an induced draft design. Positive pressure heat 
exchanger designs shall not be allowed. 

2) Shall incorporate a direct-spark ignition -system and redundant main gas 
valve. 

3) Gas supply pressure at the inlet to the rooftop unit gas valve must match that 
required by the manufacturer. 

4) Mechanical heating cutoff temperature (i.e the outdoor air temperature the 
unit disables mechanical compression heating and enables exclusive gas 
heating) shall be adjustable through SystemVu™ 

b. The heat exchanger shall be controlled by an integrated gas controller (IGC) 
microprocessor. 
1) IGC board shall notify users of fault using an LED (light-emitting diode). 
2) The LED shall be visible without removing the control box access panel. 
3) IGC board shall contain algorithms that modify evaporator fan operation to 

prevent future cycling on high temperature limit switch. 
4) Unit shall be equipped with anti-cycle protection with one short cycle on unit 

flame rollout switch or 4 continuous short cycles on the high temperature limit 
switch. Fault indication shall be made using an LED. 

c. Stainless Steel Heat Exchanger construction: 
1) Use energy saving, direct-spark ignition system. 
2) Use a redundant main gas valve. 
3) Burners shall be of the in-shot type constructed of aluminum-coated steel. 
4) All gas piping shall enter the unit cabinet at a single location on side of unit 

(horizontal plane). 
5) The optional stainless steel heat exchanger shall be of the tubular-section 

type, constructed of a minimum of 20-gauge type 409 stainless steel. 
6) Type 409 stainless steel shall be used in heat exchanger tubes and vestibule 

plate. 
7) Complete stainless steel heat exchanger allows for greater application 

flexibility. 
d. Induced draft combustion motor and blower 

1) Shall be a direct-drive, single inlet, forward-curved centrifugal type. 
2) Shall be made from steel with a corrosion resistant finish. 
3) Shall have permanently lubricated sealed bearings. 
4) Shall have inherent thermal overload protection. 
5) Shall have an automatic reset feature. 

9. Coils: 
a. Standard Aluminum Fin-Copper Tube Coils: 

1) Standard evaporator and condenser coils shall have aluminum lanced plate 
fins mechanically bonded to seamless internally helical grooved copper tubes 
with all joints brazed. 

2) Evaporator coils shall be leak tested to 150 psig, pressure tested to 450 psig, 
and qualified to UL 60335-2-40 burst test at 1775 psig. 

3) Condenser coils shall be leak tested to 150 psig, pressure tested to 650 psig, 
and qualified to UL 60335-2-40 burst test at 1980 psig. 
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10. Refrigerant Components: 
a. Refrigerant circuit shall include the following control, safety, and maintenance 

features: 
1) Thermostatic Expansion Valve (TXV) shall help provide optimum 

performance across the entire operating range. Shall contain removable 
power element to allow change out of power element and bulb without 
removing the valve body. 

2) Refrigerant filter drier — Solid core design with pre and post filter service 
gauge connections for filter diagnostics and maintenance 

3) Service gauge connections on suction and discharge lines. 
4) Pressure gauge access through a specially designed access port in the unit. 

b. There shall be gauge line access port in the skin of the rooftop, covered by a black, 
removable plug. 
1) The plug shall be easy to remove and replace. 
2) When the plug is removed, the gauge access port shall enable maintenance 

personnel to route their pressure gauge lines. 
3) This gauge access port shall facilitate correct and accurate condenser 

pressure readings by enabling the reading with the compressor access panel 
on. 

4) The plug shall be made of a leak proof, UV-resistant, composite material. 
c. Compressors: 

1) Unit shall use tandem scroll compressor assembly on a single refrigeration 
circuit with two stages of cooling for efficient comfort cooling operation. 

2) Evaporator coils shall be a full active design to help better control latent 
removal and minimize unconditioned bypass air. 

3) Compressor motors shall be cooled by refrigerant gas passing through motor 
windings. 

4) Compressors shall be internally protected from high discharge temperature 
conditions. 

5) Compressors shall be protected from an over-temperature and over-
amperage conditions by an internal, motor overload device. 

6) Compressor shall be factory-mounted on rubber grommets. 
7) Compressor motors shall have internal line break thermal, current overload 

and high pressure differential protection. 
8) Crankcase heaters shall not be required for normal operating range, unless 

required by the manufacturer due to refrigerant charge limits. 

11. Filter Section: 
a. Filters access is specified in the unit cabinet section of this specification. 
b. Filters shall be held in place by a pivoting filter tray, facilitating easy removal and 

installation. 
c. Shall consist of factory installed, low velocity, throw-away 2 in. thick fiberglass filters. 
d. Filters shall be standard, commercially available sizes. 
e. Only one size filter per unit is allowed.  

12. Evaporator Fan and Motor with EcoBlue™ Technology: 
a. Direct Drive Evaporator fan motor: 

1) Shall be an ECM motor design. 
2) Shall be direct drive design for all static options. 
3) Shall have permanently lubricated bearings. 
4) Shall have inherent automatic-reset thermal overload protection.  
5) Shall have slow ramp up to speed capabilities. 
6) Shall require no fan/motor belts for operation, adjustments and or initial fan 

speed setup. 
7) Fan set up via SystemVu™ shall eliminate the need of removal of blower 

access door, required on conventional belt drive systems. 
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8) Shall be internally protected from electrical phase reversal. 
b. Evaporator Fan: 

1) Speed shall be easily set through SystemVu™ controller. 
2) Shall provide 2 stage cooling capacity control, the indoor fan speed is 

automatically controlled to meet the code-compliant <66% low fan speed and 
100% at full fan speed operation. 

3) Blower fan shall be a Vane Axial fan design with fan assembly secured directly 
to ECM motor. Additional shafts, belts, pulleys/sheaves, and bearing blocks 
to drive fan shall not be permitted or necessary. 

4) Additional variable frequency drive to control fan motor speed shall not be 
permitted or necessary. All speed control electronics must be onboard fan 
motor assembly. 

5) Shall be constructed of a high impact composite material stator, rotor, and air 
inlet casing. 

6) Shall be a patented / pending design with a corrosion resistant material. 
7) Fan assembly design shall be integrated to fan deck, dynamically balanced, 

and require no additional vibration isolation for normal operation. 
8) Shall have slow ramp up to speed capabilities to help reduce sound and 

comfort issues typically associated with single speed belt drive systems. 
9) Units shall contain 2 separate vane axial fan assemblies designed to meet 

factory configured airflow orientation. 
10) Shall be a slide out design with removal of a few support brackets. 

c. Shall include an easily accessible SystemVu™ board to conveniently and safely 
provide connection points for vital control functions such as: smoke detectors, phase 
monitor, gas controller, economizer, thermostat, DDC control options, and low and 
high pressure switches.  

13. Condenser Fans and Motors: 
a. Condenser fan motors: 

1) Shall be a totally enclosed motor. 
2) Shall use permanently lubricated bearings. 
3) Shall have inherent thermal overload protection with an automatic reset 

feature. 
4) Shall use a shaft-down design on all sizes. 

b. Condenser Fans: 
1) Shall be a direct-driven propeller type fan. 
2) Shall have galvalum blades riveted to steel spider that have corrosion-

resistant properties and shall be dynamically balanced. 

14. Special Features Options and Accessories: 
a. Integrated EconoMi$er® 2 Ultra Low Leak rate models.  

1) Integrated, gear driven opposing modulating blade design type capable of 
simultaneous economizer and compressor operation. 

2) Damper blades shall be galvanized steel with composite gears. Plastic or 
composite blades on intake or return shall not be acceptable. 

3) Shall include all hardware and controls to provide free cooling with outdoor 
air when temperature and/or humidity are below set points. 

4) Shall be equipped with gear driven dampers for both the outdoor ventilation 
air and the return air for positive air stream control. 

5) Ultra Low Leak design meets California Title 24 section 140.4 and ASHRAE 
90.1 requirements for 4 cfm per sq ft on the outside air dampers and 10 cfm 
per sq ft on the return dampers. 

6) Economizer controller on EconoMi$er® 2 models with SystemVu controls 
shall be a 4 to 20mA design controlled directly by the controller. SystemVu 
meet California Title 24, ASHRAE 90.1 and IECC Fault Detection and 
Diagnostic (FDD) requirements. 
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7) Shall be capable of introducing up to 100% outdoor air. 
8) Shall be equipped with a barometric relief damper capable of relieving up to 

100% return air and contain seals that meet ASHRAE 90.1 requirements. 
9) Shall be designed to close damper(s) during loss-of-power situations with 

spring return built into motor. 
10) The outdoor air enthalpy sensor shall be used to provide single enthalpy 

control. When used in conjunction with a return air enthalpy sensor, the unit 
will provide differential enthalpy control. The sensor allows the unit to 
determine if outside air is suitable for free cooling. 

11) The economizer controller shall also provide capability to control of an 
accessory power exhaust unit function. Factory set at 100%, with a range of 
0% to 100%. 

12) The economizer shall maintain minimum airflow into the building during 
occupied period and provide design ventilation rate for full occupancy. 

13) Dampers shall be completely closed when the unit is in the unoccupied mode. 
14) Economizer controller shall accommodate a 0 to 10 vdc CO2 sensor input for 

IAQ/DCV control. In this mode, dampers shall modulate the outdoor air 
damper to provide ventilation based on the sensor input. 

15) Compressor lockout temperature control is adjustable from –45°F to 80°F (–
43 to 26°C), set at a factory default of 32°F (0°C).  

16) Actuator shall be direct coupled to economizer gear. No linkage arms or 
control rods shall be acceptable. 

END OF SECTION 23 74 16.02 
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SECTION 26 00 10 - SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Supplemental requirements generally applicable to the Work specified in Division 26. 
This Section is also referenced by related Work specified in other Divisions. 

1.2 REFERENCES 

A. Abbreviations and Acronyms for Electrical Terms and Units of Measure: 

1. 8P8C: An 8-position 8-contact modular jack. 
2. A: Ampere, unit of electrical current. 
3. AC or ac: Alternating current. 
4. AFCI: Arc-fault circuit interrupter. 
5. AIC: Ampere interrupting capacity. 
6. AL, Al, or ALUM: Aluminum. 
7. ASD: Adjustable-speed drive. 
8. ATS: Automatic transfer switch. 
9. AWG: American wire gauge; see ASTM B258. 
10. BAS: Building automation system. 
11. BIL: Basic impulse insulation level. 
12. BIM: Building information modeling. 
13. CAD: Computer-aided design or drafting. 
14. CATV: Community antenna television. 
15. CB: Circuit breaker. 
16. cd: Candela, the SI fundamental unit of luminous intensity. 
17. CO/ALR: Copper-aluminum, revised. 
18. COPS: Critical operations power system. 
19. CU or Cu: Copper. 
20. CU-AL or AL-CU: Copper-aluminum. 
21. dB: Decibel, a unitless logarithmic ratio of two electrical, acoustical, or optical power 

values. 
22. dB(A-weighted) or dB(A): Decibel acoustical sound pressure level with A-weighting 

applied in accordance with IEC 61672-1. 
23. dB(adjusted) or dBa: Decibel weighted absolute noise power with respect to 3.16 pW 

(minus 85 dBm). 
24. dBm: Decibel absolute power with respect to 1 mW. 
25. DC or dc: Direct current. 
26. DCOA: Designated critical operations area. 
27. DDC: Direct digital control (HVAC). 
28. EGC: Equipment grounding conductor. 
29. ELV: Extra-low voltage. 
30. EMF: Electromotive force. 
31. EMI: Electromagnetic interference. 
32. EPM: Electrical preventive maintenance. 
33. EPS: Emergency power supply. 
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34. EPSS: Emergency power supply system. 
35. ESS: Energy storage system. 
36. EV: Electric vehicle. 
37. EVPE: Electric vehicle power export equipment. 
38. EVSE: Electric vehicle supply equipment. 
39. fc: Footcandle, an internationally recognized unit of illuminance equal to one lumen 

per square foot or 10.76 lx. The simplified conversion 1 fc = 10 lx in the Specifications 
is common practice and considered adequate precision for building construction 
activities. When there are conflicts, lux is the primary unit; footcandle is specified for 
convenience. 

40. FLC: Full-load current. 
41. ft: Foot. 
42. ft-cd: Foot-candle, the antiquated U.S. Standard unit of illuminance, equal to one 

international candle measured at a distance of one foot, that was superseded in 1948 
by the unit "footcandle" after the SI unit candela (cd) replaced the international candle; 
see "fc," 

43. GEC: Grounding electrode conductor. 
44. GFCI: Ground-fault circuit interrupter. 
45. GFPE: Ground-fault protection of equipment. 
46. GND: Ground. 
47. HACR: Heating, air conditioning, and refrigeration. 
48. HDPE: High-density polyethylene. 
49. HID: High-intensity discharge. 
50. HP or hp: Horsepower. 
51. HVAC: Heating, ventilating, and air conditioning. 
52. Hz: Hertz. 
53. IBT: Intersystem bonding termination. 
54. inch: Inch. To avoid confusion, the abbreviation "in." is not used. 
55. IP: Ingress protection rating (enclosures); Internet protocol (communications). 
56. IR: Infrared. 
57. IS: Intrinsically safe. 
58. IT&R: Inspecting, testing, and repair. 
59. ITE: Information technology equipment. 
60. kAIC: Kiloampere interrupting capacity. 
61. kcmil or MCM: One thousand circular mils. 
62. kV: Kilovolt. 
63. kVA: Kilovolt-ampere. 
64. kVAr or kVAR: Kilovolt-ampere reactive. 
65. kW: Kilowatt. 
66. kWh: Kilowatt-hour. 
67. LAN: Local area network. 
68. lb: Pound (weight). 
69. lbf: Pound (force). 
70. LCD: Liquid-crystal display. 
71. LCDI: Leakage-current detector-interrupter. 
72. LED: Light-emitting diode. 
73. Li-ion: Lithium-ion. 
74. lm: Lumen, the SI derived unit of luminous flux. 
75. LNG: Liquefied natural gas. 
76. LP-Gas: Liquefied petroleum gas. 
77. LRC: Locked-rotor current. 
78. LV: Low voltage. 
79. lx: Lux, the SI derived unit of illuminance equal to one lumen per square meter. 
80. m: Meter. 
81. MCC: Motor-control center. 
82. MDC: Modular data center. 
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83. MG set: Motor-generator set. 
84. MIDI: Musical instrument digital interface. 
85. MLO: Main lugs only. 
86. MV: Medium voltage. 
87. MVA: Megavolt-ampere. 
88. mW: Milliwatt. 
89. MW: Megawatt. 
90. MWh: Megawatt-hour. 
91. NC: Normally closed. 
92. Ni-Cd: Nickel-cadmium. 
93. Ni-MH: Nickel-metal hydride. 
94. NIU: Network interface unit. 
95. NO: Normally open. 
96. NPT: National (American) standard pipe taper. 
97. OCPD: Overcurrent protective device. 
98. ONT: Optical network terminal. 
99. PC: Personal computer. 
100. PCS: Power conversion system. 
101. PCU: Power-conditioning unit. 
102. PF or pf: Power factor. 
103. PHEV: Plug-in hybrid electric vehicle. 
104. PLC: Programmable logic controller. 
105. PLFA: Power-limited fire alarm. 
106. PoE: Power over Ethernet. 
107. PV: Photovoltaic. 
108. PVC: Polyvinyl chloride. 
109. pW: Picowatt. 
110. RFI: (electrical) Radio-frequency interference; (contract) Request for interpretation. 
111. RMS or rms: Root-mean-square. 
112. RPM or rpm: Revolutions per minute. 
113. SCADA: Supervisory control and data acquisition. 
114. SCR: Silicon-controlled rectifier. 
115. SPD: Surge protective device. 
116. sq.: Square. 
117. SWD: Switching duty. 
118. TCP/IP: Transmission control protocol/Internet protocol. 
119. TEFC: Totally enclosed fan-cooled. 
120. TR: Tamper resistant. 
121. TVSS: Transient voltage surge suppressor. 
122. UL: (standards) Underwriters Laboratories, Inc.; (product categories) UL, LLC. 
123. UL CCN: UL Category Control Number. 
124. UPS: Uninterruptible power supply. 
125. USB: Universal serial bus. 
126. UV: Ultraviolet. 
127. V: Volt, unit of electromotive force. 
128. V(ac): Volt, alternating current. 
129. V(dc): Volt, direct current. 
130. VA: Volt-ampere, unit of complex electrical power. 
131. VAR: Volt-ampere reactive, unit of reactive electrical power. 
132. VFC: Variable-frequency controller. 
133. VOM: Volt-ohm-multimeter. 
134. VPN: Virtual private network. 
135. VRLA: Valve regulated lead acid; also called "sealed lead acid (SLA)" or "valve 

regulated sealed lead acid." 
136. W: Watt, unit of real electrical power. 
137. Wh: Watt-hour, unit of electrical energy usage. 
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138. WPT: Wireless power transfer. 
139. WPTE: Wireless power transfer equipment. 
140. WR: Weather resistant. 

B. Abbreviations and Acronyms for Electrical Raceway Types: 

1. EMT: Electrical metallic tubing. 
2. EMT-A: Aluminum electrical metallic tubing. 
3. EMT-S: Steel electrical metallic tubing. 
4. EMT-SS: Stainless steel electrical metallic tubing. 
5. ENT: Electrical nonmetallic tubing. 
6. EPEC: Electrical HDPE underground conduit. 
7. EPEC-40: Schedule 40 electrical HDPE underground conduit. 
8. EPEC-80: Schedule 80 electrical HDPE underground conduit. 
9. EPEC-A: Type A electrical HDPE underground conduit. 
10. EPEC-B: Type B electrical HDPE underground conduit. 
11. ERMC: Electrical rigid metal conduit. 
12. ERMC-A: Aluminum electrical rigid metal conduit. 
13. ERMC-S: Steel electrical rigid metal conduit. 
14. ERMC-S-G: Galvanized-steel electrical rigid metal conduit. 
15. ERMC-S-PVC: PVC-coated-steel electrical rigid metal conduit. 
16. ERMC-SS: Stainless steel electrical rigid metal conduit. 
17. FMC: Flexible metal conduit. 
18. FMC-A: Aluminum flexible metal conduit. 
19. FMC-S: Steel flexible metal conduit. 
20. FMT: Steel flexible metallic tubing. 
21. FNMC: Flexible nonmetallic conduit. See "LFNC." 
22. HDPE: See EPEC. 
23. IMC: Steel electrical intermediate metal conduit. 
24. LFMC: Liquidtight flexible metal conduit. 
25. LFMC-A: Aluminum liquidtight flexible metal conduit. 
26. LFMC-S: Steel liquidtight flexible metal conduit. 
27. LFMC-SS: Stainless steel liquidtight flexible metal conduit. 
28. LFNC: Liquidtight flexible nonmetallic conduit. 
29. LFNC-A: Layered (Type A) liquidtight flexible nonmetallic conduit. 
30. LFNC-B: Integral (Type B) liquidtight flexible nonmetallic conduit. 
31. LFNC-C: Corrugated (Type C) liquidtight flexible nonmetallic conduit. 
32. PVC: Rigid PVC conduit. 
33. PVC-40: Schedule 40 rigid PVC conduit. 
34. PVC-80: Schedule 80 rigid PVC Conduit. 
35. PVC-A: Type A rigid PVC concrete-encased conduit. 
36. PVC-EB: Type EB rigid PVC concrete-encased underground conduit. 
37. RGS: See ERMC-S-G. 
38. RMC: See ERMC. 
39. RTRC: Reinforced thermosetting resin conduit. 
40. RTRC-AG: Low-halogen, aboveground reinforced thermosetting resin conduit. 
41. RTRC-AG-HW: Heavy wall, low-halogen, aboveground reinforced thermosetting resin 

conduit. 
42. RTRC-AG-SW: Standard wall, low-halogen, aboveground reinforced thermosetting 

resin conduit. 
43. RTRC-AG-XW: Extra heavy wall, low-halogen, aboveground reinforced thermosetting 

resin conduit. 
44. RTRC-BG: Low-halogen, belowground reinforced thermosetting resin conduit. 

