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Shelby County      

Tennessee                                                 Mark H. Luttrell, Jr., Mayor 

 
 

 

 

    Shelby County Government 

    Purchasing Department 

160 N. Main, Suite 900 

Memphis, TN 38103 

  

  

Issued: March 10, 2015 

 

Due: March 27, 2015 at 4:00 PM (Central Standard Time) 

 

RFP # 15-002-37 

 

DOWNTOWN DISTRICT COOLING LOOP 

AND 

UTILITY INFRASTRUCTURE UPGRADE 

 
Shelby County Government is soliciting proposals for the provision of Construction Services to 

Furnish and Install Chillers and Underground Piping for Building in Downtown Memphis, 

Tennessee for Shelby County Government. The Request for Proposals is located on the County’s 

website at www.shelbycountytn.gov and click the link “Department” at the top, then P for the 

Purchasing Department, then click on the link “Bids”. Bidders are required to download the 

information for submittal. 

 

A voluntary pre-bid conference will be held Wednesday, March 18, 2015 at 9:30 a.m. at 

Shelby County Support Services, 984 Adams Avenue, Conference Room, Memphis, Tennessee 

38105. 
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Proposals must be received in the office of the Administrator of Purchasing no later than March 

27, 2015 at 4:00 p.m.  Proposals should be addressed to: 
 

Nelson Fowler, Manager A 

Shelby County Government 

160 N. Main, Rm. 900 

Memphis, TN 38103 

 

The package containing an original (clearly identified as original), three (3) copies and one (1) 

digital CD must be sealed and marked with the Bidders name and CONFIDENTIAL, 

“DOWNTOWN DISTRICT COOLING LOOP AND UTILITY INFRASTRUCTURE 

UPGRADE, RFP # 15-002-37” noted on the outside. 

 

 

Sincerely, 

 

 

 

 

Nelson Fowler, Manager A 

Purchasing Department, Shelby County Government 
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Cc; Diep Tran, Support Services 

 

 

I.   INTRODUCTION 
 

Shelby County Government (the “County”), is seeking proposals from interested and qualified firms 

to Furnish and Install Chillers and Underground Piping for Building in Downtown Memphis, 

Tennessee for Shelby County Government. This Request for Proposal is being released to invite 

interested and qualified firms to prepare and submit proposals in accordance with instructions 

provided where the successful candidate will be selected and invited to enter into a contractual 

relationship with Shelby County for the Services outlined in this RFP. document. 
 

II. MINIMUM PROPOSER REQUIREMENTS 

 

All bidders must: 

 

1. Prime and LOSB contractors must apply and qualify for an Equal Opportunity Compliance 

(EOC) certification number through our EOC Administration prior to submitting your 

response. 

2. Firms located within the boundaries of Shelby County are required to have a current Shelby 

County Business License or be considered exempt from the license requirement by the 

Shelby County Clerks Office. 

3. Meet all other requirements for the performance such as LOSB and performance 

requirements for Services in accordance with the provisions of this Sealed Bid. 

4. Must submit a Bid Bond in the amount of 5% of their bid. This bond must be submitted with 

your bid. 

5. The successful contractor must be able to submit a performance/labor material bond separate 

bonds each in the amount of 100% of the amount of the contract. 

6. Must submit LOSB Form B and A with their bid. Please see page 22, item L for documents 

to be submitted with your bid. 

7. Have all appropriate licenses and certifications required in the State of Tennessee to perform 

the Services. 

8. A written statement of compliance to Title VI must be submitted in your bid response. 

Please see item “H” for Title VI. 

 9. Independent contractors (sole proprietors) must adhere to State of Tennessee Public  

  Chapter No. 436, know as the “Tennessee Lawful Employment Act (effective date of   

  1/1/2012). Proof and documentation of employment eligibility must be included with  

  the proposal. 
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III. CORRESPONDENCE 

 

All correspondence, proposals, and questions concerning the Request For Proposal are to be 

submitted to: 

 

Nelson Fowler, Manager A  

Shelby County Government 

160 N. Main St. Suite 900 

Memphis, TN 38103 

(901) 222-2250 

 

Respondents requesting additional information or clarification are to contact Nelson Fowler in 

writing at nelson.fowler@shelbycountytn.gov or at the address listed above. Questions should 

reference the section of the REQUEST FOR PROPOSAL to which the question pertains and all 

contact information for the person submitting the questions. IN ORDER TO PREVENT AN 

UNFAIR ADVANTAGE TO ANY RESPONDENT, VERBAL QUESTIONS WILL NOT BE 

ANSWERED. The deadline for submitting questions will be Friday, March 20, 2015  @ 12:00 

p.m.  
 

Note:  All written questions submitted by the deadline indicated above will be answered and 

posted on the County’s website at www.shelbycountytn.gov within forty eight (48) hours 

of the above cut-off date. 

 

These guidelines for communication have been established to ensure a fair and equitable process 

for all respondents. Please be aware that contact with any other personnel (other than the person 

clearly identified in this document) within Shelby County or its benefit administrators regarding 

this Sealed Bid may disqualify your company from further consideration. 

 

Vendor Number (Purchasing Department) 

 

At the top of the home page, click on the links “Department”, “P” for the Purchasing 

Department and “Conducting Business with Shelby County”. The “Vendor Registration” 

link is at the bottom of the drop down box. Please download the application instructions 

and read thoroughly prior to accessing the application. (Applications for a vendor 

number are accepted online only.) 

 

Equal Opportunity Compliance (EOC) Number (EOC Administration Office) 

 

At the top of the home page, click on the links “Department”, “E” for the Equal 

Opportunity Compliance and “Contract Compliance Program”. The “Contract 

Compliance Packet” link is in the middle of the page. Please print the packet and mail or 

fax the completed packet to the EOC office. The mailing address is 160 N. Main Street, 

Suite 200, Memphis, TN 38103. The fax number is 901-222-1101. 

 

mailto:nelson.fowler@shelbycountytn.gov
http://www.shelbycountytn.gov/
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Note: Because of the length of time it takes to apply and receive an EOC number, vendors 

who apply prior to the RFP being due, bid will be accepted pending EOC approval of their 

application. 

 

If you have any questions regarding the application, you may contact Purchasing at 

(901)222-2250 or the EOC Administration at (901) 222-1100. 

 

 

IV. PROPOSAL SUBMISSION DEADLINE 

 

All proposals must be received at the address listed above no later than Friday, March 27, 2015 @ 

4:00 PM. (CST). Facsimile or electronically transmitted proposals will not be accepted since they 

do not contain original signatures. Postmarks will not be accepted in lieu of actual receipt. Late or 

incomplete proposals may not be opened and considered.  

 

V.   PROPOSAL TIMELINE 

 

Shelby County reserves the right to modify this timeline at any time. If the due date for proposals is 

changed, all prospective Bidders shall be notified. 

 

 Request For Proposal Released  Tuesday, March 10, 2015 

 Pre-Bid Conference     Wednesday, March 18, 2015 at 9:30 am. 

 Deadline for Questions    Monday, March 23, 2015 at 12:00 p.m. 

 Proposal Due Date    Friday, March 27, 2015 at 4:00 p.m. 

 Notification of Award    April 2015 

    

The County may reproduce any of the Bidders proposal and supporting documents for internal use 

or for any other purpose required by law. 

 

VI. PROPOSAL CONDITIONS 

 

 A. Contingencies 

 

 This RFP does not commit the County to award a contract. The County reserves the right to 

accept or reject any or all proposals if the County determines it is in the best interest of the 

County to do so. The County will notify all Bidders, in writing, if the County rejects all 

proposals. 

 

 B. Modifications 

 

 The County reserves the right to issue addenda or amendments to this RFP. 

 

 C. Proposal Submission 

 

 To be considered, all proposals must be submitted in the manner set forth in this RFP. It is 

the Bidders responsibility to ensure that its proposals arrive on or before the specified time. 
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 D. Incurred Costs 

  

 This RFP does not commit the County to pay any costs incurred in the preparation of a 

proposal in response to this RFP and Bidders agree that all costs incurred in developing this 

RFP are the Bidders responsibility. 

 

E. Final Authority 

 

 The final authority to award a contract rests solely with the Shelby County Purchasing 

Department. 

 

F.   Proposal Validity 
 

Proposals submitted hereunder will be firm for one hundred twenty (120) calendar days 

from the due date unless otherwise qualified. 

 

 G. Disclosure of Proposal Contents 

 

Proposer understands and acknowledges that the County is a governmental entity subject to 

the laws of the State of Tennessee and that any reports, data or other information supplied to 

the County is subject to being disclosed as a public record in accordance with the laws of the 

State of Tennessee. All proposals and other materials submitted become the property of 

Shelby County Government. 

 

 H.      Non-discrimination and Title VI 

 

The contractor hereby agrees, warrants, and assures compliance with the provisions of Title 

VI and VII of the Civil Rights Act of 1964 and all other federal statutory laws which provide 

in whole or in part that no person shall be excluded from participation or be denied benefits 

of or be otherwise subjected to discrimination in the performance of this Contract or in the 

employment practices of the contractor on the grounds of handicap and/or disability, age, 

race, color, religion, sex, national origin, or any other classification protected by federal, 

Tennessee State Constitutional or statutory law. The contractor shall upon request show 

proof of such non-discrimination and shall post in conspicuous places available to all 

employees and applicants notices of non-discrimination. 

 

Any recipient entity shall be subject to the requirements of Title VI of the Civil Rights Act 

of 1964, 42 U.S.C. 2000d et seq., and regulations promulgated pursuant thereto. It shall 

develop a Title VI implementation plan with participation by protected beneficiaries as may 

be required by such law or regulations. To the extent applicable, such plan shall include 

Title VI implementation plans sub-recipients of federal funds through the entity. The 

contractor shall produce the plan upon request of Shelby County Government. Failure to 

provide same shall constitute a material breach of contract. 
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      I.       LOSB 

SHELBY COUNTY GOVERNMENT 

LOCALLY OWNED SMALL BUSINESS (LOSB) PROGRAM 

FOR CONSTRUCTION SERVICES 

 

 

General 

 

Shelby County Government is committed to a policy of non-discrimination pursuant to the 

Equal Protection provisions of the United States Constitution. It is further the policy of Shelby 

County that it’s purchasing and contracting practices encourage the use of Locally-Owned 

Small Businesses (LOSB’s) in all solicitations. In furtherance of these policy objectives, 

Shelby County seeks to afford all citizens equal opportunities to do business on county 

contracts and to ensure that all bidders, or Contractors doing business with Shelby County 

provide to LOSB’s, maximum practicable opportunities, commensurate with availability, price 

and capabilities required, to participate on contracts which are paid for, in whole or in part, 

with monetary appropriations from Shelby County.  

 

Shelby County seeks to prevent discrimination against any person or business in pursuit of 

these opportunities on the basis of race or gender. Shelby County will conduct its contracting 

and purchasing programs to discourage any discrimination and will actively seek to resolve all 

claims of discrimination brought against Shelby County or any Contractors involved in such 

contracting and purchasing programs. 

 

Shelby County has determined that 20% of the contract sum will be contracted with LOSB 

vendors. For assistance and information regarding LOSB participation, Bidders shall contact: 

 

Ms. Carolyn Griffin 

Office of Equal Opportunity Compliance 

Board of Commissioners of Shelby County 

160 North Main Street, Suite 200 

Memphis, Tennessee 38103 

Phone: 901-222-1100 

Fax: 901-222-1101 

E-mail: Carolyn.Griffin@shelbycountytn.gov   

 

Definitions 

 

The definitions used in this document are as follows:  

 

1. “Bidder” means any person, firm, partnership, association, or joint venture seeking to be 

awarded a contract or subcontract to provide goods, commodities, or services. 
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2. “Certification” or “Certified” means a Business that is certified by Shelby County 

Government under the LOSB program. 

3. “Commercially useful function” means being responsible for the management and 

performance of a distinct element of the total work. 

4. "Contractor" shall mean any person or business enterprise that submits a bid or 

proposal to provide labor, goods, or services to Shelby County by contract for profit in 

the area of construction or construction-related activities; and, any person or firm who 

supplies or provides labor, goods, or services to Shelby County by contract for profit.  

5. “Efforts to Achieve LOSB Participation” means that the Contractor will solicit LOSB 

Participation with respect to the procurement and will consider all sub-bids and 

quotations received from LOSB’s. When a subcontract is not awarded to the LOSB, the 

Contractor must document the reason(s) the award was not made and substantiate that 

documentation in writing pursuant to the provisions of this Program.   

6.  “Locally Owned Small Business (LOSB)” means a business whose home office is 

located in Shelby County, with average annual sales of 5,000,000 or less over the past 

three (3) years and who has been certified by Shelby County Office of Equal Opportunity 

Compliance. 

7. “Non-LOSB” means a business, which is not certified as a LOSB.   

8. “Unavailable” means either that: (1) there is no LOSB providing goods or services 

requested; or, (2) no LOSB submitted a bid. 

  

Requirements and Compliance 
 

All firms or entities seeking to become Contractors as outlined herein are required to make 

good faith efforts to achieve LOSB participation when submitting a proposal or bidding on 

Shelby County procurements. Bidders shall not discriminate on the basis of race or gender 

when soliciting bids in the performance of Shelby County’s procurements. Discrimination 

complaints brought to the attention of Shelby County Office of Equal Opportunity Compliance 

(or its designee) will be reviewed and investigated to the extent necessary to determine the 

validity of such complaints and what actions, if any, should be taken by Shelby County. 

 

Policies and Procedures 

 

Shelby County may adopt policies and procedures as necessary to carry out and implement its 

powers and duties with regard to the LOSB Program. It is the goal of Shelby County to 

encourage participation by LOSB’s and to adopt rules and regulations which achieve to the 

greatest extent possible a level of participation by LOSB’s taking into account the total 

number of all Contractors and suppliers. Therefore, Shelby County will review each 

procurement request to determine the maximum potential for utilization of LOSB’s. This 

review is based on the availability of qualified LOSB’s providing goods or services as it 

relates to the scope of the bid or procurement process. The following procedures may be 

utilized during the procurement process. 

 

1. Pre-Bid Activity 

a. Bid Language   

Shelby County may insert language into each bid specification describing the 

LOSB Program to assure that all prospective bidders are aware of the 

requirements to make efforts to utilize LOSB’s. 
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b. Notification  

Shelby County may provide written notification to Contractors and LOSB’s 

regarding pre-bid conferences; technical assistance to LOSB’s; LOSB 

Program procedures and required documentation; and, provide a list of 

LOSB’s who have expressed an interest in competing for the bid or in 

performing as a subcontractor. 

 

2. Contractor’s Responsibilities 

a. Efforts to Achieve LOSB Participation 

All entities seeking to become Contractors are required to make efforts to 

achieve maximum LOSB participation, as outlined in this LOSB Program, 

when submitting a response to a bid or negotiated proposal in response to a 

Shelby County procurement opportunity. Such Efforts should be documented 

on LOSB Form “A.” and submitted with your bid. 

b. Utilization 

Contractors are required to utilize legitimate LOSB’s in order to receive 

credit for the utilization of a LOSB. Contractors must document all LOSB’s 

to be utilized, the percentage of utilization and the intended scope of work. 

Such information should be submitted on LOSB Form “B.” This 

documentation must be submitted with the bid or negotiated proposal 

document.  

c. Commercially Useful Functions 

All LOSB’s identified on LOSB Form “C” or LOSB Form “D” shall 

perform a Commercially Useful Function.   

d. Unavailability 

If a potential Contractor’s efforts to obtain LOSB participation are 

unsuccessful due to the unavailability of a LOSB, the Contractor will submit 

a statement of unavailability. LOSB Form “A.”   

e. Pre-Work Conference  

Any Contractor who is the successful bidder shall be required to attend a 

conference with Shelby County prior to beginning the work. The primary 

purpose of this conference is to review the project scope and review LOSB 

participation as outlined in LOSB Form “B.” Shelby County will also 

review the Statement of Intent to Perform as a Subcontractor or Provide 

Supplies or Services as documented on LOSB Form “C.” 

f. Post-Award Change 

Any Contractor who determines that a LOSB identified on LOSB Form “B” 

cannot perform shall request approval from Shelby County to contract with 

an alternate subcontractor pursuant to this LOSB Program. Such request will 

be reviewed and approved only after adequate documentation for the 

proposed change is presented.   

g.   LOSB Certification 

Each month the Contractor shall submit LOSB Form “D” certifying all 

payments made to LOSB’s. 
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3. LOSB Responsibilities 

a. Commercially Useful Function 

It is the responsibility of each LOSB providing subcontracted goods and/or 

services to submit LOSB Form “C” certifying that it is performing the work 

and that it is a Commercially Useful Function.  

 

Written Agreement 

 

Shelby County policies and procedures on LOSB participation are designed to create 

contractual relationships between Contractors and LOSB’s. Therefore, a Contractor may 

utilize the services of a LOSB in estimating and satisfying the scope of work, provided that 

a written contract/agreement is executed between the Contractor and the LOSB.   

 

Certification 

 

To ensure that the ownership and control over decision-making and day-to-day operations 

of a Certified LOSB is legitimate, Shelby County reserves the right to verify the ownership 

and control of each LOSB utilized.  

 

Monitoring LOSB Utilization 

 

Shelby County intends to monitor and enforce this LOSB Program. Shelby County reserves 

the right to conduct random audits of each of its Contractor’s/ LOSB’s. Shelby County 

reserves the right to reevaluate a LOSB’s certification at any time.   

 

Efforts to Achieve LOSB Participation 

 

The Contractor shall consider all bids and/or quotations received from LOSB’s. When a 

subcontract is not awarded by a Contractor to any of the competing LOSB’s, the Contractor 

must document the reason(s) the award was not made to the LOSB’s. It is the responsibility 

of the Contractor to prove that it employed Efforts to Achieve LOSB participation. 

Evidence supporting the Contractor’s Efforts must be documented on LOSB Form “A,” 

which must include, but is not limited to, the following: 

 

1.     Contractor must submit proof that it solicited LOSB participation through reasonable and 

available means including, but not limited to: 

a. Written notices to LOSB’s who have the capability to perform the work of the 

contract or provide the service; 

b. Direct mailing, electronic mailing, facsimile or telephone requests. 

2.     Contractor must submit proof that it provided interested LOSB’s with adequate information 

about plans, requirements and specifications of the contract in a timely manner to assist 

them in responding to a solicitation. 

3.     Contractor must submit proof that it made Efforts to Achieve LOSB Participation including, 

but not limited to, proof that it made opportunities available to LOSB suppliers and 

identified opportunities commensurate with opportunities made available and identified to 

Non LOSB’s. Such proof will includes the names of businesses, contact person(s), 
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addresses, telephone numbers, and, a description of the specifications for the work selected 

for subcontracting. 

4.     Contractor must submit proof that it allowed LOSB’s the opportunity to review bid 

specifications, blue prints and all other bid related items at no charge. The Contractor must 

allow sufficient time for review prior to the bid deadline.  

5.     Contractor must submit proof that it made Efforts to Achieve LOSB Participation by not 

rejecting a LOSB as unqualified or unacceptable without sound reasons based on a thorough 

investigation of their capabilities. Contractor must submit proof of the basis for rejecting 

any LOSB deemed unqualified or unacceptable by the Contractor. The Contractor will not 

impose unrealistic conditions of performance on LOSB’s seeking subcontracting 

opportunities.   

The Contractor must fully cooperate with Shelby County in its post-contract award LOSB 

Program audit and compliance efforts. 

 

Substitution of LOSB’s after Contract Award 

 

In order to make a substitution of a LOSB, a Contractor must make a request to Shelby County. 

This request must be submitted in writing to Shelby County. Shelby County reserves the 

right to approve any substitution of a LOSB. The Contractor has the responsibility to 

provide Shelby County with a reasonable basis for the substitution. If the Contractor desires 

to substitute the LOSB with a Non-LOSB, then the Contractor must comply with the Effort 

to Achieve LOSB Participation provisions set forth herein. 

 

Noncompliance with LOSB Program 

 

Any of the following reasons, individually or collectively, may result in suspension from 

bidding, prohibition from contracting, or cancellation of contracts:   

 

1. The failure to perform according to contract provisions relating to this LOSB Program;  

2. Violation of, circumvention of, or failure to comply with the LOSB Program; and/or, other 

reasons deemed appropriate by Shelby County. 

 

Questions and Information 

 

Questions regarding this LOSB Program and requests for information should be directed to: 

 

Ms. Carolyn Griffin 

Office of Equal Opportunity Compliance 

Board of Commissioners of Shelby County 

160 North Main Street, Suite 200 

Memphis, Tennessee 38103 

Phone: 901-222-1100 

Fax: 901-222-1101 

E-mail: Carolyn.Griffin@shelbycountytn.gov   
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Construction 

 

This LOSB Program is consistent with Shelby County Policies and Procedures. Wherever 

conflicts exist, the provision in the Shelby County Policies and Procedures will prevail. 

 

LOSB Program Forms Description 

      LOSB Form A --  Certification of Efforts 

Contractors are required to submit LOSB Form “A” with proposals as evidence and 

documentation of efforts that have been made to contact LOSB’s for participation as 

subcontractors, joint venture partners, or suppliers of goods and services. Contractors are 

required to contact LOSB’s and solicit quotes for goods and services. All responses to the 

Contractor’s solicitation should be recorded and reported. 

 LOSB Form B -- LOSB Utilization Plan  
 

A Contractor is required to submit LOSB Form “B” with its Proposal in order to identify 

all LOSB’s they propose to utilize in providing the goods and services included in the 

Proposal. Contractors may only include a proposed provider of goods or services on LOSB 

Form “B,” if the entity is a legitimate LOSB. Additionally, if such entity will provide 

services, Contractors may only list LOSB’s on LOSB Form “B” if the entity will perform a 

Commercially Useful Function. The Successful Contractor will be required to finalize and 

submit LOSB Form “B” prior to award of a contract. LOSB Form “B” will be 

incorporated into the contract and will become a contractual obligation of the Successful 

Contractor. LOSB Form “B” shall not be changed or altered after award of a contract 

without approval from Shelby County. The Contractor is required to provide written notice 

describing the reasons for any proposed change to Shelby County and to obtain approval 

from Shelby County of any changes to LOSB Form “B.” 

 LOSB Form C –Statement of Intent to Perform as a Subcontractor or Provide 

 Supplies or Services. 

 

Contractors are required to have each subcontracted LOSB providing services complete 

LOSB Form “C” certifying that it is performing the work and that it is a Commercially 

Useful Function.  

 LOSB Form D – Statement of Payments to LOSB’s 

Contractors are required to record and maintain information regarding the utilization of 

LOSB’s and all other information during the performance of awarded contracts. This 

information shall be recorded and maintained on LOSB Form “D.” The form is required to 

be submitted to Shelby County each month. LOSB Form “D” must be completed in its 

entirety with information regarding the types of goods purchased from LOSB’s or the types 

of services rendered by LOSB’s and dollars amounts paid for their goods or services.  
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Shelby County 

LOSB Program 

LOSB FORM A 

CERTIFICATION OF EFFORTS TO ACHIEVE LOSB PARTICIPATION 

(To Be Submitted with the Bid/Proposal) 

 

Company Name: _________________________________ 

Bid No.: _________________________________ 

 

I certify that the following efforts where made to achieve LOSB participation:                                          YES   NO         

A Provided written notices to LOSB’s who have the capability to perform the work of the contract 

or provide the service 

  

B Direct mailing, electronic mailing, facsimile or telephone requests   

C Provided interested LOSB’s with adequate information about plans, requirements and 

specifications of the contract in a timely manner to assist them in responding to a solicitation 

  

D Allowed LOSB’s the opportunity to review bid specifications, blue prints and all other 

bid/SEALED BID related items at no charge, and allowed sufficient time for review prior to the 

bid deadline   

  

E Acted in good faith with interested LOSB’s, and did not reject LOSB’s as unqualified or 

unacceptable without sound reasons based on a thorough investigation of their capabilities 

  

F Did not impose unrealistic conditions of performance on LOSB’s seeking subcontracting 

opportunities 

  

 

Additionally, I contacted the referenced LOSB’s and sealed bid/proposal. The responses I received were as follows: 

 

Name and Address 

of  

LOSB 

Type of Work   

And Contract Items, 

Supplies or Services to be 

Performed 

Response 

 

Reason for Not 

Accepting 

Bid/Proposal 

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

(If additional space is required, this form maybe duplicated) 

If applicable, please complete the following: 

 

I hereby certify that LOSB’s were “Unavailable” as defined in the LOSB Program to submit bids to provide goods 

and services for this SEALED BID’s purpose. 

 

Reasons for the “Unavailability”: 

_______________________________________________________________________________ 

 

_______________________________________________________________________________ 

 

Submitted by: 

_____________________________________    __________________________________ 

Authorized Representative Signature   Title 

___________________________________ 

Date 
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Shelby County 

LOSB Program 

 

LOSB FORM B 

 

LOSB UTILIZATION PLAN 

(To Be Submitted with the Bid/Proposal) 

 

Company: _________________________________ 

Bid No.: _________________________________ 

 

I, _____________________________________, do certify that on the following procurement opportunity,  

                                      (Contractor) 

 _________________________________, the following LOSB’s will be utilized as sub-contractors,       

 (Opportunity) 

suppliers, or to provide professional services: 

 

 

Name 

 

 

Description of Work 

 

Contract Value 

 

LOSB Number 

 

 

   

 

 

   

 

 

   

 

 

   

(If additional space is needed this form may be duplicated) 

 

TOTAL CONTRACT VALUE: ________________________________ 

 

TOTAL % OF LOSB PARTICIPATION: ________________________ 

 

The successful bidder is required to finalize and submit this form prior to award of a contract. Joint Venture 

Agreements, partnering agreements and all pertinent information must be presented prior to contract award. This 

information will be incorporated into the contract and will become a contractual obligation of the successful 

bidder. The finalized LOSB Form B shall not be changed or altered after award of a contract without approval 

from Shelby County. The successful bidder is required to provide written notice describing the reasons for the 

change to Shelby County to obtain approval of any changes to LOSB Form B. 

 

Submitted by: 

 

_____________________________________       

Authorized Representative Signature       

 

_____________________________________ 

Title   

 

____________________________________ 

Date 
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Shelby County 

LOSB Program 

LOSB FORM C 

 

STATEMENT OF INTENT TO PERFORM AS A SUBCONTRACTOR OR 

PROVIDE SUPPLIES OR SERVICES 

(To Be Submitted Prior to Contract Award) 

 

Company Name: _____________________ 

              Bid No.:______________________ 

 

I, ________________________________, intend to provide supplies or services in connection with the

 (Subcontractor/Provider) 

above bid/proposal request as a LOSB. 

 

I am prepared to perform a “Commercially Useful Function” in connection with the above project.   

 

The following are the work items to be performed: 

 

 

 

 

 

at the following price:  $_________________________. 

 

If applicable, please complete the following: 

 

I have or will enter into a formal agreement with _____________________________ for the above- 

                                                                                                    (Company) 

described scope of work, supplies, or services conditioned upon the execution of a contract  

 

with Shelby County. 

 

 

I hereby certify that this statement is true and correct: 

 

Business Information:    Submitted by: ________________________ 

 

Business: __________________________ Authorized Representative (Print):  

       

Address:  __________________________ ___________________________________ 

       

  

                                                                           Title: ___________________________________  

   

Phone: __________________________ Authorized Representative’s Signature:                       

                                                                                                                 

                                                                                    ___________________________________ 

 

Facsimile: __________________________         Date: ________________________________ 
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Shelby County 

LOSB Program 

 

LOSB FORM D 

 

STATEMENT OF PAYMENTS TO LOSB’S 

(To Be Submitted Monthly and with Final Payment Request) 

 

 

Company Name: ________________________________ 

Name/Contract No.:  _____________________________   

Payment Request Number: _______________________ 

 

 

 

Name of 

Firm 

 

 

Description of 

work 

 

Total Amount 

Due This 

Month 

 

  Total 

Dollars Paid 

To Date 

 

% of 

Contract 

Completed 

 

Start Date 

of 

Contract 

 

 

End Date 

of Contract 

 

 

 

      

 

 

 

      

 

 

 

      

 

 

 

      

 

 

 

      

(If additional space is needed this form may be duplicated) 

 

 

I hereby certify that this statement is true and that above payments have been made. 

 

Business Information:    Submitted by: 

 

Business: __________________________ Authorized Representative (Print):  

       

Address:  __________________________ __________________________________________  

       

 __________________________         Title: ______________________________________   

       

Phone: __________________________ Authorized Representative’s Signature:                       

                                                                              __________________________________________ 

 

Facsimile: __________________________         Date:  _____________________________________ 
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LOCALLY OWNED SMALL BUSINESS PURCHASING PROGRAM RULES AND 

REGULATIONS: 

 

1. The Administrator of Purchasing in conjunction with the Administrator of EOC shall 

identify certain goods and services required by the County to be set aside for special purchasing 

procedures for locally owned small businesses. 

 

2. Only certified locally owned small businesses will be allowed to submit competitive bids on 

the goods or services identified under paragraph (i) above. 

 

3. The Administrator of Purchasing shall, in conjunction with the Administrator of EOC, 

annually review the Shelby County Capital Improvement Program to determine those projects with 

a construction cost of $250,000 or more. Contracts amounting to at least ten (10%) of the 

construction costs of such project shall be awarded to locally owned small businesses as defined 

herein, except as set forth in sub-paragraph (vi) of this section, either as part of the conditions of the 

solicitation for general contractors bidding on these projects, or as separate bids issued by the 

County for subcontracts that may be assigned to general contractors. 

 

4. After adhering to all other bidding and purchasing requirements of the County, not 

inconsistent with this part, if no bids are received from locally owned small businesses, then the 

County may solicit bids for the goods or services from all other sources. 

 

5. On all purchases and/or contracts entered into by the County, the Purchasing Administrator 

or his or her designee shall have the right to negotiate with any supplier of goods or services to the 

County for the inclusion of locally owned small business subcontractors and/or suppliers in the 

contract award. 

 

6. Failure by a supplier or contractor to include locally owned small business sub-contractors 

or suppliers in its bid or contract may be grounds for rejection of said bid or contract unless the 

supplier or contractor can show documented evidence of good cause why none were included. 

 

7. Any locally owned small business awarded a contract or purchase order under this section 

shall not sublet, subcontract, or assign any work or services awarded to it without the prior written 

consent of the Mayor or the Purchasing Administrator. 

 

8. As to those purchases below the requirement for a formal bid solicitation (currently, under 

$15,000) and not included in the locally owned small business set aside, the Administrator of 

Purchasing shall determine if any locally owned small business offers that product or service. If so, 

at least one such eligible locally owned small business should be included in the vendors contacted 

for an opportunity to bid, and the Administrator of Purchasing may, at his discretion, designate in a 

purchase order the purchase of such goods and services from the identified locally owned small 

business. 