C. Abbreviations and Acronyms for Electrical Single-Conductor and Multiple-Conductor Cable 
Types: 
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1. AC: Armored cable. 
2. CATV: Coaxial general-purpose cable. 
3. CATVP: Coaxial plenum cable. 
4. CATVR: Coaxial riser cable. 
5. CI: Circuit integrity cable. 
6. CL2: Class 2 cable. 
7. CL2P: Class 2 plenum cable. 
8. CL2R: Class 2 riser cable. 
9. CL2X: Class 2 cable, limited use. 
10. CL3: Class 3 cable. 
11. CL3P: Class 3 plenum cable. 
12. CL3R: Class 3 riser cable. 
13. CL3X: Class 3 cable, limited use. 
14. CM: Communications general-purpose cable. 
15. CMG: Communications general-purpose cable. 
16. CMP: Communications plenum cable. 
17. CMR: Communications riser cable. 
18. CMUC: Under-carpet communications wire and cable. 
19. CMX: Communications cable, limited use. 
20. DG: Distributed generation cable. 
21. FC: Flat cable. 
22. FCC: Flat conductor cable. 
23. FPL: Power-limited fire-alarm cable. 
24. FPLP: Power-limited fire-alarm plenum cable. 
25. FPLR: Power-limited fire-alarm riser cable. 
26. IGS: Integrated gas spacer cable. 
27. ITC: Instrumentation tray cable. 
28. ITC-ER: Instrumentation tray cable, exposed run. 
29. MC: Metal-clad cable. 
30. MC-HL: Metal-clad cable, hazardous location. 
31. MI: Mineral-insulated, metal-sheathed cable. 
32. MTW: (machine tool wiring) Moisture-, heat-, and oil-resistant thermoplastic cable. 
33. MV: Medium-voltage cable. 
34. NM: Nonmetallic sheathed cable. 
35. NMC: Nonmetallic sheathed cable with corrosion-resistant nonmetallic jacket. 
36. NMS: Nonmetallic sheathed cable with signaling, data, and communications 

conductors, plus power or control conductors. 
37. NPLF: Non-power-limited fire-alarm circuit cable. 
38. NPLFP: Non-power-limited fire-alarm circuit cable for environmental air spaces. 
39. NPLFR: Non-power-limited fire-alarm circuit riser cable. 
40. NUCC: Nonmetallic underground conduit with conductors. 
41. OFC: Conductive optical fiber general-purpose cable. 
42. OFCG: Conductive optical fiber general-purpose cable. 
43. OFCP: Conductive optical fiber plenum cable. 
44. OFCR: Conductive optical fiber riser cable. 
45. OFN: Nonconductive optical fiber general-purpose cable. 
46. OFNG: Nonconductive optical fiber general-purpose cable. 
47. OFNP: Nonconductive optical fiber plenum cable. 
48. OFNR: Nonconductive optical fiber riser cable. 
49. P: Marine shipboard cable. 
50. PLTC: Power-limited tray cable. 
51. PLTC-ER: Power-limited tray cable, exposed run. 
52. PV: Photovoltaic cable. 
53. RHH: (high heat) Thermoset rubber, heat-resistant cable. 
54. RHW: Thermoset rubber, moisture-resistant cable. 
55. SA: Silicone rubber cable. 
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56. SE: Service-entrance cable. 
57. SER: Service-entrance cable, round. 
58. SEU: Service-entrance cable, flat. 
59. SIS: Thermoset cable for switchboard and switchgear wiring. 
60. TBS: Thermoplastic cable with outer braid. 
61. TC: Tray cable. 
62. TC-ER: Tray cable, exposed run. 
63. TC-ER-HL: Tray cable, exposed run, hazardous location. 
64. THW: Thermoplastic, heat- and moisture-resistant cable. 
65. THHN: Thermoplastic, heat-resistant cable with nylon jacket outer sheath. 
66. THHW: Thermoplastic, heat- and moisture-resistant cable. 
67. THWN: Thermoplastic, moisture- and heat-resistant cable with nylon jacket outer 

sheath. 
68. TW: Thermoplastic, moisture-resistant cable. 
69. UF: Underground feeder and branch-circuit cable. 
70. USE: Underground service-entrance cable. 
71. XHH: Cross-linked polyethylene, heat-resistant cable. 
72. XHHW: Cross-linked polyethylene, heat- and moisture-resistant cable. 

D. Abbreviations and Acronyms for Electrical Flexible Cord Types: 

1. SEO: 600 V extra-hard-usage, hard-service cord with thermoplastic elastomer 
insulation and oil-resistant thermoplastic elastomer outer covering for damp locations. 

2. SEOW: 600 V extra-hard-usage, hard-service cord with thermoplastic elastomer 
insulation and oil-resistant thermoplastic elastomer outer covering for damp or wet 
locations. 

3. SEOO: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoplastic 
elastomer insulation and oil-resistant thermoplastic elastomer outer covering for damp 
locations. 

4. SEOOW: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoplastic 
elastomer insulation and oil-resistant thermoplastic elastomer outer covering for damp 
or wet locations. 

5. SJEO: 300 V hard-usage, junior hard-service cord with thermoplastic elastomer 
insulation and oil-resistant thermoplastic elastomer outer cover for damp locations. 

6. SJEOW: 300 V hard-usage, junior hard-service cord with thermoplastic elastomer 
insulation and oil-resistant thermoplastic elastomer outer cover for damp or wet 
locations. 

7. SJEOO: 300 V hard-usage, junior hard-service cord with oil-resistant thermoplastic 
elastomer insulation and oil-resistant thermoplastic elastomer outer cover for damp 
locations. 

8. SJEOOW: 300 V hard-usage, junior hard-service cord with oil-resistant thermoplastic 
elastomer insulation and oil-resistant thermoplastic elastomer outer cover for damp or 
wet locations. 

9. SJO: 300 V hard-usage, junior hard-service cord with thermoset insulation and oil-
resistant thermoset outer cover for damp locations. 

10. SJOW: 300 V hard-usage, junior hard-service cord with thermoset insulation and oil-
resistant thermoset outer cover for damp or wet locations. 

11. SJOO: 300 V hard-usage, junior hard-service cord with oil-resistant thermoset 
insulation and oil-resistant thermoset outer cover for damp locations. 

12. SJOOW: 300 V hard-usage, junior hard-service cord with oil-resistant thermoset 
insulation and oil-resistant thermoset outer cover for damp or wet locations. 

13. SJTO: 300 V hard-usage, junior hard-service cord with thermoplastic insulation and 
oil-resistant thermoplastic outer cover for damp locations. 

14. SJTOW: 300 V hard-usage, junior hard-service cord with thermoplastic insulation and 
oil-resistant thermoplastic outer cover for damp or wet locations. 
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15. SJTOO: 300 V hard-usage, junior hard-service cord with oil-resistant thermoplastic 
insulation and oil-resistant thermoplastic outer cover for damp locations. 

16. SJTOOW: 300 V hard-usage, junior hard-service cord with oil-resistant thermoplastic 
insulation and oil-resistant thermoplastic outer cover for damp or wet locations. 

17. SO: 600 V extra-hard-usage, hard-service cord with thermoset insulation and oil-
resistant thermoset outer covering for damp locations. 

18. SOW: 600 V extra-hard-usage, hard-service cord with thermoset insulation and oil-
resistant thermoset outer covering for damp or wet locations. 

19. SOO: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoset 
insulation and oil-resistant thermoset outer covering for damp locations. 

20. SOOW: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoset 
insulation and oil-resistant thermoset outer covering for damp or wet locations. 

21. STO: 600 V extra-hard-usage, hard-service cord with thermoplastic insulation and oil-
resistant thermoplastic outer covering for damp locations. 

22. STOW: 600 V extra-hard-usage, hard-service cord with thermoplastic insulation and 
oil-resistant thermoplastic outer covering for damp or wet locations. 

23. STOO: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoplastic 
insulation and oil-resistant thermoplastic outer covering for damp locations. 

24. STOOW: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoplastic 
insulation and oil-resistant thermoplastic outer covering for damp or wet locations. 

E. Definitions: 

1. 8-Position 8-Contact (8P8C) Modular Jack: An unkeyed jack with up to eight contacts 
commonly used to terminate twisted-pair and multiconductor Ethernet cable. Also 
called a "TIA-1096 miniature 8-position series jack" (8PSJ), or an "IEC 8877 8-pole 
jack." 

a) Be careful when suppliers use "RJ45" generically. Obsolete RJ45 
jacks used for analog telephone cables have rejection keys. 8P8C 
jacks used for digital telephone cables and Ethernet cables do not 
have rejection keys. 

2. Basic Impulse Insulation Level (BIL): Reference insulation level expressed in impulse 
crest voltage with a standard wave not longer than 1.5 times 50 microseconds and 1.5 
times 40 microseconds. 

3. Cable: In accordance with NIST NBS Circular 37 and IEEE standards, in the United 
States for the purpose of interstate commerce, the definition of "cable" is (1) a 
conductor with insulation, or a stranded conductor with or without insulation (single-
conductor cable); or (2) a combination of conductors insulated from one another 
(multiple-conductor cable). 

4. Communications Jack: A fixed connecting device designed for insertion of a 
communications cable plug. 

5. Communications Outlet: One or more communications jacks, or cables and plugs, 
mounted in a box or ring, with a suitable protective cover. 

6. Conductor: In accordance with NIST NBS Circular 37 and IEEE standards, in the 
United States for the purpose of interstate commerce, the definition of "conductor" is 
(1) a wire or combination of wires not insulated from one another, suitable for carrying 
an electric current; (2) (National Electrical Safety Code) a material, usually in the form 
of wire, cable, or bar, suitable for carrying an electric current; or (3) (general) a 
substance or body that allows a current of electricity to pass continuously along it. 

7. Designated Seismic System: A system component that requires design in accordance 
with Ch. 13 of ASCE/SEI 7 and for which the Component Importance Factor is greater 
than 1.0. 

8. Direct Buried: Installed underground without encasement in concrete or other 
protective material. 
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9. Enclosure: The case or housing of an apparatus, or the fence or wall(s) surrounding 
an installation, to prevent personnel from accidentally contacting energized parts or to 
protect the equipment from physical damage. Types of enclosures and enclosure 
covers include the following: 

a. Cabinet: An enclosure that is designed for either surface mounting or flush 
mounting and is provided with a frame, mat, or trim in which a swinging door or 
doors are or can be hung. 

b. Concrete Box: A box intended for use in poured concrete. 
c. Conduit Body: A means for providing access to the interior of a conduit or 

tubing system through one or more removable covers at a junction or terminal 
point. In the United States, conduit bodies are listed in accordance with outlet 
box requirements. 

d. Conduit Box: A box having threaded openings or knockouts for conduit, EMT, 
or fittings. 

e. Cutout Box: An enclosure designed for surface mounting that has swinging 
doors or covers secured directly to and telescoping with the walls of the 
enclosure. 

f. Device Box: A box with provisions for mounting a wiring device directly to the 
box. 

g. Extension Ring: A ring intended to extend the sides of an outlet box or device 
box to increase the box depth, volume, or both. 

h. Floor Box: A box mounted in the floor intended for use with a floor box cover 
and other components to complete the floor box enclosure. 

i. Floor-Mounted Enclosure: A floor box and floor box cover assembly with means 
to mount in the floor that is sealed against the entrance of scrub water at the 
floor level. 

j. Floor Nozzle: An enclosure used on a wiring system, intended primarily as a 
housing for a receptacle, provided with a means, such as a collar, for surface-
mounting on a floor, which may or may not include a stem to support it above 
the floor level, and is sealed against the entrance of scrub water at the floor 
level. 

k. Junction Box: A box with a blank cover that joins different runs of raceway or 
cable and provides space for connection and branching of the enclosed 
conductors. 

l. Outlet Box: A box that provides access to a wiring system having pryout 
openings, knockouts, threaded entries, or hubs in either the sides or the back, 
or both, for the entrance of conduit, conduit or cable fittings, or cables, with 
provisions for mounting an outlet box cover, but without provisions for mounting 
a wiring device directly to the box. 

m. Pedestal Floor Box Cover: A floor box cover that, when installed as intended, 
provides a means for typically vertical or near-vertical mounting of receptacle 
outlets above the floor's finished surface. 

n. Pull Box: A box with a blank cover that joins different runs of raceway and 
provides access for pulling or replacing the enclosed cables or conductors. 

o. Raised-Floor Box: A floor box intended for use in raised floors. 
p. Recessed Access Floor Box: A floor box with provisions for mounting wiring 

devices below the floor surface. 
q. Recessed Access Floor Box Cover: A floor box cover with provisions for 

passage of cords to recessed wiring devices mounted within a recessed floor 
box. 

r. Ring: A sleeve, which is not necessarily round, used for positioning a recessed 
wiring device flush with the plaster, concrete, drywall, or other wall surface. 

s. Ring Cover: A box cover, with raised center portion to accommodate a specific 
wall or ceiling thickness, for mounting wiring devices or luminaires flush with the 
surface. 
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t. Termination Box: An enclosure designed for installation of termination base 
assemblies consisting of bus bars, terminal strips, or terminal blocks with 
provision for wire connectors to accommodate incoming or outgoing 
conductors, or both. 

10. Emergency Systems: Those systems legally required and classed as emergency by 
municipal, state, federal, or other codes, or by any governmental agency having 
jurisdiction that are designed to ensure continuity of lighting, electrical power, or both, 
to designated areas and equipment in the event of failure of the normal supply for 
safety to human life. 

11. Essential Electrical Systems: (healthcare facilities) Those systems designed to ensure 
continuity of electrical power to designated areas and functions of a healthcare facility 
during disruption of normal power sources, and also to minimize disruption within the 
internal wiring system. 

12. Fault Limited: Providing or being served by a source of electrical power that is limited 
to not more than 100 W when tested in accordance with UL 62368-1. 

a. The term "fault limited" is intended to encompass most Class 1, 2, and 3 power-
limited sources complying with Article 725 of NFPA 70; Class ES1 and ES2 
electrical energy sources that are Class PS1 electrical power sources (e.g., 
USB); and Class ES3 electrical energy sources that are Class PS1 and PS2 
electrical power sources (e.g., PoE). See UL 62368-1 for discussion of classes 
of electrical energy sources and classes of electrical power sources. 

13. High-Performance Building: A building that integrates and optimizes on a life-cycle 
basis all major high-performance attributes, including energy conservation, 
environment, safety, security, durability, accessibility, cost-benefit, productivity, 
sustainability, functionality, and operational considerations. 

14. Jacket: A continuous nonmetallic outer covering for conductors or cables. 
15. Luminaire: A complete lighting unit consisting of a light source such as a lamp, 

together with the parts designed to position the light source and connect it to the 
power supply. It may also include parts to protect the light source or the ballast or to 
distribute the light. 

16. Mode: The terms "Active Mode," "Off Mode," and "Standby Mode" are used as defined 
in the Energy Independence and Security Act (EISA) of 2007. 

17. Multi-Outlet Assembly: A type of surface, flush, or freestanding raceway designed to 
hold conductors, receptacles, and switches, assembled in the field or at the factory. 

18. Plenum: A compartment or chamber to which one or more air ducts are connected 
and that forms part of the air distribution system. 

19. Receptacle: A fixed connecting device arranged for insertion of a power cord plug. 
Also called a power jack. 

20. Receptacle Outlet: One or more receptacles mounted in a box with a suitable 
protective cover. 

21. Sheath: A continuous metallic covering for conductors or cables. 
22. UL Category Control Number (CCN): An alphabetic or alphanumeric code used to 

identify product categories covered by UL's Listing, Classification, and Recognition 
Services. 

23. Voltage Class: For specified circuits and equipment, voltage classes are defined as 
follows: 

a. Control Voltage: Having electromotive force between any two conductors, or 
between a single conductor and ground, that is supplied from a battery or other 
Class 2 or Class 3 power-limited source. 

b. Line Voltage: (1) (controls) Designed to operate using the supplied low-voltage 
power without transformation. (2) (transmission lines, transformers, SPDs) The 
line-to-line voltage of the supplying power system. 

RTU AND CHILLER REPLACEMENT 



SECTION 26 00 10 - SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 26 00 10 - Page 10 of 22 

c. Extra-Low Voltage (ELV): Not having electromotive force between any two 
conductors, or between a single conductor and ground, exceeding 30 V(ac 
rms), 42 V(ac peak), or 60 V(dc). 

d. Low Voltage (LV): Having electromotive force between any two conductors, or 
between a single conductor and ground, that is rated above 30 V but not 
exceeding 1000 V. 

e. Medium Voltage (MV): Having electromotive force between any two 
conductors, or between a single conductor and ground, that is rated about 1 kV 
but not exceeding 69 kV. 

f. High Voltage: (1) (circuits) Having electromotive force between any two 
conductors, or between a single conductor and ground, that is rated above 
69 kV but not exceeding 230 kV. (2) (safety) Having sufficient electromotive 
force to inflict bodily harm or injury. 

24. Wire: In accordance with NIST NBS Circular 37 and IEEE standards, in the United 
States for the purpose of interstate commerce, the definition of "wire" is a slender rod 
or filament of drawn metal. A group of small wires used as a single wire is properly 
called a "stranded wire." A wire or stranded wire covered with insulation is properly 
called an "insulated wire" or a "single-conductor cable." Nevertheless, when the 
context indicates that the wire is insulated, the term "wire" will be understood to 
include the insulation. 

1.3 COORDINATION 

A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities 
occupied by Owner or others unless permitted under the following conditions: 

1. Notify Architect, Construction Manager, and Owner no fewer than seven days in 
advance of proposed interruption of electrical service. 

2. Do not proceed with interruption of electrical service without Owner's written 
permission. 

3. Coordinate interruption with systems impacted by outage including, but not limited to, 
the following: 

a. Electrical Service. 
b. Fire-alarm systems. 
c. Telecommunications. 

B. Arrange to provide temporary electrical service or power in accordance with requirements 
specified in Division 01. 

1.4 PREINSTALLATION MEETINGS 

A. Electrical Preconstruction Conference: Schedule conference with Architect and Owner, not 
later than 10 days after notice to proceed. Agenda topics include, but are not limited to, the 
following: 

1. Electrical installation schedule. 
2. Status of power system studies. 
3. Value analysis proposals and requests for substitution of electrical equipment. 
4. Utility work coordination and class of service requests. 
5. Commissioning activities. 
6. Sustainability activities, including Measurement and Verification Plan. 
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1.5 SEQUENCING 

A. Conduct and submit results of power system studies before submitting Product Data and 
Shop Drawings for electrical equipment. 

1.6 SCHEDULING 

A. Provide Electrical Project Schedule. 

1.7 ACTION SUBMITTALS 

A. Coordination Drawings for Structural Supports: Show coordination of structural supports for 
equipment and devices, including restraints and bracing for control of seismic and wind 
loads, with other systems, equipment, and structural supports in the vicinity. 

B. Coordination Drawings for Ceiling Areas: Where indicated on drawings, provide reflected 
ceiling plan(s), supplemented by sections and other details, drawn to scale, in accordance 
with Section 01 31 00 "Project Management and Coordination," on which the following items 
are shown and coordinated with each other, using input from installers of the items involved: 

1. Suspended ceiling components. 
2. Structural members to which equipment and suspension systems will be attached. 
3. Size and location of access panels on ceilings. 
4. Elevation, size, and route of sprinkler piping. 
5. Elevation, size, and route of plumbing piping. 
6. Elevation, size, and route of ductwork. 
7. Elevation, size, and route of conduit. 
8. Elevation and size of wall-mounted and ceiling-mounted equipment. 
9. Access panels. 
10. Sprinklers. 
11. Air inlets and outlets. 
12. Control modules. 
13. Luminaires. 
14. Communications devices. 
15. Speakers. 
16. Security devices. 
17. Fire-alarm devices. 
18. Indicate clear dimensions for maintenance access in front of equipment. 
19. Indicate dimensions of fully-open access doors. 

C. Coordination Drawings for Conduit Routing: Conduit routing plans, drawn to scale, on which 
the following items are shown and coordinated with each other, using input from installers of 
items involved: 

1. Structural members in paths of conduit groups with common supports. 
2. HVAC and plumbing items and architectural features in paths of conduit groups with 

common supports. 

D. Coordination Drawings for Large Equipment Indoor Installations: 

1. Location plan, drawn to scale, showing heavy equipment or truck access paths to 
loading dock or other freight access into building. Indicate available width and height 
of doors or openings. 
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2. Floor plan for entry floor and floor where equipment is located, drawn to scale, 
showing heavy equipment access paths for maintenance and replacement, with the 
following items shown and coordinated with each other, based on input from installers 
of the items involved: 

a. Dimensioned concrete bases, outlines of equipment, conduit entries, and 
grounding equipment locations. 

b. If freight elevator must be used, indicate width and height of door and depth of 
car. Indicate if large equipment must be tipped to use elevator. 

c. Dimensioned working clearances and dedicated areas below and around 
electrical equipment where obstructions and tripping hazards are prohibited. 

3. Reflected ceiling plans for entry floor and floor where equipment is located, drawn to 
scale, on which the following items shown and coordinated with each other, based on 
input from installers of the items involved: 

a. Support locations, type of support, and weight on each support. Locate 
structural supports for structure-supported raceways. 

b. Location of lighting fixtures, sprinkler piping and sprinklers, ducts and diffusers, 
and other obstructions, indicating available overhead clearance. 

c. Dimensioned working clearances and dedicated areas above and around 
electrical equipment where foreign systems and equipment are prohibited. 

E. Coordination Drawings for Large Equipment Outdoor Installations: 

1. Utilities site plan, drawn to scale, showing heavy equipment or truck access paths for 
maintenance and replacement, with the following items shown and coordinated with 
each other, based on input from installers of the items involved: 

a. Fences and walls, dimensioned concrete bases, outlines of equipment, conduit 
entries, and grounding and bonding locations. 

b. Indicate clear dimensions for fence gates and wall openings. 
c. Indicate depth and type of ground cover, and locations of trees, shrubbery, and 

other obstructions in access path. 
d. Indicate clear height below tree branches, overhead lines, bridges, and other 

overhead obstructions in access path, or where cranes and hoists will be 
needed to handle large electrical equipment. 

e. Support locations, type of support, and weight on each support. Locate 
structural supports for structure-supported raceways. 

f. Dimensioned working clearances and dedicated areas around electrical 
equipment. 

F. Coordination Drawings for Duct Banks: 

1. Show duct profiles and coordination with other utilities and underground structures. 
2. Include plans and sections, drawn to scale, and show bends and locations of 

expansion fittings. 

1.8 INFORMATIONAL SUBMITTALS 

A. Electrical Installation Schedule: At preconstruction meeting, and periodically thereafter as 
dates change, provide schedule for electrical installation Work to Owner and Architect 
including, but not limited to, milestone dates for the following activities: 
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1. Submission of power system studies. 
2. Submission of specified coordination drawings. 
3. Submission of action submittals specified in Division 26. 
4. Orders placed for major electrical equipment. 
5. Arrival of major electrical equipment on-site. 
6. Preinstallation meetings specified in Division 26. 
7. Utility service outages. 
8. Utility service inspection and activation. 
9. Mockup reviews. 
10. Closing of walls and ceilings containing electrical Work. 
11. System startup, testing, and commissioning activities for major electrical equipment. 
12. System startup, testing, and commissioning activities for emergency lighting. 
13. System startup, testing, and commissioning activities for automation systems 

(SCADA, BMS, lighting, HVAC, fire alarm, fire pump, etc.). 
14. Pouring of concrete housekeeping pads for electrical equipment and testing of 

concrete samples. 
15. Requests for special inspections. 
16. Requests for inspections by authorities having jurisdiction. 