 

9. In those situations where a locally owned small business as defined herein, engages in open 

competitive bidding for County contracts, the Administrator of Purchasing shall provide for a 

preference for the locally owned small business where responsibility and quality are equal. Said 

preferences shall not exceed five percent (5%) of the lowest possible bidder meeting specifications. 

The preference shall be applied on a sliding scale in the following manner: 
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                 a. A preference of up to five percent (5%) shall be allowed for contracts up to     

                     $  500,000.00; 

                 b. A preference of up to three and five-tenths percent (3.5%) shall be allowed for   

                     contracts up to $750,000.00; 

                 c. A preference of two and one-half percent (2.5%) shall be allowed for contracts up    

                     to $1,000,000.00; 

                 d. A preference of two percent (2%) shall be allowed for contracts that exceed  

                    $1,000,000.00. 

10. For construction contracts over $2,000,000.00, the Administrator of Purchasing shall 

provide for a preference of two percent (2%) to general contractors meeting the requirements of 

Section 1, Subparagraph B, if fifty percent (50%) or more of the total work comprising the bid has 

been or will be awarded to certified locally owned small businesses. The fifty percent 

subcontracting threshold must be met prior to contract execution. 

 

11. The Administrator of Purchasing may divide a single bid package for any purchase of goods 

and services into two or more smaller bid packages in any case that the Administrator of Purchasing 

reasonably believes that the smaller bid packages will result in a greater number of bids by locally 

owned small businesses. 

 

12. The  Administrator  of   Purchasing,  upon  approval  of  the  County  Mayor,  may  establish  

special insurance and bonding requirements for certified locally owned small businesses so long as 

they are not in conflict with the laws of the State of Tennessee. 

 

13. The Administrator of Purchasing, with the approval of the County Mayor, shall adopt and 

promulgate, and may from time to time, amend rules and regulations not inconsistent with the 

provisions of this ordinance, governing the purchase of goods and services from locally owned 

small business concerns to effectuate and implement the Locally Owned Small Business Purchasing 

Program within the intent of this ordinance. 

 

14. The Administrator of EOC shall, in conjunction with the Administrator of Purchasing, 

provide a written quarterly report to the Mayor and Board of Commissioners which shall include a 

summary of the purchases selected for this program, a listing of the contracts awarded to locally 

owned small businesses for the period, and the dollar amounts of each such contract, and the 

percentage which such contracts bear to the total amount of purchases for the period. 
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J.        DRUG-FREE WORKPLACE AFFIDAVIT 

 

 

STATE OF_________________________ 

 

COUNTY OF________________________ 

 

The undersigned, principal officer of ____________________________, an employer of five 

(5) or more employees contracting with ______________County government to provide 

construction services, here states under oath as follows: 

 

1. The undersigned is a principal officer of _____________________________________ 

(hereinafter referred to as the “Company”), and is duly authorized to execute this Affidavit on 

behalf of the Company. 

 

2. The Company submits this Affidavit pursuant to T.C.A. § 50-9-113, which requires each 

employer with no less than five (5) employees receiving pay who contracts with the state or any 

local government to provide construction services to submit an affidavit stating that such 

employer has a drug-free workplace program that complies with Title 50, Chapter 9, of the 

Tennessee Code Annotated. 

3. The Company is in compliance with T.C.A. ~ 50-9-113. Further affiant smith not. 

Principal Officer 

 

STATE OF______________________ 

 

COUNTY OF___________________ 

 

Before me personally appeared with whom I am personally acquainted (or proved to me on 

the basis of satisfactory evidence), and who acknowledged that such person executed the 

foregoing affidavit for the purposes therein contained. Witness my hand and seal at office this 

day of _____________________________________. 

 

 

Notary Public 

My commission expires: 
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K.       GRATUITY DISCLOSURE FORM:                                             CODE OF ETHICS 

                  Section 18-59 

 

SHELBY COUNTY GOVERNMENT 

GRATUITY DISCLOSURE FORM 

 

INSTRUCTIONS: This form is for all persons receiving any Shelby County Government contract, 

subcontract, land use approval or financial grant of money to report any gratuity that has been given, 

directly or indirectly, to any elected official, employee or appointee (including their spouses and immediate 

family members) who is involved in the decision regarding the contract, land use approval, or financial 

grant of money.  

 

1. NAME: 

 

 __________________________________________________________________ 

 

 

2.   DATE OF GRATUITY:  

             

 __________________________________________________________________    

 

 

3. NATURE AND PURPOSE OF THE GRATUITY:  

 

 __________________________________________________________________ 

  

 __________________________________________________________________ 

 

 __________________________________________________________________ 

 

 

4. NAME OF THE OFFICIAL, EMPLOYEE, APPOINTEE, OR FAMILY MEMBER 

WHO RECEIVED THE GRATUITY: 

 

 __________________________________________________________________ 

 

 

5. NAME OF THE PERSON OR ENTITY THAT PROVIDED THE GRATUITY: 

 

 __________________________________________________________________ 

 

 

6. ADDRESS OF THE PERSON OR ENTITY THAT PROVIDED THE GRATUITY: 

 

 ___________________________________________________________________ 

 

 ___________________________________________________________________ 
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7. DESCRIPTION OF THE GRATUITY: 

 

 ___________________________________________________________________ 

  

 ___________________________________________________________________ 

 

 ___________________________________________________________________ 

 

 

8. COST OF THE GRATUITY: (If cost is unknown and not reasonably discernible by the 

person giving the gratuity, then the person giving the gratuity shall report a good faith 

estimate of the cost of the gratuity.) 

              

 ___________________________________________________________________ 

 

9. AFFIDAVIT: 

  

The information contained in this Gratuity Disclosure Form, and any supporting 

documentation or materials referenced herein or submitted herewith, is true and correct to 

the best of my knowledge, information and belief and affirm that I have not given, directly 

or indirectly, any gratuity to any elected official, employee or appointee (including spouse 

and immediate family members) that has not been disclosed and I affirm that I have not 

violated the provisions of the Shelby County Government Code of Ethics. 

 

_________________________________  _____________________ 

Signature              Date 

 

 

_________________________________ 

Print Name 

 

 

A copy of your completed form will be placed on the Shelby County Internet Website. 
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L.      FORMS TO BE SUBMITTED: 

    

LOSB FORM A: MUST BE COMPLETED AND SUBMITTED IN YOUR BID 

ENVELOPE. 

    

LOSB FORM B: MUST BE COMPLETED, SUBMITTED WITH YOUR BID 

DOCUMENTING  ALL LOSB’S TO BE UTILIZED, THE PERCENTAGE OF 

UTILIZATION AND THE INTENDED SCOPE OF THE WORK. 

 

LOSB FORM C- MUST BE COMPLETED AND SUBMITTED BY EACH 

LOSB PROVIDING SUBCONTRACTED GOODS AND OR SERVICES 

CERTIFYING THAT THEY ARE PERFORMING THE WORK AND THAT 

IT IS A COMMERCIALLY USEFUL FUNCTION.  ONLY REQUIRED 

AFTER THE AWARD OF THE BID. 

 

  LOSB FORM D-MUST BE COMPLETED AND SUBMITTED BY THE  

  SUCCESSFUL CONTRACTOR EACH MONTH CERTIFYING ALL     

  PAYMENTS MADE TO LOSB’S. 

 

  DRUG FREE WORKPLACE AFFIDAVIT – MUST BE COMPLETED AND 

  SUBMITTED WITH YOUR BID. 

  

BID BOND – ALL BIDS MUST BE ACCOMPANIED BY A BANK 

CERTIFIED CHECK OF BANK DRAFT, LETTER OF CREDIT ISSUED BY 

ANY NATIONAL BANK OR APPROVED BID BOND FOR NOT LESS 

THAN 5% (PERCENT) OF THE AMOUNT OF THE BID.  ALL PROPOSAL 

GUARANTEES SHALL BE MADE OUT TO THE COUNTY OF SHELBY. 
 

NOTE: THE SUCCESSFUL CONTRACTOR WILL SUBMIT LOSB FORM C 

AND D. 

 

FAILURE TO SUBMIT THE REQUIRED FORMS MAY RESULT IN YOUR 

BID BEING REJECTED AS BEING IN NON-COMPLIANCE WITH BID 

REQUIREMENTS.  
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VII. General Requirements: 
 

 A. Scope of Work 

 

  The County proposes furnish and Install Chillers and Underground Piping in  

  Buildings in Downtown Memphis, Tennessee for Shelby County Government. 

 

  B. Project Time Frame 

 

The Provider must be prepared to begin immediately upon receipt of a Notice to 

Proceed.  

 

 C. Reservation of Rights 
 

  The County reserves the right, for any reason to accept or reject any one or more  

  proposals, to negotiate the term and specifications for the services provided, to  

  modify any part of the RFP, or to issue a new RFP. 

 

D. Selection Criteria 

 

  Contract(s) will be awarded based on the lowest responsive proposals received.   

  The contents of the proposal of the successful Bidders will become contractual  

  obligations and failure to accept these obligations in a contractual agreement  

  may result in cancellation of the award.     

 

 E. Additional Information and References 

 

Any additional information that would be helpful to the County evaluating your 

 proposal, including a list of current and former clients with a similar profile to 

 Shelby County should be submitted. 

 

VIII. Award of contract: 

 

  Bidders are advised that the lowest responsive proposal will be awarded   

  the contract. 
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IX. NOTICE TO BIDDERS 

 
 

 Receipt of Bids: 

 

Request For Proposals for the improvements described herein will be received at THE 

OFFICE OF THE SHELBY COUNTY ADMINISTRATOR OF PURCHASING, 

SUITE 900, SHELBY COUNTY ADMINISTRATION BUILDING, 160 NORTH 

MAIN, MEMPHIS, TENNESSEE 38103, until March 27, 2015 @ 4:00 PM.  

 

 Description of Work: 

 

  The proposed work is officially known as: FURNISH AND INSTALL CHILLERS 

AND UNDERGROUND PIPING FOR BUILDINGS IN DOWNTOWN 

MEMPHIS, TENNESSEE 38103. 

  

 Pre-Bid Meeting: 

 

  Bidders are encouraged to attend a pre-bid meeting to be held on March 18, 2015 @ 

9:30 A.M.  at  Shelby County Support Services, 984 Adams Avenue, Memphis, 

Tennessee 38104. 

 

 Instruction to Bidders: 

 

(a)  The REQUEST FOR PROPOSAL MUST BE DOWNLOADED FROM THE 

SHELBY COUNTY GOVERNMENT WEBSITE at www.shelbycountytn.gov and 

click the link “Department” at the top, then P for the Purchasing Department, then 

click on the link “Bids.”  

 

(b) All bids must be accompanied by a bank cashier’s check or bank draft, letter of credit     

issued by any national bank or certificate of deposit therein, duly assigned, or 

certified check or approved bid bond for not less than five (5) percent of the amount 

of the bid. All proposal guarantees shall be made out to the COUNTY OF SHELBY. 

 

                  (c)  All bidders must be licensed by the Tennessee State Board of Licensing 

 

  (d) General Contractors Evidence of this license must appear on the title page of  

  the Proposal in the space provided, and also on the exterior of the sealed   

  envelope. The envelope enclosing each bid must show the Contractor’s name,  

  license number, expiration date thereof, and license classification of the   

  contractor(s) bidding for the prime contract and for the masonry, electrical,  

  plumbing, heating, ventilation, and air conditioning subcontracts in   

  accordance with TCA 62-6-119.   Lacking all of this information, the bid shall  

  be rejected and returned to the bidder unopened. 
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 EOC Requirements: 

 

As a condition precedent to bidding, bidders shall have received a current “Equal 

Opportunity Compliance Eligibility Number” which must be attached to each bid 

submission.  To receive an E.O.C. Eligibility Number, specific information must be 

received by the E.O.C. Department at least 48 hours prior to the bid opening. To 

verify your E.O.C. Number or to receive information for obtaining a number, contact 

the E.O.C. Department, 901-222-1100. Use of Locally Owned Small Business 

(LOSB) participation on County projects is mandatory. 

 

Bidders are encouraged to contact County-certified LOSB firms from the listing that 

 can be obtained from Shelby County EOC department. Bidders may also provide the 

 names of firms they believe would qualify as LOSB firms, by notifying the E.O.C. 

 Department and filing the required forms at least five (5) working days prior to the 

 bid opening 

 

A Locally Owned Small Business is defined as a sole proprietorship, 

 corporation, partnership, or joint venture located within Shelby County and at 

 least 51% owned, operated and managed by a Shelby County resident and  having an 

 average annual sale of $5,000,000.00 or less over the past three (3) years. 

 

 Rejection of Bids: 

 

The COUNTY OF SHELBY reserves the right to reject any and all proposals and  to 

waive technicalities in any proposal. 

 

BY ORDER OF: CLIFTON DAVIS 

 

PURCHASING ADMINISTRATOR 

SHELBY COUNTY GOVERNMENT 

 

             ____________________, 2015 

 

 

 

 

 

 

 

 

 

 

 

 



Shelby County, TN                           Downtown District Cooling Loop & Utility Infrastructure Upgrade 

  Bid Form – Stipulated Sum 00 41 13 - 1 

 

 

SECTION 00 41 13 
 

BID FORM - STIPULATED SUM 
 

To:  Administrator of Purchasing 
Shelby County Government 
Suite 900 
160 North Main St. 
Memphis, TN 38103 

 
Project: Downtown District Cooling Loop and Utility Infrastructure Upgrade 
  

Date:       

Submitted by: 
(full name)        

(full address)    

      
 
I. OFFER 

 
BASE BID- All Work not including listed on this bid form and not including the 
Contingency Allowance as indicated in the bid documents: (State amounts in both words 
and figures) 

 

 Dollars ($  _) 
 
 

CONTINGENCY ALLOWANCE Ten percent (10%) of the Base Bid to the nearest whole 
dollar: 

 

  Dollars ($  _) 
 

TOTAL BASE BID AMOUNT (Base Bid plus Contingency Allowance) 
Having examined the Place of The Work and all matters referred to in the Instructions 
to Bidders and the Contract Documents prepared by Formus, Inc. for the above 
mentioned project, we, the undersigned, hereby offer to enter into a Contract to perform 
the Work for the Sum of (State amounts in both words and figures) 

 
 

                        Dollars ($     ) 
in lawful money of the United States of America. 
We have included the security Bid Bond as required by the Notice to Bidders. All 
applicable federal taxes are included and State of Tennessee and City of Memphis 
taxes are included in the Bid Sum. 
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ALLOWANCES 
Include in the Contract, stipulated amount of 10% of the base bid for use upon 
Owner's instruction.  Contingency funds may only be applied toward work that is 
not identified by the contract documents.  Any unused funds will be deducted 
from the contract by deductive change order at contract close-out.  

 

 

 

 

2. ACCEPTANCE 
 

This offer shall be open to acceptance and is irrevocable for (90) ninety days from the 
bid closing date. If this bid is accepted by the Owner within the time period stated 
above, we will: 

- Execute the Agreement within seven days of receipt of Notice of Award. 
- Furnish the required bonds within seven days of receipt of Notice of 

Award. In the form described in Supplementary Conditions. 
- Commence work within seven days after written Notice to Proceed. 
If this bid is accepted within the time stated, and we fail to commence the Work 
or we fail to provide the required bonds, the security deposit shall be forfeited 
as damages to the Owner by reason of our failure, limited in amount to the 
lesser of the face value of the security deposit or the difference between this 
bid and the bid upon which a Contract is signed. 
In the event our bid is not accepted within the time stated above, the required 
security deposit will be returned to the undersigned, in accordance with the 
provisions of the Instructions to Bidders; unless a mutually satisfactory 
arrangement is made for its retention and validity for an extended period of time. 

 
 
 
 
 
3. CONTRACT TIME 

 
If this Bid is accepted, we will: Complete the Work in SIXTY (60) calendar days from 
Notice to Proceed. CONTRACTOR agrees to provide COUNTY an amount equal to 500 
($) Dollars per day for liquidated damages for each consecutive calendar day required 
for the completion of the contract beyond the time stipulated. 
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4. ADDENDA 
 

The following Addenda have been received. The modifications to the Bid Documents 
noted below have been considered and all costs are included in the Bid Sum. 
 
Addendum #     Dated   _ 

 

  Addendum #  Dated     

 

  Addendum #  Dated     

 

  Addendum #  Dated     

  

  Addendum #  Dated      

 
 

5. APPENDICES 
 

The following documents are attached to and made a condition 
of the Bid: LOSB Subcontractor & Supplier List 
Drug-Free Workplace Affidavit 
Bid security in form of Bid Bond
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6. BID FORM SIGNATURES 

The Corporate Seal of 

(Bidder- print the full name of your firm) 
 
 
 
 
 
 
 
 
 

was hereunto affixed in the presence of:  

(Authorized signing officer Title) 
(Seal) 

 
 
 
 
 
 
 
 
 
 
 
 

(Authorized signing officer Title) 
(Seal) 

 
 
 
 
 
 
 
 
 
 
 
 

If the Bid is a joint venture or partnership, add additional forms of execution for each 
member of the joint venture in the appropriate form or forms as above. 

 
END OF DOCUMENT 



 THIS IS A DRAFT ONLY!!  ORIGINAL DOCUMENTS IN EXEC UTED 
 FORM ARE REQUIRED PRIOR TO COUNTY SIGNATURE. 
IT IS A MANDATORY REQUIREMENT THAT ALL DOCUMENTS WHICH 

ARE REQUIRED TO BE ATTACHED TO THIS AGREEMENT BE 
ATTACHED BEFORE SUBMITTAL TO SHELBY COUNTY FOR 

SIGNATURE.  IF NOT, THE AGREEMENT WILL BE RETURNED 
FOR COMPLETION. 

 
 
 

COUNTY/CONTRACTOR AGREEMENT 
 
 
OWNER:  SHELBY COUNTY GOVERNMENT 

160 N. MAIN ST. 
MEMPHIS, TN  38103 

 
CONTRACTOR:  
 
 
 
ARCHITECT\  
ENGINEER: 
 
 

THIS CONTRACT made and entered into this _______ da y of 

_______________, 20__, by and between SHELBY COUNTY  GOVERNMENT, 

through its governing body and authorized represent ative, party of 

the first part, hereinafter referred to as "COUNTY, ” and 

____________________________, party of the second p art, hereinafter 

referred to as "CONTRACTOR.” 

 WITNESSETH 

 

WHEREAS, the COUNTY issued Sealed Bid No. _________  for 

___________________, hereinafter in this Contract r eferred to as 

"PROJECT". 

WHEREAS, the said CONTRACTOR submitted a bid/propos al in 

accordance with bid specifications, a copy of which  is attached 

hereto as Exhibit "A" and incorporated herein by re ference, which 

bid was accepted by COUNTY. 
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NOW, THEREFORE, CONTRACTOR agrees and undertakes to  (describe 

work to be done)  in accordance with the Bid Specifications which 

are on file in the Shelby County Purchasing Departm ent and which 

are incorporated herein by reference, and at the pr ice quoted for 

said PROJECT by CONTRACTOR.  Further, the parties a gree that they 

will be governed by the Shelby County General Condi tions of the 

Contract for work to be performed.  The Contractor acknowledges 

that it has read and is familiar with the contents of said General 

Conditions, agrees to be bound thereby and has exec uted a copy of 

same at the place indicated thereon.  A copy of sai d General 

Conditions is attached hereto as Exhibit "B" and in corporated fully 

herein by reference. 

  

SECTION 1. CONTRACTOR'S RESPONSIBILITIES 

 
1. CONTRACTOR shall perform all necessary work requ ired by the 

contract documents for the satisfactory completion in full of 
the PROJECT. 

 
2. CONTRACTOR shall coordinate all work with COUNTY  through 

_________________.  Work shall be scheduled on a re gular basis 
in as timely and orderly a manner as possible. 

 
3. The CONTRACTOR shall give a Performance Bond and  Labor and 

Material Bond, each equal to 100% of the amount of the 
Contract, with surety to be approved by the COUNTY,  
conditioned upon the full and faithful performance of all the 
terms and conditions of the Contract with special r eference to 
paying in full in lawful money of the United States , all just 
and valid claims for material and labor entered int o for the 
said work covered by this Contract.  That further, this 
Contract shall not take effect until these Bonds ha ve been 
executed and approved by the County. 

 
4. The CONTRACTOR further agrees to provide insuran ce coverage of 

the type and in the amounts as required in section III, 
Specific Provision, paragraph 31. 

  
5. The COUNTY shall pay the CONTRACTOR for the perf ormance of the 

Contract ____________________ ($)Dollars, subject t o additions 
and deductions as provided in the contract document s. 



 
 3 

 
6. The CONTRACTOR shall execute the entire work des cribed in the 

Contract Documents, except to the extent specifical ly 
indicated in the Contract Documents to be the respo nsibility 
of others, within _____________ (__) calendar days from the 
actual start date as specified in the written "Noti ce to 
Proceed.” 

 
7. All work by CONTRACTOR is to be performed in a m anner 

satisfactory to COUNTY, and in accordance with the established 
customs, practices and procedures of COUNTY.  CONTR ACTOR is to 
periodically request sufficient conferences to insu re that the 
work is being done by CONTRACTOR in a satisfactory manner in 
accordance with the wishes of COUNTY. 

 
 
 
 SECTION II. METHOD OF PAYMENT  
 
1. CONTRACTOR shall provide an Application for Paym ent to be 

received by the Architect/Engineer not later than t he 25th day 
of each month.  COUNTY shall make payment to the CO NTRACTOR 
not later than the 20th day of the following month.   If an 
Application for Payment is received by the Architec t/Engineer 
after the application date fixed above, payment sha ll be made 
by COUNTY not later than forty-five (45) days after  receipt of 
the Application for Payment.  If the CONTRACTOR sub mits an 
incorrect Application for Payment, payment date wil l be 
extended thirty (30) days from the date of correcti on. 

 
2. Application for payment shall indicate the perce ntage of 

completion of each portion of the work as of the en d of the 
period covered by the Application for Payment. 

 
3. Subject to the provisions of the Contract Docume nts, the 

amount of each progress payment shall be computed a s follows: 
 

a. Take that portion of the contract sum properly a llocable 
to completed work as determined by multiplying the 
percentage completion of each portion of the work b y the 
total Contract Sum less retainage of five (5%) perc ent; 

 
b. Add that portion of the Contract Sum properly al locable 

to materials and equipment delivered and suitably s tored 
at the site for subsequent incorporation in the com pleted 
construction (or, if approved in advance by COUNTY,  
suitably stored off the site ate a location agreed upon 
in writing), less retainage of five (5%) percent; 
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c. Subtract the aggregate of previous payments made  by the 

COUNTY; and 
 

d. Subtract amounts, if any, for which the Architec t/ 
Engineer  has withheld or nullified a Certificate o f 
Payment as provided in the General Conditions to 
Construction Contracts. 

 
4. When all work embraced in this Contract has been  fully and 

completely performed on the part of the CONTRACTOR,  and 
accepted by the COUNTY, there shall be a statement by 
CONTRACTOR of the work done according to the terms herein, and 
the balance appearing to be due the CONTRACTOR out of funds 
applicable for payment for this work, excepting the re from any 
sum that may be lawfully retained under the provisi ons of this 
Contract, Specifications, and General Conditions to  
Construction Contracts and all such funds as may be  due the 
COUNTY. 

 
5. The COUNTY shall have the right, at its option, to discharge 

the CONTRACTOR for any breach of any provision of t his 
Contract, and such discharge shall not affect the r ight of the 
COUNTY against sureties on the Bonds provided. 

 
6. It is further mutually agreed between the partie s hereto that 

if at any time after the execution of this Contract  and the 
Surety Bonds attached hereto for its faithful perfo rmance, the 
COUNTY shall deem the surety or sureties upon such bond 
inadequate to cover the performance of the work, th e 
CONTRACTOR shall, at its expense, within five (5) d ays after 
the receipt of notice from the COUNTY so to do, fur nish as 
additional bond or bonds, in satisfactory amount to  the 
COUNTY. In such event, no further payment to the CO NTRACTOR 
shall be deemed due under this Contract until such new or 
additional security for the faithful performance of  the work 
shall be furnished in manner and form satisfactory to the 
COUNTY. 

 
7. CONTRACTOR further agrees to provide COUNTY an a mount equal to 

_____________ ($) Dollars per day for liquidated da mages for 
each consecutive calendar day required for the comp letion of 
the contract beyond the time stipulated. (NOTE: If this 
paragraph is inapplicable, then N/A [not applicable ] should be 
inserted in the applicable space.) 

 
 
8. Other contract provisions, including but not lim ited to 
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insurance provisions may be required to enter into a contract 
with Shelby County Government. 

 
 SECTION III. SPECIFIC PROVISIONS  
 
 
The parties further agree as follows: 
 
1. CONTROL 
 

All Services by the CONTRACTOR will be performed in  a manner 
satisfactory to the COUNTY, and in accordance with the 
generally accepted business practices and procedure s of the 
COUNTY. 

 
 
 
2. CONTRACTOR'S PERSONNEL 
 

The CONTRACTOR certifies that it presently has adeq uate 
qualified personnel to perform all Services require d under 
this Contract.  All work performed during the Term of this 
Contract will be supervised by the CONTRACTOR. The CONTRACTOR 
further certifies that all of its employees assigne d to serve 
the COUNTY have such knowledge and experience as re quired to 
perform the duties assigned to them. Any employee o f the 
CONTRACTOR who, in the opinion of the COUNTY, is in competent, 
or whose conduct becomes detrimental to the work, s hall 
immediately be removed from association with the Se rvices 
under this Contract. 

 
3. INDEPENDENT STATUS 
 

a. Nothing in this Contract shall be deemed to repr esent 
that the CONTRACTOR, or any of the Contractor’s emp loyees 
or agents, are the agents, representatives, or empl oyees 
of the COUNTY. The CONTRACTOR will be an independen t 
CONTRACTOR over the details and means for performin g the 
Services under this Contract.  Anything in this Con tract 
which may appear to give the COUNTY the right to di rect 
the CONTRACTOR as to the details of the performance  of 
the Services under this Contract or to exercise a m easure 
of control over the CONTRACTOR is solely for purpos es of 
compliance with local, state and federal regulation s and 
means that the CONTRACTOR will follow the desires o f the 
COUNTY only as to the intended results of the scope  of 
this Contract. 
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b. It is further expressly agreed and understood by  
CONTRACTOR that neither it nor its employees or age nts 
are entitled to any benefits which normally accrue to 
employees of the COUNTY; that CONTRACTOR has been 
retained by the COUNTY to perform the Services spec ified 
herein (not hired) and that the remuneration specif ied 
herein is considered fees for the Services performe d (not 
wages) and that invoices submitted to the COUNTY by  
CONTRACTOR for the Services performed shall be on t he 
Contractor’s letterhead. 

 
4. REPORTS 
 

CONTRACTOR shall prepare and submit quarterly repor ts of its 
activities, funded under this Contract, to the orig inating 
department and the Contract Administration Departme nt of the 
COUNTY.  The reports shall include an itemization o f the use 
of County’s funds, inclusive of specific Services d elivered. 
Any such reports provided to the COUNTY shall be pr epared with 
the understanding that the COUNTY may make such rep orts 
available to the public.  The quarterly reports and  all books 
of account and financial records that are specific to the work 
performed in accordance with this Contract may be s ubject to 
audit by the Director of the Division of Administra tion and 
Finance of the COUNTY.  The COUNTY shall have the r ight to 
withhold future disbursement of funds under this Co ntract and 
any future Contracts until this provision has been met. 

 
5. TERMINATION OR ABANDONMENT 
 

a.  It shall be cause for the immediate termination of this 
Contract if, after its execution, the COUNTY determ ines 
that: 

 
i) Either the CONTRACTOR or any of its principals, 

partners or corporate officers, if a corporation, 
including the corporation itself, has plead nolo 
contendere, or has plead or been found guilty of a 
criminal violation, whether state or federal, 
involving, but not limited to, governmental sales 
or purchases, including but not limited to the 
rigging of bids, price fixing, or any other 
collusive and illegal activity pertaining to 
bidding and governmental contracting; or 

 
 

ii)  CONTRACTOR has subcontracted, assigned, delegated, 
transferred its rights, obligations or interests 
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under this Contract without the County’s consent or  
approval; or 

 
iii)  CONTRACTOR has filed bankruptcy, become insolvent 

or made an assignment for the benefit of creditors,  
or a receiver, or similar officer has been 
appointed to take charge of all or part of 
CONTRACTOR assets. 

 
b. The COUNTY may terminate the Contract upon five (5) days 

written notice by the COUNTY or its authorized agen t to 
the CONTRACTOR for Contractor’s failure to provide the 
Services specified under this Contract. 

 
c. This Contract may be terminated by either party by giving 

thirty (30) days written notice to the other, befor e the 
effective date of termination (the “Termination Dat e”). 
In the event of such termination, the CONTRACTOR sh all be 
paid for all Services rendered prior to the Termina tion 
Date, provided the CONTRACTOR shall have delivered to 
COUNTY such statements, accounts, reports and other  
materials as required under this Contract; however,  
CONTRACTOR shall not be compensated for any anticip atory 
profits that have not been earned as of the date of  the 
Termination Date. All Services completed by CONTRAC TOR 
prior to the Termination Date shall be documented a nd 
tangible work documents shall be transferred to and  
become the sole property of the COUNTY prior to pay ment 
for the Services rendered. 

 
d. Notwithstanding the above or any section herein to the 

contrary, CONTRACTOR shall not be relieved of liabi lity 
to the COUNTY for damages sustained by the COUNTY b y 
virtue of any breach of the Contract by CONTRACTOR and 
the COUNTY may withhold any payments to CONTRACTOR for 
the purpose of setoff until such time as the exact amount 
of damages due the COUNTY from CONTRACTOR is determ ined. 

 
6. COMPENSATION FOR CORRECTIONS 
 

No compensation shall be due or payable to CONTRACT OR pursuant 
to this Contract for any Contractor’s Services perf ormed by 
the CONTRACTOR in connection with effecting of corr ections to 
the design of the Services, when such corrections a re required 
as a direct result of negligence by the CONTRACTOR to properly 
fulfill any of his obligations as set forth in this  Contract.  

 
7. SUBCONTRACTING, ASSIGNMENT OR TRANSFER   
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a. Any subcontracting, assignment, delegation or tr ansfer of 

all or part of the rights, responsibilities, or int erest 
of either party to this Contract is prohibited unle ss by 
written consent of the other party.  No subcontract ing, 
assignment, delegation or transfer shall relieve th e 
CONTRACTOR from performance of the Services under t his 
Contract.  The COUNTY shall not be responsible for the 
fulfillment of the Contractor’s obligations to its 
transferors or subcontractors. 

 
b. Upon the request of the other party, the subcont racting, 

assigning, delegating or transferring party shall p rovide 
all documents evidencing the subcontract, assignmen t, 
delegation or transfer. 