B. Delegated Design Drawings for Structural Masonry Wall Penetrations: Where indicated on 
Drawings, provide reflected ceiling plan(s), supplemented by elevations, sections, and other 
details, drawn to scale, signed and sealed by a qualified structural professional engineer, on 
which the following items are shown and coordinated with each other, using input from 
installers of the items involved: 

1. Location and dimensions of structural members supporting wall. 
2. Location and dimensions of columns near penetrations. 
3. Location and dimension of headers and lintels. 
4. Doors and windows near penetrations. 
5. Location and dimensions of penetrating cuts. 
6. Sprinkler piping and sleeves. 
7. Plumbing piping and sleeves. 
8. Ductwork and sleeves. 
9. Cable tray and sleeves. 
10. Conduit and sleeves. 
11. Firestopping assemblies for rated penetrations. 
12. Structural supports for piping, ductwork, and conduit on both sides of wall. 

C. Certificates: 

1. Seismic-Load Performance Certificates: Provide special certification for designated 
seismic systems as indicated in Paragraph 13.2.2 "Special Certification Requirements 
for Designated Seismic Systems" of ASCE/SEI 7-05 for all designated seismic-load 
systems identified on Drawings or in the Specifications. 

a. Include the following information: 

1) Basis for Certification: Indicate whether withstand certification is based 
on actual test of assembled components or on calculation. 

2) Dimensioned Outline Drawings of Equipment Unit: Identify center of 
gravity and locate and describe mounting and anchorage provisions. 

3) Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 

4) Detailed description of conduit support devices and interconnections on 
which the certification is based and their installation requirements. 
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5) Provide equipment manufacturer's written certification for each 
designated active electrical seismic device and system, stating that it will 
remain operable following the design earthquake. Certification must be 
based on requirements of ASCE/SEI 7, including shake table testing per 
ICC-ES AC156 or a similar nationally recognized testing standard 
procedure acceptable to authorities having jurisdiction, or experience 
data as permitted by ASCE/SEI 7-05. 

6) Provide equipment manufacturer's written certification that components 
with hazardous contents maintain containment following the design 
earthquake by methods required in ASCE/SEI 7-05. 

7) Submit evidence demonstrating compliance with these requirements for 
approval to authorities having jurisdiction after review and acceptance by 
qualified structural professional engineer. 

b. The following systems and components are Designated Seismic Systems and 
require written special certification of seismic qualification by manufacturer: 

1) Hangers and supports specified in Section 26 05 29 "Hangers and 
Supports for Electrical Systems." 

2) Raceways, enclosures, cabinets, boxes, and their mounting provisions 
specified in Section 26 05 33 "Raceway and Boxes for Electrical 
Systems." 

3) Seismic restraints specified in Section 26 05 48 "Vibration and Seismic 
Controls for Electrical Systems." 

4) Equipment, accessories, and components specified in Section 26 12 19 
"Pad-Mounted, Liquid-Filled, Medium-Voltage Transformers." 

5) Equipment, accessories, and components specified in Section 26 22 13 
"Low-Voltage Distribution Transformers." 

6) Equipment, accessories, and components specified in Section 26 24 13 
"Switchboards." 

7) Equipment, accessories, and components specified in Section 26 24 16 
"Panelboards." 

8) Equipment, accessories, and components specified in Section 26 27 43 
"Electric-Vehicle Service Equipment - AC Level 1 and Level 2." 

9) Equipment, accessories, and components specified in Section 26 28 16 
"Enclosed Switches and Circuit Breakers." 

10) Equipment, accessories, and components specified in 
Section 26 29 13.03 "Manual and Magnetic Motor Controllers." 

11) Equipment, accessories, and components specified in Section 26 36 00 
"Transfer Switches." 

12) Luminaires, accessories, and components specified in Section 26 51 19 
"LED Interior Lighting." 

13) Luminaires, accessories, and components specified in Section 26 52 13 
"Emergency and Exit Lighting." 

14) Poles and support components specified in Section 26 56 13 "Lighting 
Poles and Standards." 

15) Luminaires, accessories, and components specified in Section 26 56 19 
"LED Exterior Lighting." 

2. Wind-Load Performance Certificates: Provide special certification for systems and 
components designated on Drawings or in the Specifications to be subject to high 
wind exposure and impact damage. 

a. Include the following information: 
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1) Provide equipment manufacturer's written certification for each 
designated system and component, stating that it will remain in place 
and operable following the design wind event and comply with 
requirements of authorities having jurisdiction. 

2) Certification must be based on ICC-ES or similar nationally recognized 
testing standard procedures acceptable to authorities having jurisdiction. 

D. Qualification Statements: 

1. For qualified regional manufacturer. 
2. For structural professional engineer. 
3. For electrical professional engineer. 
4. For lighting professional engineer. 
5. For EPM specialist. 
6. For ERMC-S-PVC raceway Installer. 
7. For medium-voltage duct Installer. 
8. For switchboard Installer. 
9. For EVSE Installer. 
10. For generator set Installer. 
11. For power quality specialist. 
12. For low-voltage electrical testing agency and on-site electrical testing supervisor. 
13. For power-limited electrical testing agency and on-site power-limited testing 

supervisor. 
14. For structural testing and inspecting agency. 
15. For outdoor pole testing and inspecting agency. 
16. For luminaire photometric testing laboratory. 
17. For lighting testing and inspecting agency. 

1.9 CLOSEOUT SUBMITTALS 

A. Facility EPM Program Binders: 

1. Complete Set: On approved online or cloud solution and USB media that is clearly 
and permanently labeled with attached placard on lanyard to prevent misplacement. 

2. Volumes 2 and 8: Reproducible hardcopy on archival quality, 28 lb, acid-free, bond 
paper. 

B. Operation and Maintenance Data: 

1. Provide emergency operation, normal operation, and preventive maintenance 
manuals for each system, equipment, and device listed below: 

2. Include the following information: 

a. Manufacturer's operating specifications. 
b. User's guides for software and hardware. 
c. Schedule of maintenance material items recommended to be stored at Project 

site. 
d. Detailed instructions covering operation under both normal and abnormal 

conditions. 
e. Time-current curves for overcurrent protective devices and manufacturer's 

written instructions for testing and adjusting their settings. 
f. List of load-current and overload-relay heaters with related motor nameplate 

data. 
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g. List of lamp types and photoelectric relays used on Project, with ANSI and 
manufacturers' codes. 

h. Manufacturer's instructions for setting field-adjustable components. 
i. Manufacturer's instructions for testing, adjusting, and reprogramming 

microprocessor controls. 
j. EPSS: Manufacturer's system checklists, maintenance schedule, and 

maintenance log sheets in accordance with NFPA 110. 
k. Exterior pole inspection and repair procedures. 

C. Software and Firmware Operational Documentation: Provide software and firmware 
operational documentation in Facility EPM Program Binders, including the following: 

1. Software operating and upgrade manuals. 
2. Names, versions, and website addresses for locations of installed software. 
3. Device address list. 
4. Printout of software application and graphic screens. 
5. Testing and adjusting of panic and emergency power features. 
6. For lighting controls, include the following: 

a. Adjustments of scene preset controls, adjustable fade rates, and fade 
overrides. 

b. Operation of adjustable zone controls. 

D. Software: 

1. Program Software Backup: Provide username and password for approved online or 
cloud solution and USB media that is clearly and permanently labeled with attached 
placard on lanyard to prevent misplacement. 

2. Provide to Owner upgrades and unrestricted licenses for installed and backup 
software, including operating systems and programming tools required for operation 
and maintenance. 

1.10 QUALIFICATIONS 

A. Qualified Regional Manufacturer: Manufacturer, possessing qualifications specified in 
Section 01 40 00 "Quality Requirements," that maintains a service center capable of 
providing training, parts, and emergency on-site repairs to Project site with response time 
less than eight hours. 

B. Structural Professional Engineer: Professional engineer possessing active qualifications 
specified in Section 01 40 00 "Quality Requirements," with expertise in structural 
engineering, including seismic- and wind-load modeling and analysis. 

C. Electrical Professional Engineer: Professional engineer possessing active qualifications 
specified in Section 01 40 00 "Quality Requirements," with expertise in electrical 
engineering, including electrical power system modeling and analysis of electrical safety in 
accordance with NFPA 70E. 

D. Lighting Professional Engineer: Professional engineer possessing active qualifications in 
accordance with Section 01 40 00 "Quality Requirements" and the following: 

1. Expertise in electrical engineering, lighting design, and structural requirements for 
exterior poles and standards. 

RTU AND CHILLER REPLACEMENT 



SECTION 26 00 10 - SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 26 00 10 - Page 17 of 22 

2. Lighting Certified (LC) Professional by the National Council on Qualifications for the 
Lighting Professions (NCQLP). 

E. EPM Specialist: Recognized experts possessing the following qualifications in accordance 
with Section 01 40 00 "Quality Requirements" and NFPA 70B: 

1. Technical Competence: Person should, by education, training, and experience, be 
well-rounded in all aspects of electrical maintenance. 

2. Administrative and Supervisory Skills: Person should be skilled in planning and 
development of long-range objectives to achieve specific results and should be able to 
command respect and solicit cooperation of persons involved in EPM Program 
development. 

F. EVSE Installers: Installer possessing active qualifications specified in Section 01 40 00 
"Quality Requirements," and able to present unexpired certified Installer credentials issued 
by EVSE manufacturer prior to starting installation. 

G. Medium-Voltage Cable Installer: Entity possessing active qualifications specified in 
Section 01 40 00 "Quality Requirements" with training and manufacturer certification to 
install, splice, and terminate medium-voltage cable in accordance with URI Standards. 

H. Medium-Voltage Duct Installer: Entity possessing active qualifications specified in 
Section 01 40 00 "Quality Requirements" with documented training and experience with 
installation of medium-voltage duct banks in accordance with URI Standards. 

I. Medium-Voltage Equipment Installer: Entity possessing active qualifications specified in 
Section 01 40 00 "Quality Requirements" with documented training and experience with 
hazards and safety requirements associated with installation and operation of medium-
voltage equipment in accordance with URI Standards. 

J. Power Quality Specialist: Recognized experts possessing active credentials from a qualified 
electrical testing laboratory recognized by authorities having jurisdiction, and able to present 
unexpired NICET Level 4 credentials with documented experience in power quality testing 
for installations similar in complexity to this Project. 

K. Medium-Voltage Electrical Testing and Inspecting Agency: Entities possessing active 
credentials from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction. 

1. On-site electrical testing supervisors must have documented certification and 
experience with testing electrical equipment in accordance with NETA testing 
standards. 

L. Low-Voltage Electrical Testing and Inspecting Agency: Entities possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having jurisdiction. 

1. On-site electrical testing supervisors must have documented certification and 
experience with testing electrical equipment in accordance with NETA testing 
standards. 

M. Power-Limited Electrical Testing Agency: Entity possessing active credentials from a 
qualified electrical testing laboratory recognized by authorities having jurisdiction. 

1. On-site power-limited testing supervisor must have BICSI Registered 
Communications Distribution Designer certification and documented training and 
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experience with testing power-limited equipment in accordance with NETA testing 
standards. 

N. Structural Testing and Inspecting Agency: Entity possessing active qualifications specified in 
Section 01 40 00 "Quality Requirements" with documented training and experience with 
testing structural concrete, seismic controls, and wind-load controls. 

O. Outdoor Pole Testing and Inspecting Agency: Entity possessing active qualifications 
specified in Section 01 40 00 "Quality Requirements" with documented training and 
experience in accordance with ASTM C1093 for foundation testing and inspections. 

P. Lighting Testing and Inspecting Agency: Entity possessing active qualifications specified in 
Section 01 40 00 "Quality Requirements" with documented training and experience with 
testing and inspecting lighting installations in accordance with IES LM-5. 

PART 2 - PRODUCTS 

2.1 SUBSTITUTION LIMITATIONS FOR ELECTRICAL EQUIPMENT 

A. Substitution requests for electrical equipment will be entertained under the following 
conditions: 

1. Substitution requests may be submitted for consideration prior to the Electrical 
Preconstruction Conference if accompanied by value analysis data indicating that 
substitution will comply with Project performance requirements while significantly 
increasing value for Owner throughout life of facility. 

2. Substitution requests may be submitted for consideration concurrently with 
submission of power system study reports when those reports indicate that 
substitution is necessary for safety of maintenance personnel and facility occupants. 

3. Contractor is responsible for sequencing and scheduling power system studies and 
electrical equipment procurement. After the Electrical Preconstruction Conference, 
insufficient lead time for electrical equipment delivery will not be considered a valid 
reason for substitution. 

2.2 FACILITY ELECTRICAL PREVENTIVE MAINTENANCE (EPM) PROGRAM BINDERS 

A. Description: Set of binders containing operation and maintenance data for facility's electrical 
equipment that was compiled during analysis of installed electrical Work for Facility EPM 
Program development. 

B. Applicable Standards: 

1. Regulatory Requirements: Comply with recommendations in NFPA 70B. 
2. General Characteristics: 

a. Volume 1 - Introduction: 

1) Summarize how Facility EPM Program Analysis was performed, how 
data were collected, and how volumes are organized. 

2) Describe Facility EPM Program and provide recommended policies and 
procedures for implementing the program and keeping it current. 
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3) Provide place for Owner to identify contact information for employees 
responsible for implementing and maintaining Facility EPM Program. 

b. Volume 2 - Facility Safety, Hazards Awareness, and Emergency Procedures: 

1) Include training requirements for employees and contractors. 
2) Include list of known facility hazards impacting IT&R activities. 
3) Include approval and permitting procedures for IT&R activities. 
4) Include incident emergency response procedures. 
5) Include emergency shutdown procedures. 
6) Include electrical disaster recovery procedures. 

c. Volume 4 - Facility Diagrams and Schedules: 

1) Include single-line diagrams. 
2) Include grounding and bonding diagrams. 
3) Include essential wiring diagrams. 
4) Include records of switchgear, switchboard, and panelboard schedules. 
5) Include time-current curves for overcurrent protective devices. 
6) Include list of load-current and overload-relay heaters with related motor 

nameplate data. 

d. Volume 5 - Inventory of Facility Equipment Using Electrical Power: 

1) Include simplified floor plans showing equipment locations. 
2) Identify critical equipment (electrical or otherwise). 
3) Include identifying designations and nameplate data. 
4) Include warranty and maintenance contract information. 

e. Volume 6 - Inventory of Facility Tools, Supplies, and Personnel Protective 
Equipment: 

1) Include schedules of maintenance material items recommended to be 
stored at facility. 

2) Include list of lamp types and photoelectric relays used in facility with 
ANSI and manufacturers' codes. 

3) Include calibration and servicing data for each item. 

f. Volume 7 - Inspection, Testing, and Repair (IT&R) Plan: 

1) Include tables showing frequency of activities for each item. 
2) Include annual schedule with activities mapped to specific days of the 

year. 
3) Include exterior pole inspection and repair procedures. 

g. Volume 11 - Construction Project Closeout Record Documentation: 

1) Include records of power system studies and photometric studies. 
2) Include records of risk assessment studies. 
3) Include records of electrical system startup and commissioning activities. 
4) Include records of baseline inspections and tests. 
5) Include records of baseline infrared photographs with normal light 

photographs showing the location, direction, angle, and conditions 
necessary for reproducing each infrared photograph. 
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6) Include records of baseline settings for adjustable equipment and 
devices. 

PART 3 - EXECUTION 

3.1 DEVELOPMENT OF FACILITY EPM PROGRAM 

A. Facility EPM Program must be developed by qualified EPM specialist. 

B. Conduct Facility EPM Program analysis in accordance with NFPA 70B recommendations. 

1. Renovation Projects: 

a. Facility diagrams must include connected existing equipment for entire facility 
where known. Areas of uncertainty should be clearly indicated. 

b. Obtain copies of existing operation and maintenance data and existing Facility 
EPM Program information from Owner. 

c. Facility EPM Program analysis should identify existing equipment that does not 
have available operation and maintenance data, and should explain the 
Owner's risks because this equipment is not included in Facility EPM Program. 

d. Data for existing equipment outside scope of Project may be inserted in Facility 
EPM Program Binders without analysis. 

e. Data for existing equipment impacted by scope of Project should be analyzed 
and documented similar to Project's new equipment data as much as possible. 

C. Compile operation and maintenance data from Facility EPM Program analysis and submit 
updated Facility EPM Program Binders. 

3.2 INSTALLATION OF ELECTRICAL WORK 

A. Unless more stringent requirements are specified in the Contract Documents or 
manufacturers' written instructions, comply with NFPA 70 and NECA NEIS 1 for installation 
of Work specified in Division 26. Consult Architect for resolution of conflicting requirements. 

3.3 FIELD QUALITY CONTROL 

A. Administrant for Low-Voltage Electrical Tests and Inspections: 

1. Owner will engage qualified low-voltage electrical testing and inspecting agency to 
administer and perform tests and inspections. 

2. Engage qualified low-voltage electrical testing and inspecting agency to administer 
and perform tests and inspections. 

3. Engage factory-authorized service representative to administer and perform tests and 
inspections on components, assemblies, and equipment installations, including 
connections. 

4. Administer and perform tests and inspections with assistance of factory-authorized 
service representative. 

B. Administrant for Power-Limited Electrical Tests and Inspections: 
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1. Owner will engage qualified power-limited electrical testing and inspecting agency to 
administer and perform tests and inspections. 

2. Engage qualified power-limited electrical testing and inspecting agency to administer 
and perform tests and inspections. 

3. Engage factory-authorized service representative to administer and perform tests and 
inspections on components, assemblies, and equipment installations, including 
connections. 

4. Administer and perform tests and inspections with assistance of factory-authorized 
service representative. 

C. Administrant for Structural Tests and Inspections: 

1. Owner will engage qualified structural testing and inspecting agency to administer and 
perform tests and inspections. 

2. Engage qualified structural testing and inspecting agency to administer and perform 
tests and inspections. 

3. Engage factory-authorized service representative to administer and perform tests and 
inspections on components, assemblies, and equipment installations, including 
connections. 

4. Administer and perform tests and inspections with assistance of factory-authorized 
service representative. 

D. Administrant for Field Tests and Inspections of Lighting Installations: 

1. Owner will engage qualified lighting testing and inspecting agency to administer and 
perform tests and inspections. 

2. Engage qualified lighting testing and inspecting agency to administer and perform 
tests and inspections. 

3. Engage factory-authorized service representative to administer and perform tests and 
inspections on components, assemblies, and equipment installations, including 
connections. 

4. Administer and perform tests and inspections with assistance of factory-authorized 
service representative. 

3.4 CLOSEOUT ACTIVITIES 

A. Demonstration:  

1. Demonstrate to Owner's maintenance and clerical personnel and building occupants 
how to operate the following systems and equipment: 

a. Lighting control devices specified in Section 26 09 23 "Lighting Control 
Devices." 

b. Lighting control systems specified in Section 26 09 43.23 "Relay-Based 
Lighting Controls." 

2.  Provide video recordings of demonstrations to Owner or allow Owner to record 
demonstrations. 

B. Training:  

1. Train Owner's maintenance personnel on the following topics: 

a. How to implement updated Facility EPM Program. 
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b. How to operate normal and emergency electrical systems, including 
justifications for, and limitations of, protective device settings recommended in 
study report specified in Section 26 05 73.16 "Coordination Studies." 

c. Electrical power safety fundamentals refresher including arc-flash hazard safety 
features of electrical power distribution equipment in facility, interpreting arc-
flash warning labels, selecting appropriate personal protective equipment, and 
understanding significance of findings documented in study report specified in 
Section 26 05 73.19 "Arc-Flash Hazard Analysis." 

d. How to adjust, operate, and maintain devices specified in Section 26 09 23 
"Lighting Control Devices." 

e. How to adjust, operate, and maintain hardware and software specified in 
Section 26 09 43.23 "Relay-Based Lighting Controls." 

f. How to adjust, operate, and maintain switchboards, overcurrent protective 
devices, instrumentation, and accessories, and to use and reprogram 
microprocessor-based trip, monitoring, and communication units specified in 
Section 26 24 13 "Switchboards." 

g. How to adjust, operate, and maintain equipment specified in Section 26 27 43 
"Electric-Vehicle Service Equipment - AC Level 1 and Level 2." 

h. How to adjust, operate, and maintain equipment specified in 
Section 26 29 13.03 "Manual and Magnetic Motor Controllers." 

i. How to adjust, operate, and maintain transfer switches and related equipment, 
including ground-fault protection system, specified in Section 26 36 00 
"Transfer Switches." 

j. How to adjust, operate, and maintain devices specified in Section 26 43 13 
"Surge Protective Devices for Low-Voltage Electrical Power Circuits." 

k. How to adjust, operate, and maintain luminaires and photoelectric controls 
specified in Section 26 56 19 "LED Exterior Lighting." 

2. Provide video recordings of training sessions to Owner or allow Owner to record 
training sessions. 

END OF SECTION 26 00 10 

RTU AND CHILLER REPLACEMENT 



SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 26 05 19 - Page 1 of 7 

SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Copper building wire. 
2. Metal-clad cable, Type MC. 
3. Fire-alarm wire and cable. 
4. Connectors and splices. 

B. Related Requirements: 

1. Section 26 00 10 "Supplemental Requirements for Electrical" for additional 
abbreviations, definitions, submittals, qualifications, testing agencies, and other 
Project requirements applicable to Work specified in this Section. 

2. Section 26 05 23 "Control-Voltage Electrical Power Cables" for control systems 
communications cables and Classes 1, 2, and 3 control cables. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Schedule: Indicate type, use, location, and termination locations. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor 
with an overall insulation layer or jacket, or both, rated 600 V or less. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Alpha Wire; brand of Belden, Inc. 
2. Belden Inc. 
3. General Cable; Prysmian Group North America. 
4. Southwire Company, LLC. 