 
8. CONFLICT OF INTEREST  
 

The CONTRACTOR covenants that it has no public or p rivate 
interest, and will not acquire directly or indirect ly any 
interest, which would conflict in any manner with t he 
performance of the Services. The CONTRACTOR warrant s that no 
part of the total Contract Fee shall be paid direct ly or 
indirectly to any officer or employee of the COUNTY  as wages, 
compensation, or gifts in exchange for acting as of ficer, 
agent, employee, subcontractor or consultant to the  CONTRACTOR 
in connection with any work contemplated or perform ed relative 
to this Contract. 

 
9. CONTINGENT FEES  
 

The CONTRACTOR warrants that it has not employed or  retained 
any company or person other than a bona fide employ ee working 
solely for the CONTRACTOR, to solicit or secure thi s Contract, 
and that it has not paid or agreed to pay any compa ny or 
person, other than a bona fide employee working sol ely for the 
CONTRACTOR any fee, commission, percentage, brokera ge fee, 
gift, or any other consideration contingent upon or  resulting 
from the award or making of this Contract.  For bre ach or 
violation of this warranty, the COUNTY will have th e right to 
recover the full amount of such fee, commission, pe rcentage, 
brokerage fee, gift, or other consideration. 

 
10. EMPLOYMENT OF COUNTY WORKERS 
 

The CONTRACTOR will not engage, on a full, part-tim e, or any 
other basis during the Term of the Contract, any pr ofessional 
or technical personnel who are or have been at any time during 
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the Term of the Contract in the employ of the COUNT Y. 
 
11. ACCESS TO RECORDS 
 

During all phases of the work and Services to be pr ovided 
hereunder, CONTRACTOR agrees to permit duly authori zed agents 
and employees of the COUNTY to enter Contractor’s o ffices for 
the purpose of inspections, reviews, and audits dur ing normal 
working hours. Reviews may also be accomplished at meetings 
that are arranged at mutually agreeable times and p laces. The 
CONTRACTOR will maintain all books, documents, pape rs, 
accounting records, and other evidence pertaining t o the Fee 
paid under this Contract and make such materials av ailable at 
their offices at all reasonable times during the Te rm of this 
Contract and for three (3) years from the date of p ayment 
under this Contract for inspection by the COUNTY or  by any 
other governmental entity or agency participating i n the 
funding of this Contract, or any authorized agents thereof. 
Copies of said records shall be furnished to the CO UNTY upon 
request. 

 
12. ARBITRATION  
 

Any dispute concerning a question of fact in connec tion with 
the work not disposed of by agreement between the C ONTRACTOR 
and the COUNTY will be referred to the Shelby Count y Contract 
Administrator or its duly authorized representative , whose 
decision regarding same will be final. 

 
13. RESPONSIBILITIES FOR CLAIMS AND LIABILITIES  
 

a. CONTRACTOR shall indemnify, defend, save and hol d 
harmless the COUNTY, and its elected officials, off icers, 
employees, agents, assigns, and instrumentalities f rom 
and against any and all claims, liability, losses o r 
damages—including but not limited to Title VII and 42 USC 
1983 prohibited acts—arising out of or resulting fr om any 
conduct; whether actions or omissions; whether 
intentional, unintentional, or negligent; whether l egal 
or illegal; or otherwise that occur in connection w ith or 
in breach of this Contract or in the performance of  the 
Services hereunder, whether performed by the CONTRA CTOR 
its subcontractors, agents, employees or assigns.  This 
indemnification shall survive the termination or 
conclusion of this Contract. 

 
b. CONTRACTOR expressly understands and agrees that  any 

insurance protection required by this Contract or 
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otherwise provided by the CONTRACTOR shall in no wa y 
limit the responsibility to indemnify, defend, save  and 
hold harmless the COUNTY or its elected officials, 
officers, employees, agents, assigns, and 
instrumentalities as herein provided. 

 
c. The COUNTY has no obligation to provide legal co unsel or 

defense to CONTRACTOR or its subcontractors in the event 
that a suit, claim or action of any character is br ought 
by any person not a party to this agreement against  
CONTRACTOR as a result of or relating to performanc e of 
the Services under this Contract. 

 
d. Except as expressly provided herein, the COUNTY has no 

obligation for the payment of any judgment or the 
settlement of any claims against CONTRACTOR as a re sult 
of or relating to performance of the Services under  this 
Contract. 

 
e. CONTRACTOR shall immediately notify the COUNTY o f any 

claim or suit made or filed against CONTRACTOR or i ts 
subcontractors regarding any matter resulting from or 
relating to Contractor’s performance of the Service s 
under this Contract and will cooperate, assist and 
consult with the COUNTY in the defense or investiga tion 
thereof. 

 
14. GENERAL COMPLIANCE WITH LAWS 
 

a. The CONTRACTOR certifies that it is qualified or  will 
take steps necessary to qualify to do business in t he 
State of Tennessee and that it will take such actio n as, 
from time to time, may be necessary to remain so 
qualified and it shall obtain, at its expense all 
licenses, permits, insurance, and governmental appr ovals, 
if any, necessary to the performance of the Service s 
under this Contract. 

 
b. The CONTRACTOR is assumed to be familiar with an d agrees 

that at all times it will observe and comply with a ll 
federal, state, and local laws, ordinances, and 
regulations in any manner affecting the performance  of 
the Services.  The preceding shall include, but is not 
limited to, compliance with all Equal Employment 
Opportunity laws, the Fair Labor Standards Act, 
Occupational Safety and Health Administration (OSHA ) 
requirements, and the Americans with Disabilities A ct 
(ADA). 
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c. This Contract will be interpreted in accordance with the 

laws of the State of Tennessee.  By execution of th is 
Contract, the CONTRACTOR agrees that all actions, w hether 
sounding in contract or in tort, relating to the 
validity, construction, interpretation and enforcem ent of 
this Contract will be instituted and litigated in t he 
courts of the State of Tennessee, located in Shelby  
County, Tennessee, and in no other.  In accordance 
herewith, the parties to this Contract submit to th e 
jurisdiction of the courts of the State of Tennesse e 
located in Shelby County, Tennessee. 

 
15.  NON-DISCRIMINATION   

 
The CONTRACTOR hereby agrees, warrants, and assures  compliance 
with the provisions of Title VI and VII of the Civi l Rights 
Act of 1964 and all other federal statutory laws wh ich provide 
in whole or in part that no person shall be exclude d from 
participation or be denied benefits of or be otherw ise 
subjected to discrimination in the performance of t his 
Contract or in the employment practices of the CONT RACTOR on 
the grounds of handicap and/or disability, age, rac e, color, 
religion, sex, national origin, or any other classi fication 
protected by federal, Tennessee State Constitutiona l or 
statutory law. The CONTRACTOR shall upon request sh ow proof of 
such non-discrimination and shall post in conspicuo us places 
available to all employees and applicants notices o f non-
discrimination. 

 
16. ENTIRE AGREEMENT 
 

This Contract represents the entire and integrated agreement 
between the parties and supersedes all prior negoti ations, 
representations or agreements, whether oral or writ ten. 

 
17. AMENDMENT 
 

This Contract may be modified or amended only by wr itten 
instrument signed by both parties. 

 
18. SEVERABILITY  
 

If any provision of this Contract is held to be unl awful, 
invalid or unenforceable under any present or futur e laws, 
such provision shall be fully severable; and this C ontract 
shall then be construed and enforced as if such unl awful, 
invalid or unenforceable provision had not been a p art hereof. 
The remaining provisions of this Contract shall rem ain in full 
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force and effect and shall not be affected by such unlawful, 
invalid or unenforceable provision or by its severa nce here 
from. Furthermore, in lieu of such unlawful, invali d, or 
unenforceable provision, there shall be added autom atically as 
a part of this Contract a legal, valid and enforcea ble 
provision as similar in terms to such unlawful, inv alid or 
unenforceable provision as possible.  

 
19. NO WAIVER OF CONTRACTUAL RIGHT  
 

No waiver of any term, condition, default, or breac h of this 
Contract, or of any document executed pursuant here to, shall 
be effective unless in writing and executed by the party 
making such waiver; and no such waiver shall operat e as a 
waiver of either (a) such term, condition, default,  or breach 
on any other occasion or (b) any other term, condit ion, 
default, or breach of this Contract or of such docu ment.  No 
delay or failure to enforce any provision in this C ontract or 
in any document executed pursuant hereto shall oper ate as a 
waiver of such provision or any other provision her ein or in 
any document related hereto.  The enforcement by an y party of 
any right or remedy it may have under this Contract  or 
applicable law shall not be deemed an election of r emedies or 
otherwise prevent such party from enforcement of on e or more 
other remedies at any time. 

 
20. MATTER TO BE DISREGARDED 
 

This title of the several sections, subsections, an d 
paragraphs set forth in this Contract are inserted for 
convenience of reference only and shall be disregar ded in 
construing or interpreting any of the provisions of  this 
Contract. 

 
21. SUBJECT TO FUNDING  

 
This Contract is subject to annual appropriations o f funds by 
the Shelby County Government.  In the event suffici ent funds 
for this Contract are not appropriated by Shelby Co unty 
Government for any of its fiscal period during the Term 
hereof, then this Contract will be terminated.  In the event 
of such termination, the CONTRACTOR shall be entitl ed to 
receive just and equitable compensation for any sat isfactory 
work performed as of the Termination Date. 

 
22. TRAVEL EXPENSES (If Applicable)  
 

All travel expenses payable under this Contract sha ll be in 
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accordance with the County Travel Policy and Proced ures. This 
includes advance written travel authorization, subm ission of 
travel claims, documentation requirements, and reim bursement 
rates. No travel advances will be made by the Count y. 

 
23. PERFORMANCE AND LABOR AND MATERIALS BONDS 
 

CONTRACTOR will provide COUNTY within ten (10) days  from 
inception date of this Contract a Performance and L abor and 
Materials Bond each in the amount of 100% of the Co ntract 
price for each year that this contract is in effect .  Said 
Bonds may be pro-rated for the initial year in the event that 
this period of time is less than a full twelve (12)  month 
period. 

 
24. NON-LIABILITY FOR CONTRACTOR EMPLOYEE TAXES  
 

Neither CONTRACTOR nor its personnel are County’s e mployees, 
and COUNTY shall not take any action or provide Con tractor’s 
personnel with any benefits and shall have no liabi lity for 
the following: 
 
a.  Withholding FICA (Social Security) from Contractor’ s 

payments; 
 

b.  Making state or federal unemployment insurance 
contributions on behalf of CONTRACTOR or its person nel; 

 
c.  Withholding state and federal income tax from payme nt to 

CONTRACTOR; 
 

d.  Making disability insurance contributions on behalf  of 
CONTRACTOR; 

 
e.  Obtaining workers’ compensation insurance on behalf  of 

CONTRACTOR or Contractor’s personnel. 
 
25. INCORPORATION OF OTHER DOCUMENTS 
 

a. CONTRACTOR shall provide Services pursuant to th is 
Contract in accordance with the terms and condition s set 
forth within the Shelby County Request for Proposal s/Bids 
as well as the Response of CONTRACTOR thereto, all of 
which are maintained on file within the Shelby Coun ty 
Purchasing Department and incorporated herein by 
reference. 

 
b. It is understood and agreed between the parties that in 
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the event of a variance between the terms and condi tions 
of this Contract and any amendment thereto and the terms 
and conditions contained either within the Request for 
Proposals/Bids or the Response thereto, the terms a nd 
conditions of this Contract as well as any amendmen t 
shall take precedence and control the relationship and 
understanding of the parties. 

 
26. CONTRACTING WITH LOCALLY OWNED SMALL BUSINESSES 
 

The CONTRACTOR shall take affirmative action to ass ure that 
Locally Owned Small Businesses that have been certi fied by the 
COUNTY are utilized when possible as sources of sup plies and 
equipment, construction and services.   

 
27. RIGHT TO REQUEST REMOVAL OF Contractor’s EMPLOY EES 
 

The COUNTY may interview the personnel CONTRACTOR a ssigns to 
County’s work. COUNTY shall have the right, at any time, to 
request removal of any employee(s) of CONTRACTOR, w hom COUNTY 
deems to be unsatisfactory for any reason. Upon suc h request, 
CONTRACTOR shall use all reasonable efforts to prom ptly 
replace such employee(s) with substitute employee(s ) having 
appropriate skills and training. 

 
28. INCORPORATION OF WHEREAS CLAUSES 
 
 The foregoing whereas clauses are herby incorporat ed into this 

Contract and made a part hereof. 
 
29. DISCLOSURE OF REPORTS, DATA OR OTHER INFORMATIO N 
 

Notwithstanding anything to the contrary contained herein or 
within any other document supplied to COUNTY by CON TRACTOR, 
CONTRACTOR understands and acknowledges that COUNTY  is a 
governmental entity subject to the laws of the Stat e of 
Tennessee and that any reports, data or other infor mation 
supplied to COUNTY by CONTRACTOR due to Services pe rformed 
pursuant to this Contract is subject to being discl osed as a 
public record in accordance with the laws of the St ate of 
Tennessee. 

 
30. ORGANIZATION STATUS AND AUTHORITY  
 

a. CONTRACTOR represents and warrants that it is a 
corporation, limited liability company, partnership , or 
other entity duly organized, validly existing and i n good 
standing under the laws of the state of Tennessee; it has 
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the power and authority to own its properties and a ssets 
and is duly qualified to carry on its business in e very 
jurisdiction wherein such qualification is necessar y. 

 
b. The execution, delivery and performance of this Contract 

by the CONTRACTOR has been duly authorized by all 
requisite action and will not violate any provision  of 
law, any order of any court or other agency of 
government, the organizational documents of CONTRAC TOR, 
any provision of any indenture, agreement or other 
instrument to which CONTRACTOR is a party, or by wh ich 
Contractor’s respective properties or assets are bo und, 
or be in conflict with, result in a breach of, or 
constitute (with due notice or lapse of time or bot h) a 
default under any such indenture, agreement or othe r 
instrument, or result in the creation or imposition  of 
any lien , charge or encumbrance of any nature what soever 
upon any of the properties or assets. 

 
31.  INSURANCE REQUIREMENTS 
 

a. The CONTRACTOR shall purchase and maintain, in a  company 
or companies licensed to do business in the State o f 
Tennessee, such insurance as will protect the Count y from 
claims which may arise out of or result from the 
Contractor’s operations under the Contract, whether  such 
operations are performed by himself or by any 
subcontractors or by anyone directly or indirectly 
employed by any of them, or by anyone for whose act s the 
CONTRACTOR or subcontractor may be liable. 

 
b.  The insurance required shall be written for not les s than 

any limits of liability specified or required by la w, 
whichever is greater. Shelby County Government, its  
elected officials, appointees and employees will be  named 
as additional insured. All policies will provide fo r 
thirty (30) days written notice to COUNTY of cancel lation 
or material change in coverage provided. The Contra ctor 
shall immediately notify Shelby county Government, 
Contract Administration, 160 N. Main Street, Suite 550, 
Memphis, Tennessee of cancellation or changes in an y of 
the insurance coverage required. The CONTRACTOR wil l 
maintain throughout the life of this Contract insur ance, 
through insurers rated A- or better by A.M. Best, i n the 
following minimum requirements: 
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i) Commercial General Liability Insurance- 
$1,000,000.00 limit per occurrence for bodily 
injury and property damage/$1,000,000.00 personal 
and advertising injury/$2,000,000.00 General 
Aggregate/$2,000,000.00 Products-Completed 
Operations Aggregate. Shelby County Government, its  
elected officials, appointees, employees, 
volunteers, and members of boards, agencies, and 
commissions will be listed as additional insured 
regarding operations under this program. The 
insurance shall include coverage for the following:  

 
 a) Premises/Operations 
 b) Products/Completed Operations 
 c) Personal Injury 
 d) XCU coverage, where applicable 
 e) Contractual Liability 
 f) Independent Contractors 
 g) Broad Form Property Damage 
 h) When contract is awarded, the Contractor will 
  be required to provide the County with a copy 
  of the additional insured endorsement. 
 

ii) Business Automobile Liability Insurance - 
$1,000,000.00 each accident for bodily injury and 
property damage. Coverage is to be provided on all:  

 
  a) Owned/Leased Autos 
  b) Non-owned Autos 
  c) Hired Autos 

 
iii)  Workers Compensation and Employer’s liability 

Insurance – All owners, sole proprietors, partners,  
and officers will elect to be covered by workers 
compensation coverage, regardless of requirement by  
Tennessee state status. Policy is to be 
specifically endorsed to include these individuals 
for coverage. Coverage is to include: 

   
a.  Employers Liability Coverage for $1,000,000 per 

accident; 
b.  Employers Liability Disease each employee 

$1,000,000; and 
c.  Employers Liability Disease Policy Limit 

$1,000,000 
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Note: The Contractor’s workers compensation policy 
will include the following endorsement: WAIVER OF 
OUR RIGHT TO RECOVER FROM OTHERS ENDORSEMENT: (form 
WC 00 03 13) A completed copy of this form will be 
included in documents provided to Shelby County 
Government by Provider’s insurance company. 

 
iv) Builders Risk Insurance or Installation Floater  (as 

applicable) for project. – All risk coverage in the  
amount of replacement cost of the 
structure/equipment, which is to be built or 
installed. 

 
c. CONTRACTOR shall provide County with a current c opy of 

the Certificate of Insurance at the time of contrac ting 
and shall maintain said insurance during the entire  
Contract period as well as provide renewal copies o n each 
anniversary date.  The certificate holder is to rea d: 

   
Shelby County Government 

  Purchasing Department 
  160 N. Main, Suite 550 
  Memphis, TN  38103 
 
 

d. Self insured retentions or deductibles of $25,00 0 or over 
  per loss or claims must be reviewed and agreed to  by  
  Shelby County Government prior to commencement of  work 
  under this program. 

 
 All policies will provide for 30 day written notic e to 

  Shelby County of cancellation of coverage provide d. Ten 
  (10) days notice applicable to non-payment of pre mium. If 
  insurer is not required by the policy terms and   
  conditions to provide written notice of cancellat ion to 
  Shelby County, the Contractor//Contractor will pr ovide 
  immediate notice to Shelby County. 

 
32. NOTICE  

 
Any notices required or permitted to be given under  the 
provisions of this Contract shall be effective only  if in 
writing and delivered either in person to the Count y’s 
authorized agent or by First Class or U.S. Mail to the 
addresses set forth in the Contract, or to such oth er person 
or address as either party may designate in writing  and 
deliver as herein provided. 
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33. HIPAA (If applicable)  
 

CONTRACTOR warrants to the COUNTY and State that it  is 
familiar with the requirements of the Health Insura nce 
Portability and Accountability Act of 1996 (HIPAA) and its 
accompanying regulations, and will comply with all applicable 
HIPAA requirements in the course of this Contract.  CONTRACTOR 
warrants that it will cooperate with the COUNTY and  State in 
the course of performance of the Contract so that a ll parties 
will be in compliance with HIPAA, including coopera tion and 
coordination with COUNTY and State privacy official s and other 
compliance officers required by HIPAA and its regul ations. 
CONTRACTOR will sign any documents that are reasona bly 
necessary to keep the State and the COUNTY in compl iance with 
HIPAA, including, but not limited to, business asso ciate 
agreements. 
 

It is agreed that the following documents are made a part of and 
incorporated fully into this construction Contract:  
 

1. Performance Bond 
2. Labor and Material Bond 
3. Insurance Certificate 
4. Bid Specifications (SB #_______, __________) 
5. Contractor's Bid/Proposal (Exhibit "A") 
6. General Conditions to Contract (Exhibit "B") 
7. List of subcontractors who will be performing 

work on project with attached required 
information per Exhibit "C" 

 
 
NOTE: THE ABOVE DOCUMENTS MUST BE ATTACHED BEFORE EXECUTION OF THIS 
 AGREEMENT BY SHELBY COUNTY. 
 
 



 
THE AMERICAN INSTITUTE OF ARCHITECTS 

 
 

AlA Document A310 
 

Bid Bond 

 
KNOW ALL MEN BY THESE PRESENTS, that we 

(Here insert full name and address or legal title of 
Contractor> 

 
 

as Principal, hereinafter called the Principal, and 
(Here insert full name and address or legal title of 
Surety> 

 
 

a corporation duly organized under the laws of the State of 
as Surety, hereinafter called the Surety, are held and firmly bound unto 

(Here insert full name and addre5s or legal title of 
Owner) 

 
 
 

as Obligee, hereinafter called the Obligee, in the sum of 
 Dollars ($                    ), 

for the payment 4f which sum well and truly to be made, the said Principal and the said Surety, 
bind ourselves, our heirs, executors, administrators, successors and assigns, jointly and 
severally, firmly by these presents. 

 
WHEREAS, the Principal has submitted a bid for 

 
(Here insert lull name, address and description of project) 

 
 
 
 
 

NOW, THEREFORE, if the Obligee shall accept the bid of the Principal and the Principal shall enter into a Contract with the 
Obligee in accordance with the terms of such bid, and give such bond or bonds as may be specified in the bidding or Contract 
Documents with good and sufficient surety for the faithful performance of such Contract and for the prompt payment of 
labor and material furnished in the prosecution thereof, or in the event of the failure of the Principal to enter such 
Contract and give such bond or bonds, if the Principal shall pay to the Obligee the difference not to exceed the penalty 
hereof between the amount specified in said bid and such larger amount for which the Obligee may in good faith 
contract with another party to perform the Work covered by said bid, then this obligation shall be null and void, otherwise 
to remain in full force and effect. 

 - 

Signed and sealed this day of 19 
 (Principal) (Seal) 
 

(Witne5s) 
 (Title) 
 (Surety) (Seal) 
 

(Witness) 
 (Title) 
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THE AMERICAN INSTITUTE OF ARCHITECTS 
AlA Document A311 

 

 

Performance Bond 
 
 
 
 
 
 

KNOW ALL MEN BY THESE PRESENTS: that   (Here insert full name and address or legal Idle of Contractor) 

 
 
 
 

as Principal, hereinafter called Contractor, and,  (Here insert lull name and address or legal title of Surety) 

as Surety, hereinafter called Surety, are held and firmly bound unto 

         (Here insert lull name and address or legal title of Owner) 
 

  
as Obligee, hereinafter called Owner, in the amount of 

 

        Dollars ($                                                 ), 
for the payment whereof Contractor and Surety bind themselves, their heirs, executors, administrators, 
successors and assigns, jointly and severally, firmly by these presents. 

 

WHEREAS, 
 
Contractor has by written agreement dated 19 , entered into a contract with Owner for 
(Here insert full name, address and description of project) 
 
 
 
 

in accordance with Drawings and Specifications prepared by 
  

(Here insert full name and address or legal title of Architect) 

 
 

which contract is by reference made a part hereof, and is hereinafter referred to as the Contract. 
 
 
 
 
 
 
 
 
 
 
 
 
__________________________________________________________________________________ 
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The Surety hereby waives notice of any alteration or 

extension of time made by the Owner. 
 

Whenever Contractor shall be, and declared by 
Owner to be in default under the Contract, the Owner 
having performed Owner’s obligations thereunder, the 
Surety may promptly remedy the default, or shall 
promptly 
 
1) Complete the Contract in accordance with its terms 
and conditions, or 
 
2) Obtain a bid or bids for completing the Contract in 
accordance with its terms and conditions, and upon de-
termination by Surety of the lowest responsible bidder, 
or, if the Owner elects, upon determination by the 
Owner and the Surety jointly of the lowest responsible 
bidder, arrange for a contract between such bidder and 
Owner, and make available as Work progresses (even 
though there should be a default or a succession of 

defaults under the contract or contracts of completion 
arranged under this paragraph) sufficient funds to pay 
the cost of completion less the balance of the contract 
price; but not exceeding, including other costs and 
damages for which the Surety may be liable 
hereunder, the amount set forth in the first paragraph 
hereof. The term “balance of the contract price,” as 
used in this paragraph, shall mean the total amount 
payable by Owner to Contractor under the Contract 
and any amendments thereto, less the amount 
properly paid by Owner to Contractor. 
 

Any Suit under this bond must be instituted before 
the expiration of two (2) years from the date on which 
final payment under the Contract falls due. 
 

No right of action shall accrue on this bond  to or for 
the use of any person or corporation other than the 
Owner named herein or the heirs, executors, adminis-
trators or successors of the Owner. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Signed and sealed this     day of    20 
 
 
       ______________________ 
 
 
____ 
 
 

 

 

 

 
 
__________________________________________________________________________________ 
 

PERFORMANCE BOND 
 

NOW, THEREFORE, THE CONDITION OF THIS OBLIGATION is such that, if Contractor shall promptly and faithfully perform 
said Contract, then this obligation shall be null and void; otherwise it shall remain in full force and effect. 
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THE AMERICAN INSTITUTE OF ARCHITECTS 

 
 

AlA Document A311 
 
 

Labor and Material Payment Bond 
 
 

THIS BOND IS ISSUED SIMULTANEOUSLY WITH PERFORMANCE BOND IN FAVOR OF THE 
OWNER CONDITIONED ON THE FULL AND FAITHFUL PERFORMANCE OF THE CONTRACT 

 

 

 

KNOW ALL MEN BY THESE PRESENTS: that   (Here insert full name and address or legal title or contractor) 

 
 
 
 
 

as Principal, hereinafter called Principal, and,   (Here insert full name and address or legal title of Surety) 

as Surety, hereinafter called Surety, are held and firmly bound unto 

         (Here insert full name and address or legal title of Owner) 
 
 

as Obligee, hereinafter called Owner, for the use and benefit of claimants as hereinbelow defined, in the 

 

amount of 
 (Here insert a sum equal to at least one-half of the contract price) 

Dollars ($ 
for the payment whereof Principal and Surety bind themselves, their heirs, executors, administrators, 
successors and assigns, jointly and severally, firmly by these presents. 

WHEREAS, 

 

Principal has by written agreement dated 19 , entered into a contract with Owner for 
(Here insert full name, address and description of project) 
 
 
 
 

in accordance with Drawings and Specifications prepared by 
 re insert full name and address or legal title of Architect) 

 

which contract is by reference made a part hereof, and is hereinafter referred to as the Contract. 
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LABOR AND MATERIAL PAYMENT BOND 
 
NOW. THEREFORE. THE CONDITION OF THIS OBLIGATION jS such that, if Principal shall promptly make payment to all 
claimants as hereinafter defined, for all labor and material used or reasonably required for use in the 
performance of the Contract, then this obligation shall be void; otherwise it shall remain in full force and effect, 
subject, however, to the following conditions: 
 
 
1. A claimant is defined as one having a direct contract with the Principal or with a Subcontractor of the Principal 
for labor, material, or both, used or reasonably required for use in the performance of the Contract, labor and 
material being construed to include that part of water, gas, power, light, heat, oil, gasoline, telephone service or 
rental of equipment directly applicable to the Contract. 
 
2. The above named Principal and Surety hereby jointly and severally agree with the Owner that every claimant 
as herein defined, who has not been paid in full before the expiration of a period of ninety (90) days after the date 
on which the last of such claimants work or labor was done or performed, or materials were furnished by such 
claimant, may sue on this bond for the use of such claimant, prosecute the suit to final judgment for such sum or 
sums as may be justly due claimant, and have execution thereon. The Owner shall not be liable for the payment 
of any costs or expenses of any such suit. 
 
3. No suit or action shall be commenced hereunder by any claimant: 
 
a) Unless claimant, other than one having a direct contract with the Principal, shall have given written notice to 
any two of the following: the Principal, the Owner, or the Surety above named, within ninety (90) days after such 
claimant did or performed the last of the work or labor, or furnished the last of the materials for which said claim 
is made, stating with substantial 
 
 
 
Signed and sealed this 
 -- (Wi(nc~s) 
  (VVilnss) 

day of 

accuracy the amount claimed and the name of the 
party to whom the materials were furnished, or for 
whom the work or labor was done or performed. Such 
notice shall be served by mailing the same by 
registered mail or certified mail, postage prepaid, in 
an envelope addressed to the Principal, Owner or 
Surety, at any place where an office is regularly 
maintained for the transaction of business, or served 
in any manner in which legal process may be served 
in the state in which the aforesaid project is located, 
save that such service need not be made by a public 
officer. 

 
b) After the expiration of one (1) year 
following the date on which Principal ceased Work on 
said Contract, it being understood, however, that if 
any limitation embodied in this bond is prohibited by 
any law controlling the construction hereof such 
limitation shall be deemed to be amended so as to be 
equal to the minimum period of limitation permitted by 
such law. 

 
c) Other than in a state court of 
competent jurisdiction in and for the county or other 
political subdivision of the state in which the Project, 
or any part thereof, is situated, or in the United States 
District Court for the district in which the Project, or 
any part thereof, is situated, and not elsewhere. 
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4. The amount of this bond shall be reduced by and to the extent of any payment or payments made in good faith 
hereunder, inclusive of the payment by Surety of mechanics’ liens which may be filed of record against said 
improvement, whether or not claim for the amount of such lien be presented under and against this bond. 
 
 
 

19 
(Principal)  

(TiIIt)  
(Surt’ty) (Seal) 
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 GENERAL CONDITIONS OF THE 
 CONTRACT FOR CONSTRUCTION 
 
 
 ARTICLE I 
 CONTRACT DOCUMENTS 
 
 
1.1  Definitions 
 
1.1.1 The Contract Documents 
 
The Contract Documents consist of the Owner-Contrac tor Agreement, 
the conditions of the Contract (General, Supplement ary and other 
conditions), the Drawings, the Specifications, and all Addenda 
issued prior to and all modifications issued after execution of the 
Contract.  A Modification is (1) a written amendmen t to the 
Contract signed by both parties, (2) a Change Order , (3) a written 
interpretation issued by the Engineer pursuant to S ubparagraph 
2.2.8, or (4) a written order for a minor change in  the Work issued 
by the Engineer pursuant to Paragraph 12.3.  The Co ntract Documents 
include Bidding Documents such as the Advertisement  or invitation 
to Bid, the Instructions to Bidders, sample forms, the Contractor σ 
Bid, or portions of Addenda relating to any of thes e, and other 
documents specifically enumerated in the Owner-Cont ractor 
Agreement. 
 
1.1.2 The Contract 
 
The Contract Documents form the Contract for Constr uction.  This 
Contract represents the entire and integrated agree ment between the 
parties hereto and supersedes all prior negotiation s, 
representations, or agreements, either written or o ral.  The 
Contract may be amended or modified only by a Modif ication as 
defined in Subparagraph 1.1.1.  The Contract Docume nts shall not be 
construed to create any contractual relationship of  any kind 
between the Engineer and the Contractor, but the En gineer shall be 
entitled to performance of obligations intended for  his benefit, 
and to enforcement thereof.  Nothing contained in t he Contract 
Documents shall create any contractual relationship  between the 
Owner or the Engineer or any Subcontractor or sub-s ubcontractor. 
 