C. Standards: 
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1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked 
for intended location and use. 

2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 
"Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 
for stranded conductors. 

E. Conductor Insulation: 

1. Type THHN and Type THWN-2: Comply with UL 83. 
2. Type XHHW-2: Comply with UL 44. 

2.2 METAL-CLAD CABLE, TYPE MC 

A. Description: A factory assembly of one or more current-carrying insulated conductors in an 
overall metallic sheath. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. AFC Cable Systems; Atkore International. 
2. Alpha Wire; brand of Belden, Inc. 
3. Belden Inc. 
4. General Cable; Prysmian Group North America. 
5. Southwire Company, LLC. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked 
for intended location and use. 

2. Comply with UL 1569. 
3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Circuits: 

1. Single circuit and multicircuit with color-coded conductors. 
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 

E. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 
for stranded conductors. 

F. Ground Conductor: Insulated. 

G. Conductor Insulation: 

1. Type THHN/THWN-2: Comply with UL 83. 
2. Type XHHW-2: Comply with UL 44. 

H. Armor: Steel, interlocked. 
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2.3 FIRE-ALARM WIRE AND CABLE 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Allied Wire & Cable Inc. 
2. Genesis Cable Products; Honeywell International, Inc. 
3. Prysmian Cables and Systems; Prysmian Group North America. 
4. West Penn Wire; brand of Belden, Inc. 

B. General Wire and Cable Requirements: NRTL listed and labeled as complying with 
NFPA 70, Article 760. 

C. Signaling Line Circuits: Twisted, shielded pair, size as recommended by system 
manufacturer. 

1. Circuit Integrity Cable: Twisted shielded pair, NFPA 70, Article 760, Classification CI, 
for power-limited fire-alarm signal service Type FPL. NRTL listed and labeled as 
complying with UL 1424 and UL 2196 for a two-hour rating. 

D. Non-Power-Limited Circuits: Solid-copper conductors with 600 V rated, 75 deg C, color-
coded insulation, and complying with requirements in UL 2196 for a two-hour rating. 

1. Low-Voltage Circuits: No. 14 AWG, minimum, in pathway. 
2. Line-Voltage Circuits: No. 12 AWG, minimum, in pathway. 
3. Multiconductor Armored Cable: NFPA 70, Type MC, copper conductors, 

Type TFN/THHN conductor insulation, copper drain wire, copper armor with outer 
jacket with red identifier stripe, NTRL listed for fire-alarm and cable tray installation, 
plenum rated. 

2.4 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, 
material, type, and class for application and service indicated; listed and labeled as defined 
in NFPA 70, by a qualified testing agency, and marked for intended location and use. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. 3M Electrical Products. 
2. AFC Cable Systems; Atkore International. 
3. Hubbell Utility Solutions; Hubbell Incorporated. 
4. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton Group. 

C. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set 
screws, designed to connect conductors specified in this Section. 

D. Lugs: One piece, seamless, designed to terminate conductors specified in this Section. 

1. Material: Copper. 
2. Type: One hole with standard barrels. 
3. Termination: Mechanical. 
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PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: 

1. Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 
2. Copper for feeders. Conductors must be solid for No. 10 AWG and smaller; stranded 

for No. 8 AWG and larger. 

B. Branch Circuits: 

1. Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

C. ASD Output Circuits Cable: Extra-flexible stranded for all sizes. 

D. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING 
METHODS 

A. Service Entrance: Type THHN/THWN-2, single conductors in raceway. 

B. Exposed Feeders: Type XHHW-2, single conductors in raceway. 

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN/THWN-2, 
single conductors in raceway. 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-2, 
single conductors in raceway. 

E. Feeders Installed below Raised Flooring: Type THHN/THWN-2, single conductors in 
raceway or Metal-clad cable, Type MC. 

F. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors 
in raceway. 

G. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single 
conductors in raceway or Metal-clad cable, Type MC. 

H. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: 
Type XHHW-2, single conductors in raceway. 

I. Branch Circuits Installed below Raised Flooring:  Type THHN/THWN-2, single conductors in 
raceway or Metal-clad cable, Type MC. 

J. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless 
steel, wire-mesh, strain relief device at terminations to suit application. 

3.3 INSTALLATION, GENERAL 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 
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B. Complete raceway installation between conductor and cable termination points according to 
Section 26 05 33 "Raceways and Boxes for Electrical Systems" prior to pulling conductors 
and cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound 
used must not deteriorate conductor or insulation. Do not exceed manufacturer's 
recommended maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that 
will not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural 
members, and follow surface contours where possible. 

F. Support cables according to Section 26 05 29 "Hangers and Supports for Electrical 
Systems." 

3.4 INSTALLATION OF FIRE-ALARM WIRE AND CABLE 

A. Comply with NFPA 72. 

B. Wiring Method: Install wiring in metal pathway according to Section 27 05 28.29 "Hangers 
and Supports for Communications Systems." 

1. Install plenum cable in environmental airspaces, including plenum ceilings. 
2. Fire-alarm circuits and equipment control wiring associated with fire-alarm system 

must be installed in a dedicated pathway system. 

a. Cables and pathways used for fire-alarm circuits, and equipment control wiring 
associated with fire-alarm system, may not contain any other wire or cable. 

3. Fire-Rated Cables: Use of two-hour, fire-rated fire-alarm cables, NFPA 70, Types MI 
and CI, is permitted. 

4. Signaling Line Circuits: Power-limited fire-alarm cables must not be installed in the 
same cable or pathway as signaling line circuits. 

C. All fire alarm cable shall be installed in conduit. However, MC cable may be used as outlined 
in the following URI Standard: 

1. M/C approval is contingent upon these parameters in addition to any and all NEC and 
RIUFC rules and regulations. 

2. The colors must comply with the RIUFC, taped or identified conductors will not be 
accepted. 

3. Under no circumstances shall M/C be run over the top of joist without running boards. 
4. M/C shall not be installed with-in 6” of the roof deck or floor, 
5. M/C shall not be installed in wet/damp locations. 
6. M/C shall not be installed in the same space or hole as A/C power conductors or 

raceways, a minimum 2” space shall be provided to minimize induced currents. 
7. M/C shall be run independent of suspended ceilings and ceiling supports and other 

mechanical equipment and supports. 
8. M/C cable shall be supported at a minimum every 4’. 
9. M/C cable shall not be run between floors. 
10. M/C cable shall not be run in exposed areas. 
11. M/C to EMT transitions shall take place within a box wherever possible. 

RTU AND CHILLER REPLACEMENT 



SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 26 05 19 - Page 6 of 7 

12. This approval is only good for 3 conductor M/C. Additional wires will need to be 
approved. 

13. Extra care shall be taken to assure grounds are not transmitted from the grounding 
conductor, such as using insulated grounding terminations. 

D. Wiring within Enclosures: Separate power-limited and non-power-limited conductors as 
recommended by manufacturer. Install conductors parallel with or at right angles to sides 
and back of the enclosure. Bundle, lace, and train conductors to terminal points with no 
excess. Connect conductors that are terminated, spliced, or interrupted in any enclosure 
associated with fire-alarm system to terminal blocks. Mark each terminal according to 
system's wiring diagrams. Make all connections with approved crimp-on terminal spade lugs, 
pressure-type terminal blocks, or plug connectors. 

E. Color-Coding: Color-code fire-alarm conductors differently from the normal building power 
wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. Color-
code audible alarm-indicating circuits differently from alarm-initiating circuits. Use different 
colors for visible alarm-indicating devices. Paint fire-alarm system junction boxes and covers 
red. 

F. Risers: Install at least two vertical cable risers to serve the fire-alarm system. Separate risers 
in close proximity to each other with a minimum one-hour-rated wall, so the loss of one riser 
does not prevent receipt or transmission of signals from other floors or zones. 

G. Wiring to Remote Alarm Transmitting Device: 1 inch conduit between the fire-alarm control 
panel and the transmitter. Install number of conductors and electrical supervision for 
connecting wiring as needed to suit monitoring function. 

3.5 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and that 
possess equivalent or better mechanical strength and insulation ratings than unspliced 
conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inch of slack. 

D. Comply with requirements in Section 28 46 21.11 "Addressable Fire-Alarm Systems" for 
connecting, terminating, and identifying wires and cables. 

3.6 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 26 05 53 "Identification 
for Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 
conductor, and identify as spare conductor. 
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3.7 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 
with requirements in Section 26 05 44 "Sleeves and Sleeve Seals for Electrical Raceways 
and Cabling." 

3.8 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to Section 07 84 13 "Penetration 
Firestopping." 

3.9 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. After installing conductors and cables and before electrical circuitry has been 
energized, test service entrance and feeder conductors for compliance with 
requirements. 

2. After installing conductors and cables and before electrical circuitry has been 
energized, test service entrance and feeder conductors. 

3. Perform each of the following visual and electrical tests: 

a. Inspect exposed sections of conductor and cable for physical damage and 
correct connection according to the single-line diagram. 

b. Test bolted connections for high resistance using one of the following: 

1) A low-resistance ohmmeter. 
2) Calibrated torque wrench. 
3) Thermographic survey. 

c. Inspect compression-applied connectors for correct cable match and 
indentation. 

d. Inspect for correct identification. 
e. Inspect cable jacket and condition. 
f. Insulation-resistance test on each conductor for ground and adjacent 

conductors. Apply a potential of 500 V(dc) for 300 V rated cable and 1000 V(dc) 
for 600 V rated cable for a one-minute duration. 

g. Continuity test on each conductor and cable. 
h. Uniform resistance of parallel conductors. 

B. Cables will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports to record the following: 

1. Procedures used. 
2. Results that comply with requirements. 
3. Results that do not comply with requirements, and corrective action taken to achieve 

compliance with requirements. 

END OF SECTION 26 05 19 
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SECTION 26 05 26 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Grounding and bonding conductors. 
2. Grounding and bonding clamps. 
3. Grounding and bonding bushings. 
4. Grounding and bonding hubs. 
5. Grounding and bonding connectors. 
6. Intersystem bonding bridge grounding connector. 
7. Grounding and bonding busbars. 
8. Grounding (earthing) electrodes. 

B. Related Requirements: 

1. Section 26 00 10 "Supplemental Requirements for Electrical" for additional 
abbreviations, definitions, submittals, qualifications, testing agencies, and other 
Project requirements applicable to Work specified in this Section. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. For each type of product indicated. 

B. Shop Drawings: Plans showing dimensioned locations of grounding features described in 
"Field Quality Control" Article, including the following: 

1. Test wells. 
2. Rod electrodes. 
3. Grounding arrangements and connections for separately derived systems. 

C. Field Quality-Control Submittals: 

1. Field quality-control reports. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: 

1. In addition to items specified in Section 26 00 10 "Supplemental Requirements for 
Electrical," include the following: 

a. Plans showing locations of grounding features described in "Field Quality 
Control" Article, including the following: 
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1) Test wells. 
2) Rod electrodes. 
3) Grounding arrangements and connections for separately derived 

systems. 

PART 2 - PRODUCTS 

2.1 GROUNDING AND BONDING CONDUCTORS 

A. Equipment Grounding Conductor: 

1. General Characteristics: 600 V, THHN/THWN-2 or XHHW-2, copper wire or cable, 
green color, in accordance with Section 26 05 19 "Low-Voltage Electrical Power 
Conductors and Cables." 

B. Isolated Equipment Grounding Conductor: 

1. General Characteristics: 600 V, THHN/THWN-2 or XHHW-2, copper wire or cable, 
green color with one or more yellow stripes, in accordance with Section 26 05 19 
"Low-Voltage Electrical Power Conductors and Cables." 

C. ASTM - Bare Copper Grounding and Bonding Conductor: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ERICO; brand of nVent Electrical plc. 
b. Harger Lightning & Grounding; business of Harger, Inc. 

2. Referenced Standards: Complying with one or more of the following: 

a. Soft or Annealed Copper Wire: ASTM B3 
b. Concentric-Lay Stranded Copper Conductor: ASTM B8. 
c. Tin-Coated Soft or Annealed Copper Wire: ASTM B33. 
d. 19-Wire Combination Unilay-Stranded Copper Conductor: ASTM B787/B787M. 

2.2 GROUNDING AND BONDING CLAMPS 

A. Description: Clamps suitable for attachment of grounding and bonding conductors to 
grounding electrodes, pipes, tubing, and rebar. Grounding and bonding clamps specified in 
this article are also suitable for use with communications applications; see Section 27 05 26 
"Grounding and Bonding for Communications Systems," for selection and installation 
guidelines. 

B. Source Limitations: Obtain products from single manufacturer. 

C. Performance Criteria: 

1. Regulatory Requirements: 
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a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing 
laboratory recognized by authorities having jurisdiction, and marked for 
intended location and application. 

2. Listing Criteria: 

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467. 
b. Grounding and Bonding Equipment for Communications: UL CCN KDSH; 

including UL 467. 

D. UL KDER and KDSH - Hex-Fitting-Type Pipe and Rod Grounding and Bonding Clamp: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Cooper B-line; brand of Eaton, Electrical Sector. 
c. Crouse-Hinds; brand of Eaton, Electrical Sector. 
d. ERICO; brand of nVent Electrical plc. 
e. Harger Lightning & Grounding; business of Harger, Inc. 
f. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
g. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

2. General Characteristics: 

a. Two pieces with stainless steel bolts. 
b. Clamp Material: Silicon bronze. 
c. Listed for outdoor use. 

E. UL KDER and KDSH - U-Bolt-Type Pipe and Rod Grounding and Bonding Clamp: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Cooper B-line; brand of Eaton, Electrical Sector. 
c. Crouse-Hinds; brand of Eaton, Electrical Sector. 
d. ERICO; brand of nVent Electrical plc. 
e. Harger Lightning & Grounding; business of Harger, Inc. 
f. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
g. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

2. General Characteristics: 

a. Clamp Material: Brass. 
b. Listed for outdoor use. 

F. UL KDER and KDSH - Strap-Type Pipe and Rod Grounding and Bonding Clamp: 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
b. Crouse-Hinds; brand of Eaton, Electrical Sector. 
c. ERICO; brand of nVent Electrical plc. 
d. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 

2. General Characteristics: 

a. Clamp Material: Copper. 
b. Listed for outdoor use. 

G. UL KDER - Beam Grounding and Bonding Clamp: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Anderson; brand of Hubbell Utility Solutions; Hubbell Incorporated. 
c. Penn-Union Corp.; subsidiary of Nesco, Inc. 

2. General Characteristics: Mechanical-type, terminal, ground wire access from four 
directions; with dual, tin-plated or silicon bronze bolts. 

H. UL KDER - Exothermically Welded Connection: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Crouse-Hinds; brand of Eaton, Electrical Sector. 
c. ERICO; brand of nVent Electrical plc. 

2. General Characteristics: Exothermic-welding kits of types recommended by kit 
manufacturer for materials being joined and installation conditions. 

I. UL KDER - Raised-Floor Signal Reference Grid Clamp: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
c. Cooper B-line; brand of Eaton, Electrical Sector. 
d. ERICO; brand of nVent Electrical plc. 
e. Harger Lightning & Grounding; business of Harger, Inc. 

2. General Characteristics: Mechanical-type, stamped-steel terminal with hex head 
screw. 
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2.3 GROUNDING AND BONDING BUSHINGS 

A. Description: Bonding bushings connect conduit fittings, tubing fittings, threaded metal 
conduit, and unthreaded metal conduit to metal boxes and equipment enclosures, and have 
one or more bonding screws intended to provide electrical continuity between bushing and 
enclosure. Grounding bushings have provision for connection of bonding or grounding 
conductor and may or may not also have bonding screws. 

B. Source Limitations: Obtain products from single manufacturer. 

C. Performance Criteria: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing 
laboratory recognized by authorities having jurisdiction, and marked for 
intended location and application. 

2. Listing Criteria: 

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467. 

D. UL KDER - Bonding Bushing: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Crouse-Hinds; brand of Eaton, Electrical Sector. 
c. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
d. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
e. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

2. General Characteristics: Threaded bushing with insulated throat. 

E. UL KDER - Grounding Bushing: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Crouse-Hinds; brand of Eaton, Electrical Sector. 
c. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
d. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

2. General Characteristics: Threaded bushing with insulated throat and mechanical-type 
wire terminal. 
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2.4 GROUNDING AND BONDING HUBS 

A. Description: Hubs with certified grounding or bonding locknut. 

B. Source Limitations: Obtain products from single manufacturer. 

C. Performance Criteria: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing 
laboratory recognized by authorities having jurisdiction, and marked for 
intended location and application. 

2. Listing Criteria: 

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467. 

D. UL KDER - Grounding and Bonding Hub: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
c. Crouse-Hinds; brand of Eaton, Electrical Sector. 
d. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 

2. General Characteristics: Insulated, gasketed, watertight hub with mechanical-type 
wire terminal. 

2.5 GROUNDING AND BONDING CONNECTORS 

A. Source Limitations: Obtain products from single manufacturer. 

B. Performance Criteria: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing 
laboratory recognized by authorities having jurisdiction, and marked for 
intended location and application. 

2. Listing Criteria: 

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467. 
b. Grounding and Bonding Equipment for Communications: UL CCN KDSH; 

including UL 467. 

C. UL KDER - Pressure-Type Grounding and Bonding Busbar Cable Connector: 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

2. General Characteristics: Copper or copper alloy, for compression bonding of one or 
more conductor directly to copper busbar. Listed for direct burial. 

D. UL KDER - Lay-In Lug Mechanical-Type Grounding and Bonding Busbar Terminal: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Chatsworth Products, Inc. 
c. Greaves Corp.; Essex Products Group, Inc. 
d. ILSCO. 

2. General Characteristics: Mechanical-type, copper rated for direct burial terminal with 
set screw. 

E. UL KDER - Crimped Lug Pressure-Type Grounding and Bonding Busbar Terminal: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Harger Lightning & Grounding; business of Harger, Inc. 
c. ILSCO. 

2. General Characteristics: Cast silicon bronze, solderless compression-type wire 
terminals; with long barrel and two holes spaced on 5/8 inch centers for two-bolt 
connection to busbar. 

F. UL KDER - Split-Bolt Service-Post Pressure-Type Grounding and Bonding Busbar Terminal: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Panduit Corp. 

2. General Characteristics: Bolts that surround cable and bond to cable under 
compression when nut is tightened after assembly is screwed into busbar opening. 

G. UL KDER - Crimped Pressure-Type Grounding and Bonding Cable Connector: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 
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a. ABB, Electrification Business. 
b. Burndy; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
c. ILSCO. 

2. General Characteristics: Crimp-and-compress connectors that bond to conductor 
when connector is compressed around conductor. 

a. Copper, C and H shaped. 

H. UL KDER - Split-Bolt Pressure-Type Grounding and Bonding Cable Connector: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. ERICO; brand of nVent Electrical plc. 
c. Greaves Corp.; Essex Products Group, Inc. 

2. General Characteristics: Bolts that surround cable and bond to cable under 
compression when nut is tightened. 

a. Copper. 

I. UL KDER - Signal Reference Grid Grounding and Bonding Connector: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Cooper B-line; brand of Eaton, Electrical Sector. 
c. ERICO; brand of nVent Electrical plc. 
d. Harger Lightning & Grounding; business of Harger, Inc. 

2. General Characteristics: Combination of compression wire connectors, access floor 
grounding clamps, bronze U-bolt grounding clamps, and copper split-bolt connectors, 
designed for the purpose. 

2.6 GROUNDING AND BONDING BUSBARS 

A. Description: Miscellaneous grounding and bonding device that serves as common 
connection for multiple grounding and bonding conductors. 

B. Source Limitations: Obtain products from single manufacturer. 

C. Performance Criteria: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing 
laboratory recognized by authorities having jurisdiction, and marked for 
intended location and application. 
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2. Listing Criteria: 

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467. 

3. Sustainability Characteristics: 

a. <Double click to insert sustainable design text for lead content> 

D. UL KDER - Equipment Room Grounding and Bonding Busbar: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Continental Industries; brand of Hubbell Utility Solutions; Hubbell Incorporated. 
b. Cooper B-line; brand of Eaton, Electrical Sector. 
c. ERICO; brand of nVent Electrical plc. 
d. Harger Lightning & Grounding; business of Harger, Inc. 
e. Hoffman; brand of nVent Electrical plc. 
f. ILSCO. 

2. General Characteristics: 

a. Bus: Rectangular bar of annealed copper. 
b. Mounting Stand-Off Insulators: Lexan or PVC. 

1) Comply with UL 891 for use in 600 V switchboards, impulse tested at 
5000 V. 

3. Options: 

a. Dimensions: 1/4 by 4 inch in cross section; length as indicated on Drawings. 
b. Predrilled Hole Pattern: 9/32 inch holes spaced 1-1/8 inch apart. 
c. Mounting Hardware: Stand-off brackets that provide 2 inch clearance to access 

rear of bus. Brackets and bolts must be stainless steel. 

E. UL KDER - Rack and Cabinet Bonding Busbar: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Cooper B-line; brand of Eaton, Electrical Sector. 
b. Harger Lightning & Grounding; business of Harger, Inc. 
c. Hoffman; brand of nVent Electrical plc. 

2. General Characteristics: 

a. Bus: Rectangular bar of hard-drawn solid copper. 
b. Horizontal Mounting Dimensions: Designed for mounting in 19 inchwide 

equipment racks or cabinets. 
c. Vertical Mounting Dimensions: Designed for mounting in 72 inch high 

equipment racks or cabinets. 
d. Predrilled Hole Pattern: Accepts connectors for grounding and bonding 

conductor sizes 14 AWG to 2/0 AWG. 
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e. Mounting Hardware: Stainless steel or copper-plated, for attachment to rack. 