1.1.3 The Work 
 
The Work comprises the completed construction requi red by the 
contract Documents and includes all labor necessary  to produce such 
construction, and all materials and equipment incor porated or to be 
incorporated in such construction. 
 
 
 Initial _____ 
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1.1.4 The Project 
 
The Project is the total construction of which the Work performed 
under these Contract Documents may be the whole or a part. 
 
 
1.2  Execution Correlation and Intent 
 
1.2.1 The Contract Documents shall be signed in not less  than 
four originals by the Owner and Contractor.  If eit her Owner or 
Contractor or both do not sign the Conditions of th e Contract, 
Drawings, Specifications, or any of the other Contr act Documents, 
the Engineer shall identify such Documents. 
 
1.2.2 By executing the Contract, the Contractor represen ts that 
he has visited the site, familiarized himself with the local 
conditions under which the Work is to be performed,  and correlated 
his observations with the requirements of the Contr act Documents. 
 
1.2.3 The intent of the Contract Documents is to include  all 
items necessary for the proper execution and comple tion of the 
Work.  The Contract Documents are complementary, an d what is 
required by any one shall be as binding as if requi red by all.  
Work not specifically set forth in the Contract Doc uments will not 
be required unless it is consistent with work that is specifically 
set forth in the Contract Documents or is reasonabl y inferable from 
the Contract Documents as being necessary to produc e the intended 
results.  Words and abbreviations, which have well- known technical 
or trade meanings, are used in the Contract Documen ts in accordance 
with such recognized meanings. 
 
1.2.4 The organization of the Specifications into divisi ons, 
sections, and articles, and the arrangement of Draw ings shall not 
control the Contractor in dividing the Work among S ub-contractors 
or in establishing the extent of Work to be perform ed by any trade. 
 
1.3  Ownership and Use of Documents 
 
1.3.1 All Drawings, Specifications and copies thereof fu rnished 
by the Engineer are the property of the Owner.  The y are to be used 
only with respect to this Project and are not to be  used on any 
other project.  With the exception of one contract set for each 
party to the Contract, such documents are to be ret urned or 
suitably accounted for to the Engineer on request a t the completion 
of the Work.  Submission or distribution to meet of ficial 
regulatory requirements or for other purposes in co nnection with 
the Project is not to be construed as publication i n derogation of 
the Engineer σ common law copyright or other reserved rights. The  
Engineer will furnish, free of charge, to  
 
 Initial ________ 
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the Contractor sufficient sets of Contract Document s to execute the  
Work not to exceed ten (10).  The Contractor may pu rchase 
additional sets by paying reproduction costs. 
 
 
 ARTICLE II 
 ENGINEER 
 
2.1  Definition 
 
2.1.1 The Engineer is the person lawfully licensed to pr actice 
Engineering, or any entity lawfully practicing Engi neering 
identified as such in the Owner-Contractor Agreemen t, and is 
referred to throughout the Contract Documents as if  singular in 
number and masculine in gender. The term Engineer m eans the 
Engineer or his authorized representative. 
 
2.2  Administration of the Contract 
 
2.2.1 The Engineer will provide administration of the Co ntract 
as hereinafter described. 
 
2.2.2 The Engineer will be the Owner σ representative during 
construction and until final payment is due. The En gineer will 
advise and consult with the Owner.  The Owner σ instructions to the 
Contract shall be forwarded through the Engineer. T he Engineer will 
have authority to act on behalf of the Owner only t o the extent 
provided in the Contract Documents, unless otherwis e modified by 
written instrument signed by the Owner. 
 
2.2.3 The Engineer will visit the site at intervals appr opriate 
to the stage of construction to familiarize himself  generally with 
the progress and quality of the Work and to determi ne in general if 
the Work is proceeding in accordance with the Contr act Documents.  
On the basis of his on-site observations as an Engi neer, he will 
keep the Owner informed of the progress of the Work , and will 
endeavor to guard the Owner against defects and def iciencies in the 
Work of the Contractor. 
 
2.2.4 The Engineer will not be responsible for and will not 
have control or charge of construction means, metho ds, techniques 
or procedures, or for safety precautions and progra ms in connection 
with the Work, and he will not be responsible for t he Contractor σ 
failure to carry out the Work in accordance with th e Contract 
Documents. The Engineer will not be responsible for  or have control 
or charge over the acts or omissions of the Contrac tor, 
Subcontractors, or any of their agents or employees , or any other 
persons performing any of the Work. 
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2.2.5 The Engineer shall at all times have access to the  Work 
wherever it is in preparation and progress.  The Co ntractor shall 
provide facilities for such access so the Engineer may perform his 
functions under the contract documents. 
 
2.2.6 Based on the Engineer σ observations and an evaluation of 
the Contractor σ Applications for Payment, the Engineer will 
determine the amounts owing to the Contractor and w ill issue 
Certificates for Payment in such amounts as provide d in Paragraph 
9.4. 
 
2.2.7 The Engineer will render interpretations necessary  for 
the proper execution or progress of the Work, with reasonable 
promptness and in accordance with any time limit ag reed upon so as 
to cause no delay the Project.  Either party to the  Contract may 
make written request to the Engineer for such inter pretations. 
 
2.2.8 All interpretations and decisions of the Engineer shall 
be consistent with the intent of and reasonably inf erable from the 
Contract Documents and will be in writing or in the  form of 
drawings. 
 
2.2.9 The Engineer σ decision in matters relating to artistic 
effect will be final if consistent with the intent of the Contract 
Documents. The Engineer shall rule on all claims an d disputes that 
relate to the interpretation of the Contract Docume nts. 
 
2.2.10 The Engineer will have authority to reject Work wh ich 
does not conform to the Contract Documents.  Whenev er, in his 
opinion, he considers it necessary or advisable for  the 
implementation of the intent of the Contract Docume nts, he will 
have authority to require special inspection or tes ting of the Work 
in accordance with Subparagraph 7.7.2 whether or no t such Work is 
then fabricated, installed or completed. In the eve nt the Engineer 
determines that any Work deleted by the Contractor should have been 
performed by the Contractor under the Contract Docu ments, he shall 
issue a final determination that the Contractor sha ll proceed with 
the Work as directed by the Engineer, and the Contr actor shall 
proceed with the Work even if he is in disagreement  with the 
decision of the Engineer. 
2.2.11 The Engineer will review and approve or take other  
appropriate action under Contractor σ submittals such as Shop 
Drawings, Product Data, and Samples, but only for c onformance with 
the design concept of the Work and with the informa tion given in 
the Contract Documents. Such action shall be taken with reasonable 
promptness so as to cause no delay.  The Engineer σ approval of a 
specific item shall not indicate approval of an ass embly of which 
the item is a component. 
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2.2.12 The Engineer will prepare Change Orders in accorda nce 
with Article 12 and will have the authority to orde r minor changes 
in the Work as provided in Subparagraph 12.3. 
 
2.2.13 The Engineer will conduct inspections to determine  the 
dates of Substantial Completion and completion will  receive and 
forward to the Owner for the Owner σ review written warranties and 
related documents required by the Contract and asse mbled by the 
Contractor, and will issue a Final Certificate for Payment upon 
compliance with the requirements of Paragraph 9.8. 
 
 ARTICLE III 
 OWNER 
3.1  Definition 
 
3.1.1 The Owner is the person or entity identified as su ch in 
the Owner-Contractor Agreement and is referred to t hroughout the 
Contract Documents as if singular in number and mas culine in 
gender.  The term Owner means the Owner, or his aut horized 
representative. 
 
3.2  Information and Services Required of the Owner 
 
3.2.1 The Owner or Engineer shall furnish all surveys 
describing the physical characteristics, legal limi tations and 
utility locations for the site of the Project, and a legal 
description of the site. 
 
3.2.2 Except as provided in Subparagraph 4.7.1, the Owne r shall 
secure and pay for necessary approvals, easements, assessments and 
charges required for the construction, use or occup ancy of 
permanent structures or for permanent changes in ex isting 
facilities. 
 
3.2.3 Information or services under the Owner σ control shall be 
furnished by the Owner with reasonable promptness t o avoid delay in 
the orderly progress of the Work. 
 
3.2.4 Unless otherwise provided in the Contract Document s, the 
Contractor will be furnished, free of charge, all c opies of 
Drawings and Specifications reasonably necessary fo r the execution 
of the Work. 
 
3.2.5 The foregoing are in addition to other duties and 
responsibilities of the Owner enumerated herein and  especially 
those in respect to Work by Owner or by Separate Co ntractors, 
Payments and Completion and Insurance in Article 6,  9 and 11, 
respectively. 
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3.3  Ownerσσσσ Right to Stop the Work 
 
3.3.1 If the Contractor fails to correct defective Work as 
required by Paragraph 13.2 or persistently fails to  carry out the 
Work in accordance with the Contract Documents, the  Owner may order 
the Contractor to stop the Work, or any portion the reof, until the 
cause for such order has been eliminated; however, this right of 
the Owner to stop the Work shall not give rise to a ny duty on the 
part of the Owner to exercise this right for the be nefit of the 
Contractor or any other person or entity.  Any such  order to the 
Contractor shall be in writing. 
 
 
3.4  Ownerσσσσ Right to Carry Out the Work 
 
3.4.1 If the Contractor defaults or neglects to carry ou t the 
Work in accordance with the Contract Documents and fails within two 
(2) days after receipt of written notice from the O wner to commence 
and continue correction of such default or neglect with diligence 
and promptness, the Owner may, without prejudice to  any other 
remedy it may have, make good and correct such defi ciencies with 
its own forces or with the forces of another contra ctor.  In such 
case, an appropriate Change Order shall be issued d educting from 
the payments then or thereafter due the Contractor the cost of 
correcting such deficiencies, including compensatio n for the 
Engineer σ additional services made necessary by such default , 
neglect, or failure. If the payments then or therea fter due the 
Contractor are not sufficient to cover such amount,  the Contractor 
shall pay the difference to the Owner. 
 
3.4.2 The Owner shall have access to the Project at all times. 
 
 ARTICLE IV 
 CONTRACTOR 
 
4.1  Definition 
 
4.1.1 The Contractor is the person or entity identified as such 
in the Owner-Contractor Agreement and is referred t o throughout the 
Contract Documents as if singular in number and mas culine in 
gender.  The term Contractor means the Contractor o r his authorized 
representative. 
 
 
4.2  Review of Contract Documents 
 
4.2.1 The Contractor shall carefully study and compare t he 
Contract Documents and shall at once report to the Engineer any 
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error, inconsistency or omission he may discover. 
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4.3  Supervision and Construction Procedures 
 
4.3.1 The Contractor shall supervise and direct the Work , using 
his best skill and attention.  He shall be solely r esponsible for 
all construction means, methods, techniques, sequen ces and 
procedures and for coordinating all portions of the  Work under the 
Contract. 
 
4.3.2 The Contractor shall be responsible to the Owner f or the 
acts and omissions of his employees, Subcontractors  and their 
agents and employees, and other persons performing any of the Work 
under a contract with the Contractor. 
 
4.3.3 The Contractor shall not be relieved from his obli gations 
to perform the Work in accordance with the Contract  Documents 
either by the activities or duties of the Engineer in his 
administration of the Contract, or by inspection, t ests or 
approvals required or performed under Paragraph 7.7  by persons 
other than the Contractor. 
 
 
4.4  Labor and Materials 
 
4.4.1 Unless otherwise provided in the Contract Document s, the 
Contractor shall provide and pay for all labor, mat erials, 
equipment, tools, construction equipment and machin ery, water, 
heat, utilities, transportation, and other faciliti es and services 
necessary for the proper execution and completion o f the Work, 
whether temporary or permanent and whether or not i ncorporated or 
to be incorporated in the Work. 
 
4.4.2 The Contractor shall at all times enforce strict 
discipline and good order among his employees and s hall not employ 
on the Work any unfit person or anyone not skilled in the task 
assigned to him. 
 
4.4.3 When a material, equipment or system is specified or 
approved in an addendum, by the name of one or more  manufacturers, 
such material, equipment, or system shall form the basis of the 
contract.  If Contractor desires to use another mat erial, 
equipment, or system in lieu thereof, he shall requ est approval in 
writing and shall submit samples and data as requir ed for the 
Engineer σ consideration. The Engineer and Owner will be the final 
judge for the acceptance or the substitution.  No S ubstitution 
shall be made without authority in writing from the  Engineer. 
 
4.4.4 By making requests for substitutions based on 
Subparagraph 4.4.3 above, the Contractor: 
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.1 represents that he has personally investigated t he 
proposed substitute product and determined that it 
is equal or superior in all respects to that 
specified; 

 
.2 represents that he will provide the same warrant y 

for the substitute that is required by the Contract  
Documents for that specified. 

 
.3 certifies that the cost data presented is comple te 

and includes all related costs and excludes the 
Engineer σ redesign costs, and waives all claims for 
additional costs related to the substitution which 
subsequently became apparent; and 

 
.4 will coordinate the installation of the accepted  

substitute, making such changes at no additional 
cost to Owner as may be required for the Work to be  
complete in all respects. 

 
4.4.5 The General Contractor shall disclose the existenc e and 
extent of financial interests, whether direct or in direct, he has 
in subcontractors and material suppliers which he m ay propose for 
this Project. 
 
 
4.5  Warranty 
 
4.5.1 The Contractor warrants to the Owner and the Engin eer 
that all materials and equipment furnished under th is Contract will 
be new unless otherwise specified, and all Work wil l be of good 
quality, free from faults and defects and in confor mance with the 
Contract Documents.  All Work not conforming to the se requirements, 
including substitutions not properly approved and r equirements 
including substitutions not properly approved and a uthorized, may 
be considered defective.  If required by the Engine er, the 
Contractor shall furnish satisfactory evidence.  Th is warranty is 
not limited by the provisions of Paragraph 13.2. 
 
 
4.6  Taxes 
 
4.6.1 The Contractor shall pay all sales, consumer, use and 
other similar taxes for the Work or portions thereo f provided by 
the Contractor which are legally enacted at the tim e bids are 
received, whether or not yet effective. 
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4.7  Permits, Fees and Notices 
 
4.7.1 Unless otherwise provided in the Contract Document s, the  
Contractor shall secure and pay for the building pe rmit and for all 
other permits and governmental fees, licenses and i nspections 
necessary for the proper execution of the Contract.  
 
4.7.2 The Contractor shall give all notices and comply w ith all 
laws, ordinances, rules, regulations and lawful ord ers of any 
public authority bearing on the performance of the Work. 
 
4.7.3 If the Contractor performs any Work knowing it to be 
contrary to such laws, ordinances, rules and regula tions, and 
without such notice to the Engineer, he shall assum e full 
responsibility therefore and shall bear all costs a ttributable 
thereto. 
 
 
4.8  Allowances and Owner Furnished Equipment, Fixtures or 

Labor 
 
4.8.1 The Contractor shall include in the Contract Sum a ll 
allowances stated in the Contract Documents.  Items  covered by 
these allowances shall be supplied for such amounts  and by such 
persons as the Owner may direct, but the Contractor  will not be 
required to employ persons against whom he makes a reasonable 
objection. 
 
4.8.2 Unless otherwise provided in the Contract Document s: 
 

.1 these allowances shall cover the cost to the 
Contractor, less any applicable trade discount, of 
the materials and equipment required by the 
allowance delivered at the site, and applicable 
taxes; 

 
.2 the Contractor σ costs for unloading and handling on 

the site, labor, installation costs, overhead, 
profit and other expenses contemplated for the 
original allowance shall be included in the 
Contract Sum and not in the allowance; 

 
.3 whenever the cost is more than or less than the 

allowance, the Contract Sum shall be adjusted 
accordingly by Change Order, the amount of which 
will recognize changes, if any, in handling costs 
on the site, labor, installation costs, overhead, 
profit and other expenses. 
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4.8.3 The Owner may directly furnish any or all of the 
equipment, fixtures or labor required for the Proje ct.  In the 
event the Owner elects to do so, the Contract Price  for such 
equipment, fixtures or labor will be reduced by the  amount for 
equipment of labor being furnished by Owner.  A Cha nge Order 
reducing the Contract Price for that item of work s hall be executed 
by Owner and Contractor to reflect a reduction in t he Contract 
Price for that item, equipment, fixtures or work th at the Owner is 
to furnish.  The Contractor shall assume responsibi lity for and be 
fully responsible for the care, custody and control  of all Owner 
furnished equipment and/or fixtures once said equip ment or fixtures 
arrive on the job site or in any approved off site storage 
facility. 
 
4.9  Superintendent 
 
4.9.1 The Contractor shall employ a competent superinten dent 
and necessary assistants who shall be in attendance  at the Project 
site during the progress of the Work.  The superint endent shall 
represent the Contractor and all communications giv en to the 
superintendent shall be as binding as if given to t he Contractor 
and shall be confirmed in writing. 
 
 
4.10  Documents and Samples at the Site 
 
4.10.1 The Contractor shall maintain at the site for the Owner, 
one record copy of all Drawings, Specifications, Ad denda, Change 
Orders and other Modifications, in good order and m arked currently 
to record all changes made during construction and approved Shop 
Drawings, Product Data and Samples.  These shall be  available to 
the Engineer and shall be delivered to him for the Owner upon 
completion of the Work. 
 
 
4.11  Shop Drawings, Product Data and Samples 
 
4.11.1 Shop Drawings are drawings, diagrams, schedules an d other 
data specifically prepared for the Work by the Cont ractor or any 
Subcontractor, manufacturer, supplier or distributo r to illustrate 
some portion of the Work. 
 
4.11.2 Product Data are illustrations, standard schedules , 
performance charts, instructions, brochures, diagra ms and other 
information furnished by the Contractor to illustra te a material, 
product or system for some portion of the Work. 
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4.11.3 Samples are physical examples which illustrate mat erials, 
equipment or workmanship and establish standards by  which the Work 
will be judged. 
 
4.11.4 The Contractor shall review, approve and submit, w ith 
reasonable promptness and in such sequence as to ca use no delay in 
the Work or in the work of the Owner or any separat e contractor, 
all Shop Drawings, Product Data and Samples require d by the 
Contract Documents. 
 
4.11.5 By approving and submitting Shop Drawings, Product  Data 
and Samples, the Contractor represents that he has determined and 
verified all materials, field measurements, and fie ld construction 
criteria related thereto, or will do so, and that h e has checked 
and coordinated the information contained within su ch submittals 
with the requirements of the Work and the Contract Documents. 
 
4.11.6 The Contractor shall not be relieved of responsibi lity 
for any deviation from the requirements of the Cont ract Documents 
by the Engineer σ approval of Shop Drawings, Product Data or Samples  
under Subparagraph 2.2.11, unless the Contractor ha s specifically 
informed the Engineer in writing of such deviation at the time of 
submission and the Engineer has given written appro val to the 
specific deviation. The Contractor shall not be rel ieved from 
responsibility for errors or omissions in the Shop Drawings, 
Product Data, or Samples by the Engineer σ approval thereof. 
 
4.11.7 The Contractor shall direct specific attention, in  
writing or on resubmitted Shop Drawings, Product Da ta or Samples, 
to revisions other than those requested by the Engi neer on previous 
submittals. 
 
4.11.8 No portion of the Work requiring submission of a S hop 
Drawing, Product Data or Sample shall be commenced until the 
submittal has been approved by the Engineer as prov ided in 
Subparagraph 2.2.11.  All such portions of the Work  shall be in 
accordance with approved submittals. 
 
4.12  Use of Site 
 
4.12.1 The Contractor shall confine operations at the sit e to 
areas permitted by law, ordinance, permits and the Contract 
Documents and shall not unreasonably encumber the s ite with any 
materials or equipment. 
 
 
4.13  Cutting and Patching of Work 
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4.13.1 The Contractor shall be responsible for all cuttin g,  
 
 Initial ______ 
fitting or patching that may be required to complet e the Work or to 
make its several parts fit together properly. 
 
4.13.2 The Contractor shall not damage or endanger any po rtion 
of the Work or the work of the Owner or any separat e contractors by 
cutting, patching or otherwise altering any work, o r by excavation. 
 The Contractor shall not cut or otherwise alter th e work of the 
Owner or any separate contractor except with the wr itten consent of 
the Owner.  The Contractor shall not unreasonably w ithhold from the 
Owner his consent to cutting or otherwise altering the Work. 
 
4.14  Cleaning Up 
 
4.14.1 The Contractor at all times shall keep the premise s free 
from accumulation of waste materials or rubbish cau sed by his 
operations.  At the completion of the Work he shall  remove all his 
waste materials and rubbish from and about the proj ect as well as 
all his tools, construction equipment, machinery an d surplus 
materials. 
 
4.14.2 If the Contractor fails to clean up at the complet ion of 
the Work, the Owner may do so as provided in Paragr aph 3.4 and the 
cost thereof will be charged to the Contractor. 
 
 
4.15  Royalties, Patents and Records 
 
4.15.1 The Contractor shall pay all royalties and license  fees. 
 He shall defend all suits and claims for infringem ent of any 
patent rights and shall save Owner and Engineer har mless from loss 
on account thereof. 
 
4.15.2 The Contractor shall not discriminate against any 
subcontractor, employee or applicant for employment  on the grounds 
of race, color, national origin or sex. 
 
4.15.3 The Contractor and all subcontractors under the ge neral 
contract shall maintain copies of every sub-payroll  period for the 
life of the construction contract and for a period of three (3) 
years after final release and payment is made by th e Owner to the 
Contractor. 
 
4.15.4 Each Contractor σ request for payment, including final 
payment and each partial payment, if permitted by t he contract, 
shall contain a certification by the Contractor tha t performance by  
the Contractor and his subcontractor for the period  of work covered 
by the payment request has been in accordance with the contract 
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clauses and requirements with respect to nondiscrim ination. 
 
 
 Initial ______  
4.15.5 Representatives of Shelby County, as designated by  the 
Mayor, shall have the right to inspect the Contract or σ facilities 
and payroll records during the term of the construc tion contract 
and for a period of three (3) years after final rel ease and final 
payment by the Owner for the purposes of verifying 
nondiscrimination in employment. 
 
4.15.6 The Contractor shall incorporate the same requirem ents 
set forth in Subparagraph 5.3.1 in all Subcontracts  awarded by him 
with the further requirement that each Subcontract include 
identical requirements to be included in any lower tier 
Subcontracts together with the requirement to inclu de it in any 
further subcontracts that might be made. 
 
 
4.16  Indemnification 
 
4.16.1 (a) By executing this Agreement, the Contractor as sumes 
the entire responsibility and liability for any and  all claims, 
damage or injury of any kind or nature (including d eath) to all 
persons, whether employees of the Contractor or oth erwise, and to 
all property (including but not limited to the repl acement cost and 
lose of use of property), caused by, resulting from , arising out 
of, or occurring in connection with the performance  of the Work by 
the Contractor, its agents, servants, employees, or  subcontractors 
or anyone directly or indirectly employed by any of  them for whose 
acts any of them may be liable. 
 

(b) If any claim is made against the Owner for any 
damage, injury, death, or loss, whether such claim is based upon 
the Contractor σ or its agents =, servants =, employees =, or 
subcontractors = alleged active or passive negligence or 
participation in the wrong, or upon any alleged act ive or passive 
negligence or participation in the wrong, or upon a ny alleged 
breach of any statutory duty or obligation on the p art of the 
Contractor, its agents, servants, employees or subc ontractors, or 
in any other instance for which the Contractor has assumed 
responsibility in this Agreement, the Contractor sh all indemnify, 
defend, and hold harmless the Owner, its officers, directors, 
agents, servants and employees from and against any  and all loss, 
expense, judgment, damage or injury (including atto rney σ fees and 
expenses) that the Owner or its officers, directors , agents, 
servants or employees may sustain as the result of any such claim. 
 The Contractor shall assume on behalf of the Owner , its officers, 
directors, agents, servants and employees the defen se of any action  
at law or in equity which may be brought against an y of them upon 
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any such claim, and shall pay on behalf of them the  amount of any 
judgment with any costs or expenses incurred by any  of them in 
connection with such claim. 
 
 Initial ______ 
4.16.2 Labor Indemnity 
 
4.16.2.1 The Contractor shall indemnify, defend and hold ha rmless 
the Owner from any and all administrative and judic ial actions 
(including reasonable attorney σ fees related to any such action) 
incurred by the Owner in connection with any labor related activity 
arising from the performance of the Work of the Con tractor. As used 
in this Agreement, Αlabor related activity ≅ includes, but is not 
limited to strikes, walkouts, informational or orga nizational 
picketing, use of placards, distribution of handout s, leaflets or 
in the vicinity of any facility where the Owner con ducts business. 
The Owner shall advise the contractor if any labor related activity 
occurs and the Contractor shall arrange for the leg al 
representation necessary to protect the Owner, prov ided such 
representation is previously approved by the Owner.  
 
4.16.3 Attorneyσσσσ Fees 
 
4.16.3.1 In the event it becomes necessary for Owner to emp loy an 
attorney to enforce any provision of this Agreement , then the 
Contractor shall be liable for all attorney σ fees and litigation 
expense of Owner. 
 
4.17  Progress Schedule 
 
4.17.1 The Contractor shall, within five (5) days from re ceipt 
of the Notice to Proceed, prepare and submit for th e Owner and 
Engineer an estimated project schedule for the Work . The Progress 
Schedule shall be updated each month to reflect act ual progress 
made and to forecast future progress of the Work.  The Progress 
Schedule shall be related to the entire Project as provided by the 
contract Documents and shall provide for expeditiou s and 
practicable execution of the Work.  The Owner reser ves the right to 
reasonably reschedule the Work or the sequence of a ctivities of the 
contractor for no additional compensation should it  deem 
rescheduling to be in its best interest. 
 
 
 ARTICLE V 
 SUBCONTRACTORS 
 
5.1 Definition 
 
5.1.1 A Subcontractor is a person or entity who has a di rect 
contract with the Contractor to perform any of the Work at the 
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site.  The term Subcontractor is referred to throug hout the 
Contract Documents as if singular in number and mas culine in gender 
and means a Subcontractor or his authorized represe ntative.  The 
term Subcontractor does not include any separate co ntractor or his 
subcontractor. 
 Initial ______ 
5.1.2 A Sub-subcontractor is a person or entity who has a 
direct or indirect contract with a Subcontractor to  perform any of 
the Work at the site.  The term Sub-subcontractor i s referred to 
throughout the Contract Documents as if singular in  number and 
masculine in gender and means a Sub-subcontractor o r an authorized 
representative thereof. 
 
 
5.2  Award of Subcontracts and Other Contracts for Portions of 

the Work 
 
5.2.1 Unless otherwise required by the Contract Document s or 
Bidding Documents, the Contractor, as soon as pract icable after the 
award of the Contract, shall furnish to the Owner a nd the Engineer 
in writing the names of the persons or entities (in cluding those 
who are to furnish materials or equipment fabricate d to a special 
design) proposed for each of the principal portions  of the Work.  
The Engineer will promptly reply to the Contractor in writing 
stating whether or not the Owner or the Engineer, a fter due 
investigation, has reasonable objection to any such  proposed person 
or entity.  Failure of the Owner or Engineer to rep ly promptly 
shall constitute notice of no reasonable objection.   No work shall 
be commenced until approval of all such Subcontract ors has been 
given in writing by the Owner.  If required, the Co ntractor shall 
furnish evidence satisfactory to the Owner, showing  each proposed 
Subcontractor is competent to execute the Work cove red by the 
Subcontract. 
 
5.2.2 The Contractor shall not contract with any such pr oposed 
person or entity to whom the Owner or the Engineer has made 
reasonable objection under the provisions of Subpar agraph 5.2.1. 
The Contractor shall not be required to contract wi th anyone to 
whom he has a reasonable objection. 
 
5.2.3 If the Owner or the Engineer has reasonable object ion to 
any such proposed person or entity, the Contractor shall submit a 
substitute to whom the Owner or the Engineer has no  reasonable 
objection.  Such substitution shall in no way affec t the Contract 
Sum. 
 
5.2.4 The Contractor shall make no substitution for any 
Subcontractor, person or entity previously selected  if the Owner or 
Engineer makes reasonable objection to such substit ution. 
 
5.2.5 The Contractor shall submit a status report with r egard 
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to Subcontractors identified on Exhibit C, which fo rms a part of 
the Contract Documents, as to any change in the sub contractors 
identified thereon and the reasons for same, the do llars paid to 
the prior subcontractor and the amount of the new s ubcontract.   
 
 
 Initial ______ 
THIS REPORT SHALL BE SUBMITTED TO CONTRACTS ADMINIS TRATION OF 
SHELBY COUNTY GOVERNMENT, 160 N. Main St., Suite 11 09, Memphis, 
Tennessee, 38103. 
 
 
5.3  Subcontractual Relations 
 
5.3.1 By an appropriate agreement, the Contractor shall require 
each Subcontractor, to the extent of the Work to be  performed by 
the Subcontractor, to be bound to the Contractor by  the terms of 
the Contract Documents, and to assume toward the Co ntractor all the 
obligations and responsibilities which the Contract or, by these 
Documents, assumes toward the Owner and the Enginee r.  Said 
agreement shall preserve and protect the rights of the Owner and 
the Engineer under the Contract Documents with resp ect to the Work 
to be performed by the Subcontractor so that the su bcontracting 
thereof will not prejudice such rights, and shall a llow to the 
Subcontractor, unless specifically provided otherwi se in the 
Contractor-Subcontractor agreement, the benefit of all rights, 
remedies and redress against the Contractor that th e Contractor, by 
these Documents, has against the Owner.  Where appr opriate, the 
Contractor shall require each Subcontractor to ente r into similar 
agreements with his Sub-subcontractors.  The Contra ctor shall make 
available to each proposed Subcontractor, prior to the execution of 
the Subcontract, copies of the Contract Documents t o which the 
Subcontractor will be bound by the Paragraph 5.3, a nd identify to 
the Subcontractor any terms and conditions of the p roposed 
subcontract which may be at variance with the Contr act Documents.  
Each Subcontractor shall similarly make copies of s uch Documents 
available to any Sub-subcontractors. 
 
 
 ARTICLE VI 
 WORK BY OWNER OR BY SEPARATE CONTRACTORS 
 
 
6.1  Ownerσσσσ Right to Perform Work and to Award Separate 

Contracts 
 
6.1.1 The Owner reserves the right to perform work relat ed to 
the Project with his own forces, and to award separ ate contracts in 
connection with other portions of the Project or ot her work on the 
site under these or similar Conditions of the Contr act. 
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6.1.2 When separate contracts are awarded for different 
portions of the Project or other work on the site, the term 
Contractor in the Contract Documents in each case s hall mean the 
Contractor who executes each separate Owner-Contrac tor Agreement. 
 