2.7 GROUNDING (EARTHING) ELECTRODES 

A. Description: Grounding electrodes include rod electrodes, ring electrodes, metal 
underground water pipes, metal building frames, concrete-encased electrodes, and pipe and 
plate electrodes. 

B. Source Limitations: Obtain products from single manufacturer. 

C. Performance Criteria: 

1. Regulatory Requirements: 

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing 
laboratory recognized by authorities having jurisdiction, and marked for 
intended location and application. 

2. Listing Criteria: 

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467. 

D. UL KDER - Rod Electrode: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Continental Industries; brand of Hubbell Utility Solutions; Hubbell Incorporated. 
c. ERICO; brand of nVent Electrical plc. 
d. Galvan Industries, Inc.; Electrical Products Division, LLC. 
e. Harger Lightning & Grounding; business of Harger, Inc. 

2. General Characteristics: Copper-clad; 3/4 inch by 10 ft. 

E. UL KDER - Plate Electrode: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ALLTEC LLC. 
b. Galvan Industries, Inc.; Electrical Products Division, LLC. 

2. General Characteristics: 1/4 inch, hot-dip galvanized. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine facility's grounding electrode system and equipment grounding for compliance with 
requirements for maximum ground-resistance level and other conditions affecting 
performance of grounding and bonding of electrical system. 

B. Inspect test results of grounding system measured at point of electrical service equipment 
connection. 

C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of 
the Work. 

D. Proceed with connection of electrical service equipment only after unsatisfactory conditions 
have been corrected. 

3.2 SELECTION OF BUSBARS 

A. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, 
and elsewhere as indicated. 

1. Install bus horizontally, on insulated spacers 2 inch minimum from wall, 6 inch above 
finished floor unless otherwise indicated. 

2. Where indicated on both sides of doorways, route bus up to top of door frame, across 
top of doorway, and down; connect to horizontal bus. 

3.3 SELECTION OF GROUNDING AND BONDING CONDUCTORS 

A. Conductors: Install solid conductor for 10 AWG and smaller, and stranded conductors for 
8 AWG and larger unless otherwise indicated. 

B. Custom-Length Insulated Equipment Bonding Jumpers: 6 AWG, 19-strand, Type THHN. 

C. Bonding Cable: 28 kcmil, 14 strands of 17 AWG conductor, 1/4 inch in diameter. 

D. Bonding Conductor: 4 AWG or 6 AWG, stranded conductor. 

E. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-
5/8 inchwide and 1/16 inch thick. 

F. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper 
ferrules; 1-5/8 inchwide and 1/16 inch thick. 

G. Underground Grounding Conductors: Install bare copper conductor, 4/0 AWG minimum. 

1. Bury at least 30 inch below grade. 

3.4 SELECTION OF CONNECTORS 

A. Conductor Terminations and Connections: 
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1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 
3. Connections to Ground Rods at Test Wells: Bolted connectors. 
4. Connections to Structural Steel: Welded connectors. 

3.5 INSTALLATION 

A. Comply with manufacturer's published instructions. 

B. Reference Standards: 

1. Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 
and UL 96 when interconnecting with lightning protection system. Bond electrical 
power system ground directly to lightning protection system grounding conductor at 
closest point to electrical service grounding electrode. Use bonding conductor sized 
same as system grounding electrode conductor, and install in conduit. 

2. Consult Architect for resolution of conflicting requirements. 

C. Special Techniques: 

1. Conductors: 

a. Route along shortest and straightest paths possible unless otherwise indicated 
or required by Code. Avoid obstructing access or placing conductors where 
they may be subjected to strain, impact, or damage. 

2. Connections: Make connections so possibility of galvanic action or electrolysis is 
minimized. Select connectors, connection hardware, conductors, and connection 
methods so metals in direct contact are galvanically compatible. 

a. Use electroplated or hot-tin-coated materials to ensure high conductivity and to 
make contact points closer in order of galvanic series. 

b. Make connections with clean, bare metal at points of contact. 
c. Make aluminum-to-steel connections with stainless steel separators and 

mechanical clamps. 
d. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers 

and mechanical clamps. 
e. Coat and seal connections having dissimilar metals with inert material to 

prevent future penetration of moisture to contact surfaces. 
f. Bonding Straps and Jumpers: Install in locations accessible for inspection and 

maintenance except where routed through short lengths of conduit. 

1) Bonding to Structure: Bond straps directly to basic structure, taking care 
not to penetrate adjacent parts. 

2) Bonding to Equipment Mounted on Vibration Isolation Hangers and 
Supports: Install bonding so vibration is not transmitted to rigidly 
mounted equipment. 

3) Use exothermic-welded connectors for outdoor locations; if disconnect-
type connection is required, use bolted clamp. 

g. Grounding and Bonding for Piping: 
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1) Metal Water Service Pipe: Install insulated copper grounding conductors, 
in conduit, from building's main service equipment, or grounding bus, to 
main metal water service entrances to building. Connect grounding 
conductors to main metal water service pipes; use bolted clamp 
connector or bolt lug-type connector to pipe flange by using one of lug 
bolts of flange. Where dielectric main water fitting is installed, connect 
grounding conductor on street side of fitting. Bond metal grounding 
conductor conduit or sleeve to conductor at each end. 

2) Water Meter Piping: Use braided-type bonding jumpers to electrically 
bypass water meters. Connect to pipe with bolted connector. 

3) Bond each aboveground portion of gas piping system downstream from 
equipment shutoff valve. 

h. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding 
conductors of associated fans, blowers, electric heaters, and air cleaners. 
Install tinned bonding jumper to bond across flexible duct connections to 
achieve continuity. 

i. Grounding for Steel Building Structure: Install driven ground rod at base of each 
corner column and at intermediate exterior columns at distances not more than 
60 ft apart. 

3. Electrodes: 

a. Ground Rods: Drive rods until tops are 2 inch below finished floor or final grade 
unless otherwise indicated. 

1) Interconnect ground rods with grounding electrode conductor below 
grade and as otherwise indicated. Make connections without exposing 
steel or damaging coating if any. 

2) Use exothermic welds for below-grade connections. 

b. For grounding electrode system, install at least three rods spaced at least one-
rod length from each other and located at least same distance from other 
grounding electrodes, and connect to service grounding electrode conductor. 

c. Test Wells: Ground rod driven through drilled hole in bottom of handhole. 
Handholes are specified in Section 26 05 43 "Underground Ducts and 
Raceways for Electrical Systems," and must be at least 12 inch deep, with 
cover. 

1) Install at least one test well for each service unless otherwise indicated. 
Install at ground rod electrically closest to service entrance. Set top of 
test well flush with finished grade or floor. 

d. Ring Electrode: Install grounding conductor, electrically connected to each 
building structure ground rod and to each steel column, extending around 
perimeter of building. 

1) Install tinned-copper conductor not less than 4/0 AWG for ring electrode 
and for taps to building steel. 

2) Bury ring electrode not less than 24 inches from building's foundation. 

e. Concrete-Encased Electrode (Ufer Ground): 

1) Fabricate in accordance with NFPA 70; use minimum of 20 ft of bare 
copper conductor not smaller than 4 AWG. 
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a) Bond grounding conductor to reinforcing steel in at least four 
locations and to anchor bolts. Extend grounding conductor below 
grade and connect to building's grounding grid or to grounding 
electrode external to concrete. 

2) Fabricate in accordance with NFPA 70; using electrically conductive 
coated steel reinforcing bars or rods, at least 20 ft long. If reinforcing is in 
multiple pieces, connect together by usual steel tie wires or exothermic 
welding to create required length. 

4. Grounding at Service: 

a. Equipment grounding conductors and grounding electrode conductors must be 
connected to ground bus. Install main bonding jumper between neutral and 
ground buses. 

5. Grounding Separately Derived Systems: 

a. Generator: Install grounding electrode(s) at generator location. Electrode must 
be connected to equipment grounding conductor and to frame of generator. 

6. Grounding Underground Distribution System Components: 

a. Comply with IEEE C2 grounding requirements. 
b. Grounding Manholes and Handholes: Install driven ground rod through 

manhole or handhole floor, close to wall, and set rod depth so 4 inch will extend 
above finished floor. If necessary, install ground rod before manhole is placed 
and provide 1/0 AWG bare, tinned-copper conductor from ground rod into 
manhole through waterproof sleeve in manhole wall. Protect ground rods 
passing through concrete floor with double wrapping of pressure-sensitive 
insulating tape or heat-shrunk insulating sleeve from 2 inches above to 6 inches 
below concrete. Seal floor opening with waterproof, nonshrink grout. 

c. Grounding Connections to Manhole Components: Bond exposed-metal parts 
such as inserts, cable racks, pulling irons, ladders, and cable shields within 
each manhole or handhole, to ground rod or grounding conductor. Make 
connections with 4 AWG minimum, stranded, hard-drawn copper bonding 
conductor. Train conductors level or plumb around corners and fasten to 
manhole walls. Connect to cable armor and cable shields in accordance with 
manufacturer's published instructions with splicing and termination kits. 

d. Pad-Mounted Transformers and Switches: Install two ground rods and ring 
electrode around pad. Ground pad-mounted equipment and noncurrent-
carrying metal items associated with substations by connecting them to 
underground cable and grounding electrodes. Install tinned-copper conductor 
not less than 2 AWG for ring electrode and for taps to equipment grounding 
terminals. Bury ring electrode not less than 6 inches from foundation. 

7. Equipment Grounding: 

a. Install insulated equipment grounding conductors with feeders and branch 
circuits. 

b. Install insulated equipment grounding conductors with the following items, in 
addition to those required by NFPA 70: 

1) Feeders and branch circuits. 
2) Lighting circuits. 
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3) Receptacle circuits. 
4) Single-phase motor and appliance branch circuits. 
5) Three-phase motor and appliance branch circuits. 
6) Flexible raceway runs. 
7) Metal-clad cable runs. 

c. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to 
duct-mounted electrical devices operating at 120 V and more, including air 
cleaners, heaters, dampers, humidifiers, and other duct electrical equipment. 
Bond conductor to each unit and to air duct and connected metallic piping. 

d. Water Heater, Heat-Tracing, and Anti-frost Heating Cables: Install separate 
insulated equipment grounding conductor to each electric water heater and 
heat-tracing cable. Bond conductor to heater units, piping, connected 
equipment, and components. 

e. Isolated Grounding Receptacle Circuits: Install insulated equipment grounding 
conductor connected to receptacle grounding terminal. Isolate conductor from 
raceway and from panelboard grounding terminals. Terminate at equipment 
grounding conductor terminal of applicable derived system or service unless 
otherwise indicated. 

f. Isolated Equipment Enclosure Circuits: For designated equipment supplied by 
branch circuit or feeder, isolate equipment enclosure from supply circuit 
raceway with nonmetallic raceway fitting listed for the purpose. Install fitting 
where raceway enters enclosure, and install separate insulated equipment 
grounding conductor. Isolate conductor from raceway and from panelboard 
grounding terminals. Terminate at equipment grounding conductor terminal of 
applicable derived system or service unless otherwise indicated. 

g. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and 
separate insulated equipment grounding conductor in addition to grounding 
conductor installed with branch-circuit conductors. 

h. Metallic Fences: Comply with requirements of IEEE C2. 

1) Grounding Conductor: Bare copper, not less than 8 AWG. 
2) Gates: Must be bonded to grounding conductor with flexible bonding 

jumper. 
3) Barbed Wire: Strands must be bonded to grounding conductor. 

8. Fence Grounding: Install at maximum intervals of 1500 ft except as follows: 

a. Fences within 100 ft of Buildings, Structures, Walkways, and Roadways: 
Ground at maximum intervals of 750 ft. 

1) Gates and Other Fence Openings: Ground fence on each side of 
opening. 

a) Bond metal gates to gate posts. 
b) Bond across openings, with and without gates, except at openings 

indicated as intentional fence discontinuities. Use 2 AWG wire and 
bury it at least 18 inches below finished grade. 

b. Protection at Crossings of Overhead Electrical Power Lines: Ground fence at 
location of crossing and at maximum distance of 150 ft on each side of 
crossing. 

c. Grounding Method: At each grounding location, drive grounding rod vertically 
until top is 6 inches below finished grade. Connect rod to fence with 6 AWG 
conductor. Connect conductor to each fence component at grounding location. 
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d. Bonding Method for Gates: Connect bonding jumper between gate post and 
gate frame. 

e. Bonding to Lightning-Protection System: If fence terminates at lightning-
protected building or structure, ground fence and bond fence grounding 
conductor to lightning-protection down conductor or lightning-protection 
grounding conductor, complying with NFPA 780. 

3.6 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with calibrated torque wrench in accordance with 
manufacturer's published instructions. 

3. Test completed grounding system at each location where maximum ground-
resistance level is specified, at service disconnect enclosure grounding terminal at 
ground test wells and at individual ground rods. Make tests at ground rods before 
conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of 
precipitation and without soil being moistened by means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method in accordance with IEEE Std 81. 
c. Excessive Ground Resistance: If resistance to ground exceeds specified 

values, notify Architect promptly and include recommendations to reduce 
ground resistance. 

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod 
assembly, and other grounding electrodes. Identify each by letter in alphabetical 
order, and key to record of tests and observations. Include number of rods driven and 
their depth at each location, and include observations of weather and other 
phenomena that may affect test results. Describe measures taken to improve test 
results. 

B. Nonconforming Work: 

1. Grounding system will be considered defective if it does not pass tests and 
inspections. 

2. Remove and replace defective components and retest. 

C. Collect, assemble, and submit test and inspection reports. 

1. Report measured ground resistances that exceed the following values: 

a. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 
10 Ω. 

b. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 
5 Ω. 

c. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 
3 Ω. 

d. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 Ω. 
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e. Pad-Mounted Equipment: 5 Ω. 
f. Manhole Grounds: 10 Ω. 

3.7 PROTECTION 

A. After installation, protect grounding and bonding cables and equipment from construction 
activities. Remove and replace items that are contaminated, defaced, damaged, or 
otherwise caused to be unfit for use prior to acceptance by Owner. 

END OF SECTION 26 05 26 
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SECTION 26 05 29 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Support, anchorage, and attachment components. 
2. Fabricated metal equipment support assemblies. 

B. Related Requirements: 

1. Section 26 00 10 "Supplemental Requirements for Electrical" for additional 
abbreviations, definitions, submittals, qualifications, testing agencies, and other 
Project requirements applicable to Work specified in this Section. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for the following: 

a. Slotted support systems, hardware, and accessories. 
b. Clamps. 
c. Hangers. 
d. Sockets. 
e. Eye nuts. 
f. Fasteners. 
g. Anchors. 
h. Saddles. 
i. Brackets. 

2. Include rated capacities and furnished specialties and accessories. 

B. Shop Drawings: For fabrication and installation details for electrical hangers and support 
systems. 

1. Hangers. Include product data for components. 
2. Slotted support systems. 
3. Equipment supports. 
4. Vibration Isolation Base Details: Detail fabrication including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor bases, 
rails, and frames for equipment mounting. 

C. Delegated Design Submittal: For hangers and supports for electrical systems. 

1. Include design calculations and details of hangers. 
2. Include design calculations for seismic restraints. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified structural professional engineer to design hanger and 
support system. 

B. Surface-Burning Characteristics: Comply with ASTM E84; testing by a qualified testing 
agency. Identify products with appropriate markings of applicable testing agency. 

1. Flame Rating: Class 1. 
2. Self-extinguishing according to ASTM D635. 

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 
13/32 inch diameter holes at a maximum of 8 inches on center in at least one surface. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Allied Tube & Conduit; Atkore International. 
c. CADDY; brand of nVent Electrical plc. 
d. Cooper B-line; brand of Eaton, Electrical Sector. 
e. Unistrut; Atkore International. 

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
3. Material for Channel, Fittings, and Accessories: Galvanized steel. 
4. Channel Width: Selected for applicable load criteria. 
5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to 

MFMA-4. 
6. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester 

coating applied according to MFMA-4. 
7. Painted Coatings: Manufacturer's standard painted coating applied according to 

MFMA-4. 
8. Protect finishes on exposed surfaces from damage by applying a strippable, 

temporary protective covering before shipping. 

B. Aluminum Slotted Support Systems: Extruded-aluminum channels and angles with minimum 
13/32 inch diameter holes at a maximum of 8 inches on center in at least one surface. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Eaton. 
c. Unistrut; Atkore International. 

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
3. Channel Material: 6063-T5 aluminum alloy. 
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4. Fittings and Accessories Material: 5052-H32 aluminum alloy. 
5. Channel Width: Selected for applicable load criteria. 
6. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester 

coating applied according to MFMA-4. 
7. Painted Coatings: Manufacturer's standard painted coating applied according to 

MFMA-4. 
8. Protect finishes on exposed surfaces from damage by applying a strippable, 

temporary protective covering before shipping. 

C. Nonmetallic Slotted Support Systems: Structural-grade, factory-formed, glass-fiber-resin 
channels and angles with minimum 13/32 inch diameter holes at a maximum of 8 inches on 
center, in at least one surface. 

1. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
2. Channel Width: Selected for applicable load criteria. 
3. Fittings and Accessories: Products provided by channel and angle manufacturer and 

designed for use with those items. 
4. Fitting and Accessory Materials: Same as those for channels and angles, except 

metal items may be stainless steel. 
5. Rated Strength: Selected to suit applicable load criteria. 
6. Protect finishes on exposed surfaces from damage by applying a strippable, 

temporary protective covering before shipping. 

D. Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, 
designed for types and sizes of raceway or cable to be supported. 

E. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of 
threaded body and insulating wedging plug or plugs for nonarmored electrical conductors or 
cables in riser conduits. Plugs must have number, size, and shape of conductor gripping 
pieces as required to suit individual conductors or cables supported. Body must be made of 
malleable iron. 

F. Structural Steel for Fabricated Supports and Restraints: ASTM A36/A36M steel plates, 
shapes, and bars; black and galvanized. 

G. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or 
their supports to building surfaces include the following: 

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland 
cement concrete, steel, or wood, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used. 

2. Mechanical-Expansion Anchors: Insert-wedge-type, stainless steel, for use in 
hardened portland cement concrete, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to the following: 

1) Cooper B-line; brand of Eaton, Electrical Sector. 
2) Empire Industries, Inc. 
3) Hilti, Inc. 
4) ITW Ramset/Red Head; Illinois Tool Works, Inc. 
5) MKT Fastening, LLC. 
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3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to 
MSS Type 18 units and comply with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for 
attached structural element. 

5. Through Bolts: Structural type, hex head, and high strength. Comply with 
ASTM F3125/F3125M, Grade A325. 

6. Toggle Bolts: All steel springhead type. 
7. Hanger Rods: Threaded steel. 

2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit 
dimensions of supported equipment. 

B. Materials: Comply with requirements in Section 05 50 00 "Metal Fabrications" for steel 
shapes and plates. 

PART 3 - EXECUTION 

3.1 SELECTION 

A. Comply with the following standards for selection and installation of hangers and supports, 
except where requirements on Drawings or in this Section are stricter: 

1. NECA NEIS 101 
2. NECA NEIS 102. 
3. NECA NEIS 105. 
4. NECA NEIS 111. 

B. Comply with requirements in Section 07 84 13 "Penetration Firestopping" for firestopping 
materials and installation for penetrations through fire-rated walls, ceilings, and assemblies. 

C. Comply with requirements for raceways and boxes specified in Section 26 05 33 "Raceway 
and Boxes for Electrical Systems." 

D. Provide vibration and seismic controls with hangers and supports in accordance with 
requirements specified in "Section 26 05 48 "Vibration and Seismic Controls for Electrical 
Systems." 

E. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports 
for EMT, IMC, and ERMC as required by NFPA 70. Minimum rod size must be 1/4 inch in 
diameter. 

F. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or 
other support system, sized so capacity can be increased by at least 25 percent in future 
without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with single-bolt conduit clamps using 
spring friction action for retention in support channel. 

RTU AND CHILLER REPLACEMENT 



SECTION 26 05 29 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 26 05 29 - Page 5 of 6 

G. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2 inch and smaller raceways serving branch circuits and communication systems above 
suspended ceilings, and for fastening raceways to trapeze supports. 

3.2 INSTALLATION OF SUPPORTS 

A. Comply with NECA NEIS 101 for installation requirements except as specified in this article. 

B. Raceway Support Methods: In addition to methods described in NECA NEIS 1, EMT, IMC 
and ERMC may be supported by openings through structure members, in accordance with 
NFPA 70. 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so 
strength will be adequate to carry present and future static loads within specified loading 
limits. Minimum static design load used for strength determination must be weight of 
supported components plus 200 lb. 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and 
fasten electrical items and their supports to building structural elements by the following 
methods unless otherwise indicated by code: 

1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion 

anchor fasteners on solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 
5. Instead of expansion anchors, powder-actuated driven threaded studs provided with 

lock washers and nuts may be used in existing standard-weight concrete 4 inch thick 
or greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs 
less than 4 inch thick. 

6. To Steel: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27). 
7. To Light Steel: Sheet metal screws. 
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 
transformers, and other devices on slotted-channel racks attached to substrate by 
means that comply with seismic-restraint strength and anchorage requirements. 

E. Do not attach any equipment or component supports from metal roof deck. 

F. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need 
for reinforcing bars. 

G. Supports shall be installed 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Section 05 50 00 "Metal Fabrications" for site-
fabricated metal supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and 
elevation to support and anchor electrical materials and equipment. 

C. Field Welding: Comply with AWS D1.1/D1.1M. Submit welding certificates. 
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3.4 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated, but not less than 4 inch larger in both 
directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from 
edge of the base. 

B. Use 3000 psi, 28-day compressive-strength concrete. 

C. Anchor equipment to concrete base as follows: 

1. Place and secure anchorage devices. Use supported equipment manufacturer's 
setting drawings, templates, diagrams, instructions, and directions furnished with 
items to be embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

END OF SECTION 26 05 29 
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SECTION 26 05 33.13 - CONDUITS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Type EMT-S duct raceways and elbows. 
2. Type ERMC-S duct raceways, elbows, couplings, and nipples. 
3. Type FMC-S duct raceways. 
4. Type IMC duct raceways. 
5. Type LFMC duct raceways. 
6. Type LFNC duct raceways. 
7. Type PVC duct raceways and fittings. 
8. Fittings for conduit, tubing, and cable. 
9. Electrically conductive corrosion-resistant compounds for threaded conduit. 
10. Solvent cements. 

B. Products Installed, but Not Furnished, under This Section: 

1. See Section 26 05 53 "Identification for Electrical Systems" for electrical equipment 
labels. 

C. Related Requirements: 

1. Section 26 00 10 "Supplemental Requirements for Electrical" for additional 
abbreviations, definitions, submittals, qualifications, testing agencies, and other 
Project requirements applicable to Work specified in this Section. 

2. Section 26 05 19 "Low-Voltage for Electrical Power Conductors and Cables" for 
nonmetallic underground conduit with conductors (Type NUCC). 

3. Section 26 05 43 "Underground Ducts and Raceways for Electrical Systems" for 
exterior duct banks, manholes, and underground utility construction. 

1.2 DEFINITIONS 

A. Conduit: A structure containing one or more duct raceways. 

B. Duct Raceway: A single enclosed raceway for conductors or cable. 

C. Duct Bank: An arrangement of conduit providing one or more continuous duct raceways 
between two points. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. Type EMT-S duct raceways and elbows. 
2. Type ERMC-S duct raceways, elbows, couplings, and nipples. 
3. Type FMC-S duct raceways. 
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4. Type IMC duct raceways. 
5. Type LFMC duct raceways. 
6. Type LFNC duct raceways. 
7. Type PVC duct raceways and fittings. 
8. Fittings for conduit, tubing, and cable. 
9. Electrically conductive corrosion-resistant compounds for threaded conduit. 
10. Solvent cements. 

B. Sustainable design submittals. 

1. Solvent cements. 

PART 2 - PRODUCTS 

2.1 TYPE EMT-S DUCT RACEWAYS AND ELBOWS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN FJMX; including UL 797. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL FJMX - Steel Electrical Metal Tubing (EMT-S) and Elbows: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Allied Tube & Conduit; Atkore International. 
b. Western Tube; Zekelman Industries. 
c. Wheatland Tube; Zekelman Industries. 

2. Material: Steel. 
3. Options: 

a. Exterior Coating: Zinc. 
b. Interior Coating: Zinc with organic top coating. 
c. Minimum Trade Size: 3/4". 

2.2 TYPE ERMC-S DUCT RACEWAYS, ELBOWS, COUPLINGS, AND NIPPLES 

A. Performance Criteria: 
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1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN DYIX; including UL 6. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL DYIX - Galvanized-Steel Electrical Rigid Metal Conduit (ERMC-S-G), Elbows, Couplings, 
and Nipples: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Allied Tube & Conduit; Atkore International. 
b. Western Tube; Zekelman Industries. 
c. Wheatland Tube; Zekelman Industries. 

2. Exterior Coating: Zinc. 
3. Options: 

a. Interior Coating: Zinc with organic top coating. 
b. Minimum Trade Size: 3/4”. 

2.3 TYPE FMC-S DUCT RACEWAYS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN DXUZ; including UL 1. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL DXUZ - Steel Flexible Metal Conduit (FMC-S): 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. International Metal Hose Co. 
c. Topaz Lighting & Electric. 
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2. Material: Steel. 
3. Options: 

a. Minimum Trade Size: 3/4”. 

2.4 TYPE IMC DUCT RACEWAYS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN DYBY; including UL 1242. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL DYBY - Steel Intermediate Metal Conduit (IMC): 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Allied Tube & Conduit; Atkore International. 
c. Western Tube; Zekelman Industries. 
d. Wheatland Tube; Zekelman Industries. 

2. Options: 

a. Exterior Coating: Zinc. 
b. Interior Coating: Zinc with organic top coating. 
c. Minimum Trade Size: 3/4”. 

2.5 TYPE LFMC DUCT RACEWAYS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN DXHR; including UL 360. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 
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C. UL DXHR - Steel Liquidtight Flexible Metal Conduit (LFMC-S): 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Electri-Flex Company. 
c. International Metal Hose Co. 

2. Material: Steel. 
3. Options: 

a. Minimum Trade Size: 3/4”. 

2.6 TYPE LFNC DUCT RACEWAYS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN DXOQ; including UL 1660. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL DXOQ - Layered (Type A) Liquidtight Flexible Nonmetallic Conduit (LFNC-A): 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. AFC Cable Systems; Atkore International. 
b. Electri-Flex Company. 

2. Additional Criteria: Type A conduit with smooth seamless inner core and cover 
bonded together with one or more reinforcement layers between core and cover. 

3. Options: 

a. Minimum Trade Size: 3/4”. 

D. UL DXOQ - Integral (Type B) Liquidtight Flexible Nonmetallic Conduit (LFNC-B): 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Cambridge Resources. 
b. Electri-Flex Company. 
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2. Additional Criteria: Type B conduit with smooth inner surface with integral 
reinforcement within conduit wall. 

3. Options: 

a. Minimum Trade Size: 3/4”. 

2.7 TYPE PVC DUCT RACEWAYS AND FITTINGS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN DZYR; including UL 651. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL DZYR - Schedule 40 Rigid PVC Conduit (PVC-40) and Fittings: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Calconduit; Atkore International. 
c. Opti-Com Manufacturing Network, Inc (OMNI). 

2. Dimensional Specifications: Schedule 40. 
3. Options: 

a. Minimum Trade Size: 3/4”. 
b. Markings: For use with maximum 90 deg C wire. 

D. UL DZYR - Schedule 80 Rigid PVC Conduit (PVC-80) and Fittings: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Calconduit; Atkore International. 
c. Opti-Com Manufacturing Network, Inc (OMNI). 

2. Dimensional Specifications: Schedule 80. 
3. Options: 

a. Minimum Trade Size: 3/4”. 
b. Markings: For use with maximum 90 deg C wire. 
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2.8 FITTINGS FOR CONDUIT, TUBING, AND CABLE 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL DWTT - Fittings for Type ERMC, Type IMC, and Type PVC Duct Raceways: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Appleton; Emerson Electric Co., Automation Solutions. 
c. Crouse-Hinds; brand of Eaton, Electrical Sector. 
d. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
e. Southwire Company, LLC. 

2. Listing Criteria: UL CCN DWTT; including UL 514B. 
3. Options: 

a. Material: Steel. 
b. Coupling Method: Compression coupling or Setscrew coupling. Setscrew 

couplings with only single screw per conduit are unacceptable. 
c. Expansion and Deflection Fittings: UL 651 with flexible bonding jumper. 

D. UL FKAV - Fittings for Type EMT Duct Raceways: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Allied Tube & Conduit; Atkore International. 
c. Appleton; Emerson Electric Co., Automation Solutions. 
d. Crouse-Hinds; brand of Eaton, Electrical Sector. 
e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
f. Southwire Company, LLC. 

2. Listing Criteria: UL CCN FKAV; including UL 514B. 
3. Options: 

a. Material: Steel. 
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b. Coupling Method: Compression coupling or Setscrew coupling. Setscrew 
couplings with only single screw per conduit are unacceptable. 

c. Expansion and Deflection Fittings: UL 651 with flexible bonding jumper. 

E. UL ILNR - Fittings for Type FMC Duct Raceways: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. American Fittings Corp. (AMFICO). 
b. Liquid Tight Connector Co. 
c. Southwire Company, LLC. 

2. Listing Criteria: UL CCN ILNR; including UL 514B. 

F. UL DXAS - Fittings for Type LFMC and Type LFNC Duct Raceways: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Arlington Industries, Inc. 
b. Liquid Tight Connector Co. 

2. Listing Criteria: UL CCN DXAS; including UL 514B. 

2.9 ELECTRICALLY CONDUCTIVE CORROSION-RESISTANT COMPOUNDS FOR THREADED 
CONDUIT 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN FOIZ; including UL Subject 2419. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL FOIZ - Electrically Conductive Corrosion-Resistant Compound for Threaded Conduit: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
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2.10 SOLVENT CEMENTS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN DWTT; including UL 514B. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL DWTT - Solvent Cements for Type PVC Duct Raceways and Fittings: 

1. PVC cement glue. 

PART 3 - EXECUTION 

3.1 SELECTION OF CONDUITS FOR ELECTRICAL SYSTEMS 

A. Unless more stringent requirements are specified in Contract Documents or manufacturers' 
published instructions, comply with NFPA 70 for selection of duct raceways. Consult 
Architect for resolution of conflicting requirements. 

B. Outdoors: 

1. Exposed and Subject to Severe Physical Damage: ERMC or IMC. 
2. Exposed and Subject to Physical Damage: ERMC or IMC. 

a. Locations less than 2.5 m (8 ft) above finished floor. 

3. Exposed and Not Subject to Physical Damage: ERMC, IMC or Corrosion-resistant 
EMT. 

4. Concealed Aboveground: ERMC, IMC, EMT, PVC-80 or PVC-40. 
5. Direct Buried: PVC-80 or PVC-40. 
6. Concrete Encased Not in Trench: PVC-80 or PVC-40. 
7. Concrete Encased in Trench: PVC-80 or PVC-40. 
8. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 

Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC. 

C. Indoors: 

1. Exposed and Subject to Severe Physical Damage: ERMC or IMC. Locations include 
the following: 

a. Loading docks. 
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling 

units. 
c. Mechanical rooms. 
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2. Exposed and Subject to Physical Damage: ERMC, IMC or EMT. Locations include the 
following: 

a. Locations less than 2.5 m (8 ft) above finished floor. 
b. Stub-ups to above suspended ceilings. 

3. Exposed and Not Subject to Physical Damage: ERMC, IMC or EMT. 
4. Concealed in Ceilings and Interior Walls and Partitions: ERMC, IMC or EMT. 
5. Damp or Wet Locations: ERMC or IMC. 
6. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 

Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC, FMC, LFNC-A or 
LFNC-B. 

D. Duct Fittings: Select fittings in accordance with NEMA FB 2.10 guidelines. 

1. ERMC and IMC: Provide threaded-type fittings unless otherwise indicated. 

3.2 INSTALLATION OF CONDUITS FOR ELECTRICAL SYSTEMS 

A. Comply with manufacturer's published instructions. 

B. Reference Standards for Installation: Unless more stringent installation requirements are 
specified in Contract Documents or manufacturers' published instructions, comply with the 
following: 

1. Type EMT-S: Article 358 of NFPA 70 and NECA NEIS 101. 
2. Type ERMC-S: Article 344 of NFPA 70 and NECA NEIS 101. 
3. Type FMC-S: Article 348 of NFPA 70 and NECA NEIS 101. 
4. Type IMC: Article 342 of NFPA 70 and NECA NEIS 101. 
5. Type LFMC: Article 350 of NFPA 70 and NECA NEIS 101. 
6. Type PVC: Article 356 of NFPA 70 and NECA NEIS 111. 
7. Expansion Fittings: NEMA FB 2.40. 
8. Consult Architect for resolution of conflicting requirements. 

C. Special Installation Techniques: 

1. General Requirements for Installation of Duct Raceways: 

a. Complete duct raceway installation before starting conductor installation. 
b. Provide stub-ups through floors with coupling threaded inside for plugs, set 

flush with finished floor. Plug coupling until conduit is extended above floor to 
final destination or a minimum of 2 ftabove finished floor. 

c. Make bends in duct raceway using large-radius preformed ells except for 
parallel bends. Field bending must be in accordance with NFPA 70 minimum 
radii requirements. Provide only equipment specifically designed for material 
and size involved. 

d. Conceal conduit within finished walls, ceilings, and floors unless otherwise 
indicated. Install conduits parallel or perpendicular to building lines. 

e. Support conduit within 12 inchof enclosures to which attached. 
f. Install duct sealing fittings at accessible locations in accordance with NFPA 70 

and fill them with listed sealing compound. For concealed duct raceways, install 
fitting in flush steel box with blank cover plate having finish similar to that of 
adjacent plates or surfaces. Install duct sealing fittings in accordance with 
NFPA 70. 
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g. Install devices to seal duct raceway interiors at accessible locations. Locate 
seals so no fittings or boxes are between the seal and the following changes of 
environments. Seal interior of duct raceways at the following points: 

1) Where conduits pass from warm to cold locations, such as boundaries of 
refrigerated spaces. 

2) Where an underground service duct raceway enters a building or 
structure. 

3) Conduit extending from interior to exterior of building. 
4) Conduit extending into pressurized duct raceway and equipment. 
5) Conduit extending into pressurized zones that are automatically 

controlled to maintain different pressure set points. 
6) Where otherwise required by NFPA 70. 

h. Do not install conduits within 2 inch of the bottom side of a metal deck roof. 
i. Keep duct raceways at least 6 inch away from parallel runs of flues and steam 

or hot-water pipes. Install horizontal duct raceway runs above water and steam 
piping. 

j. Cut conduit perpendicular to the length. For conduits 2” and larger, use roll 
cutter or a guide to make cut straight and perpendicular to the length. Ream 
inside of conduit to remove burrs. 

k. Install pull wires in empty duct raceways. Provide polypropylene or 
monofilament plastic line with not less than 200 lb tensile strength. Leave at 
least 12 inch of slack at both ends of pull wire. Cap underground duct raceways 
designated as spare above grade alongside duct raceways in use. 

l. Install duct raceways square to the enclosure and terminate at enclosures 
without hubs with locknuts on both sides of enclosure wall. Install locknuts hand 
tight, plus one-quarter turn more. 

1) Termination fittings with shoulders do not require two locknuts. 

m. Terminate threaded conduits into threaded hubs or with locknuts on inside and 
outside of boxes or cabinets. Install bushings on conduits up to 1-1/4” and 
insulated throat metal bushings on 1-1/2” and larger conduits terminated with 
locknuts. 

2. Types ERMC and IMC: 

a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor 
Conditions: Apply listed compound that maintains electrical conductivity to 
threads of duct raceway and fittings before making up joints. Follow compound 
manufacturer's published instructions. 

3. Types FMC, LFMC, and LFNC: 

a. Provide a maximum of 36 inch of flexible conduit for equipment subject to 
vibration, noise transmission, or movement; and for transformers and motors. 

4. Types PVC: 

a. Do not install Type PVC conduit where ambient temperature exceeds 
122 deg F. Conductor ratings must be limited to 75 deg C except where 
installed in a trench outside buildings with concrete encasement, where 
90 deg C conductors are permitted. 
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b. Comply with manufacturer's published instructions for solvent welding and 
fittings. 

5. Stub-ups to Above Recessed Ceilings: 

a. Provide EMT, IMC, or ERMC for duct raceways. 
b. Provide a conduit bushing or insulated fitting to terminate stub-ups not 

terminated in hubs or in an enclosure. 

6. Duct Raceway Terminations at Locations Subject to Moisture or Vibration: 

a. Provide insulating bushings to protect conductors, including conductors smaller 
than 4 AWG. 

7. Duct Fittings: Install fittings in accordance with NEMA FB 2.10 guidelines. 

a. ERMC-S-PVC: Provide only fittings listed for use with this type of conduit. 
Patch and seal joints, nicks, and scrapes in PVC coating after installing 
conduits and fittings. Provide sealant recommended by fitting manufacturer and 
apply in thickness and number of coats recommended by manufacturer. 

b. EMT: Provide compression steel fittings. Comply with NEMA FB 2.10. 
c. Flexible Conduit: Provide only fittings listed for use with flexible conduit type. 

Comply with NEMA FB 2.20. 

8. Expansion-Joint Fittings: 

a. Install in runs of aboveground ERMC and EMT conduit that are located where 
environmental temperature change may exceed 100 deg Fand that have 
straight-run length that exceeds 100 ft. 

b. Install type and quantity of fittings that accommodate temperature change listed 
for the following locations: 

1) Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F 
temperature change. 

2) Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature 
change. 

3) Indoor Spaces Connected with Outdoors without Physical Separation: 
125 deg F temperature change. 

c. Install expansion fittings at locations where conduits cross building or structure 
expansion joints. 

d. Install expansion-joint fitting with position, mounting, and piston setting selected 
in accordance with manufacturer's published instructions for conditions at 
specific location at time of installation. Install conduit supports to allow for 
expansion movement. 

9. Duct Raceways Penetrating Rooms or Walls with Acoustical Requirements: Seal duct 
raceway openings on both sides of rooms or walls with acoustically rated putty or 
firestopping. 

10. Identification: Provide labels for conduit assemblies, duct raceways, and associated 
electrical equipment. 

a. Provide warning signs. 

D. Interfaces with Other Work: 
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1. Coordinate with Section 26 05 29 "Hangers and Supports for Electrical Systems" for 
installation of conduit hangers and supports. 

3.3 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

2. Repair damage to PVC coatings or paint finishes with matching touchup coating 
recommended by manufacturer. 

END OF SECTION 26 05 33.13 
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SECTION 26 05 33.16 - BOXES AND COVERS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Metallic outlet boxes, device boxes, rings, and covers. 
2. Junction boxes and pull boxes. 
3. Cover plates for device boxes. 
4. Hoods for outlet boxes. 

B. Products Installed, but Not Furnished, under This Section: 

1. See Section 26 05 53 "Identification for Electrical Systems" for electrical equipment 
labels. 

C. Related Requirements: 

1. Section 26 00 10 "Supplemental Requirements for Electrical" for additional 
abbreviations, definitions, submittals, qualifications, testing agencies, and other 
Project requirements applicable to Work specified in this Section. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Metallic outlet boxes, device boxes, rings, and covers. 
2. Junction boxes and pull boxes. 
3. Cover plates for device boxes. 
4. Hoods for outlet boxes. 

B. Shop Drawings: 

1. Shop drawings for floor boxes. 

1.3 INFORMATIONAL SUBMITTALS 

A. Manufacturers' Published Instructions: 

1. Metallic outlet boxes, device boxes, rings, and covers. 
2. Nonmetallic outlet boxes, device boxes, rings, and covers. 
3. Junction boxes and pull boxes. 
4. Cover plates for device boxes. 
5. Hoods for outlet boxes. 
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PART 2 - PRODUCTS 

2.1 METALLIC OUTLET BOXES, DEVICE BOXES, RINGS, AND COVERS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, and 
marked for intended location and application. 

2. Listing Criteria: UL CCN QCIT; including UL 514A. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL QCIT - Metallic Outlet Boxes and Covers: 

1. Description: Box having pryout openings, knockouts, threaded entries, or hubs in 
either the sides of the back, or both, for entrance of conduit, conduit or cable fittings, 
or cables, with provisions for mounting outlet box cover, but without provisions for 
mounting wiring device directly to box. 

2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited 
to, the following: 

a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Arlington Industries, Inc. 
c. Crouse-Hinds; brand of Eaton, Electrical Sector. 
d. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 
e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
f. Pass & Seymour; Legrand North America, LLC. 
g. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
h. Wiremold; Legrand North America, LLC. 

3. Options: 

a. Material:  Sheet steel or Cast metal. 
b. Sheet Metal Depth: Minimum 1.5 inch. 
c. Cast-Metal Depth: Minimum 1.8 inch 
d. Luminaire Outlet Boxes and Covers: Nonadjustable, listed and labeled for 

attachment of luminaire weighing up to 50 lb. 
e. Paddle Fan Outlet Boxes and Covers: Nonadjustable, designed for attachment 

of paddle fan weighing up to 70 lb. 

D. UL QCIT - Metallic Conduit Bodies: 

1. Description: Means for providing access to interior of conduit or tubing system through 
one or more removable covers at junction or terminal point. In the United States, 
conduit bodies are listed in accordance with outlet box requirements. 
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2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Crouse-Hinds; brand of Eaton, Electrical Sector. 
c. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
d. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
e. Pass & Seymour; Legrand North America, LLC. 
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

E. UL QCIT - Metallic Device Boxes: 

1. Description: Box with provisions for mounting wiring device directly to box. 
2. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Arlington Industries, Inc. 
c. Crouse-Hinds; brand of Eaton, Electrical Sector. 
d. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 
e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

3. Options: 

a. Material:  Sheet steel or Cast metal. 
b. Sheet Metal Depth: minimum 1.5 inch. 
c. Cast-Metal Depth: minimum 1.8 inch. 

F. UL QCIT - Metallic Extension Rings: 

1. Description: Ring intended to extend sides of outlet box or device box to increase box 
depth, volume, or both. 

2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited 
to, the following: 

a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Cooper B-line; brand of Eaton, Electrical Sector. 
c. Crouse-Hinds; brand of Eaton, Electrical Sector. 
d. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 
e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

G. UL QCIT - Metallic Floor Boxes and Floor Box Covers: 

1. Description: Box mounted in floor with floor box cover and other components to 
complete floor box enclosure. 
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2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. AFC Cable Systems; Atkore International. 
b. Arlington Industries, Inc. 
c. Arrow Hart, Wiring Devices; Eaton, Electrical Sector. 
d. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 
e. Leviton Manufacturing Co., Inc. 
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

2.2 JUNCTION BOXES AND PULL BOXES 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 
marked for intended location and use. 

2. Listing Criteria: UL CCN BGUZ; including UL 50 and UL 50E. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL BGUZ - Indoor Sheet Metal Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of 
raceway or cable. 

2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Cooper B-line; brand of Eaton, Electrical Sector. 
c. Hoffman; brand of nVent Electrical plc. 
d. Hubbell Industrial Controls; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 
e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
g. Square D; Schneider Electric USA. 

3. Options: 

a. Degree of Protection:  Type 1. 