 
 Initial ______ 
6.2  Mutual Responsibility 
 
6.2.1 The Contractor shall afford the Owner and separate  
contractor’s reasonable opportunity for the introdu ction and 
storage of their materials and equipment and the ex ecution of their 
work, and shall connect and coordinate his Work wit h theirs as 
required by the Contract Documents. 
 
6.2.2 If any part of the Contractor σ Work depends on proper 
execution or results in the work of the Owner or an y separate 
contractor, the Contractor shall, prior to proceedi ng with the 
Work, promptly report to the Engineer any apparent discrepancies or 
defects in such other work that render it unsuitabl e for such 
proper execution and results. Failure of the Contra ctor to so 
report shall constitute an acceptance of the Owner σ or separate 
contractor σ work as fit and proper to receive his Work. 
 
6.2.3 Should the Contractor wrongfully cause damage to t he work 
or property of the Owner or to other work on the si te, the 
Contractor shall promptly remedy such damage as pro vided in 
Subparagraph 10.2.5. 
 
6.2.4 Should the Contractor wrongfully cause damage to t he work 
or property of any separate contractor, the Contrac tor shall upon 
due notice promptly attempt to settle with such oth er contractor by 
agreement, or otherwise to resolve the dispute.  If  such separate 
contractor sues the Owner on account of any damage alleged to have 
been caused by the Contractor, the Owner shall noti fy the 
Contractor who shall defend such proceedings, and i f any judgment 
or award against Owner arises there from, the Contr actor shall pay 
or satisfy it and shall reimburse the Owner for all  Attorney σ fees 
and Court costs which the Owner has incurred. 
 
 
6.3  Ownerσσσσ Right to Clean Up 
 
6.3.1 If a dispute arises between the Contractor and sep arate 
contractors as to their responsibility for cleaning  up as required 
by Paragraph 4.14, the Owner may clean up and charg e the cost 
thereof to the contractors responsible therefore as  the Owner shall 
determine to be just. 
 
 ARTICLE VII 
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 MISCELLANEOUS PROVISIONS 
 
 
7.1  GENERAL COMPLIANCE WITH LAWS 
 
7.1.1 If required, the Contractor certifies that it is  
 
 Initial ______ 
qualified or will take steps necessary to qualify t o do business in  
the State of Tennessee and that it will take such a ction as, from 
time to time, may be necessary to remain so qualifi ed and it shall 
obtain, at its expense all licenses, permits, insur ance, and 
governmental approvals, if any, necessary to the pe rformance of its 
obligations under this Agreement. 
 
7.1.2 The Contractor is assumed to be familiar with and agrees 
that at all times it will observe and comply with a ll federal, 
state, and local laws, ordinances, and regulations in any manner 
affecting the conduct of the work.  The preceding s hall include, 
but is not limited to, compliance with all Equal Em ployment 
Opportunity laws, the Fair Labor Standards Act, Occ upational Safety 
and Health Administration (OSHA) requirements, and the Americans 
with Disabilities Act (ADA). 
 
7.1.3 This Contract will be interpreted in accordance wi th the 
laws of the State of Tennessee.  By execution of th is contract the 
Contractor agrees that all actions, whether soundin g in contract or 
in tort, relating to the validity, construction, in terpretation and 
enforcement of this contract will be instituted and  litigated in 
the courts of the State of Tennessee, located in Sh elby County, 
Tennessee, and in no other.  In accordance herewith , the parties to 
this contract submit to the jurisdiction of the cou rts of the State 
of Tennessee located in Shelby County, Tennessee. 
 
 
7.2  Successors and Assigns 
 
7.2.1 This Agreement (including without limitation, all 
obligations imposed by the Contract Documents) shal l be binding 
upon and shall inure to the benefit of the parties = successors, 
assigns and legal representative.  The Contract sha ll not be 
assigned or sublet in whole or in part by the Contr actor without 
the written consent of the Owner, nor shall the Con tractor assign 
any monies due or to become due to him hereunder, w ithout the 
previous written consent of the Owner. 
 
 
7.3  Written Notice 
 
7.3.1 Written notice shall be deemed to have been duly s erved 
if delivered in person to the individual or member of the firm, 
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entity or to an officer of the corporation for whom  it was 
intended, or if delivered at or sent by registered or certified 
mail to the last business address known to him who gives the 
notice. 
 
 
 Initial ______ 
 
7.4  Claims for Damages 
 
7.4.1 Should either party to the Contract suffer injury or 
damage to person or property because of any act or omission of the 
other party, or of any of his employees, agents or others for whose 
acts he is legally liable, claim shall be made in w riting to such 
other party within a reasonable time after the firs t observance of 
such injury or damage. 
 
 
7.5  Performance Bond and Labor and Material Payment Bond 
 
7.5.1 The Contractor shall furnish and keep in force thr oughout 
the performance of the Work a separate performance bond and 
separate labor and material payment bond, each in t he amount of the 
total of the Contract (as the same may be modified from time to 
time) conditioned upon the faithful performance of the Work by the 
Contractor and payment of all obligations arising i n connection 
with the Work by the Contractor.  Said bonds shall also guarantee 
to the Owner that the Work shall be fee of all lien s upon the 
property of the Owner.  The bonds shall name the Ow ner as obligee 
and shall be with such Surety authorized to do busi ness in the 
State of Tennessee and in such form and manner as a pproved by 
Owner.  Said Bond shall be subject to final approva l of the Shelby 
County Risk Management Department.  Said bonds shal l be furnished 
to the Owner prior to the commencement of the Work,  or upon written 
request by Owner to Contractor after the Work has c ommenced. 
 
 
7.6  Rights and Remedies 
 
7.6.1 The duties and obligations imposed by the Contract  
Documents and the rights and remedies available the re under shall 
be in addition to and not a limitation of any dutie s, obligations, 
rights and remedies otherwise imposed or available by law. 
 
7.6.2 No action or failure to act by the Owner, Engineer , or 
Contractor shall constitute a waiver of any right o r duty afforded 
any of them under the Contract, nor shall any such action or 
failure to act constitute an approval of or acquies cence in any 
breach there under, except as may be specifically a greed in 
writing. 
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7.7  Tests 
 
7.7.1 If the Contract Documents, laws, ordinances, rules , 
regulations or orders of any public authority havin g jurisdiction 
require any portion of the Work to be inspected, te sted or 
approved, the Contractor shall give the Engineer ti mely notice of 
its readiness so the Engineer may observe such insp ection, testing  
 
 Initial ______ 
or approval. The Contractor shall bear all costs of  such 
inspections, tests or approvals conducted by public  authorities.  
Unless otherwise provided, the Owner shall bear all  costs of other 
inspections or tests. 
 
7.7.2 If the Engineer determines that any Work requires special 
inspection, testing or approval which Subparagraph 7.7.1 does not 
include, he will, upon written authorization from t he Owner, 
instruct the Contractor to order such special inspe ction, testing 
or approval, and the Contractor shall give notice a s provided in 
Subparagraph 7.7.1.  If such special inspection or testing reveals 
a failure of the Work to comply with the requiremen ts of the 
Contract Documents, the Contractor shall bear all c osts thereof, 
including compensation for the Engineer σ additional services and/or 
correction of the defective Work made necessary by such a failure; 
otherwise, the Owner shall bear such costs, and an appropriate 
Change Order shall be issued. 
 
7.7.3 Required certificates of inspection, testing or ap proval 
shall be secured by the Contractor and promptly del ivered by him to 
the Engineer. 
 
7.7.4 If the Engineer is to observe the inspection, test s or 
approvals required by the Contract Documents, he wi ll do so 
promptly where practicable, at the source of supply . 
 
 
 ARTICLE VIII 
 TIME 
 
8.1  Definitions 
 
8.1.1 Unless otherwise provided, the Contract time is th e 
period of time allotted in the Contract Documents f or Substantial 
Completion of the Work as defined in Subparagraph 8 .1.3, including 
authorized adjustments thereto. 
 
8.1.2 The date of commencement of the Work is the date 
established in a notice to proceed.  If there is no  notice to 
proceed, it shall be the date of the Owner-Contract or Agreement or 
such other date as may be established therein. 
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8.1.3 The date of Substantial Completion of the Work or 
designated portion thereof is the Date certified by  the Engineer 
when construction is sufficiently complete, in acco rdance with the 
contract Documents, so the Owner can occupy or util ize the Work or 
designated portion thereof for the use for which it  is intended. 
 
 
 Initial ______ 
8.1.4 The term day as used in the Contract Documents sha ll mean 
calendar day unless otherwise specifically designat ed. 
 
8.2  Progress and Completion 
 
8.2.1 All time limits stated in the Contract Documents a re of 
the essence of the Contract. 
 
8.2.2 The Contractor shall begin the Work on the date of  
commencement as defined in Subparagraph 8.1.2.  He shall carry the 
work forward expeditiously with adequate forces and  shall achieve 
Substantial Completion within the Contract Time. 
 
 
8.3  Delays and Extensions of Time 
 
8.3.1 The Contractor shall proceed with each and every p art of 
this Agreement in a prompt and diligent manner.  Th e Contractor, 
without additional compensation, shall perform the Work at such 
times, in such order and in such manner as the Owne r may direct.  
The Contractor shall commence, continue and complet e its 
performance of the Project so as not to delay Owner  or other 
separate contractors of the Owner or subcontractors = completion of 
the Work or any portions thereof, and so as to insu re completion as 
directed by Owner.  Any time specified for the comp letion of the 
Work, or portion thereof, is a material provision o f this 
Agreement, and time is of the essence.  The Contrac tor shall 
furnish sufficient forces to assure proper performa nce of its Work 
in strict compliance with all performance or progre ss schedules for 
the Project. 
 
8.3.2 The Contractor shall, from time to time, on writte n 
demand of Owner, give adequate evidence to Owner to  substantiate 
the planned performance and progress of the Work an d the various 
parts thereof.  The Contractor shall promptly incre ase its work 
force, accelerate its performance, work overtime, w ork Saturdays, 
Sundays and holidays, all without additional compen sation, it in 
the opinion of the Owner, such work is necessary to  maintain proper 
progress.  The Contractor will fully cooperate and coordinate its 
work with any other separate contractors of Owner o r subcontractors 
at the Project.  The Contractor shall bear the cost s of all damages 
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done to other separate contractors of Owner or subc ontractors and 
Shall be responsible for any damages caused by or r esulting from 
acts or omissions of the Contractor in failing to m ake proper 
progress. The liability of the Contractor shall not  be deemed 
waived by any assent or acquiescence by Owner to th e Contractor σ 
late performance. Owner shall be entitled to termin ate this 
Agreement due to late or threatened late performanc e, upon seven 
(7) days notice to proceed and Contractors failure to do so. 
 
 Initial ______ 
8.3.3 In the event any subcontractor should damage the 
Contractor, the Contractor shall neither seek nor b e entitled to 
any compensation from Owner, but will seek its dama ges directly 
from such subcontractor.  Should the Contractor σ performance, in 
whole or part, be disrupted, interfered with or del ayed, or be 
suspended in the commencement, prosecution or compl etion, for 
reasons beyond the Contractor σ control and without its fault or 
negligence, the Contractor shall be entitled to an extension of 
time in which to complete its Work; but only if it shall have 
notified the Owner, in writing, of the cause of del ay within five 
(5) days of the occurrence of the event. The Contra ctor and Owner 
agree that the Contractor shall not be entitled to any money 
damages regardless of fault as a result of any dela y, acceleration, 
disruption, interference, suspension, or other even t affecting the 
Contractor or the Contractor σ performance. 
 
 
 ARTICLE IX 
 PAYMENTS AND COMPLETION 
 
9.1  Contract Sum 
 
9.1.1 The Contract Sum is stated in the Owner-Contractor  
Agreement and, including authorized adjustments the reto, is the 
total amount payable by the Owner to the Contractor  for the 
performance of the Work under the Contract Document s. 
 
 
9.2  Schedule of Values 
 
9.2.1 Before the first Application for Payment, the Cont ractor 
shall submit to the Engineer a schedule of values a llocated to the 
various portions of the Work, prepared in such form  and supported 
by such data to substantiate its accuracy as the En gineer may 
require.  This schedule, unless objected to by the Engineer, shall 
be used only as a basis for the Contractor σ Applications for 
Payment. 
 
9.3  Applications for Payment 
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9.3.1 At least ten days before the date of each progress  
payment established in the Owner-Contractor Agreeme nt, the 
Contractor shall submit to the Engineer an itemized  Application for 
Payment, notarized if required, supported by such d ata 
substantiating the Contractor σ right to payment as the Owner or the 
Engineer may require, and reflecting retain age, if  any, as 
provided elsewhere in the Contract Documents. The C ontractor shall 
indicate on each Application for Payment the dollar  amount and 
percentage due Subcontractors. 
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Progress payments (monthly) will be made based upon  Applications 
for Payment submitted to the Engineer by the Contra ctor and 
Certificates for Payment issued by the Engineer as follows: 
 
On or before the 10th day of each month, 95% of the  proportion of 
the Contract Sum properly allocable to labor, mater ials and 
equipment incorporated in the Work, up to the first  day of that 
month, less the aggregate of previous payments in e ach case.  
Payments will be less such retainage as the Enginee r shall 
determine for all incomplete work and unsettled cla ims. 
 
9.3.1.1 Until final payment, the Owner will pay 95% of the  amount 
due the Contractor on account of progress payments.   If the manner 
of completion of the Work and its progress are and remain 
satisfactory to the Owner, it may, in its sole disc retion, for each 
Work category shown to be 50% or more complete in t he Application 
for Payment, without reduction of previous retainag e, on 
presentation by the Contractor with Consent of Sure ty for each 
application, certify any remaining progress payment s for each Work 
category to be paid in full. 
 
9.3.1.2 The full Contract retainage may be reinstated at a ny time 
in the sole discretion of the Owner. 
 
9.3.2 Unless otherwise provided in the Contract Document s, 
payments will be made on account of materials or eq uipment not 
incorporated in the Work but delivered and suitably  stored at the 
site and, if approved in advance by the Owner, paym ents may 
similarly be made for materials or equipment suitab ly stored at 
some other location agreed upon in writing.  Paymen ts for materials 
or equipment stored on or off the site shall be con ditioned upon 
submission by the Contractor of bills of sale or su ch other 
procedures satisfactory to the Owner to establish t he Owner σ title 
to such materials or equipment or otherwise protect  the Owner σ 
interest, including applicable insurance and transp ortation to the 
site for those materials and equipment stored off t he site. 
 
9.3.3 The Contractor warrants that title to all Work, ma terials 
and equipment covered by an Application for Payment  will pass to 
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the Owner either by incorporation in the constructi on or upon the 
receipt of payment by the Contractor, whichever occ urs first, free 
and clear of all liens, claims, security interests or encumbrances, 
hereinafter referred to in the Article IX as Αliens ≅; and that no 
Work, materials or equipment covered by an Applicat ion for Payment 
will have been acquired by the Contractor, or by an y other persons 
performing Work at the site or furnishing materials  and equipment 
for the Project, subject to an agreement under whic h an interest 
therein or an encumbrance thereon is retained by th e seller or 
otherwise imposed by the Contractor or such other p erson. 
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9.3.4 The Contractor shall submit a report with each 
Application for Payment which sets forth all subcon tractors 
performing work during that reporting period, the d ollar amount 
paid to the subcontractor, etc. on the form provide d by Shelby 
County Government. 
 
 
9.4  Certificate for Payment 
 
9.4.1 The Engineer will, within seven (7) days after the  
receipt of the Contractor σ Application for Payment, issue a 
Certificate for Payment to the Owner for such amoun t as the 
Engineer determines is properly due. 
 
9.4.2 The issuance of a Certificate of Payment will cons titute 
a representation by the Engineer to the Owner, base d on his 
observations at the site as provided in Subparagrap h 2.2.3 and the 
data comprising the Application for Payment, that t he Work has 
progressed to the point indicated; that, to the bes t of his 
knowledge, information and belief, the quality of t he Work is in 
accordance with the Contract Documents (subject to an evaluation of 
the Work for conformance with the Contract Document s upon 
Substantial Completion, to the results of any subse quent tests 
required by or performed under the Contract Documen ts, to minor 
deviations from the Contract Documents correctable prior to 
completion, and any specific qualifications stated in his 
Certificate); and that the Contractor is entitled t o payment in the 
amount certified. 
 
 
9.5  Progress Payments 
 
9.5.1 The Contractor shall promptly pay each Subcontract or, 
upon receipt of payment from the Owner, out of the amount paid to 
the Contractor on account of such Subcontractor σ Work, the amount 
to which said Subcontractor is entitled, reflecting  the percentage 
actually retained, if any, from payments to the Con tractor on 
account of such Subcontractor σ Work. The Contractor shall, by an 
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appropriate agreement with each Subcontractor, requ ire each 
Subcontractor to make payments to his Sub-subcontra ctors in similar 
manner. 
 
9.6  Payments Withheld 
 
9.6.1 The Engineer may decline to certify payments and m ay 
withhold his Certificate in whole or in part, to th e extent 
necessary to protect the Owner, if in his opinion h e is unable to 
make representations to the Owner as provided in Su bparagraph 
9.4.2.  The Engineer may also decline to certify pa yment or,  
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because of subsequently discovered evidence or subs equent 
observations, he may nullify the whole or any part of any 
Certificate for Payment previously issued, to such extent as may be 
necessary in his opinion to protect the Owner from loss because of: 
 

.1 defective Work not remedied; 
 

.2 third party claims filed or reasonable evidence 
indicating probable filing of such claims; 

 
.3 failure of the Contractor to make payments prope rly 

to Subcontractors or for labor, materials or 
equipment; 

 
.4 reasonable evidence that the Work cannot be 

completed for the unpaid balance of the Contract 
Sum; 

 
.5 damage to the Owner or another contractor; 

 
.6 reasonable evidence that the Work will not be 

completed within the Contract Time; or 
 

.7 persistent failure to carry out the Work in 
accordance with the Contract Documents. 

 
9.6.2 When the above grounds in Subparagraph 9.6.1 are r emoved, 
payment shall be made, without interest, for any am ounts previously 
withheld. 
 
 
9.7  Substantial Completion 
 
9.7.1 When the Contractor considers that the Work, or a 
designated portion thereof which is acceptable to t he Owner, is 
substantially complete as defined in Subparagraph 8 .1.3, the 
Contractor shall prepare for submission to the Engi neer a list of 
items to be completed or corrected.  The failure to  include any 
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items on such list does not alter the responsibilit y of the 
Contractor to complete all Work in accordance with the Contract 
Documents.  When the Engineer on the basis of an in spection 
determines that the Work or designated portion ther eof is 
substantially complete, he will then prepare a Cert ificate of 
substantial Completion which shall establish the Da te of 
Substantial Completion, shall state the responsibil ities of the 
Owner and the Contractor for security, maintenance,  heat, 
utilities, damage to the Work and insurance, and sh all fix the time 
within which the Contractor shall complete the item s listed 
therein.  Warranties required by the Contract Docum ents shall  
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commence on the Date of Substantial Completion of t he Work or 
designated portion thereof unless otherwise provide d in the 
Certificate of Substantial Completion. 
 
9.7.2 Upon Substantial Completion of the Work or designa ted 
portion thereof and upon application by the Contrac tor and 
certification by the Engineer, the Owner shall make  payment, 
reflecting adjustment in retainage, if any, for suc h Work or 
portion thereof, as provided in the Contract Docume nts.  Payment by 
the Owner upon application by the Contractor and ce rtification by 
the Engineer for Substantial Completion does not wa ive any claims 
the Owner may have against the Contractor. 
 
9.8  Final Completion and Final Payment 
 
9.8.1 Upon receipt of written notice that the Work is re ady for 
final inspection and acceptance and upon receipt of  a final 
Application for Payment, the Engineer will promptly  make such 
inspection and, when he finds the Work acceptable u nder the 
Contract Documents and the Contract fully performed , he will 
promptly issue a final Certificate for Payment stat ing that to the 
best of his knowledge, information and belief, and on the basis of 
his observations and inspections, the Work has been  completed in 
accordance with the terms and conditions of the Con tract documents 
and that the entire balance found to be due the Con tractor, and 
noted in said final Certificate, is due and payable .  The Engineer σ 
final Certificate for Payment will constitute a fur ther 
representation that the conditions precedent to the  Contractor σ 
being entitled to final payment as set forth in Sub paragraph 9.7.2 
have been fulfilled. 
 
9.8.2 Neither the final payment nor the remaining retain ed 
percentage shall become due until the Contractor su bmits to the 
Engineer (1) an affidavit that all payrolls, bills for materials 
and equipment, and other indebtedness connected wit h the Work for 
which the Owner or his property might in any way be  responsible, 
have been paid or otherwise satisfied, (2) consent of surety to 
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final payment and (3) if required by the Owner, oth er data 
establishing payment or satisfaction of all such ob ligations, such 
as receipts, releases and waivers of claims, encumb rances and/or 
alleged liens arising out of the Contract, to the e xtent and in 
such form as may be designated by the Owner.  If an y Subcontractor 
refuses to furnish a release or waiver required by the Owner, the 
Contractor may furnish a bond satisfactory to the O wner to 
indemnify him against such lien.  If any such lien remains 
unsatisfied after all payments are made, the Contra ctor shall 
refund to the Owner all monies that the latter may be compelled to 
pay in discharging such lien, including all costs a nd reasonable 
attorney σ fees. 
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9.8.3 The acceptance of final payment shall constitute a  waiver 
of all claims by the Contractor except those previo usly made in 
writing and identified by the Contractor as unsettl ed at the time 
of the final Application for Payment. 
 
 
 ARTICLE X 
 PROTECTION OF PERSONS AND PROPERTY 
 
10.1  Safety Precautions and Programs 
 
10.1.1 The Contractor shall be responsible for initiating , 
maintaining and supervising all safety precautions and programs in 
connection with the Work. 
 
 
10.2  Safety of Persons and Property 
 
10.2.1 The Contractor shall take all reasonable precautio ns for 
the safety of, and shall provide all reasonable pro tection to 
prevent damage, injury or loss to: 
 

.1 all employees on the Work and all other persons who 
may be affected thereby; 

 
.2 all the Work and all materials and equipment to be 

incorporated therein, whether in storage on or off 
the site, under the care, custody or control of the  
Contractor or any of his Subcontractors or Sub-
subcontractors; and 

 
.3 other property at the site or adjacent thereto, 

including trees, shrubs, lawns, walks, pavements, 
roadways, structures and utilities not designated 
for removal, relocation or replacement in the 
course of construction. 
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10.2.2 The Contractor shall give all notices and comply w ith all 
applicable laws, ordinances, rules, regulations and  lawful orders 
of any public authority bearing on the safety of pe rsons or 
property or their protection from damage, injury or  loss. 
 
10.2.3 The Contractor shall erect and maintain, as requir ed by 
existing conditions and progress of the Work, all r easonable 
safeguards for safety and protection, including pos ting danger 
signs and other warnings against hazards, promulgat ing safety 
regulations and notifying owners and users of adjac ent utilities.  
Pavements, sidewalks, alleys, adjacent buildings no t included in 
this Contract, which may be damaged, shall be repai red and/or 
replaced immediately and in a manner satisfactory t o the Engineer, 
Shelby County and/or other governing officials. 
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10.2.4 When the use or storage of explosives or other haz ardous 
materials or equipment is necessary for the executi on of the Work, 
the Contractor shall exercise the utmost care and s hall carry on 
such activities under the supervision of properly q ualified 
personnel. 
 
10.2.5 The Contractor shall promptly remedy all damage or  loss 
(other than damage or loss insured under Paragraph 11.3) to any 
property referred to in Clauses 10.2.1.2 and 10.2.1 .3 caused in 
whole or in part by the Contractor, Subcontractor, or any Sub-
subcontractor, or anyone directly or indirectly emp loyed by any of 
them, or by anyone for whose acts the Contractor ma y be liable or 
responsible.  The foregoing obligations of the Cont ractor are in 
addition to his obligations under Paragraph 4.16. 
 
10.2.6 The Contractor shall designate a responsible membe r of 
his organization at the site whose duty shall be th e prevention of 
accidents.  This person shall be the Contractor σ superintendent 
unless otherwise designated by the Contractor in wr iting to the 
Owner and the Engineer. 
 
10.2.7 The Contractor shall not load or permit any part o f the 
Work to be loaded so as to endanger its safety. 
 
10.3  Emergencies 
 
10.3.1 In any emergency affecting the safety of persons o r 
property, the Contractor shall act, at his discreti on, to prevent 
threatened damage, injury or loss.  Any additional compensation or 
extension of time claimed by the Contractor on acco unt of emergency 
work shall be determined as provided in Article XII  for Changes in 
the Work. 
 
10.3.2 Whenever the Contractor has not taken sufficient 
precautions for the safety of the public or the pro tection of work 
to be performed under this Project, or adjacent str uctures or 
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property which may be injured by processes of const ruction, 
demolition and/or site clearance on account of such  neglect, and 
whenever an emergency shall arise and immediate act ion shall be 
considered necessary in order to protect public or private, persons 
or property interest, then the Engineer and/or the Owner shall so 
instruct the Contractor. 
 
10.3.3 If correction is not made in due time or if condit ions 
such as lack of time prevent instructions to Contra ctor, then the 
Owner, without notice to the Contractor, may provid e reasonable, 
suitable protection by causing such Work to be done  and material to 
be furnished and placed as the Engineer and Owner m ay consider 
necessary and adequate.  The cost and expense of su ch work and  
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material so furnished shall be borne by the Contrac tor and, if the 
same shall not be paid on presentation of the bills  thereof, such 
costs shall be deducted from any amounts due or to become due the 
Contractor. The performance of such emergency work under the 
direction of the Owner and/or Engineer shall in no way relieve the 
Contractor of the responsibility for damages which may occur during 
or after such performance. 
 
10.3.4 None of the foregoing shall make the Owner and/or 
Engineer responsible for foreseeing and protecting against 
emergency. 
 
 ARTICLE XI 
 INSURANCE 
 
11.1  Contractorσσσσ Liability Insurance 
 
11.1.1 The Contractor shall purchase and maintain, in a c ompany 
or companies licensed to do business in the State o f Tennessee, 
such insurance as will protect the Owner from claim s set forth 
below which may arise out of or result from the Con tractor σ 
operations under the Contract, whether such operati ons be by 
himself or by any Subcontractor or by anyone direct ly or indirectly 
employed by any of them, or by anyone for whose act s the Contractor 
or Subcontractor may be liable: 
 

.1 claims under workers = compensation, disability 
benefits, and other similar employee benefit acts; 

 
.2 claims for damages because of bodily injury, 

occupational sickness or disease, or death of his 
employees; 

 
.3 claims for damages because of bodily injury, 

sickness or disease, or death of any person other 
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than his employees; 
 

.4 claims for damages insured by personal injury 
liability coverage which are sustained (1) by any 
person as a result of an offense directly or 
indirectly related to the employment of such person  
by the Contractor, or (2) by any other person; 

 
.5 claims for damages, other than the Work itself, 

because of injury to or destruction of tangible 
property, including loss of use resulting there 
from; and 
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.6 claims for damages because of bodily injury or 
death of any person or property damage arising out 
of the ownership, maintenance, or use of any motor 
vehicle. 

 
11.1.2 The insurance required by Subparagraph 11.1.1 shall  be 
written for not less than any limits of liability s pecified in the 
Contract Documents, section III, paragraph 31, or r equired by law, 
whichever is greater. 
 
11.1.3 The insurance required by Subparagraph 11.1.1 shall  

include contractual liability insurance applicable to the 
Contractors obligations under Paragraph 4.16. 
 
11.1.4 All insurance policies maintained by the Contracto r shall 

provide that insurance as applying to the Owner sha ll be primary and 
non-contributing irrespective of such insurance as the Owner may 
maintain in its own name and on its own behalf. 
 
 
11.1.5 Certificates of Insurance acceptable to the Owner shall 
be filed with the Owner at the time of submittal of  the Contract
Documents to the Owner for execution. These certifi cates shall 
contain a provision that coverage’s afforded under the policies 
will not be canceled until at least thirty-(30) day s= prior written 
notice has been given to the Owner. The Contractor shall 
immediately notify Shelby County Government, Contra ct 
Administration, 160 N. Main Street, Suite 550, Memp his, Tennessee 
38103 of cancellation or changes in any of the insu rance coverage 
required. Upon request of the Owner, certified copi es of any of the 
required insurance policies may be requested from t he Contractor or 
Contractor’s insurance company, agency, or broker. 
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11.2  Owners Liability Insurance 
 
11.2.1 The Owner shall at its discretion, purchase liabili ty 

insurance or maintain a self-insured liability prog ram. 
 
11.3  Property Insurance 
 
11.3.1 The General Contractor shall be responsible for al l risk ≅ 
insurance for physical loss or damage for the proje ct during 
construction until the project is accepted by the O wner at which 
time the Owner will provide the property coverage. 
 
11.3.2 The Contractor shall pay each Subcontractor a just  share 
of any insurance monies received by the Contractor,  and by 
appropriate agreement, written where legally requir ed for validity, 
shall require such Subcontractor to make payments t o his Sub-
subcontractors in similar manner. 
 
11.3.3 The Contractor or his insurance agent, broker or 
insurance company shall furnish to Owner a copy of all policies 
with the Contactor within five days of request. 
 
 
11.3.4 If the Owner requests in writing that insurance for  risks 
other than those described in Subparagraphs 11.3 an d 11.3.2 or 
11.3.3 or other special hazards to be included in t he property 
insurance policy, the Contractor shall, if possible , include such 
insurance, and the cost thereof shall, if possible,  include such 
insurance, and the cost thereof shall be charged to  the Contractor 
by appropriate Change Order. Initial_________ 
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 ARTICLE XII 
 CHANGES IN THE WORK 
 
12.1  Change Orders 
 
12.1.1 A Change Order is a written order to the Contracto r 
signed by the Owner issued after execution of the C ontract, 
authorizing a change in the Work or an adjustment i n the Contract 
Sum or the Contract Time.  The Contract Sum and the  Contract Time 
may be changed only by Change Order.  A Change Orde r signed by the 
Contractor indicates his agreement therewith, inclu ding the 
adjustment in the Contract Sum or the Contract Time .  The 
Contractor by execution of the Change Order waives any further 
claims or damages in any manner whatsoever for the changes set 
forth in the Change Order. 
 
12.1.2 The Owner, without invalidating the Contract, may order 
changes in the Work within the general scope of the  Contract 
consisting of additions, deletions or other revisio ns, the Contract 
Sum and the Contract Time being adjusted accordingl y.  All such 
changes in the Work shall be authorized by Change O rder, and shall 
be performed under the applicable conditions of the  Contract 
Documents. 
 