D. UL BGUZ - Indoor Cast-Metal Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of 
raceway or cable. 
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2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Crouse-Hinds; brand of Eaton, Electrical Sector. 
c. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 

3. Options: 

a. Degree of Protection:  Type 1. 

E. UL BGUZ - Indoor Polymeric Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of 
raceway or cable. 

2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Allied Tube & Conduit; Atkore International. 
b. Cantex Inc. 
c. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 

3. Options: 

a. Degree of Protection:  Type 1. 

F. UL BGUZ - Outdoor Sheet Metal Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of 
raceway or cable. 

2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Cooper B-line; brand of Eaton, Electrical Sector. 
c. Hoffman; brand of nVent Electrical plc. 
d. Hubbell Industrial Controls; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 
e. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
g. Square D; Schneider Electric USA. 

3. Options: 

a. Degree of Protection:  Type 3 or Type 3R. 

G. UL BGUZ - Outdoor Cast-Metal Junction and Pull Boxes: 
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1. Description: Box with a blank cover that serves the purpose of joining different runs of 
raceway or cable. 

2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Crouse-Hinds; brand of Eaton, Electrical Sector. 
c. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 

3. Options: 

a. Degree of Protection:  Type 3 or Type 3R. 

H. UL BGUZ - Outdoor Polymeric Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of 
raceway or cable. 

2. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Allied Tube & Conduit; Atkore International. 
b. Cantex Inc. 
c. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 

3. Options: 

a. Degree of Protection:  Type 3 or Type 3R. 

2.3 COVER PLATES FOR DEVICES BOXES 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 
marked for intended location and use. 

2. Listing Criteria: UL CCN QCIT or UL CCN QCMZ; including UL 514D. 
3. Wallplate-Securing Screws: Metal with head color to match wallplate finish. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL QCIT or QCMZ - Metallic Cover Plates for Device Boxes: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 
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a. Appleton; Emerson Electric Co., Automation Solutions. 
b. Arrow Hart, Wiring Devices; Eaton, Electrical Sector. 
c. Crouse-Hinds; brand of Eaton, Electrical Sector. 
d. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell 

Incorporated. 
e. Leviton Manufacturing Co., Inc. 
f. O-Z/Gedney; brand of Emerson Electric Co., Automation Solutions, Appleton 

Group. 
g. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 
h. Wiremold; Legrand North America, LLC. 

2. Options: 

a. Damp and Wet Locations: Listed, labeled, and marked for location and use. 
Provide gaskets and accessories necessary for compliance with listing. 

b. Wallplate Material:  As indicated on architectural Drawings. 

2.4 HOODS FOR OUTLET BOXES 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 
marked for intended location and use. 

2. Listing Criteria: 

a. UL CCN QCIT or UL CCN QCMZ; including UL 514D. 
b. Receptacle, Hood, Cover Plate, Gaskets, and Seals: UL 498 Supplement SA 

when mated with box or enclosure complying with UL 514A, UL 514C, or 
UL 50E. 

3. Mounts to box using fasteners different from wiring device. 

B. Source Quality Control: 

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data 
illustrating size, physical appearance, and other characteristics of product. 

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and 
operating instructions for product. 

C. UL QCIT or QCMZ - Retractable or Reattachable Hoods for Outlet Boxes: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. ABB, Electrification Business. 
b. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

2. Options: 

a. Provides clear, weatherproof, "while-in-use" cover. 

D. UL QCIT or QCMZ - Extra-Duty, While-in-Use Hoods for Outlet Boxes: 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Allied Tube & Conduit; Atkore International. 
b. Appleton; Emerson Electric Co., Automation Solutions. 
c. Arlington Industries, Inc. 
d. Arrow Hart, Wiring Devices; Eaton, Electrical Sector. 
e. Leviton Manufacturing Co., Inc. 
f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated. 

2. Additional Characteristics: Marked "Extra-Duty" in accordance with UL 514D. 
3. Options: 

a. Provides clear, weatherproof, "while-in-use" cover. 
b. Manufacturer may combine nonmetallic device box with hood as extra-duty 

rated assembly. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Shop Drawings: Prepare and submit the following: 

1. Shop Drawings for Floor Boxes: Show that floor boxes are located to avoid 
interferences and are structurally allowable. Indicate floor thickness at location where 
boxes are embedded in concrete floors and underfloor clearances where boxes are 
installed in raised floors. 

3.2 SELECTION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS 

A. Unless more stringent requirements are specified in Contract Documents or manufacturers' 
published instructions, comply with NFPA 70 for selection of boxes and enclosures. Consult 
Architect for resolution of conflicting requirements. 

B. Degree of Protection: 

1. Outdoors: 

a. Type 3R unless otherwise indicated. 
b. Locations Exposed to Hosedown: [Type 4. 
c. Locations Subject to Potential Flooding: Type 6P. 
d. Locations Aboveground Where Mechanism Must Operate When Ice Covered: 

Type 3S. 
e. Locations in-Ground or Exposed to Corrosive Agents:  Type 4X. 
f. Locations in-Ground or Exposed to Corrosive Agents Where Mechanism Must 

Operate When Ice Covered: Type 3SX. 

2. Indoors: 

a. Type 1 unless otherwise indicated. 
b. Damp or Dusty Locations:  Type 12. 
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c. Surface Mounted in Kitchens and Other Locations Exposed to Oil or Coolants: 
Type 12. 

C. Exposed Boxes Installed Less Than 2.5 m (8 ft) Above Floor: 

1. Boxes with knockouts or unprotected openings are prohibited. 
2. Provide exposed cover. Flat covers with angled mounting slots or knockouts are 

prohibited. 

3.3 INSTALLATION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS 

A. Comply with manufacturer's published instructions. 

B. Reference Standards for Installation: Unless more stringent installation requirements are 
specified in Contract Documents or manufacturers' published instructions, comply with the 
following: 

1. Outlet, Device, Pull, and Junction Boxes: Article 314 of NFPA 70. 
2. Consult Architect for resolution of conflicting requirements. 

C. Special Installation Techniques: 

1. Provide boxes in wiring and raceway systems wherever required for pulling of wires, 
making connections, and mounting of devices or fixtures. 

2. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 
individually indicated, give priority to ADA requirements. Install boxes with height 
measured to center of box unless otherwise indicated. 

3. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of 
masonry block, and install box flush with surface of wall. Prepare block surfaces to 
provide a flat surface for a raintight connection between box and cover plate or 
supported equipment and box, whether installed indoors or outdoors. 

4. Horizontally separate boxes mounted on opposite sides of walls so they are not in the 
same vertical channel. 

5. Locate boxes so that cover or plate will not span different building finishes. 
6. Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid. 
7. Support boxes of three gangs or more from more than one side by spanning two 

framing members or mounting on brackets specifically designed for purpose. 
8. Fasten junction and pull boxes to, or support from, building structure. Do not support 

boxes by conduits. 
9. Set metal floor boxes level and flush with finished floor surface. 
10. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor 

surface. 
11. Do not install aluminum boxes, enclosures, or fittings in contact with concrete or earth. 
12. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove 

coatings in the locknut area prior to assembling conduit to enclosure to ensure a 
continuous ground path. 

13. Boxes and Enclosures in Areas or Walls with Acoustical Requirements: 

a. Seal openings and knockouts in back and sides of boxes and enclosures with 
acoustically rated putty. 

b. Provide gaskets for wallplates and covers. 

14. Identification: Provide labels for boxes and associated electrical equipment. 
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a. Identify field-installed conductors, interconnecting wiring, and components. 
b. Provide warning signs. 
c. Label each box with engraved metal or laminated-plastic nameplate. 

3.4 CLEANING 

A. Remove construction dust and debris from boxes before installing wallplates, covers, and 
hoods. 

3.5 PROTECTION 

A. After installation, protect boxes from construction activities. Remove and replace items that 
are contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to 
acceptance by Owner. 

END OF SECTION 26 05 33.16 
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SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Labels. 
2. Bands and tubes. 
3. Tapes and stencils. 
4. Tags. 
5. Signs. 
6. Cable ties. 
7. Miscellaneous identification products. 

B. Related Requirements: 

1. Section 26 00 10 "Supplemental Requirements for Electrical" for additional 
abbreviations, definitions, submittals, qualifications, testing agencies, and other 
Project requirements applicable to Work specified in this Section. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for electrical identification products. 

B. Samples: For each type of label and sign to illustrate composition, size, colors, lettering 
style, mounting provisions, and graphic features of identification products. 

C. Identification Schedule: For each piece of electrical equipment and electrical system 
components to be index of nomenclature for electrical equipment and system components 
used in identification signs and labels. Use same designations indicated on Drawings. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME A13.1 and IEEE C2. 

B. Comply with 29 CFR 1910.144 for color identification of hazards; 29 CFR 1910.145 for 
danger, caution, warning, and safety instruction signs and tags; and the following: 

1. Fire-alarm equipment, including raceways, must be finished, painted, or suitably 
marked safety red. 

2. Ceiling-mounted hangers, supports, cable trays, and raceways must be finished, 
painted, or suitably marked safety yellow where less than 7.7 ft above finished floor. 
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C. Signs, labels, and tags required for personnel safety must comply with the following 
standards: 

1. Safety Colors: NEMA Z535.1. 
2. Facility Safety Signs: NEMA Z535.2. 
3. Safety Symbols: NEMA Z535.3. 
4. Product Safety Signs and Labels: NEMA Z535.4. 
5. Safety Tags and Barricade Tapes for Temporary Hazards: NEMA Z535.5. 

D. Comply with NFPA 70E and Section 26 05 73.19 "Arc-Flash Hazard Analysis" requirements 
for arc-flash warning labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 
used by label printers, must comply with UL 969. 

F. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes. 

1. Temperature Change: 120 deg F, ambient; 180 deg F, material surfaces. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Raceways and Cables Carrying Circuits at 1000 V or Less:  

1. Black letters on orange field. 
2. Legend: Indicate voltage and system or service type. 

B. Color-Coding for Phase- and Voltage-Level Identification, 1000 V or Less: Use colors listed 
below for ungrounded service feeder and branch-circuit conductors. 

1. Color must be factory applied or field applied for sizes larger than 8 AWG if authorities 
having jurisdiction permit. 

2. Colors for 208Y/120 V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 
c. Phase C: Blue. 

3. Color for Neutral: . 
4. Color for Equipment Grounds:  Bare copper Green. 

C. Raceways and Cables Carrying Circuits at More Than 1000 V: 

1. Black letters on orange field. 
2. Legend: "DANGER - CONCEALED HIGH VOLTAGE WIRING." 

D. Warning Label Colors: 

1. Identify system voltage with black letters on orange background. 

E. Warning labels and signs must include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES." 
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2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 3 FEET 
MINIMUM." 

F. Equipment Identification Labels: 

1. Black letters on white field. 

2.3 LABELS 

A. Vinyl Wraparound Labels: Preprinted, flexible labels laminated with clear, weather- and 
chemical-resistant coating and matching wraparound clear adhesive tape for securing label 
ends. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Champion America. 
c. Panduit Corp. 

B. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with 
diameters sized to suit diameters and that stay in place by gripping action. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. HellermannTyton. 
c. Marking Services Inc. 
d. Panduit Corp. 

C. Self-Adhesive Wraparound Labels:  Preprinted, 3 mil thick, polyester or vinyl flexible label 
with acrylic pressure-sensitive adhesive. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Ideal Industries, Inc. 
c. Panduit Corp. 

2. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, 
protective shield over legend. Labels sized such that clear shield overlaps entire 
printed legend. 

3. Marker for Labels: 

a. Permanent, waterproof, black ink marker recommended by tag manufacturer. 
b. Machine-printed, permanent, waterproof, black ink recommended by printer 

manufacturer. 
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D. Self-Adhesive Labels:  Polyester or Vinyl, thermal, transfer-printed, 3 mil thick, multicolor, 
weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use 
and location. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. HellermannTyton. 
c. Panduit Corp. 

2. Minimum Nominal Size: 

a. 1-1/2 by 6 inch for raceway and conductors. 
b. 3-1/2 by 5 inch for equipment. 
c. As required by authorities having jurisdiction. 

2.4 BANDS AND TUBES 

A. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeves, 
2 inch long, with diameters sized to suit diameters and that stay in place by gripping action. 

1. <Double click here to find, evaluate, and insert list of manufacturers and products.> 

B. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed 
identification labels, sized to suit diameter and shrunk to fit firmly. Full shrink recovery occurs 
at maximum of 200 deg F. Comply with UL 224. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Panduit Corp. 

2.5 TAPES AND STENCILS 

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 
legend machine printed by thermal transfer or equivalent process. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Ideal Industries, Inc. 
c. Marking Services Inc. 
d. Panduit Corp. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 
3 mil thick by 1 to 2 inchwide; compounded for outdoor use. 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. Marking Services Inc. 

C. Tape and Stencil: 4 inchwide black stripes on 10 inch centers placed diagonally over orange 
background and are 12 inchwide. Stop stripes at legends. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. HellermannTyton. 
b. Marking Services Inc. 
c. Seton Identification Products; a Brady Corporation company. 

D. Floor Marking Tape: 2 inchwide, 5 mil pressure-sensitive vinyl tape, with black and white 
stripes and clear vinyl overlay. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. Seton Identification Products; a Brady Corporation company. 

E. Underground-Line Warning Tape: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Ideal Industries, Inc. 
c. Marking Services Inc. 
d. Seton Identification Products; a Brady Corporation company. 

2. Tape: 

a. Recommended by manufacturer for method of installation and suitable to 
identify and locate underground electrical and communications utility lines. 

b. Printing on tape must be permanent and may not be damaged by burial 
operations. 

c. Tape material and ink must be chemically inert and not be subject to 
degradation when exposed to acids, alkalis, and other destructive substances 
commonly found in soils. 

3. Color and Printing: 

a. Comply with APWA Uniform Color Code using NEMA Z535.1 safety colors. 
b. Inscriptions for Red Tapes:  "CAUTION BURIED ELECTRIC LINE BELOW". 
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c. Inscriptions for Orange Tapes:  "CAUTION BURIED CATV LINE BELOW" 
"CAUTION BURIED TELEPHONE LINE BELOW" "CAUTION BURIED FIBER 
OPTIC LINE BELOW" "CAUTION BURIED COMMUNICATION LINE BELOW". 

F. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height must 
be 1 inch. 

2.6 TAGS 

A. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch, with stamped legend, punched for use 
with self-locking cable tie fastener. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. Marking Services Inc. 
d. Seton Identification Products; a Brady Corporation company. 

B. Nonmetallic Preprinted Tags: Polyethylene tags, 0.015 inch thick, color-coded for phase and 
voltage level, with factory screened or printed permanent designations; punched for use with 
self-locking cable tie fastener. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. Marking Services Inc. 
d. Panduit Corp. 

C. Write-on Tags: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. LEM Products Inc. 
c. Seton Identification Products; a Brady Corporation company. 

2. Polyester Tags:  0.010 inch thick, with corrosion-resistant grommet and cable tie for 
attachment. 

3. Marker for Tags: 

a. Permanent, waterproof, black ink marker recommended by tag manufacturer. 
b. Machine-printed, permanent, waterproof, black ink marker recommended by 

printer manufacturer. 
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2.7 SIGNS 

A. Baked-Enamel Signs: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. Marking Services Inc. 

2. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and 
size required for application. 

3. 1/4 inch grommets in corners for mounting. 
4. Nominal Size: 7 by 10 inch. 

B. Metal-Backed Butyrate Signs: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Champion America. 
c. Marking Services Inc. 

2. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs, with 
0.0396 inch galvanized-steel backing, punched and drilled for fasteners, and with 
colors, legend, and size required for application. 

3. 1/4 inch grommets in corners for mounting. 
4. Nominal Size: 10 by 14 inch. 

C. Laminated Acrylic or Melamine Plastic Signs: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. Marking Services Inc. 

2. Engraved legend. 
3. Thickness: 

a. For signs up to 20 sq. inch, minimum 1/16 inch thick. 
b. For signs larger than 20 sq. inch, 1/8 inch thick. 
c. Engraved legend with black letters on white face. 
d. Punched or drilled for mechanical fasteners with 1/4 inch grommets in corners 

for mounting or Self-adhesive. 
e. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

RTU AND CHILLER REPLACEMENT 



SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 IDENTIFICATION FOR ELECTRICAL SYSTEMS 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 26 05 53 - Page 8 of 13 

2.8 CABLE TIES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. HellermannTyton. 
2. Ideal Industries, Inc. 
3. Marking Services Inc. 
4. Panduit Corp. 

B. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and 
Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 deg Fin accordance with ASTM D638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black, except where used for color-coding. 

C. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior 
sunlight, self-extinguishing, one piece, self-locking, and Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 deg Fin accordance with ASTM D638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black. 

2.9 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Retain paint system applicable for surface material and location (exterior or 
interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless steel screws or stainless steel 
machine screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Self-Adhesive Identification Products: Before applying electrical identification products, clean 
substrates of substances that could impair bond, using materials and methods 
recommended by manufacturer of identification product. 

3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features with 
requirements in other Sections requiring identification applications, Drawings, Shop 
Drawings, manufacturer's wiring diagrams, and operation and maintenance manual. Use 
consistent designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 
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C. Verify identity of item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and 
operation and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and 
maintenance of electrical systems and connected items. 

G. System Identification for Raceways and Cables under 1000 V: Identification must completely 
encircle cable or conduit. Place identification of two-color markings in contact, side by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

H. System Identification for Raceways and Cables over 1000 V: Identification must completely 
encircle cable or conduit. Place adjacent identification of two-color markings in contact, side 
by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, 
and signal connections. 

J. Emergency Operating Instruction Signs: Install instruction signs with white legend on red 
background with minimum 3/8 inch high letters for emergency instructions at equipment 
used for power transfer. 

K. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for 
viewing from floor. 

L. Accessible Fittings for Raceways: Identify cover of junction and pull box of the following 
systems with wiring system legend and system voltage. System legends must be as follows: 

1. "POWER." 

M. Vinyl Wraparound Labels: 

1. Secure tight to surface of raceway or cable at location with high visibility and 
accessibility. 

2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive 
appropriate to location and substrate. 

N. Snap-Around Labels: Secure tight to surface at location with high visibility and accessibility. 

O. Self-Adhesive Wraparound Labels: Secure tight to surface at location with high visibility and 
accessibility. 

P. Self-Adhesive Labels: 

1. Install unique designation label that is consistent with wiring diagrams, schedules, and 
operation and maintenance manual. 

2. Unless otherwise indicated, provide single line of text with 1/2 inch high letters on 1-
1/2 inch high label; where two lines of text are required, use labels 2 inch high. 

RTU AND CHILLER REPLACEMENT 



SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

  ROOF AND CHILLER REPLACEMENT 

  Providence, RI 

 IDENTIFICATION FOR ELECTRICAL SYSTEMS 

© THE ROBINSON GREEN BERETTA CORPORATION - 7006 Section 26 05 53 - Page 10 of 13 

Q. Snap-Around Color-Coding Bands: Secure tight to surface at location with high visibility and 
accessibility. 

R. Heat-Shrink, Preprinted Tubes: Secure tight to surface at location with high visibility and 
accessibility. 

S. Marker Tapes: Secure tight to surface at location with high visibility and accessibility. 

T. Self-Adhesive Vinyl Tape: Secure tight to surface at location with high visibility and 
accessibility. 

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for minimum 
distance of 6 inch where splices or taps are made. Apply last two turns of tape with no 
tension to prevent possible unwinding. 

U. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and 
paint application. 

V. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's instructions. 

W. Underground Line Warning Tape: 

1. During backfilling of trenches, install continuous underground-line warning tape 
directly above cable or raceway at 6 to 8 inch below finished grade. Use multiple 
tapes where width of multiple lines installed in common trench or concrete 
envelope exceeds 16 inch overall. 

2. Limit use of underground-line warning tape to direct-buried cables. 
3. Install underground-line warning tape for direct-buried cables and cables in raceways. 

X. Metal Tags: 

1. Place in location with high visibility and accessibility. 
2. Secure using general-purpose cable ties. 

Y. Nonmetallic Preprinted Tags: 

1. Place in location with high visibility and accessibility. 
2. Secure using general-purpose cable ties. 

Z. Write-on Tags: 

1. Place in location with high visibility and accessibility. 
2. Secure using general-purpose cable ties. 

AA. Baked-Enamel Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to 
location and substrate. 

2. Unless otherwise indicated, provide single line of text with 1/2 inch high letters on 
minimum 1-1/2 inch high sign; where two lines of text are required, use signs 
minimum 2 inch high. 

BB. Metal-Backed Butyrate Signs: 
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1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to 
location and substrate. 

2. Unless otherwise indicated, provide single line of text with 1/2 inch high letters on 1-
1/2 inch high sign; where two lines of text are required, use labels 2 inch high. 

CC. Laminated Acrylic or Melamine Plastic Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to 
location and substrate. 

2. Unless otherwise indicated, provide single line of text with 1/2 inch high letters on 1-
1/2 inch high sign; where two lines of text are required, use labels 2 inch high. 

DD. Cable Ties: General purpose, for attaching tags, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 

3.3 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. Install access doors or panels to 
provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull 
points, and locations of high visibility. Identify by system and circuit designation. 

C. Accessible Raceways and Metal-Clad Cables, 1000 V or Less, for Service, Feeder, and 
Branch Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive raceway 
labels. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 
50 ft maximum intervals in straight runs, and at 25 ft maximum intervals in congested 
areas. 

D. Accessible Fittings for Raceways and Cables within Buildings: Identify cover of junction and 
pull box of the following systems with self-adhesive labels containing wiring system legend 
and system voltage. System legends must be as follows: 

1. "POWER." 

E. Power-Circuit Conductor Identification, 1000 V or Less: For conductors in vaults, pull and 
junction boxes, manholes, and handholes, use vinyl wraparound labels to identify phase. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 
50 ft maximum intervals in straight runs, and at 25 ft maximum intervals in congested 
areas. 