12.1.3 The cost or credit to the Owner resulting from a c hange 
in the Work shall be determined in one or more of t he following 
ways: 
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.1 by lump sum properly itemized on the form furnis hed 
by the Owner which shall show the actual verified 
cost of the work, plus ten percent overhead and 
five percent profit; if the work is performed by a 
Subcontractor, the General Contractor is allowed an  
additional five percent; 

 
.2 by unit prices stated in the Contract Documents or 

subsequently agreed upon; 
 

.3 by cost to be determined in a manner agreed upon  by 
the parties and a mutually acceptable fixed or 
percentage fee; or 

 
.4 by the method provided in Subparagraph 11.1.4. 
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12.1.4 If none of the methods set forth in Clauses 12.1.3 .1, 
12.1.3.2, or 12.1.3.3 is agreed upon, the Contracto r, provided he 
receives a written order signed by the Owner, shall  promptly 
proceed with the Work involved.  The cost of such W ork shall then 
be determined by the Engineer on the basis of the r easonable 
expenditures and savings of those performing the Wo rk attributable 
to the change, including, in the case of an increas e in the 
Contract Sum, a reasonable allowance for overhead a nd profit, which 
shall be defined as ten percent overhead and five p ercent profit 
with an additional five percent going to the Genera l Contractor 
when the work is performed by a Subcontractor.  In such case, and 
also under Clauses 12.1.3.3 and 12.1.3.4 above, the  Contractor 
shall keep and present, in such form as the Enginee r may prescribe, 
an itemized accounting together with appropriate su pporting data 
for inclusion in a Change Order.  Unless otherwise provided in the 
Contract Documents, cost shall be limited to the fo llowing: cost of 
labor, including social security, old age and unemp loyment 
insurance and fringe benefits required by agreement  or custom; 
workers = or workmen compensation insurance; bond premiums, rental 
value of equipment and machinery; and the additiona l costs of 
supervision and field office personnel directly att ributable to the 
change. Pending final determination of cost to the Owner, payments 
on account shall be made on the Engineer σ Certificate for Payment. 
The amount of credit to be allowed by the Contracto r to the Owner 
for any deletion or change which results in a net d ecrease in the 
Contract Sum will be the amount of the actual net c ost as confirmed 
by the Engineer.  When both additions and credits c overing related 
Work or substitutions are involved in any one chang e, the allowance 
for overhead and profit shall be figured on the bas is of the net 
increase, if any, with respect to that change. 
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12.2  Concealed Conditions 
 
12.2.1 Should concealed conditions encountered in the 
performance of the Work below the surface of the gr ound or should 
concealed or unknown conditions in an existing stru cture be at 
variance with the conditions indicated by the Contr act Documents, 
or should unknown physical conditions below the sur face of the 
ground or should concealed or unknown conditions in  an existing 
structure of an unusual nature, differing materiall y from those 
ordinarily encountered and generally recognized as inherent in work 
of the character provided for in this Contract, be encountered, 
Contractor, subject to approval by the Engineer, sh all be entitled 
to a time extension for only the period that the Co ntractor σ 
performance is extended due to the unforeseen condi tions. 
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12.3  Minor Changes in the Work 
 
12.3.1 The Engineer will have authority to order minor ch anges 
in the Work not involving an adjustment in the Cont ract Sum or an 
extension of the Contract Time and not inconsistent  with the intent 
of the Contract Documents.  Such Changes shall be e ffected by 
written order, and shall be binding on the Owner an d the 
Contractor.  The Contractor shall carry out such wr itten orders 
promptly. 
 
  
 ARTICLE XIII 
 UNCOVERING AND CORRECTION OF WORK 
 
13.1  Uncovering of Work 
 
13.1.1 If any portion of the Work should be covered contr ary to 
the request of the Engineer or to requirements spec ifically 
expressed in the Contract Documents, it must, if re quired in 
writing by the Engineer, be uncovered for his obser vation and shall 
be replaced at the Contractor σ expense. 
 
13.1.2 If any other portion of the Work has been covered which 
the Engineer has not specifically requested to obse rve prior to 
being covered, the Engineer may request to see such  Work and it 
shall be uncovered by the Contractor.  If such Work  is found in 
accordance with the Contract Documents, the cost of  uncovering and 
replacement shall, by appropriate Change Order, be charged to the 
Owner.  If such Work is found not in accordance wit h the Contract 
Documents, the Contractor shall pay such costs.  If  the Work to be 
uncovered by the Contractor should have been inspec ted by the 
Engineer prior to being covered, and the Work is fo und to be in 
accordance with the Contract Documents, the cost of  the uncovering 
and recovering of the Work shall be borne by the En gineer. 
 
 Initial ______ 
13.2  Correction of Work 
 
13.2.1 The Contractor shall promptly correct all Work rej ected 
by the Engineer as defective or as failing to confo rm to the 
Contract Documents whether observed before or after  Substantial 
Completion and whether or not fabricated, installed  or completed.  
The Contractor shall bear all costs of correcting s uch rejected 
Work, including compensation for the Engineer σ additional services 
made necessary thereby. 
 
13.2.2 If, within one year after the Date of Substantial 
Completion of the Work or designated portion thereo f, within one 
year after acceptance by the Owner of designated eq uipment or 
within such longer period of time as may be prescri bed by law or by 
the term of any applicable special warranty require d by the 
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Contract Documents, any of the Work is found to be defective or not 
in accordance with the Contract Documents, the Cont ractor shall 
correct it promptly after receipt of a written noti ce from the 
Owner to do so.  This obligation shall survive term ination of the 
Contract.  The Owner shall give such notice promptl y after 
discovery of the condition. 
 
13.2.3 The Contractor shall remove from the site all port ions of 
the Work which are defective or non-conforming, unl ess removal is 
waived by the Owner. 
 
13.2.4 If the Contractor fails to correct defective or no n-
conforming Work as provided in Subparagraphs 4.5.1,  13.2.1 and 
13.2.2, the Owner may correct it in accordance with  Paragraph 3.4. 
 
13.2.5 If the Contractor does not proceed with the correc tion of 
such defective or non-conforming Work within a reas onable time 
fixed by written notice from the Engineer, the Owne r may remove it 
and store the materials or equipment at the expense  of the 
Contractor.  If the Contractor does not pay the cos t of such 
removal and storage within ten days thereafter, the  Owner may, upon 
ten additional days = written notice, sell such Work at auction or a 
private sale and shall account for the net proceeds  thereof, after 
deducting all the costs that should have been borne  by the 
Contractor, including compensation for the Engineer σ additional 
services made necessary thereby. If such proceeds o f sale do not 
cover all costs which the Contractor should have bo rne, the 
difference shall be charged to the Contractor and a n appropriate 
Change Order shall be issued.  If the payments then  or thereafter 
due the Contractor are not sufficient to cover such  amount, the 
Contractor shall pay the difference to the Owner. 
 
13.2.6 The Contractor shall bear the cost of making good all 
work of the Owner or separate contractors destroyed  or damaged by 
such correction or removal. 
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13.2.7 Nothing contained in Paragraph 13.2 shall be const rued to 
establish a period of limitation with respect to an y other 
obligation which the Contractor might have under th e Contract 
Documents, including Paragraph 4.5 hereof.  The est ablishment of 
the time period of one year after the Date of Subst antial 
Completion or such longer period of time as may be prescribed by 
law or by the terms of any warranty required by the  Contract 
Documents relates only to the specific obligation o f the Contractor 
to correct the Work, and has no relationship to the  time within 
which his obligation to comply with the Contract Do cuments may be 
sought to be enforced, nor to the time within which  proceedings may 
be commenced to establish the Contractor σ liability with respect to 
his obligations other than specifically to correct the Work. 
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13.3  Acceptance of Defective or Non-Conforming Work 
 
13.3.1 If the Owner prefers to accept defective or non-
conforming Work, he may do so instead of requiring its removal and 
correction, in which case a Change Order will be is sued to reflect 
a reduction in the Contract Sum where appropriate a nd equitable.  
Such adjustment shall be effective whether or not f inal payment has 
been made. 
 
 ARTICLE XIV 
 TERMINATION OF THE CONTRACT 
 
14.1  Termination for Default 
 
14.1.1 Should the Contractor fail to perform in strict 
accordance with this Agreement, where or as Owner m ay so direct, or 
should the Contractor become insolvent, unable to o r fail to pay 
its obligations as they mature or, in any other res pect fail in the 
opinion of the Owner, to properly prosecute and per form any part of 
its work, fail to exert its best performance effort s, be involved 
in labor disputes, or be terminated under any other  contract with 
Owner, then the Contractor may be deemed by Owner t o have 
materially breached and to have defaulted in its ob ligations under 
this Agreement.  In case of a breach and default, t he Owner, at its 
discretion, may terminate this Agreement, or any pa rt thereof, by 
giving five (5) days written notice thereof to the Contractor.  In 
case of such termination, Owner may use any and all  materials, 
equipment, tools or chattels furnished by or belong ing to the 
Contractor either at or for the Project. 
 
14.1.2 The Contractor, on termination, will be deemed to have 
offered to Owner an assignment of all of its subcon tracts and 
purchase orders relating to this Project.  Owner ma y, at its 
discretion, do whatever is necessary to assure perf ormance of any  
 
 Initial ______ 
terminated work and to take such action, if necessa ry, in the 
Contractor σ name. Owner may withhold from Contractor any monie s due 
or to become due under this or any other contract b etween the 
Contractor and Owner, to offset the damages incurre d or possibly 
incurred as a result of the breach and default by t he Contractor.  
In case of a breach, or in the event Owner is requi red to retain 
the services of an attorney to enforce any provisio ns of this 
Agreement, then the Contractor and its surety compa ny shall be 
liable to Owner for any and all additional costs, e xpenses, 
attorney σ fees and other damages, both liquidated and unliqu idated, 
which directly or indirectly result from the Contra ctor σ breach, 
threatened breach, default or lack of performance o f any term or 
condition of this Agreement. 
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14.1.3 If the unpaid balance of the Contract Sum exceeds the 
costs of finishing the Work, including compensation  for the 
Engineer σ additional services made necessary thereby, such e xcess 
shall be paid to the Contractor. If such costs exce ed the unpaid 
balance, the Contractor shall pay the difference to  the Owner.  The 
amount to be paid to the Contractor or to the Owner , as the case 
may be, shall be certified by the Engineer, upon ap plication, in 
the manner provided in Paragraph 9.4, and this obli gation for 
payment shall survive the termination of this Contr act. 
 
 
14.2  Termination for Convenience 
 
14.2.1 Owner, by written notice, shall have the right to 
terminate and cancel this Agreement, without the Co ntractor being 
at fault, for any cause or for its own convenience,  and require the 
Contractor to immediately stop work.  In such event , Owner shall 
pay the Contractor for that Work actually performed  and materials 
furnished in an amount proportionate to the Contrac t price.  Owner 
shall not be liable to the Contractor for any other  costs, 
including prospective profits on Work not performed . 
 
 
 ARTICLE XV 
 RIGHT TO OCCUPY BY OWNER 
 
15.1  Early Occupancy by Owner 
 
15.1.1 The Owner has the right to occupy or use ahead of 
schedule all or any substantially completed or part ially completed 
portion of the Work when such occupancy and use are  in its best 
interest, notwithstanding the time of completion fo r all of the 
Work.  If occupancy or use increases the cost of th e Work (other 
than for corrections which are the responsibility o f the 
Contractor) and/or as a result of the Owner exercis ing its rights  
 
 Initial ______ 
herein, the contractor shall be entitled to extra c osts and 
extensions of time, or both. Claims for such extra costs and 
extensions of time, to be valid, shall be made in w riting to the 
Owner within seven (7) calendar days of the notific ation of Owner 
to the Contractor of its intent to so occupy or use . 
 
15.2  Corrections after Occupancy 
 
15.2.1 After the Owner has taken occupancy of all or any 
substantially completed portion of the Work, the Co ntractor shall 
not disrupt the use and occupancy of the Owner to m ake corrections 
in the Work but shall, at the discretion of the Own er, make such 
corrections at the expense of the Contractor after normal working 
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hours. 
 
15.3  Heating, Ventilating and Air-Conditioning Systems 
 
15.3.1 The Owner may require the use and operation of any  
completed heating, ventilating and air-conditioning  equipment at 
the time it occupies or uses any substantially comp leted portion of 
the Work.  In such event, the Owner may require the  Contractor to 
operate such equipment and will pay the Contractor the cost of such 
utilities required for the use and occupancy of the  Owner, but the 
Contractor shall be responsible for such equipment and for its 
careful and proper operation.  At any time, the Own er may assume 
the care and maintenance of any portion of the Work  which it is 
occupying and using for the operation of any such e quipment, but in 
each case, the Contractor shall not be relieved of its 
responsibility for the full completion of the Work and the 
protection of its tools, materials and equipment. 
 
 
 ARTICLE XVI 
 REGULATIONS 
 
16.1  Nondiscrimination in Employment 
 
16.1.1 During the performance of this Contractual Agreeme nt, the 
contracting party agrees as follows:  The CONTRACTO R agrees that no 
person on the grounds of handicap, age, race, color , religion, sex, 
or national origin, shall be excluded from particip ation in, or be 
denied benefits of, or be otherwise subject to disc rimination in 
the performance of this contract, or in the employm ent practices of 
the CONTRACTOR. The CONTRACTOR shall upon request s how proof of 
such non-discrimination, and shall post in conspicu ous places 
available to all employees and applicants notices o f non-
discrimination. 
 
 
16.2  [RESERVED] 
 
 Initial ______ 
16.3  Maintenance and Records 
 
16.3.1 The Contractor and all Subcontractors under the Ge neral 
Contract shall maintain copies of every subcontract  awarded and 
their own payrolls, for each weekly payroll period during the term 
of the Construction Contract and for a period of on e (1) year after 
release and payment is made by Owner to the Contrac tor. 
 
 
16.4  Ownerσσσσ Right of Inspection 
 
16.4.1 Representative of the Owner, as designated by the County 
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Mayor, shall have the right to inspect the Contract or σ facilities 
and payroll records during the life of the Construc tion Contract 
for a period of one (1) year after final release an d final payment 
by the Owner for the purpose of verifying nondiscri mination in 
employment. 
 
 
 ARTICLE XVII 
 PROCEDURE FOR INSTALLATION OR 
 REMOVAL OF FIBERGLASS INSULATION 
 
The following procedures should be adhered to when disturbing, 
installing or removing fiberglass insulation.  Thes e procedures are 
established to minimize employee exposure to the ad verse health 
affects of fiberglass exposure. 
 
The below procedures are the minimal requirements f or handling 
fiberglass in Shelby County Facilities.  Mandates b y code or law 
must be adhered to. 
 
17.1  Installation, Removal, or Disturbance of Fiberglass 

Insulation 
 
17.1.1 Install in well ventilated areas and avoid breathi ng 
dust. 
 
17.1.2 Wear loose, comfortable clothing and long-sleeved shirts 
to minimize skin contact. 
 
17.1.3 Handle carefully to minimize airborne dust. 
 
17.1.4 If high dust levels are anticipated during install ation, 
such as with power tools, use appropriate NIOSH app roved dust 
respirator. 
 
17.1.5 All power cutting tools must be equipped with dust  
collectors. 
 
 Initial ______ 
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17.2  Exposure 
 
17.2.1 After use, wash with warm water and mild soap.  Do  not 
scratch or rub skin if it becomes irritated.  Utili ze running 
water. 
 
17.2.2 Wash work clothes separately, and then rinses the washer. 
 
17.2.3 Eye exposure: Flush with flowing water for at leas t 15 
minutes.  If symptoms persist, seek immediate medic al attention. 
 
 
17.3  Work Site Environment 
 
17.3.1 Insure area is free of obvious partials through pr oper 
cleanup procedures. Use of vacuum with proper filte rs, or wet 
cleanup is acceptable.  (This includes office furni ture, floors and 
walls.) 
 
17.3.2 Initially there may be a potential adverse impact on 
indoor air quality within the general work area dur ing the 
installation process.  Notify building manager or o ther appropriate 
person that it will be necessary to establish and m aintain adequate 
ventilation of the work area, without causing the e ntry of 
contaminants to other parts of the building.  Perso ns who are 
sensitive to odors and/or chemicals should be advis ed to avoid the 
work area during this process. 
 
17.3.3 Exposure to employees should be kept to a minimum.  
 
17.3.4 Disturbance of ceiling tiles where fiberglass insu lation 
exists requires the same procedures as if installat ion or removal 
was taking place. 
 
 
BY THE SIGNING OF THIS DOCUMENT AND INITIALING EACH PAGE HEREOF, 
THE CONTRACTOR CERTIFIES THAT HE HAS READ AND UNDERSTANDS ALL OF 
THE ABOVE AND AGREES TO ABIDE BY THESE GENERAL CONSTRUCTION 
CONDITIONS. 
CONTRACTOR 
 
 
BY: _________________________ 
 
TITLE: ______________________ 
 
DATE: _______________________ 
 
 
 
 constcnd.doc  
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SECTION 011000 - SUMMARY OF WORK 

 

 

PART 1 - GENERAL 

 

1.1 WORK COVERED BY THE CONTRACT DOCUMENTS 

 

Work of this Contract consists of the following: 

 

A. Install chillers, cooling tower, and pumps.  

 

B. Associated piping, controls, structural, and electrical modifications/upgrades. 

 

C. Test and balance newly installed mechanical equipment.  

 

 

1.2 CONTRACT METHOD 

 

A. Construct work under a single lump sum contract. 

 

1.3 WORK SEQUENCE 

 

A.  Construct the work to provide for continuous usage of the existing chilled water systems.  

 

B.  Any required shutdowns shall be coordinated with the owner and final decision on time, 

day and duration of shutdown will belong to the owner.  

 

1.4 CONTRACTOR USE OF PREMISES 

 

A. Limit use of premises for Work, storage and access to allow: 

 

1. Owner occupancy of designated areas in coordination with the contractor. 

2. Staging area for storage and parking as identified on plans. 

 

B. Assume full responsibility for protection and safekeeping of products under this Contract. 

 

1.5 CONTRACTOR RESPONSIBILITIES:  

 

A. Designate submittals and delivery date for each product. 

 

B. Review shop drawings, product data, samples, and other submittals.  Submit to the 

Designer with notification of any observed discrepancies or problems anticipated due to 

non-conformance with Contract Documents. 

 

C. Receive and unload products at site. 

 

D. Handle products at site, including uncrating and storage. 

 

E. Protect products from damage and from exposure to elements. 

 



SUMMARY OF WORK       011000 - 2 

F. Assemble, install, connect, adjust, and finish products. 

 

G. Provide installation inspections required by public authorities. 

 

H. Repair and replace items damaged by the contractor or his operations. 

 

I. Coordinate disposal of materials and equipment with the owner. 

 

J. Contractor is responsible for all work associated with the relocation of all conduit, 

junction boxes, etc. that need to be relocated for the installation of new work. Contractor 

shall coordinate the relocation along with any service outages with the Designer and the 

facility manager prior to relocation. 

 

END OF SECTION 
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SECTION 013300 - SUBMITTALS 

 

PART 1 - GENERAL 

 

1.1 SUMMARY 

 

A. This Section specifies administrative and procedural requirements for submittals required 

for performance of the Work, including; 

 

1. Shop Drawings. 

2.  Product Data. 

 

B.  Include RFP project number on all submittals, documents, correspondence, etc. 

 

1.2 SUBMITTAL PROCEDURES 

 

A. Coordination: Coordinate preparation and processing of submittals with  performance of 

construction activities. Transmit each submittal sufficiently in advance of performance of 

related construction activities to avoid delay. 

 

1. Coordinate each submittal with fabrication, purchasing, testing, delivery,   

   other submittals and related activities that require sequential activity. 

2. Coordinate transmittal of different types of submittals for related elements  

   of the Work so processing will not be delayed by the need to review   

   submittals concurrently for Coordination.  

a. The Designer reserves the right to withhold action on a submittal 

requiring Coordination with other submittals until related submittals are 

received. 

3. Processing: Allow sufficient review time so that installation will not be   

   delayed as a result of the time required to process submittals, including   

   time for re-submittals. 

a. Allow two weeks for initial review. Allow additional time if processing 

must be delayed to permit coordination with subsequent submittals. The 

Designer will promptly advise the Contractor when a submittal being 

processed must be delayed for coordination. 

b. If an intermediate submittal is necessary, process the same as the initial 

submittal. 

c. Allow two weeks for reprocessing each submittal. 

d. No extension of Contract Time will be authorized because of failure to 

transmit submittals to the Designer sufficiently in advance of the Work to 

permit processing. 

e. Any individual submittal item shall be permitted to have one related re-

submittal. Further subsequent re-submittals are considered excessive and 

Designer review time for these excessive items shall be paid by the 

Contractor on an hourly basis at a rate of $150/hour. 

4. The Owner's representative shall notify the Designer within seven (7) days of any 

concerns regarding the submittals. 

5. Submittal Preparation: Place a permanent label or title block on each submittal for 

identification. Indicate the name of the entity that prepared each submittal on the 

label or title block, as well as the RFP project number. 
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6. Submittal Transmittal: Package each submittal appropriately for transmittal and 

handling. Transmit each submittal from Contractor to Designer using a transmittal 

form. Submittals received from sources other than the Contractor will be returned 

without action. 

a. On the transmittal Record relevant information and requests for data. On 

the form, or separate sheet, record deviations from Contract Document 

requirements, including minor variations and limitations. Include 

Contractor's certification that information complies with Contract 

Document requirements. 

1.3 SHOP DRAWINGS 

 

A. Submit newly prepared information, drawn to accurate scale. Highlight, encircle, or 

otherwise indicate deviations from the Contract Documents. Do not reproduce Contract 

Documents or copy standard information as the basis of Shop Drawings. Standard 

information prepared without specific reference to the Project is not considered Shop 

Drawings. 

 

B. Shop Drawings include fabrication and installation drawings, setting diagrams, schedules, 

patterns, templates and similar drawings. Include the following information: 

 

1. Dimensions. 

2.  Identification of products and materials included. 

3. Compliance with specified standards. 

4. Notation of coordination requirements. 

5. Notation of dimensions established by field measurement. 

 

 

1.4 PRODUCT DATA 

A. Collect Product Data into a single submittal for each element of construction or  system. 

Product Data includes printed information such as manufacturer's  installation instructions, 

catalog cuts, standard color charts, roughing_in diagrams  and templates, standard wiring 

diagrams and performance curves. Where  Product Data must be specially prepared because 

standard printed data is not  suitable for use, submit as "Shop Drawings." 

 

1. Mark each copy to show applicable choices and options. Where printed Product 

Data includes information on several products, some of which are not required, 

mark copies to indicate the applicable information. Include the following 

information: 

a. Manufacturer's printed recommendations. 

b. Compliance with recognized trade association standards. 

c.  Compliance with recognized testing agency standards. 

d. Application of testing agency labels and seals. 

e. Notation of dimensions verified by field measurement. 

f. Notation of coordination requirements. 

2. Do not submit Product Data until compliance with requirements of the Contract 

Documents have been confirmed. 

 

B. Submittals: Submit 3 copies of each required submittal plus the number of copies required 

by the Contractor for distribution to his subcontractors and suppliers; submit additional 
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copies for maintenance and operation manuals at closeout. The Designer will retain 1 

copy, the owner will retain 1 copy, and the remainder will be returned. 

 

1. Distribution: Furnish copies of final submittal to installers, subcontractors, 

suppliers, manufacturers, fabricators, and others required for performance of 

construction activities. Show distribution on transmittal forms.  

a. Do not proceed with installation until an applicable copy of Product Data 

applicable is in the installer's possession. 

b. Do not permit use of unmarked copies of Product Data in connection with 

construction. 

1.5 DESIGNER'S ACTION 

A. Except for submittals for record, information or similar purposes, where action  and 

return is required or requested, the Designer will review each submittal, mark  to 

indicate action taken, and return promptly. 

1. Compliance with specified characteristics is the Contractor's responsibility. 

2. The Designer or his/her consultants will review the submittals once for 

compliance. Non-complying submittals will be returned. Re-submittals for 

previously submitted/non-conforming submittals will be reviewed at the 

Designers’ standard hourly rates and that time deducted from the Contractor’s Pay 

Request through Change Order. 

B. Action Stamp: The Designer will stamp each submittal with a uniform, self-

 explanatory action stamp. The stamp will be appropriately marked, as follows, to 

 indicate the action taken: 

1. Final Unrestricted Release: Where submittals are marked "No Exceptions Taken,” 

that part of the Work covered by the submittal may proceed provided it complies 

with requirements of the Contract Documents; final acceptance will depend upon 

that compliance. 

2. Final-But-Restricted Release: When submittals are marked "Make Corrections 

Noted," that part of the Work covered by the submittal may proceed provided it 

complies with notations or corrections on the submittal and requirements of the 

Contract Documents; final acceptance will depend on that compliance. 

3. Returned for Re-submittal: When submittal is marked "Amend and Resubmit," do 

not proceed with that part of the Work covered by the submittal, including 

purchasing, fabrication, delivery, or other activity. Revise or prepare a new 

submittal in accordance with the notations; resubmit without delay. Repeat if 

necessary to obtain a different action mark. 

a. Do not permit submittals marked "Amend and Resubmit" to be used at 

the Project site, or elsewhere where Work is in progress. 

4. Rejected: The item is rejected as not in accordance with the contract requirements, 

or for other justified cause. The submission shall be corrected and resubmitted. 

No item is to be fabricated or furnished under this stamp. 

 

PART 2 - PRODUCTS (Not Applicable). 

 

PART 3 - EXECUTION (Not Applicable). 

 

END OF SECTION 
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SECTION 014000 - QUALITY CONTROL   

 

PART 1 - GENERAL 

 

1.1 STANDARD AND INDUSTRY SPECIFICATIONS 

 

A. Material or operations specified by reference to the published specifications of a 

manufacturer, testing agency, society, association, or other published standards shall 

comply with the requirements in the latest revision thereof and amendments or 

supplements thereto in effect on the date of Invitation to Bidders. 

 

B. Discrepancies between referenced specifications and contract documents shall be 

governed by the latter unless written interpretation is obtained from the Engineer.  

Discrepancies between referenced specifications or standards shall be governed by the 

more stringent. 

 

C. Material or work specified by reference to conform to a standard, code, law or regulation 

shall be governed by Contract Drawings and Specifications when they exceed the 

requirements of such references.  Referenced standards shall govern when they exceed the 

Contract Drawings and Specifications. 

 

1.2 MANUFACTURER’S DIRECTIONS 

 

A. Manufactured articles, materials and equipment shall be utilized as directed by the 

manufacturers unless herein specified to the contrary.  Discrepancy between an installation 

required by the Contract Drawings and Specifications and the manufacturer's instructions 

and recommendations shall be resolved by the Owner’s Representative before the work 

may proceed. 

 

B. The Contractor shall, if requested, furnish an affidavit from manufacturer certifying that 

materials or products being furnished meet specified requirements. Such certification, 

however, shall not relieve Contractor from responsibility of complying with other 

requirements of Contract Documents. 

 

1.3 APPLICABILITY 

 

A. Standards referred to, except as modified in specifications, shall have full force and effect 

as though recited in full in specifications.  These standards are not furnished to bidders for 

the reason that manufacturers and trades involved are assumed to be familiar with their 

requirements.  Engineer will furnish, upon request, information as to how copies or 

referenced standards may be obtained. 

 

1.4 PAYMENT FOR TESTING 

 

All testing shall be at the Contractor's expense.  Copies of test reports to be submitted to Designer 

and Owner’s Representative. 

 

END OF SECTION 
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SECTION 015000 - TEMPORARY FACILITIES AND CONTROLS 

 

 

PART 1 - GENERAL 

 

1.1 DESCRIPTION 

 

A. This section provides specific information and defines specific requirements of the 

Contractor regarding the providing, maintaining, and removing of temporary construction 

utilities.  Items covered include: 

 

1. Construction Work and Staging Areas 

2. Construction Offices 

3. Temporary Telephone Service 

4. Temporary Utilities 

5. Temporary Sanitary Facilities 

6. Temporary Heat 

7. Removal of Temporary Facilities and Utilities 

 

1.3 CONSTRUCTION WORK AND STAGING AREAS 

 

A. The Contractor shall limit his operations, storage of equipment and materials, and parking 

of his employees to the areas designated on the documents. 

 

B. Temporary work, office and storage buildings, equipment and material storage areas, and 

parking for employees shall be limited to the Construction Staging and Equipment 

Storage Areas described on the drawings, except as otherwise approved by the Owner 

and the facility. 

 

C. The Contractor is solely responsible for the safety and security of the material storage 

area. 

 

1.4 CONSTRUCTION OFFICE 

 

A. If provided, the office shall be located in the Construction Staging Area.  The office shall 

be the headquarters of the Contractor's project manager or construction supervisor 

authorized to receive drawings, instructions, communications, articles, or other items 

from the Designer and Owner. 

 

1.5 TEMPORARY TELEPHONE SERVICE 

 

A. The Contractor shall provide telephone service for his construction office.  The 

Contractor shall pay the cost for installing all telephone service.  The Contractor shall pay 

all monthly service fees and long distance charges for the phone.  Cell phone usage is 

acceptable in lieu of installing temporary phone service. 

 

1.6 TEMPORARY UTILITIES 

 

A. Drinking Water Facilities:  Provide containerized tap-dispenser bottled-water type 

drinking water unit, including paper supply. 
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B. Water and Electric Power Service:  Water and electric power required for construction 

activities that must be provided from utility company shall be paid for by the Contractor.  

Abuse of this privilege will be cause for cancellation of the same.  At which time, the 

Contractor will be responsible for providing utilities at no additional cost to the Contract. 

 

C. The Contractor shall furnish and install all temporary piping, wiring and meters that may 

be required for use of water and electric power.  Remove all temporary piping and wiring 

upon completion of work. 

 

 

1.7 TEMPORARY SANITARY FACILITIES 

 

A. The Contractor shall provide and maintain sanitary facilities for his employees, and 

employees of subcontractors, during the construction period.  The facilities shall comply 

with the regulations of local and state health departments. 

 

B. The waste from sanitary facilities located on the construction site shall be disposed of in 

such a manner that state and local regulations are not violated.  Any fines associated with 

the improper disposal of the waste shall be paid for by the contractor. 

 

C. The Contractor shall pay for all materials, equipment, installation, and maintenance of the 

temporary sanitary facilities.  

 

1.8 TEMPORARY HEAT 

 

A. All supplemental heating required to maintain buildings heat at 50
o
 F or above shall be 

classified as "Temporary Heat".  All such heat required shall be provided by the 

Contractor.  

 

B. The heat shall be warm air heat from oil- or gas-fired portable unit heaters suitably 

vented to outside as required for protection of health and property.  Heaters whose 

products of combustion are emitted within the heated space shall be used only as 

approved by OSHA.  Open salamander-type heaters will not be permitted. 

 

C. Any part of a building or its contents that becomes damaged because of lack of heat shall 

be repaired or replaced at the expense of the Contractor.   

 

D. Except as otherwise called for; the temperature in all parts of the buildings shall be kept 

above 50
o
 F.   

 

E. Upon acceptance and/or occupancy of a building by the Owner, the Contractor's 

responsibility for temporary heating as specified above shall be terminated. 

 

1.9 REMOVAL OF TEMPORARY FACILITIES AND UTILITIES 

 

A. At such time or times that any temporary construction facilities and utilities are no longer 

required for the work, the Contractor shall notify the Owner of his intent and schedule for 

the removal of the temporary facilities and utilities and obtain the Owner's approval 

before removing the same.  As approved, the Contractor shall remove the temporary 

facilities and utilities from the site as his property and leave the site in such condition as 

specified, as directed by the Owner, and/or as shown on the Contract Drawings. 
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B. The site shall be left in a condition that will restore original drainage, be evenly graded, 

and be left with an appearance equal to, or better than, the original. 

 

1.10 TEMPORARY BARRIERS, ENCLOSURES AND SECURITY 

 

 A. Barriers and Enclosures: 

  1. Provide temporary barriers and enclosures inside and outside 

building for safety, unauthorized entry, protection of existing facilities, protection 

of existing vegetation, protection of materials, and protection of materials, and 

protection against the weather. 

  2. Provide temporary weather-tight closure of exterior openings to 

accommodate acceptable working conditions and protection of Products, and to 

allow for temporary heating and maintenance of required ambient temperatures. 

  3. Provide temporary protection at existing sidewalks in 

compliance with regulations of authority having jurisdiction. 

 

 B. Security:  Provide security and facilities to protect Work and existing facilities 

from unauthorized entry, vandalism, and theft. 

 C. All Temporary Barriers, Enclosures and Security Measures must be presented 

and approved by the Owner and/or designated appointee prior to the commencement of 

work involving the Barrier, Enclosure and Security Measure(s). 

 

   

PART 2 - NOT USED 

 

PART 3 - NOT USED 

 

 

END OF SECTION 
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SECTION 017700 - CLOSEOUT PROCEDURES 

PART 1 - GENERAL 

1.1 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. 

1.2 ACTION SUBMITTALS 

A. Contractor's List of Incomplete Items:  Initial submittal at Substantial Completion. 

B. Certified List of Incomplete Items:  Final submittal at Final Completion. 

1.3 CLOSEOUT SUBMITTALS 

A. Certificates of Release:  From authorities having jurisdiction. 

B. Certificate of Insurance:  For continuing coverage. 

C. Field Report:  For pest control inspection. 

1.4 MAINTENANCE MATERIAL SUBMITTALS 

A. Schedule of Maintenance Material Items:  For maintenance material submittal items specified in 

other Sections. 

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. 
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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 Sections, including specific warranties, 

workmanship bonds, maintenance service agreements, final certifications, and similar 

documents. 

4. Submit test/adjust/balance records. 

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. Make final changeover of permanent locks and deliver keys to Owner.  Advise Owner's 

personnel of changeover in security provisions. 

3. Complete startup and testing of systems and equipment. 

4. Instruct Owner's personnel in operation, adjustment, and maintenance of products, 

equipment, and systems.  Submit demonstration and training video recordings specified 

in Section "Demonstration and Training." 

5. Advise Owner of changeover in heat and other utilities. 

6. Terminate and remove temporary facilities from Project site, along with mockups, 

construction tools, and similar elements. 

7. Complete final cleaning requirements, including touchup painting. 

8. 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, Designer will either proceed with inspection or notify Contractor of 

unfulfilled requirements.  Designer 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 Designer, 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. 

1.6 FINAL COMPLETION PROCEDURES 

A. Preliminary Procedures:  Before requesting final inspection for determining final completion, 

complete the following: 

1. Submit a final Application for Payment according to Section 012900 "Payment 

Procedures." 

2. Certified List of Incomplete Items:  Submit certified copy of Designer's Substantial 

Completion inspection list of items to be completed or corrected (punch list), endorsed 
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and dated by Designer.  Certified copy of the list shall state that each item has been 

completed or otherwise resolved for acceptance. 

3. Certificate of Insurance:  Submit evidence of final, continuing insurance coverage 

complying with insurance requirements. 

4. Submit pest-control final inspection report and warranty. 

5. Instruct Owner's personnel in operation, adjustment, and maintenance of products, 

equipment, and systems.Submit demonstration and training video recordings. 

B. Inspection:  Submit a written request for final inspection to determine acceptance.  On receipt of 

request, Designer will either proceed with inspection or notify Contractor of unfulfilled 

requirements.  Designer 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. 

1.8 SUBMITTAL OF PROJECT WARRANTIES 

A. Time of Submittal:  Submit written warranties on request of Designer 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. Organize warranty documents into an orderly sequence based on the table of contents of the 

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 

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. 

C. Provide additional copies of each warranty to include in operation and maintenance manuals. 
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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. 

PART 3 - EXECUTION 

3.1 FINAL CLEANING 

A. General:  Perform final cleaning.  Conduct cleaning and waste-removal operations to comply 

with local laws and ordinances and Federal and local environmental and antipollution 

regulations. 

B. Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  Clean each 

surface or unit to condition expected in an average commercial building cleaning and 

maintenance program.  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: 

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. Clean 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. 

f. Remove debris and surface dust from limited access spaces, including roofs, 

plenums, shafts, trenches, equipment vaults, manholes, attics, and similar spaces. 

g. Sweep concrete floors broom clean in unoccupied spaces. 

h. Remove labels that are not permanent. 

i. Wipe surfaces of mechanical and electrical equipment, and similar equipment.  

Remove excess lubrication, paint and mortar droppings, and other foreign 

substances. 

j. Leave Project clean and ready for occupancy. 
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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. 

Restore damaged construction and permanent facilities used during construction to specified 

condition. 

1. Remove and replace chipped, scratched, and broken glass, reflective surfaces, and other 

damaged transparent materials. 

2. 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. 

3. Replace parts subject to operating conditions during construction that may impede 

operation or reduce longevity. 

END OF SECTION 017700 



PROJECT RECORD DOCUMENTS 017839 - 1 

SECTION 017839 - PROJECT RECORD DOCUMENTS 

PART 1 - GENERAL 

1.1 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. 

1.2 CLOSEOUT SUBMITTALS 

A. Record Drawings:  Comply with the following: 

1. Number of Copies:  Submit one set(s) of marked-up record prints. 

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. Record data as soon as possible after obtaining it. 

c. Record and check the markup before enclosing concealed installations. 

2. Mark the Contract Drawings and Shop Drawings completely and accurately.  Use 

personnel proficient at recording graphic information in production of marked-up record 

prints. 

3. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish 

between changes for different categories of the Work at same location. 

4. Note Construction Change Directive numbers, alternate numbers, Change Order 

numbers, and similar identification, where applicable. 

B. Format:  Identify and date each record Drawing; include the designation "PROJECT RECORD 

DRAWING" in a prominent location. 
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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. 

END OF SECTION 017839 
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SECTION 017900 - DEMONSTRATION AND TRAINING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes administrative and procedural requirements for instructing Owner's personnel, 

including the following: 

1. Demonstration of operation of systems, subsystems, and equipment. 

2. Training in operation and maintenance of systems, subsystems, and equipment. 

3. Demonstration and training video recordings. 

1.2 CLOSEOUT SUBMITTALS 

A. Demonstration and Training Video Recordings:  Submit two copies within seven days of end of 

each training module. 

1. At completion of training, submit complete training manual(s) for Owner's use prepared 

and bound in format matching operation and maintenance manuals. 

1.3 COORDINATION 

A. Coordinate instruction schedule with Owner's operations.  Adjust schedule as required to 

minimize disrupting Owner's operations and to ensure availability of Owner's personnel. 

B. Coordinate content of training modules with content of approved emergency, operation, and 

maintenance manuals.  Do not submit instruction program until operation and maintenance data 

has been reviewed and approved by Designer. 

PART 2 - PRODUCTS 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Assemble educational materials necessary for instruction, including documentation and training 

module.  Assemble training modules into a training manual organized in coordination with 

Operation and Maintenance Data. 
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3.2 INSTRUCTION 

A. Engage qualified instructors to instruct Owner's personnel to adjust, operate, and maintain 

systems, subsystems, and equipment not part of a system. 

1. Owner will furnish Contractor with names and positions of participants. 

B. Scheduling:  Provide instruction at mutually agreed on times.  For equipment that requires 

seasonal operation, provide similar instruction at start of each season. 

1. Schedule training with Owner through Designer with at least seven days' advance 

notice. 

C. Training Location and Reference Material:  Conduct training on-site in the completed and fully 

operational facility using the actual equipment in-place.  Conduct training using final operation 

and maintenance data submittals. 

3.3 DEMONSTRATION AND TRAINING VIDEO RECORDINGS 

A. Video Recording Format:  Provide high-quality color video recordings with menu navigation in 

format acceptable to Designer. 

END OF SECTION 017900 
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SECTION 033000 - CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes cast-in-place concrete, including formwork, reinforcement, concrete materials, 

mixture design, placement procedures, and finishes. 

1.2 ACTION SUBMITTALS 

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

B. Design Mixtures:  For each concrete mixture. 

C. Steel Reinforcement Shop Drawings:  Placing drawings that detail fabrication, bending, and 

placement. 

1.3 INFORMATIONAL SUBMITTALS 

A. Material certificates. 

B. Material test reports. 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  A firm experienced in manufacturing ready-mixed concrete 

products and that complies with ASTM C 94/C 94M requirements for production facilities and 

equipment. 

1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete 

Production Facilities." 

B. Testing Agency Qualifications:  An independent agency, acceptable to authorities having 

jurisdiction, qualified according to ASTM C 1077 and ASTM E 329 for testing indicated. 

C. ACI Publications:  Comply with the following unless modified by requirements in the Contract 

Documents: 

1. ACI 301, "Specifications for Structural Concrete," Sections 1 through 5. 

2. ACI 117, "Specifications for Tolerances for Concrete Construction and Materials." 

D. Concrete Testing Service:  Engage a qualified independent testing agency to perform material 

evaluation tests and to design concrete mixtures. 

E. Preinstallation Conference:  Conduct conference at Project site. 
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PART 2 - PRODUCTS 

2.1 FORM-FACING MATERIALS 

A. Smooth-Formed Finished Concrete:  Form-facing panels that will provide continuous, true, and 

smooth concrete surfaces.  Furnish in largest practicable sizes to minimize number of joints. 

B. Rough-Formed Finished Concrete:  Plywood, lumber, metal, or another approved material.  

Provide lumber dressed on at least two edges and one side for tight fit. 

2.2 STEEL REINFORCEMENT 

A. Recycled Content of Steel Products:  Postconsumer recycled content plus one-half of 

preconsumer recycled content not less than 60 percent. 

B. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed. 

C. Plain-Steel Welded Wire Reinforcement:  ASTM A 185/A 185M, plain, fabricated from as-

drawn steel wire into flat sheets. 

D. Deformed-Steel Welded Wire Reinforcement:  ASTM A 497/A 497M, flat sheet. 

E. Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening 

reinforcing bars and welded wire reinforcement in place.  Manufacture bar supports from steel 

wire, plastic, or precast concrete according to CRSI's "Manual of Standard Practice. 

2.3 CONCRETE MATERIALS 

A. Cementitious Material:  Use the following cementitious materials, of the same type, brand, and 

source, throughout Project: 

1. Portland Cement:  ASTM C 150, Type I/II, gray.  Supplement with the following: 

a. Fly Ash:  ASTM C 618, Class F or C. 

b. Ground Granulated Blast-Furnace Slag:  ASTM C 989, Grade 100 or 120. 

B. Normal-Weight Aggregates:  ASTM C 33, graded. 

1. Maximum Coarse-Aggregate Size:  1 inch (25 mm) nominal. 

2. Fine Aggregate:  Free of materials with deleterious reactivity to alkali in cement. 

C. Water:  ASTM C 94/C 94M. 

2.4 ADMIXTURES 

A. Air-Entraining Admixture:  ASTM C 260. 
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B. Chemical Admixtures:  Provide admixtures certified by manufacturer to be compatible with 

other admixtures and that will not contribute water-soluble chloride ions exceeding those 

permitted in hardened concrete.  Do not use calcium chloride or admixtures containing calcium 

chloride. 

1. Water-Reducing Admixture:  ASTM C 494/C 494M, Type A. 

2. Retarding Admixture:  ASTM C 494/C 494M, Type B. 

3. Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, Type D. 

4. High-Range, Water-Reducing Admixture:  ASTM C 494/C 494M, Type F. 

5. High-Range, Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, 

Type G. 

6. Plasticizing and Retarding Admixture:  ASTM C 1017/C 1017M, Type II. 

2.5 WATERSTOPS 

A. Flexible Rubber Waterstops:  CE CRD-C 513, with factory-installed metal eyelets, for 

embedding in concrete to prevent passage of fluids through joints.  Factory fabricate corners, 

intersections, and directional changes. 

B. Flexible PVC Waterstops:  CE CRD-C 572, with factory-installed metal eyelets, for embedding 

in concrete to prevent passage of fluids through joints.  Factory fabricate corners, intersections, 

and directional changes. 

C. Self-Expanding Rubber Strip Waterstops:  Manufactured rectangular or trapezoidal strip, 

bentonite-free hydrophilic polymer modified chloroprene rubber, for adhesive bonding to 

concrete, 3/8 by 3/4 inch (10 by 19 mm). 

2.6 CURING MATERIALS 

A. Evaporation Retarder:  Waterborne, monomolecular film forming, manufactured for application 

to fresh concrete. 

B. Absorptive Cover:  AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, weighing 

approximately 9 oz./sq. yd. (305 g/sq. m) when dry. 

C. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene 

sheet. 

D. Water:  Potable. 

E. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B, 

dissipating. 

F. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B, 

nondissipating, certified by curing compound manufacturer to not interfere with bonding of 

floor covering. 
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2.7 RELATED MATERIALS 

A. Expansion- and Isolation-Joint-Filler Strips:  ASTM D 1751, asphalt-saturated cellulosic fiber 

or ASTM D 1752, cork or self-expanding cork. 

2.8 CONCRETE MIXTURES 

A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of 

laboratory trial mixture or field test data, or both, according to ACI 301. 

B. Cementitious Materials:  Use fly ash, pozzolan, ground granulated blast-furnace slag, and silica 

fume as needed to reduce the total amount of portland cement, which would otherwise be used, 

by not less than 25 percent. 

C. Admixtures:  Use admixtures according to manufacturer's written instructions. 

1. Use water-reducing, high-range water-reducing or plasticizing admixture in concrete, as 

required, for placement and workability. 

2. Use water-reducing and retarding admixture when required by high temperatures, low 

humidity, or other adverse placement conditions. 

3. Use water-reducing admixture in pumped concrete, concrete for heavy-use industrial 

slabs and parking structure slabs, concrete required to be wate                                                                           

rtight, and concrete with a water-cementitious materials ratio below 0.50. 

D. Proportion normal-weight concrete mixture for foundations and columns as follows: 

1. Minimum Compressive Strength:  4000 psi (27.6 MPa) at 28 days. 

2. Maximum Water-Cementitious Materials Ratio:  0.45. 

3. Slump Limit:  4 inches (100 mm), plus or minus 1 inch (25 mm). 

4. Air Content:  Do not allow air content of trowel-finished floors to exceed 3 percent. 

E. Proportion normal-weight concrete mixture for slab-on-grade as follows: 

1. Minimum Compressive Strength:  4000 psi (27.6 MPa) at 28 days. 

2. Minimum Cementitious Material:  470 lb/cu.yd. 

3. Slump Limit:  4 inches (100 mm), plus or minus 1 inch (25 mm). 

4. Air Content:  5.5 percent, plus or minus 1.5 percent at point of delivery for 1” inch (38-

mm) nominal maximum aggregate size. 

2.9 FABRICATING REINFORCEMENT 

A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 

2.10 CONCRETE MIXING 

A. Ready-Mixed Concrete:  Measure, batch, mix, and deliver concrete according to 

ASTM C 94/C 94M and ASTM C 1116/C 1116M, and furnish batch ticket information. 
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1. When air temperature is between 85 and 90 deg F (30 and 32 deg C), reduce mixing and 

delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F (32 

deg C), reduce mixing and delivery time to 60 minutes. 

PART 3 - EXECUTION 

3.1 FORMWORK 

A. Design, erect, shore, brace, and maintain formwork, according to ACI 301, to support vertical, 

lateral, static, and dynamic loads, and construction loads that might be applied, until structure 

can support such loads. 

B. Construct formwork so concrete members and structures are of size, shape, alignment, 

elevation, and position indicated, within tolerance limits of ACI 117. 

C. Chamfer exterior corners and edges of permanently exposed concrete. 

3.2 EMBEDDED ITEMS 

A. Place and secure anchorage devices and other embedded items required for adjoining work that 

is attached to or supported by cast-in-place concrete.  Use setting drawings, templates, 

diagrams, instructions, and directions furnished with items to be embedded. 

3.3 STEEL REINFORCEMENT 

A. General:  Comply with CRSI's "Manual of Standard Practice" for placing reinforcement. 

1. Do not cut or puncture vapor retarder.  Repair damage and reseal vapor retarder before 

placing concrete. 

3.4 JOINTS 

A. General:  Construct joints true to line with faces perpendicular to surface plane of concrete. 

B. Construction Joints:  Install so strength and appearance of concrete are not impaired, at 

locations indicated or as approved by Engineer. 

C. Contraction Joints in Slabs-on-Grade:  Form weakened-plane contraction joints, sectioning 

concrete into areas as indicated.  Construct contraction joints for a depth equal to at least one-

fourth of concrete thickness as follows: 

1. Grooved Joints:  Form contraction joints after initial floating by grooving and finishing 

each edge of joint to a radius of 1/8 inch (3.2 mm).  Repeat grooving of contraction joints 

after applying surface finishes.  Eliminate groover tool marks on concrete surfaces. 

2. Sawed Joints:  Form contraction joints with power saws equipped with shatterproof 

abrasive or diamond-rimmed blades.  Cut 1/8-inch- (3.2-mm-) wide joints into concrete 
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when cutting action will not tear, abrade, or otherwise damage surface and before 

concrete develops random contraction cracks. 

D. Isolation Joints in Slabs-on-Grade:  After removing formwork, install joint-filler strips at slab 

junctions with vertical surfaces, such as column pedestals, foundation walls, grade beams, and 

other locations, as indicated. 

E. Waterstops:  Install in construction joints and at other joints indicated according to 

manufacturer's written instructions. 

3.5 CONCRETE PLACEMENT 

A. Before placing concrete, verify that installation of formwork, reinforcement, and embedded 

items is complete and that required inspections have been performed. 

B. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no new 

concrete will be placed on concrete that has hardened enough to cause seams or planes of 

weakness.  If a section cannot be placed continuously, provide construction joints as indicated.  

Deposit concrete to avoid segregation. 

1. Consolidate placed concrete with mechanical vibrating equipment according to ACI 301. 

C. Cold-Weather Placement:  Comply with ACI 306.1. 

D. Hot-Weather Placement:  Comply with ACI 301. 

3.6 FINISHING FORMED SURFACES 

A. Rough-Formed Finish:  As-cast concrete texture imparted by form-facing material with tie holes 

and defects repaired and patched.  Remove fins and other projections that exceed specified 

limits on formed-surface irregularities. 

1. Apply to concrete surfaces not exposed to public view. 

B. Smooth-Formed Finish:  As-cast concrete texture imparted by form-facing material, arranged in 

an orderly and symmetrical manner with a minimum of seams.  Repair and patch tie holes and 

defects.  Remove fins and other projections that exceed specified limits on formed-surface 

irregularities. 

1. Apply to concrete surfaces exposed to public view, to receive a rubbed finish. 

C. Rubbed Finish:  Apply the following to smooth-formed finished as-cast concrete where 

indicated: 

1. Smooth-Rubbed Finish:  Not later than one day after form removal, moisten concrete 

surfaces and rub with carborundum brick or another abrasive until producing a uniform 

color and texture.  Do not apply cement grout other than that created by the rubbing 

process. 
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D. Related Unformed Surfaces:  At tops of walls, horizontal offsets, and similar unformed surfaces 

adjacent to formed surfaces, strike off smooth and finish with a texture matching adjacent 

formed surfaces.  Continue final surface treatment of formed surfaces uniformly across adjacent 

unformed surfaces unless otherwise indicated. 

3.7 FINISHING FLOORS AND SLABS 

A. General:  Comply with ACI 302.1R recommendations for screeding, restraightening, and 

finishing operations for concrete surfaces.  Do not wet concrete surfaces. 

B. Broom Finish:  Apply a broom finish to exterior concrete platforms, steps, ramps, and 

elsewhere as indicated. 

3.8 CONCRETE PROTECTING AND CURING 

A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot 

temperatures.  Comply with ACI 306.1 for cold-weather protection and ACI 301 for hot-

weather protection during curing. 

B. Evaporation Retarder:  Apply evaporation retarder to unformed concrete surfaces if hot, dry, or 

windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h (1 kg/sq. m x h) before and 

during finishing operations.  Apply according to manufacturer's written instructions after 

placing, screeding, and bull floating or darbying concrete, but before float finishing. 

C. Cure concrete according to ACI 308.1, by one or a combination of the following methods: 

1. Moisture Curing:  Keep surfaces continuously moist for not less than seven days. 

2. Moisture-Retaining-Cover Curing:  Cover concrete surfaces with moisture-retaining 

cover for curing concrete, placed in widest practicable width, with sides and ends lapped 

at least 12 inches (300 mm), and sealed by waterproof tape or adhesive.  Cure for not less 

than seven days.  Immediately repair any holes or tears during curing period using cover 

material and waterproof tape. 

3. Curing Compound:  Apply uniformly in continuous operation by power spray or roller 

according to manufacturer's written instructions.  Recoat areas subjected to heavy rainfall 

within three hours after initial application.  Maintain continuity of coating and repair 

damage during curing period. 

4. Curing and Sealing Compound:  Apply uniformly to floors and slabs indicated in a 

continuous operation by power spray or roller according to manufacturer's written 

instructions.  Recoat areas subjected to heavy rainfall within three hours after initial 

application.  Repeat process 24 hours later and apply a second coat.  Maintain continuity 

of coating and repair damage during curing period. 

3.9 CONCRETE SURFACE REPAIRS 

A. Defective Concrete:  Repair and patch defective areas when approved by Architect.  Remove 

and replace concrete that cannot be repaired and patched to Architect's approval. 
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3.10 FIELD QUALITY CONTROL 

A. Testing and Inspecting:  Owner will engage a qualified testing and inspecting agency to perform 

field tests and inspections and prepare test reports. 

END OF SECTION 033000 
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SECTION 042000 - UNIT MASONRY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Concrete masonry units (CMU's). 

2. Decorative concrete masonry units. 

3. Pre-faced concrete masonry units. 

1.2 PRECONSTRUCTION TESTING 

A. Preconstruction Testing Service:  Owner will engage a qualified independent testing agency to 

perform preconstruction testing indicated below.  Retesting of materials that fail to comply with 

specified requirements shall be done at Contractor's expense. 

1. Concrete Masonry Unit Test:  For each type of unit required, according to ASTM C 140 

for compressive strength. 

2. Mortar Test (Property Specification):  For each mix required, according to 

ASTM C 109/C 109M for compressive strength, ASTM C 1506 for water retention, and 

ASTM C 91 for air content. 

3. Grout Test (Compressive Strength):  For each mix required, according to ASTM C 1019. 

1.3 ACTION SUBMITTALS 

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

B. Shop Drawings:  For reinforcing steel.  Detail bending and placement of unit masonry 

reinforcing bars.  Comply with ACI 315, "Details and Detailing of Concrete 

Reinforcement."Show elevations of reinforced walls. 

C. Samples for Verification:  For each type and color of exposed masonry unit and colored mortar. 

1.4 INFORMATIONAL SUBMITTALS 

A. Material Certificates:  For each type and size of product indicated.  For masonry units include 

data on material properties material test reports substantiating compliance with requirements. 

B. Mix Designs:  For each type of mortar and grout.  Include description of type and proportions of 

ingredients. 

1. Include test reports for mortar mixes required to comply with property specification.  Test 

according to ASTM C 109/C 109M for compressive strength, ASTM C 1506 for water 

retention, and ASTM C 91 for air content. 



UNIT MASONRY 042000 - 2 

2. Include test reports, according to ASTM C 1019, for grout mixes required to comply with 

compressive strength requirement. 

1.5 QUALITY ASSURANCE 

A. Masonry Standard:  Comply with ACI 530.1/ASCE 6/TMS 602 unless modified by 

requirements in the Contract Documents. 

B. Sample Panels:  Build sample panels to verify selections made under sample submittals and to 

demonstrate aesthetic effects.  Comply with requirements in Section 014000 "Quality 

Requirements" for mockups. 

1. Build sample panels for each type of exposed unit masonry construction typical exterior 

wall typical interior wall in sizes approximately 48 inches (1200 mm) long by 48 inches 

(1200 mm) high by full thickness. 

1.6 PROJECT CONDITIONS 

A. Cold-Weather Requirements:  Do not use frozen materials or materials mixed or coated with ice 

or frost.  Do not build on frozen substrates.  Remove and replace unit masonry damaged by frost 

or by freezing conditions.  Comply with cold-weather construction requirements contained in 

ACI 530.1/ASCE 6/TMS 602. 

B. Hot-Weather Requirements:  Comply with hot-weather construction requirements contained in 

ACI 530.1/ASCE 6/TMS 602. 

PART 2 - PRODUCTS 

2.1 MASONRY UNITS, GENERAL 

A. Defective Units:  Referenced masonry unit standards may allow a certain percentage of units to 

contain chips, cracks, or other defects exceeding limits stated in the standard.  Do not use units 

where such defects will be exposed in the completed Work. 

2.2 CONCRETE MASONRY UNITS 

A. Shapes:  Provide shapes indicated and for lintels, corners, jambs, sashes, movement joints, 

headers, bonding, and other special conditions. 

B. Integral Water Repellent:  Provide units made with liquid polymeric, integral water repellent 

admixture that does not reduce flexural bond strength for exposed units. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. ACM Chemistries; RainBloc. 

b. BASF Aktiengesellschaft; Rheopel Plus. 
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c. Grace Construction Products, W. R. Grace & Co. - Conn.; Dry-Block. 

C. CMUs:  ASTM C 90. 

1. Unit Compressive Strength:  Provide units with minimum average net-area compressive 

strength of 2150 psi (14.8 MPa). 

2. Density Classification:  Lightweight. 

D. Decorative CMUs:  ASTM C 90. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. ACME Block and Brick Inc. www.acmeblockandbrick.com:  Ground face units. 

b. Trenwyth Industries www.trenwyth.com :  Trendstone units. 

2. Unit Compressive Strength:  Provide units with minimum average net-area compressive 

strength of 2150 psi (14.8 MPa). 

3. Density Classification:  Lightweight. 

4. Pattern and Texture: 

a. Standard pattern, ground-face finish, color selected by Owner.  From 

manufacturers full range. 

2.3  MASONRY LINTELS 

A. General:  Provide one of the following: 

B. Masonry Lintels:  Prefabricated or built-in-place masonry lintels made from bond beam CMUs 

with reinforcing bars placed as indicated and filled with coarse grout. 

2.4 MORTAR AND GROUT MATERIALS 

A. Portland Cement:  ASTM C 150, Type I or II, except Type III may be used for cold-weather 

construction.  Provide natural color or white cement as required to produce mortar color 

indicated. 

B. Hydrated Lime:  ASTM C 207, Type S. 

C. Portland Cement-Lime Mix:  Packaged blend of portland cement and hydrated lime containing 

no other ingredients. 

D. Mortar Pigments:  Natural and synthetic iron oxides and chromium oxides, compounded for use 

in mortar mixes and complying with ASTM C 979.  Use only pigments with a record of 

satisfactory performance in masonry mortar. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Davis Colors; True Tone Mortar Colors. 
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b. Lanxess Corporation; Bayferrox Iron Oxide Pigments. 

c. Solomon Colors, Inc.; SGS Mortar Colors. 

E. Colored Cement Product:  Packaged blend made from portland cement and hydrated lime and 

mortar pigments, all complying with specified requirements, and containing no other 

ingredients. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Colored Portland Cement-Lime Mix: 

1) Capital Materials Corporation; Riverton Portland Cement Lime Custom 

Color. 

2) Holcim (US) Inc.; Rainbow Mortamix Custom Color Cement/Lime. 

3) Lafarge North America Inc.; Eaglebond Portland & Lime. 

4) Lehigh Cement Company; Lehigh Custom Color Portland/Lime Cement. 

F. Aggregate for Mortar:  ASTM C 144. 

1. For joints less than 1/4 inch (6 mm) thick, use aggregate graded with 100 percent passing 

the No. 16 (1.18-mm) sieve. 

2. White-Mortar Aggregates:  Natural white sand or crushed white stone. 

3. Colored-Mortar Aggregates:  Natural sand or crushed stone of color necessary to produce 

required mortar color. 

G. Aggregate for Grout:  ASTM C 404. 

H. Epoxy Pointing Mortar:  ASTM C 395, epoxy-resin-based material formulated for use as 

pointing mortar for structural-clay tile facing units (and approved for such use by manufacturer 

of units); in color indicated or, if not otherwise indicated, as selected by Architect from 

manufacturer's colors. 

I. Cold-Weather Admixture:  Nonchloride, noncorrosive, accelerating admixture complying with 

ASTM C 494/C 494M, Type C, and recommended by manufacturer for use in masonry mortar 

of composition indicated. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Euclid Chemical Company (The); Accelguard 80. 

b. Grace Construction Products, W. R. Grace & Co. - Conn.; Morset. 

c. Sonneborn Products, BASF Aktiengesellschaft; Trimix-NCA. 

J. Water-Repellent Admixture:  Liquid water-repellent mortar admixture intended for use with 

CMUs containing integral water repellent by same manufacturer. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. ACM Chemistries; RainBloc for Mortar. 
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b. BASF Aktiengesellschaft; Rheopel Mortar Admixture. 

c. Grace Construction Products, W. R. Grace & Co. - Conn.; Dry-Block Mortar 

Admixture. 

K. Water:  Potable. 

2.5 REINFORCEMENT 

A. Uncoated Steel Reinforcing Bars:  ASTM A 615/A 615M or ASTM A 996/A 996M, Grade 60 

(Grade 420). 