F. Control-Circuit Conductor Identification: For conductors and cables in pull and junction 
boxes, manholes, and handholes, use write-on tags or self-adhesive labels with conductor or 
cable designation, origin, and destination. 

G. Control-Circuit Conductor Termination Identification: For identification at terminations, 
provide heat-shrink preprinted tubes or self-adhesive labels with conductor designation. 
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H. Conductors to Be Extended in Future: Attach write-on tags or marker tape to conductors and 
list source. 

I. Auxiliary Electrical Systems Conductor Identification:  Marker tape or Self-adhesive vinyl 
tape that is uniform and consistent with system used by manufacturer for factory-installed 
connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, 
and pull points. Identify by system and circuit designation. 

J. Locations of Underground Lines: Underground-line warning tape for power, lighting, 
communication, and control wiring and optical-fiber cable. 

K. Concealed Raceways and Duct Banks, More Than 1000 V, within Buildings: Apply floor 
marking tape to the following finished surfaces: 

1. Floor surface directly above conduits running beneath and within 12 inch of floor that 
is in contact with earth or is framed above unexcavated space. 

2. Wall surfaces directly external to raceways concealed within wall. 
3. Accessible surfaces of concrete envelope around raceways in vertical shafts, exposed 

in building, or concealed above suspended ceilings. 

L. Workspace Indication: Apply floor marking tape or tape and stencil to finished surfaces. 
Show working clearances in direction of access to live parts. Workspace must comply with 
NFPA 70 and 29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted 
panelboards and similar equipment in finished spaces. 

M. Instructional Signs: Self-adhesive labels, including color code for grounded and ungrounded 
conductors. 

N. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-
adhesive labels, Baked-enamel warning signs or Metal-backed, butyrate warning signs. 

1. Apply to exterior of door, cover, or other access. 
2. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following: 

a. Power-transfer switches. 
b. Controls with external control power connections. 

O. Arc Flash Warning Labeling: Self-adhesive labels. 

P. Operating Instruction Signs:  Self-adhesive labels, Baked-enamel warning signs, Metal-
backed, butyrate warning signs, Laminated acrylic, or melamine plastic signs. 

Q. Emergency Operating Instruction Signs:  Self-adhesive labels, Baked-enamel warning signs, 
Metal-backed, butyrate warning signs or Laminated acrylic or melamine plastic signs with 
white legend on red background with minimum 3/8 inch high letters for emergency 
instructions at equipment used for power transfer. 

R. Equipment Identification Labels: 

1. Indoor Equipment:  Self-adhesive label Baked-enamel signs, Metal-backed butyrate 
signs or Laminated acrylic or melamine plastic sign. 
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2. Outdoor Equipment:  Laminated acrylic or melamine sign or Stenciled legend 4 inch 
high. 

3. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in location provided by 
panelboard manufacturer. Panelboard identification must be in form of self-
adhesive, engraved, laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 
c. Access doors and panels for concealed electrical items. 
d. Enclosed switches. 
e. Enclosed circuit breakers. 
f. Enclosed controllers. 
g. Push-button stations. 
h. Contactors. 
i. Monitoring and control equipment. 

END OF SECTION 26 05 53 
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SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Nonfusible switches. 
2. Molded-case circuit breakers (MCCBs). 

B. Related Requirements: 

1. Division 26 "Supplemental Requirements for Electrical" for additional abbreviations, 
definitions, submittals, qualifications, testing agencies, and other Project requirements 
applicable to Work specified in this Section. 

2. Division 26 "Facility Performance Requirements for Electrical" for seismic-load, wind-
load, acoustical, and other field conditions applicable to Work specified in this Section. 

1.2 DEFINITIONS 

A. GFEP: Ground-fault circuit-interrupter for equipment protection. 

B. GFLS: Ground-fault circuit-interrupter for life safety. 

C. SPDT: Single pole, double throw. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. For each type of enclosed switch, circuit breaker, accessory, and component indicated. 
Include nameplate ratings, dimensioned elevations, sections, weights, and 
manufacturers' technical data on features, performance, electrical characteristics, ratings, 
accessories, and finishes. 

2. Enclosure types and details for types other than UL 50E, Type 1. 
3. Current and voltage ratings. 
4. Short-circuit current ratings (interrupting and withstand, as appropriate). 
5. Include evidence of qualified electrical testing laboratory listing for series rating of 

installed devices. 
6. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components. 

B. Shop Drawings: For enclosed switches and circuit breakers. 

1. Include plans, elevations, sections, details, and attachments to other work. 
2. Include wiring diagrams for power, signal, and control wiring. 

C. Field Quality-Control Submittals: 
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1. Field quality-control reports. 

1.4 INFORMATIONAL SUBMITTALS 

A. Sample warranties. 

1.5 CLOSEOUT SUBMITTALS 

A. Warranty documentation. 

1.6 WARRANTY 

A. Special Installer Extended Warranty: Installer warrants that fabricated and installed enclosed 
switches and circuit breakers perform in accordance with specified requirements and agrees to 
repair or replace components or products that fail to perform as specified within extended-
warranty period. 

1. Extended-Warranty Period:  Two years from date of Substantial Completion; full 
coverage for labor, materials, and equipment. 

B. Special Manufacturer Extended Warranty: Manufacturer warrants that enclosed switches and 
circuit breakers perform in accordance with specified requirements and agrees to provide repair 
or replacement of components or products that fail to perform as specified within extended-
warranty period. 

1. Extended-Warranty Period:  Three years from date of Substantial Completion; full 
coverage for labor, materials, and equipment. 

PART 2 - PRODUCTS 

A. Source Limitations: Obtain products from single manufacturer. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed 
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces 
and other items. Comply with indicated maximum dimensions. 

C. Electrical Components, Devices, and Accessories: Listed and labeled in accordance with 
NFPA 70, by qualified electrical testing laboratory recognized by authorities having jurisdiction, 
and marked for intended location and application. 

2.2 NONFUSIBLE SWITCHES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. ABB, Electrification Business. 
2. Eaton. 
3. Siemens Industry, Inc., Energy Management Division. 
4. Square D; Schneider Electric USA. 
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B. Type HD, Heavy Duty, Three Pole, Single Throw, 600 V(ac), 1200 A and Smaller: UL 98 and 
NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and 
interlocked with cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 
conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors. 

3. Isolated Ground Kit: Internally mounted; insulated, labeled for copper and aluminum 
neutral conductors. 

4. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are 
specified. 

5. Service-Rated Switches: Labeled for use as service equipment. 
6. Hookstick Handle: Allows use of hookstick to operate handle. 
7. Lugs:  Mechanical type, suitable for number, size, and conductor material. 

2.3 MOLDED-CASE CIRCUIT BREAKERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. ABB, Electrification Business. 
2. Eaton. 
3. Siemens Industry, Inc., Energy Management Division. 
4. Square D; Schneider Electric USA. 

B. Circuit breakers must be constructed using glass-reinforced insulating material. Current carrying 
components must be completely isolated from handle and accessory mounting area. 

C. Circuit breakers must have toggle operating mechanism with common tripping of all poles, 
which provides quick-make, quick-break contact action. Circuit-breaker handle must be over 
center, be trip free, and reside in tripped position between on and off to provide local trip 
indication. Circuit-breaker escutcheon must be clearly marked on and off in addition to providing 
international I/O markings. Equip circuit breaker with push-to-trip button, located on face of 
circuit breaker to mechanically operate circuit-breaker tripping mechanism for maintenance and 
testing purposes. 

D. Maximum ampere rating and UL, IEC, or other certification standards with applicable voltage 
systems and corresponding interrupting ratings must be clearly marked on face of circuit 
breaker. Circuit breakers must be 100 percent rated. Circuit breaker/circuit breaker 
combinations for series connected interrupting ratings must be listed by UL as recognized 
component combinations. Series rated combination used must be marked on end-use 
equipment along with statement "Caution - Series Rated System. _____ Amps Available. 
Identical Replacement Component Required." 

E. MCCBs must be equipped with device for locking in isolated position. 

F. Lugs must be suitable for 90 deg C rated wire, sized in accordance with 75 deg C temperature 
rating in NFPA 70. 

G. Standard: Comply with UL 489 with required interrupting capacity for available fault currents. 
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H. Thermal-Magnetic Circuit Breakers: Inverse time-current thermal element for low-level 
overloads and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip 
setting for circuit-breaker frame sizes 250 A and larger. 

I. GFLS Circuit Breakers: Single- and two-pole configurations with Class A ground-fault protection 
(6 mA trip). 

J. GFEP Circuit Breakers: With Class B ground-fault protection (30 mA trip). 

K. Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 
2. Lugs:  Mechanical type, suitable for number, size, trip ratings, and conductor material. 
3. Ground-Fault Protection: Comply with UL 1053; remote-mounted and powered type with 

mechanical ground-fault indicator; relay with adjustable pickup and time-delay settings, 
push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-
sequence current transformer/sensor. 

4. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional 
time delay. 

5. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key must be 
removable only when circuit breaker is in off position. 

6. Zone-Selective Interlocking: Integral with ground-fault trip unit; for interlocking ground-
fault protection function. 

7. Electrical Operator: Provide remote control for on, off, and reset operations. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

1. Commencement of work will indicate Installer's acceptance of areas and conditions as 
satisfactory. 

3.2 SELECTION OF ENCLOSURES 

. 

A. Outdoor Locations: UL 50E, Type 3R. 

3.3 INSTALLATION 

A. Comply with manufacturer's published instructions. 

B. Special Techniques: 
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1. Coordinate layout and installation of switches, circuit breakers, and components with 
equipment served and adjacent surfaces. Maintain required workspace clearances and 
required clearances for equipment access doors and panels. 

2. Install individual wall-mounted switches and circuit breakers with tops at uniform height 
unless otherwise indicated. 

3. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets 
and temporary blocking of moving parts from enclosures and components. 

3.4 IDENTIFICATION 

A. Comply with requirements in Division 26 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

3.5 FIELD QUALITY CONTROL 

A. Field tests and inspections must be witnessed by Tenant. 

B. Tests and Inspections for Switches: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, grounding, and clearances. 
c. Verify that unit is clean. 
d. Verify blade alignment, blade penetration, travel stops, and mechanical operation. 
e. Verify that fuse sizes and types match the Specifications and Drawings. 
f. Verify that each fuse has adequate mechanical support and contact integrity. 
g. Inspect bolted electrical connections for high resistance using one of the following 

methods: 

1) Use low-resistance ohmmeter. 

a) Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from those of similar 
bolted connections by more than 50 percent of lowest value. 

2) Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method in accordance with manufacturer's published data or 
NETA ATS Table 100.12. 

a) Bolt-torque levels must be in accordance with manufacturer's 
published data. In absence of manufacturer's published data, use 
NETA ATS Table 100.12. 

h. Verify that operation and sequencing of interlocking systems is as described in the 
Specifications and shown on Drawings. 

i. Verify correct phase barrier installation. 
j. Verify lubrication of moving current-carrying parts and moving and sliding surfaces. 

2. Electrical Tests: 
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a. Perform resistance measurements through bolted connections with low-resistance 
ohmmeter. Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from adjacent poles or similar 
switches by more than 50 percent of lowest value. 

b. Measure contact resistance across each switchblade fuseholder. Drop values may 
not exceed high level of manufacturer's published data. If manufacturer's published 
data are not available, investigate values that deviate from adjacent poles or 
similar switches by more than 50 percent of lowest value. 

c. Perform insulation-resistance tests for one minute on each pole, phase-to-phase 
and phase-to-ground with switch closed, and across each open pole. Apply voltage 
in accordance with manufacturer's published data. In absence of manufacturer's 
published data, use Table 100.1 from NETA ATS. Investigate values of insulation 
resistance less than those published in Table 100.1 or as recommended in 
manufacturer's published data. 

d. Measure fuse resistance. Investigate fuse-resistance values that deviate from each 
other by more than 15 percent. 

e. Perform ground fault test in accordance with NETA ATS Section 7.14 "Ground 
Fault Protection Systems, Low-Voltage." 

C. Tests and Inspections for Molded-Case Circuit Breakers: 

1. Visual and Mechanical Inspection: 

a. Verify that equipment nameplate data are as described in the Specifications and 
shown on Drawings. 

b. Inspect physical and mechanical condition. 
c. Inspect anchorage, alignment, grounding, and clearances. 
d. Verify that unit is clean. 
e. Operate circuit breaker to ensure smooth operation. 
f. Inspect bolted electrical connections for high resistance using one of the following 

methods: 

1) Use low-resistance ohmmeter. 

a) Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from those of similar 
bolted connections by more than 50 percent of lowest value. 

2) Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method in accordance with manufacturer's published data or 
NETA ATS Table 100.12. 

a) Bolt-torque levels must be in accordance with manufacturer's 
published data. In absence of manufacturer's published data, use 
NETA ATS Table 100.12. 

g. Inspect operating mechanism, contacts, and chutes in unsealed units. 

2. Electrical Tests: 

a. Perform resistance measurements through bolted connections with low-resistance 
ohmmeter. Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from adjacent poles or similar 
switches by more than 50 percent of lowest value. 
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b. Perform insulation-resistance tests for one minute on each pole, phase-to-phase 
and phase-to-ground with circuit breaker closed, and across each open pole. Apply 
voltage in accordance with manufacturer's published data. In absence of 
manufacturer's published data, use Table 100.1 from NETA ATS. Investigate 
values of insulation resistance less than those published in Table 100.1 or as 
recommended in manufacturer's published data. 

c. Perform contact/pole resistance test. Drop values may not exceed high level of 
manufacturer's published data. If manufacturer's published data are not available, 
investigate values that deviate from adjacent poles or similar switches by more 
than 50 percent of lowest value. 

d. Perform insulation resistance tests on control wiring with respect to ground. 
Applied potential must be 500 V(dc) for 300 V rated cable and 1000 V(dc) for 
600 V rated cable. Test duration must be one minute. For units with solid state 
components, follow manufacturer's recommendation. Insulation resistance values 
may be no less than 2 M Ω. 

e. Determine the following by primary current injection: 

1) Long-time pickup and delay. Pickup values must be as specified. Trip 
characteristics may not exceed manufacturer's published time-current 
characteristic tolerance band, including adjustment factors. 

2) Short-time pickup and delay. Short-time pickup values must be as specified. 
Trip characteristics may not exceed manufacturer's published time-current 
characteristic tolerance band, including adjustment factors. 

3) Ground-fault pickup and time delay. Ground-fault pickup values must be as 
specified. Trip characteristics may not exceed manufacturer's published 
time-current characteristic tolerance band, including adjustment factors. 

4) Instantaneous pickup. Instantaneous pickup values must be as specified 
and within manufacturer's published tolerances. 

f. Test functionality of trip unit by means of primary current injection. Pickup values 
and trip characteristics must be as specified and within manufacturer's published 
tolerances. 

g. Perform minimum pickup voltage tests on shunt trip and close coils in accordance 
with manufacturer's published data. Minimum pickup voltage of shunt trip and 
close coils must be as indicated by manufacturer. 

h. Verify correct operation of auxiliary features such as trip and pickup indicators; 
zone interlocking; electrical close and trip operation; trip-free, anti-pump function; 
and trip unit battery condition. Reset trip logs and indicators. Investigate units that 
do not function as designed. 

i. Verify operation of charging mechanism. Investigate units that do not function as 
designed. 

3. Test and adjust controls, remote monitoring, and safeties. 

D. Nonconforming Work: 

1. Enclosed switches and circuit breakers will be considered defective if they do not pass 
tests and inspections. 

2. Remove and replace defective units and retest. 

E. Collect, assemble, and submit test and inspection reports. 

1. Test procedures used. 
2. Include identification of each enclosed switch and circuit breaker tested and describe test 

results. 
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3. List deficiencies detected, remedial action taken, and observations after remedial action. 

3.6 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges to values indicated in attached schedule. 

3.7 PROTECTION 

A. After installation, protect enclosed switches and circuit breakers from construction activities. 
Remove and replace items that are contaminated, defaced, damaged, or otherwise caused to 
be unfit for use prior to acceptance by Owner. 

3.8 MAINTENANCE 

A. Infrared Scanning of Enclosed Switches and Breakers: Two months after Substantial 
Completion, perform infrared scan of joints and connections. Remove covers so joints and 
connections are accessible to portable scanner. Take visible light photographs at same 
locations and orientations as infrared scans for documentation to ensure follow-on scans match 
same conditions for valid comparison. 

1. Instruments and Equipment: Use infrared scanning device designed to measure 
temperature or to detect significant deviations from normal values. Provide calibration 
record for device. 

2. Follow-up Infrared Scanning: Perform two follow-up infrared scans of enclosed switches 
and breakers, one at four months and another at 11 months after Substantial Completion. 

3. Instrument: Use infrared-scanning device designed to measure temperature or to detect 
significant deviations from normal values. Provide documentation of device calibration. 

4. Report: Prepare certified report that identifies units checked and that describes scanning 
results. Include notation of deficiencies detected, remedial actions taken, and scanning 
observations after remedial action. 

END OF SECTION 26 28 16 
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DESIGN, CONSULTATION, INVESTIGATION 

50 Freeway Drive, Cranston, RI 02920 
 401-785-2690    www.capretzer.com 

 

 
July 21, 2026 
 
 
Ms. Jacqueline Esmay 
RGB Architects 
50 Holden Street 
Providence, RI 02908 
 
Re: Reservoir Avenue Elementary School 
 156 Reservoir Ave, Providence, RI 02907 

CAPA File No. 226218.20 
Rooftop Unit Replacement Review 

 
 
Dear Ms. Esmay, 
 
At your request, I met you at Reservoir Avenue Elementary School in Providence, Rhode Island on 
June 25, 2026. Also present was Mr. Jose Archila Noriega from my office, Mr. Climaco Guzman from 
the Providence School Facilities Department, Mr. Kris Becker and Mr. Frank Reale from BER, and Mr. 
Paul DeMelo from Downes Construction. The purpose of this visit was to review the existing roof 
structure and report on any structural concerns regarding the proposed rooftop unit replacement 
located above the existing gymnasium. 
 
The existing building consists of the original main school structure built around 1924 and a classroom 
and gymnasium addition built in 1993. The existing structural roof framing plan for the gymnasium 
addition, produced by C.A. Pretzer Associates and dated 03/25/1993, was obtained prior to our visit. 
The existing roof top unit is supported by 26” deep open web steel bar joists. 
 
Per BER’s basis of design narrative, dated June 30, 2026, the existing roof top unit weighs 990 lbs 
and the new replacement unit weighs 971 lbs. Additionally, the new unit will be able to sit on the 
existing curb frame and not require an adaptor curb. Since the weight of the unit is slightly decreasing, 
and the existing curb is being reused, structural modification of the existing roof framing is not required. 
 
This report is based solely on a visual inspection of the structure at the time of visit and the supporting 
documentation described herein. This report is based on relevant information known to me at the time 
the report was issued. I reserve the right to amend or supplement this report if additional relevant 
information becomes available. 
 
Please let me know if I can be of further assistance. 
 
Sincerely, 
  
C. A. PRETZER ASSOCIATES, INC.  
 
Kristen Collins, P.E. 
Principal 
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July 21, 2026 
 
 
Ms. Jacqueline Esmay 
RGB Architects 
50 Holden Street 
Providence, RI 02908 
 
Re: Leviton Annex Elementary School 
 65 Greenwich Street, Providence, RI 02907 

CAPA File No. 226217.20 
Rooftop Unit Replacement Review 

 
 
Dear Ms. Esmay, 
 
At your request, I met you at Leviton Annex Elementary School in Providence, Rhode Island on June 
25, 2026. Also present was Mr. Jose Archila Noriega from my office, Mr. Climaco Guzman from the 
Providence School Facilities Department, Mr. Kris Becker and Mr. Frank Reale from BER, and Mr. 
Paul DeMelo from Downes Construction. The purpose of this visit was to review the existing roof 
structure and report on any structural concerns regarding the proposed replacement of the two rooftop 
units located above the existing cafeteria/gymnasium. 
 
The existing building was built in 2001. The existing structural roof framing plan for the building, 
produced by the Maguire Group, Inc. and dated 04/25/2001, was obtained prior to our visit. According 
to these drawings, the existing roof top units are supported by 32LH08SP open web steel bar joists 
spaced at 5-feet on center. 
 
Per BER’s basis of design narrative, dated June 30, 2026, one of the existing roof top units weighs 
2,300 lbs and the proposed replacement unit weighs 2,690 lbs. The second existing unit weighs 1,150 
lbs and its proposed replacement unit weighs 1,360 lbs. Curb adapters will be installed for each unit 
to reuse the existing curbs. Our office analyzed the existing roof joists for the new unit weights and 
determined that the joists are adequate to support the weight of the proposed units. Since the existing 
curbs are being reused, structural modification of the existing roof framing is not required.  
 
The existing roof joists below the units were not visible at the time of visit. It is assumed that the 
perimeter of the existing curbs are fully supported with angle frames or steel supports spanning 
between the existing joists. It is also assumed that the unit curbs are located within 6-inches of a top 
chord panel point. If either of these conditions are not met, then the details provided on the following 
pages should be implemented as needed. These details are also provided on the structural sheet 
S100 of the “Issued for Construction” drawing set for the Providence Schools RTU & Chiller 
Replacement produced by our office (dated 07/24/2026). 
 
This report is based on relevant information known to me at the time the report was issued. I reserve 
the right to amend or supplement this report if additional relevant information becomes available. 
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Please let me know if I can be of further assistance. 
 
Sincerely,  
 
C. A. PRETZER ASSOCIATES, INC.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Kristen Collins, P.E. 
Principal 
 
 
 
 

Detail 1: Joist Reinforcement at RTU Point Load 
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Detail 2: RTU Curb Angle Support Frame 
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