B. Masonry Joint Reinforcement, General:  ASTM A 951/A 951M. 

1. Exterior Walls:  Hot-dip galvanized, carbon steel. 

2. Wire Size for Side Rods:  0.187-inch (4.76-mm) diameter. 

3. Wire Size for Cross Rods:  0.148-inch (3.77-mm) diameter. 

4. Spacing of Cross Rods, Tabs, and Cross Ties:  Not more than 16 inches (407 mm) o.c. 

5. Provide in lengths of not less than 10 feet (3 m), with prefabricated corner and tee units. 

C. Masonry Joint Reinforcement for Single-Wythe Masonry:  Either ladder or truss type with 

single pair of side rods. 

2.6 TIES AND ANCHORS 

A. Materials:  Provide ties and anchors specified in this article that are made from materials that 

comply with the following unless otherwise indicated. 

1. Hot-Dip Galvanized, Carbon-Steel Wire:  ASTM A 82/A 82M; with 

ASTM A 153/A 153M, Class B-2 coating. 

2. Steel Sheet, Galvanized after Fabrication:  ASTM A 1008/A 1008M, Commercial Steel, 

with ASTM A 153/A 153M, Class B coating. 

3. Steel Plates, Shapes, and Bars:  ASTM A 36/A 36M. 

B. Wire Ties, General:  Unless otherwise indicated, size wire ties to extend at least halfway 

through veneer but with at least 5/8-inch (16-mm) cover on outside face.  Outer ends of wires 

are bent 90 degrees and extend 2 inches (50 mm) parallel to face of veneer. 

C. Individual Wire Ties:  Rectangular units with closed ends and not less than 4 inches (100 mm) 

wide. 

1. Wire:  Fabricate from 3/16-inch- (4.76-mm-) diameter, hot-dip galvanized steel wire. 

D. Anchor Bolts:  Headed steel bolts complying with ASTM A 307, Grade A (ASTM F 568M, 

Property Class 4.6); with ASTM A 563 (ASTM A 563M) hex nuts and, where indicated, flat 

washers; hot-dip galvanized to comply with ASTM A 153/A 153M, Class C; of dimensions 

indicated. 
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2.7 MISCELLANEOUS MASONRY ACCESSORIES 

A. Compressible Filler:  Premolded filler strips complying with ASTM D 1056, Grade 2A1; 

compressible up to 35 percent; formulated from neoprene, urethane or PVC. 

B. Preformed Control-Joint Gaskets:  Made from styrene-butadiene-rubber compound, complying 

with ASTM D 2000, Designation M2AA-805 or PVC, complying with ASTM D 2287, 

Type PVC-65406 and designed to fit standard sash block and to maintain lateral stability in 

masonry wall; size and configuration as indicated. 

C. Bond-Breaker Strips:  Asphalt-saturated, organic roofing felt complying with ASTM D 226, 

Type I (No. 15 asphalt felt). 

2.8 MASONRY CLEANERS 

A. Proprietary Acidic Cleaner:  Manufacturer's standard-strength cleaner designed for removing 

mortar/grout stains, efflorescence, and other new construction stains from new masonry without 

discoloring or damaging masonry surfaces.  Use product expressly approved for intended use by 

cleaner manufacturer and manufacturer of masonry units being cleaned. 

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. Diedrich Technologies, Inc. 

b. EaCo Chem, Inc. 

c. ProSoCo, Inc. 

2.9 MORTAR AND GROUT MIXES 

A. General:  Do not use admixtures, including pigments, air-entraining agents, accelerators, 

retarders, water-repellent agents, antifreeze compounds, or other admixtures, unless otherwise 

indicated. 

1. Do not use calcium chloride in mortar or grout. 

2. Use portland cement-lime mortar unless otherwise indicated. 

3. For exterior masonry, use portland cement-lime mortar. 

4. For reinforced masonry, use portland cement-lime mortar. 

5. Add cold-weather admixture (if used) at same rate for all mortar that will be exposed to 

view, regardless of weather conditions, to ensure that mortar color is consistent. 

B. Preblended, Dry Mortar Mix:  Furnish dry mortar ingredients in form of a preblended mix.  

Measure quantities by weight to ensure accurate proportions, and thoroughly blend ingredients 

before delivering to Project site. 

C. Mortar for Unit Masonry:  Comply with ASTM C 270, Proportion Specification.  Provide the 

following types of mortar for applications stated unless another type is indicated. 

1. For masonry below grade or in contact with earth, use Type S. 
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2. For reinforced masonry, use Type S. 

3. For mortar parge coats, use Type S. 

D. Pigmented Mortar:  Use colored cement product or select and proportion pigments with other 

ingredients to produce color required.  Do not add pigments to colored cement products. 

1. Pigments shall not exceed 10 percent of portland cement by weight. 

2. Pigments shall not exceed 5 percent of masonry cement by weight. 

3. Application:  Use pigmented mortar for exposed mortar joints with the following units: 

a. Decorative CMUs. 

E. Colored-Aggregate Mortar:  Produce required mortar color by using colored aggregates and 

natural color or white cement as necessary to produce required mortar color. 

1. Mix to match Architect's sample. 

2. Application:  Use colored aggregate mortar for exposed mortar joints with the following 

units: 

a. Decorative CMUs. 

F. Grout for Unit Masonry:  Comply with ASTM C 476. 

1. Use grout of type indicated or, if not otherwise indicated, of type (fine or coarse) that will 

comply with Table 1.15.1 in ACI 530.1/ASCE 6/TMS 602 for dimensions of grout spaces 

and pour height. 

2. Proportion grout in accordance with ASTM C 476, Table 1 or paragraph 4.2.2 for 

specified 28-day compressive strength indicated, but not less than 3000 psi. 

3. Provide grout with a slump of 8 to 11 inches (203 to 279 mm) as measured according to 

ASTM C 143/C 143M. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Use full-size units without cutting if possible.  If cutting is required to provide a continuous 

pattern or to fit adjoining construction, cut units with motor-driven saws; provide clean, sharp, 

unchipped edges.  Allow units to dry before laying unless wetting of units is specified.  Install 

cut units with cut surfaces and, where possible, cut edges concealed. 

B. Select and arrange units for exposed unit masonry to produce a uniform blend of colors and 

textures. 

3.2 TOLERANCES 

A. Dimensions and Locations of Elements: 

1. For dimensions in cross section or elevation do not vary by more than plus 1/2 inch (12 

mm) or minus 1/4 inch (6 mm). 
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2. For location of elements in plan do not vary from that indicated by more than plus or 

minus 1/2 inch (12 mm). 

3. For location of elements in elevation do not vary from that indicated by more than plus or 

minus 1/4 inch (6 mm) in a story height or 1/2 inch (12 mm) total. 

B. Lines and Levels: 

1. For bed joints and top surfaces of bearing walls do not vary from level by more than 1/4 

inch in 10 feet (6 mm in 3 m), or 1/2 inch (12 mm) maximum. 

2. For conspicuous horizontal lines, such as lintels, sills, parapets, and reveals, do not vary 

from level by more than 1/8 inch in 10 feet (3 mm in 3 m), 1/4 inch in 20 feet (6 mm in 6 

m), or 1/2 inch (12 mm) maximum. 

3. For vertical lines and surfaces do not vary from plumb by more than 1/4 inch in 10 feet (6 

mm in 3 m), 3/8 inch in 20 feet (9 mm in 6 m), or 1/2 inch (12 mm) maximum. 

4. For conspicuous vertical lines, such as external corners, door jambs, reveals, and 

expansion and control joints, do not vary from plumb by more than 1/8 inch in 10 feet (3 

mm in 3 m), 1/4 inch in 20 feet (6 mm in 6 m), or 1/2 inch (12 mm) maximum. 

5. For lines and surfaces do not vary from straight by more than 1/4 inch in 10 feet (6 mm in 

3 m), 3/8 inch in 20 feet (9 mm in 6 m), or 1/2 inch (12 mm) maximum. 

C. Joints: 

1. For bed joints, do not vary from thickness indicated by more than plus or minus 1/8 inch 

(3 mm), with a maximum thickness limited to 1/2 inch (12 mm). 

2. For head and collar joints, do not vary from thickness indicated by more than plus 3/8 

inch (9 mm) or minus 1/4 inch (6 mm). 

3. For exposed head joints, do not vary from thickness indicated by more than plus or minus 

1/8 inch (3 mm). 

3.3 LAYING MASONRY WALLS 

A. Lay out walls in advance for accurate spacing of surface bond patterns with uniform joint 

thicknesses and for accurate location of openings, movement-type joints, returns, and offsets.  

Avoid using less-than-half-size units, particularly at corners, jambs, and, where possible, at 

other locations. 

B. Bond Pattern for Exposed Masonry:  Unless otherwise indicated, lay exposed masonry in 

running bond; do not use units with less than nominal 4-inch (100-mm) horizontal face 

dimensions at corners or jambs. 

C. Built-in Work:  As construction progresses, build in items specified in this and other Sections.  

Fill in solidly with masonry around built-in items. 

D. Fill space between steel frames and masonry solidly with mortar unless otherwise indicated. 

3.4 MORTAR BEDDING AND JOINTING 

A. Lay hollow CMUs as follows: 
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1. With face shells fully bedded in mortar and with head joints of depth equal to bed joints. 

2. With webs fully bedded in mortar in all courses of piers, columns, and pilasters. 

3. With webs fully bedded in mortar in grouted masonry, including starting course on 

footings. 

4. With entire units, including areas under cells, fully bedded in mortar at starting course on 

footings where cells are not grouted. 

B. Lay solid masonry units with completely filled bed and head joints; butter ends with sufficient 

mortar to fill head joints and shove into place.  Do not deeply furrow bed joints or slush head 

joints. 

C. Tool exposed joints slightly concave when thumbprint hard, using a jointer larger than joint 

thickness unless otherwise indicated. 

3.5 MASONRY JOINT REINFORCEMENT 

A. General:  Install entire length of longitudinal side rods in mortar with a minimum cover of 5/8 

inch (16 mm) on exterior side of walls, 1/2 inch (13 mm) elsewhere.  Lap reinforcement a 

minimum of 6 inches (150 mm). 

1. Space reinforcement not more than 16 inches (406 mm) o.c. 

2. Space reinforcement not more than 8 inches (203 mm) o.c. in foundation walls and 

parapet walls. 

3. Provide reinforcement not more than 8 inches (203 mm) above and below wall openings 

and extending 12 inches (305 mm) beyond openings in addition to continuous 

reinforcement. 

B. Interrupt joint reinforcement at control and expansion joints unless otherwise indicated. 

C. Provide continuity at wall intersections by using prefabricated T-shaped units. 

D. Provide continuity at corners by using prefabricated L-shaped units. 

3.6 REINFORCED UNIT MASONRY INSTALLATION 

A. Temporary Formwork and Shores:  Construct formwork and shores as needed to support 

reinforced masonry elements during construction. 

1. Construct formwork to provide shape, line, and dimensions of completed masonry as 

indicated.  Make forms sufficiently tight to prevent leakage of mortar and grout.  Brace, 

tie, and support forms to maintain position and shape during construction and curing of 

reinforced masonry. 

2. Do not remove forms and shores until reinforced masonry members have hardened 

sufficiently to carry their own weight and other loads that may be placed on them during 

construction. 

B. Placing Reinforcement:  Comply with requirements in ACI 530.1/ASCE 6/TMS 602. 
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C. Grouting:  Do not place grout until entire height of masonry to be grouted has attained enough 

strength to resist grout pressure. 

1. Comply with requirements in ACI 530.1/ASCE 6/TMS 602 for cleanouts and for grout 

placement, including minimum grout space and maximum pour height. 

2. Limit height of vertical grout pours to not more than 60 inches (1520 mm). 

3.7 FIELD QUALITY CONTROL 

A. Testing and Inspecting:  Contractor will engage special inspectors to perform tests and 

inspections and prepare reports.  Allow inspectors access to scaffolding and work areas, as 

needed to perform tests and inspections.  Retesting of materials that fail to comply with 

specified requirements shall be done at Contractor's expense. 

B. Inspections:  Level 1 special inspections according to the "International Building Code." 

1. Begin masonry construction only after inspectors have verified proportions of site-

prepared mortar. 

2. Place grout only after inspectors have verified compliance of grout spaces and of grades, 

sizes, and locations of reinforcement. 

3. Place grout only after inspectors have verified proportions of site-prepared grout. 

C. Testing Prior to Construction:  One set of tests. 

D. Testing Frequency:  One set of tests for each 5000 sq. ft. (464 sq. m) of wall area or portion 

thereof. 

E. Clay Masonry Unit Test:  For each type of unit provided, according to ASTM C 67 for 

compressive strength. 

F. Concrete Masonry Unit Test:  For each type of unit provided, according to ASTM C 140 for 

compressive strength. 

G. Mortar Aggregate Ratio Test (Proportion Specification):  For each mix provided, according to 

ASTM C 780. 

H. Grout Test (Compressive Strength):  For each mix provided, according to ASTM C 1019. 

3.8 REPAIRING, POINTING, AND CLEANING 

A. In-Progress Cleaning:  Clean unit masonry as work progresses by dry brushing to remove 

mortar fins and smears before tooling joints. 

B. Final Cleaning:  After mortar is thoroughly set and cured, clean exposed masonry as follows: 

1. Test cleaning methods on sample wall panel; leave one-half of panel uncleaned for 

comparison purposes. 

2. Protect surfaces from contact with cleaner. 

3. Wet wall surfaces with water before applying cleaners; remove cleaners promptly by 

rinsing surfaces thoroughly with clear water. 
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4. Clean masonry with a proprietary acidic cleaner applied according to manufacturer's 

written instructions. 

5. Clean concrete masonry by cleaning method indicated in NCMA TEK 8-2A applicable to 

type of stain on exposed surfaces. 

3.9 MASONRY WASTE DISPOSAL 

A. Waste Disposal as Fill Material:  Dispose of clean masonry waste, including excess or soil-

contaminated sand, waste mortar, and broken masonry units, by crushing and mixing with fill 

material as fill is placed. 

1. Do not dispose of masonry waste as fill within 18 inches (450 mm) of finished grade. 

B. Excess Masonry Waste:  Remove excess clean masonry waste that cannot be used as fill, as 

described above, and other masonry waste, and legally dispose of off Owner's property. 

END OF SECTION 042000 
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SECTION 051200 - STRUCTURAL STEEL FRAMING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes structural steel and grout. 

1.2 DEFINITIONS 

A. Structural Steel:  Elements of structural-steel frame, as classified by AISC 303, "Code of 

Standard Practice for Steel Buildings and Bridges." 

1.3 ACTION SUBMITTALS 

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

B. Shop Drawings:  Show fabrication of structural-steel components. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified fabricator testing agency. 

B. Welding certificates. 

C. Mill test reports for structural steel, including chemical and physical properties. 

D. Source quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Fabricator Qualifications:  A qualified fabricator that participates in the AISC Quality 

Certification Program and is designated an AISC-Certified Plant, Category STD. 

B. Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 

"Structural Welding Code - Steel." 

C. Comply with applicable provisions of the following specifications and documents: 

1. AISC 303. 

2. AISC 360. 

3. RCSC's "Specification for Structural Joints Using ASTM A 325 or A 490 Bolts." 

D. Preinstallation Conference:  Conduct conference at Project site. 
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PART 2 - PRODUCTS 

2.1 STRUCTURAL-STEEL MATERIALS 

A. Recycled Content of Steel Products:  Postconsumer recycled content plus one-half of 

preconsumer recycled content not less than 25 percent. 

B. W-Shapes:  ASTM A 992/A 992M. 

C. Channels, Angles:  ASTM A 36/A 36M. 

D. Plate and Bar:  ASTM A 36/A 36M. 

E. Cold-Formed Hollow Structural Sections:  ASTM A 500, Grade B, structural tubing. 

F. Steel Pipe:  ASTM A 53/A 53M, Type E or S, Grade B. 

G. Welding Electrodes:  Comply with AWS requirements. 

2.2 BOLTS, CONNECTORS, AND ANCHORS 

A. High-Strength Bolts, Nuts, and Washers:  ASTM A 325 (ASTM A 325M), Type 1, heavy-hex 

steel structural bolts; ASTM A 563, Grade C, (ASTM A 563M, Class 8S) heavy-hex carbon-

steel nuts; and ASTM F 436 (ASTM F 436M), Type 1, hardened carbon-steel washers; all with 

plain finish. 

1. Direct-Tension Indicators:  ASTM F 959, Type 325 (ASTM F 959M, Type 8.8), 

compressible-washer type with plain finish. 

B. High-Strength Bolts, Nuts, and Washers:  ASTM A 490 (ASTM A 490M), Type 1, heavy-hex 

steel structural bolts or tension-control, bolt-nut-washer assemblies with splined ends; 

ASTM A 563, Grade DH, (ASTM A 563M, Class 10S) heavy-hex carbon-steel nuts; and 

ASTM F 436 (ASTM F 436M), Type 1, hardened carbon-steel washers with plain finish. 

1. Direct-Tension Indicators:  ASTM F 959, Type 490 (ASTM F 959M, Type 10.9), 

compressible-washer type with plain finish. 

C. Zinc-Coated High-Strength Bolts, Nuts, and Washers:  ASTM A 325 (ASTM A 325M), Type 1, 

heavy-hex steel structural bolts; ASTM A 563, Grade DH (ASTM A 563M, Class 10S) heavy-

hex carbon-steel nuts; and ASTM F 436 (ASTM F 436M), Type 1, hardened carbon-steel 

washers. 

1. Finish:  Hot-dip zinc coating. 

2. Direct-Tension Indicators:  ASTM F 959, Type 325 (ASTM F 959M, Type 8.8), 

compressible-washer type with mechanically deposited zinc coating finish. 

D. Tension-Control, High-Strength Bolt-Nut-Washer Assemblies:  ASTM F 1852, Type 1, heavy-

hex head assemblies consisting of steel structural bolts with splined ends, heavy-hex carbon-

steel nuts, and hardened carbon-steel washers. 
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1. Finish:  Mechanically deposited zinc coating. 

E. Shear Connectors:  ASTM A 108, Grades 1015 through 1020, headed-stud type, cold-finished 

carbon steel; AWS D1.1/D1.1M, Type B. 

F. Unheaded Anchor Rods:  ASTM F 1554, Grade 36. 

1. Configuration:  Straight. 

2. Finish:  Hot-dip zinc coating, ASTM A 153/A 153M, Class C. 

G. Headed Anchor Rods:  ASTM F 1554, Grade 36, straight. 

1. Finish:  Hot-dip zinc coating, ASTM A 153/A 153M, Class C. 

H. Threaded Rods:  ASTM A 36/A 36M. 

1. Finish:  Hot-dip zinc coating, ASTM A 153/A 153M, Class C. 

2.3 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic 

aggregate grout, noncorrosive and nonstaining, mixed with water to consistency suitable for 

application and a 30-minute working time. 

2.4 FABRICATION 

A. Structural Steel:  Fabricate and assemble in shop to greatest extent possible.  Fabricate 

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

AISC 360. 

2.5 SHOP CONNECTIONS 

A. High-Strength Bolts:  Shop install high-strength bolts according to RCSC's "Specification for 

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

specified. 

1. Joint Type:  Snug tightened. 

B. Weld Connections:  Comply with AWS D1.1/D1.1M for tolerances, appearances, welding 

procedure specifications, weld quality, and methods used in correcting welding work. 

2.6 FINISHING 

A. Hot-Dip galvanize all steel surfaces except the following: 

1. Surfaces embedded in concrete or mortar.  Extend priming of partially embedded 

members to a depth of 2 inches (50 mm). 

2. Surfaces to be field welded. 
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2.7 SOURCE QUALITY CONTROL 

A. Testing Agency:  Owner will engage an independent testing and inspecting agency to perform 

shop tests and inspections and prepare test reports. 

1. Provide testing agency with access to places where structural-steel work is being 

fabricated or produced to perform tests and inspections. 

B. Correct deficiencies in Work that test reports and inspections indicate does not comply with the 

Contract Documents. 

C. Bolted Connections:  Shop-bolted connections will be inspected according to RCSC's 

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

D. Welded Connections:  In addition to visual inspection, shop-welded connections will be tested 

and inspected according to AWS D1.1/D1.1M and the following inspection procedures, at 

testing agency's option: 

1. Liquid Penetrant Inspection:  ASTM E 165. 

2. Magnetic Particle Inspection:  ASTM E 709; performed on root pass and on finished 

weld.  Cracks or zones of incomplete fusion or penetration will not be accepted. 

3. Ultrasonic Inspection:  ASTM E 164. 

4. Radiographic Inspection:  ASTM E 94. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify, with steel Erector present, elevations of concrete- and masonry-bearing surfaces and 

locations of anchor rods, bearing plates, and other embedments for compliance with 

requirements. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 ERECTION 

A. Set structural steel accurately in locations and to elevations indicated and according to 

AISC 303 and AISC 360. 

B. Base Bearing and Leveling Plates:  Clean concrete- and masonry-bearing surfaces of bond-

reducing materials, and roughen surfaces prior to setting plates.  Clean bottom surface of plates. 

1. Set plates for structural members on wedges, shims, or setting nuts as required. 

2. Weld plate washers to top of baseplate. 

3. Snug-tighten anchor rods after supported members have been positioned and plumbed.  

Do not remove wedges or shims but, if protruding, cut off flush with edge of plate before 

packing with grout. 
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4. Promptly pack grout solidly between bearing surfaces and plates so no voids remain.  

Neatly finish exposed surfaces; protect grout and allow to cure.  Comply with 

manufacturer's written installation instructions for shrinkage-resistant grouts. 

C. Maintain erection tolerances of structural steel within AISC's "Code of Standard Practice for 

Steel Buildings and Bridges." 

3.3 FIELD CONNECTIONS 

A. High-Strength Bolts:  Install high-strength bolts according to RCSC's "Specification for 

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

specified. 

1. Joint Type:  Snug tightened. 

B. Weld Connections:  Comply with AWS D1.1/D1.1M for tolerances, appearances, welding 

procedure specifications, weld quality, and methods used in correcting welding work. 

1. Comply with AISC 303 and AISC 360 for bearing, alignment, adequacy of temporary 

connections, and removal of paint on surfaces adjacent to field welds. 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency:  Contractor will engage a qualified independent testing and inspecting agency 

with owner’s approval to inspect field welds and high-strength bolted connections. 

B. Bolted Connections:  Bolted connections will be inspected according to RCSC's "Specification 

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

C. Welded Connections:  Field welds will be visually inspected according to AWS D1.1/D1.1M. 

1. In addition to visual inspection, field welds will be tested and inspected according to 

AWS D1.1/D1.1M and the following inspection procedures, at testing agency's option: 

a. Liquid Penetrant Inspection:  ASTM E 165. 

b. Magnetic Particle Inspection:  ASTM E 709; performed on root pass and on 

finished weld.  Cracks or zones of incomplete fusion or penetration will not be 

accepted. 

c. Ultrasonic Inspection:  ASTM E 164. 

d. Radiographic Inspection:  ASTM E 94. 

D. Correct deficiencies in Work that test reports and inspections indicate does not comply with the 

Contract Documents. 

END OF SECTION 051200 



COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 230513 - 1 

SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, 

horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to 

600 V and installed at equipment manufacturer's factory or shipped separately by equipment 

manufacturer for field installation. 

1.3 COORDINATION 

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

following: 

1. Motor controllers. 

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

3. Ratings and characteristics of supply circuit and required control sequence. 

4. Ambient and environmental conditions of installation location. 

5. Electrical Division of the Project Manual. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with NEMA MG 1 unless otherwise indicated. 

2.2 MOTOR CHARACTERISTICS 

A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet 

(1000 m) above sea level. 

B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads 

at designated speeds, at installed altitude and environment, with indicated operating sequence, 

and without exceeding nameplate ratings or considering service factor. 
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2.3 POLYPHASE MOTORS 

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

“Mechanical Schedules” for motor efficiencies. 

B. Efficiency:  Energy efficient, as defined in NEMA MG 1. 

C. Service Factor:  1.15. 

D. Rotor:  Random-wound, squirrel cage. 

E. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

F. Temperature Rise:  One Class below insulation rating Class. 

G. Insulation:  Class F or higher if indicated. 

H. Code Letter Designation: 

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

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

I. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor 

frame sizes smaller than 324T. 

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring connection 

requirements for controller with required motor leads.  Provide terminals in motor terminal box, 

suited to control method. 

B. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features 

coordinated with and approved by controller manufacturer. 

1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and 

tested to resist transient spikes, high frequencies, and short time rise pulses produced by 

pulse-width modulated inverters. 

2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation. 

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

4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected 

motors. 

5. VFD Motor Controllers:  Comply with requirements specified in Division 26 - Electrical. 

2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and 

requirements of specific motor application: 

1. Permanent-split capacitor. 

2. Split phase. 
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3. Capacitor start, inductor run. 

4. Capacitor start, capacitor run. 

B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type. 

C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and 

thrust loading. 

D. Motors 1/20 HP and Smaller:  Shaded-pole type. 

E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor 

when winding temperature exceeds a safe value calibrated to temperature rating of motor 

insulation.  Thermal-protection device shall automatically reset when motor temperature returns 

to normal range. 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 230513 
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SECTION 230516 - EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

 

1. Pipe loops and swing connections. 

2. Alignment guides and anchors. 

1.3 PERFORMANCE REQUIREMENTS 

A. Compatibility:  Products shall be suitable for piping service fluids, materials, working pressures, 

and temperatures. 

B. Capability:  Products to absorb 200 percent of maximum axial movement between anchors. 

1.4 ACTION SUBMITTALS 

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

1.5 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.6 CLOSEOUT SUBMITTALS 

A. Maintenance Data:  For expansion joints to include in maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to the following: 

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

2. ASME Boiler and Pressure Vessel Code:  Section IX. 
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PART 2 - PRODUCTS 

2.1 ALIGNMENT GUIDES AND ANCHORS 

A. Alignment Guides: 

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. Adsco Manufacturing LLC. 

b. Advanced Thermal Systems, Inc. 

c. Flex-Hose Co., Inc. 

d. Flexicraft Industries. 

e. Flex-Weld, Inc. 

f. Hyspan Precision Products, Inc. 

g. Metraflex, Inc. 

h. Senior Flexonics Pathway. 

i. Unisource Manufacturing, Inc. 

j. U.S. Bellows, Inc. 

2. Description:  Steel, factory-fabricated alignment guide, with bolted two-section outer 

cylinder and base for attaching to structure; with two-section guiding spider for bolting to 

pipe. 

B. Anchor Materials: 

1. Steel Shapes and Plates:  ASTM A 36/A 36M. 

2. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel hex head. 

3. Washers:  ASTM F 844, steel, plain, flat washers. 

4. Mechanical Fasteners:  Insert-wedge-type stud with expansion plug anchor for use in 

hardened portland cement concrete, with tension and shear capacities appropriate for 

application. 

a. Stud:  Threaded, zinc-coated carbon steel. 

b. Expansion Plug:  Zinc-coated steel. 

c. Washer and Nut:  Zinc-coated steel. 

5. Chemical Fasteners:  Insert-type-stud, bonding-system anchor for use with hardened 

portland cement concrete, with tension and shear capacities appropriate for application. 

a. Bonding Material:  ASTM C 881/C 881M, Type IV, Grade 3, two-component 

epoxy resin suitable for surface temperature of hardened concrete where fastener is 

to be installed. 

b. Stud:  ASTM A 307, zinc-coated carbon steel with continuous thread on stud 

unless otherwise indicated. 

c. Washer and Nut:  Zinc-coated steel. 
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PART 3 - EXECUTION 

3.1 PIPE LOOP AND SWING CONNECTION INSTALLATION 

A. Install pipe loops cold-sprung in tension or compression as required to partly absorb tension or 

compression produced during anticipated change in temperature. 

B. Connect risers and branch connections to mains with at least five pipe fittings including tee in 

main. 

C. Connect risers and branch connections to terminal units with at least four pipe fittings including 

tee in riser. 

D. Connect mains and branch connections to terminal units with at least four pipe fittings including 

tee in main. 

3.2 ALIGNMENT-GUIDE AND ANCHOR INSTALLATION 

A. Install alignment guides to guide expansion and to avoid end-loading and torsional stress. 

B. Install two guide(s) on each side of pipe expansion fittings and loops.  Install guides nearest to 

expansion joint not more than four pipe diameters from expansion joint. 

C. Attach guides to pipe and secure guides to building structure. 

D. Install anchors at locations to prevent stresses from exceeding those permitted by ASME B31.9 

and to prevent transfer of loading and stresses to connected equipment. 

E. Anchor Attachments: 

1. Anchor Attachment to Steel Pipe:  Attach by welding.  Comply with ASME B31.9 and 

ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing 

Qualifications." 

2. Anchor Attachment to Copper Tubing:  Attach with pipe hangers.  Use MSS SP-69, 

Type 24, U-bolts bolted to anchor. 

F. Fabricate and install steel anchors by welding steel shapes, plates, and bars.  Comply with 

ASME B31.9 and AWS D1.1/D1.1M. 

1. Anchor Attachment to Steel Structural Members:  Attach by welding. 

2. Anchor Attachment to Concrete Structural Members:  Attach by fasteners.  Follow 

fastener manufacturer's written instructions. 

G. Use grout to form flat bearing surfaces for guides and anchors attached to concrete. 

END OF SECTION 230516 
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SECTION 230517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Sleeves. 

2. Stack-sleeve fittings. 

3. Sleeve-seal systems. 

4. Sleeve-seal fittings. 

5. Grout. 

1.3 ACTION SUBMITTALS 

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

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Cast-Iron Wall Pipes:  Cast or fabricated of cast or ductile iron and equivalent to ductile-iron 

pressure pipe, with plain ends and integral waterstop unless otherwise indicated. 

B. Galvanized-Steel Wall Pipes:  ASTM A 53/A 53M, Schedule 40, with plain ends and welded 

steel collar; zinc coated. 

C. Galvanized-Steel-Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc 

coated, with plain ends. 

D. Galvanized-Steel-Sheet Sleeves:  0.0239-inch (0.6-mm) minimum thickness; round tube closed 

with welded longitudinal joint. 

E. Molded-PE or -PP Sleeves:  Removable, tapered-cup shaped, and smooth outer surface with 

nailing flange for attaching to wooden forms. 



SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 230517 - 2 

2.2 SLEEVE-SEAL SYSTEMS 

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. Advance Products & Systems, Inc. 

2. CALPICO, Inc. 

3. Metraflex Company (The). 

4. Pipeline Seal and Insulator, Inc. 

5. Proco Products, Inc. 

B. Description:  Modular sealing-element unit, designed for field assembly, for filling annular 

space between piping and sleeve. 

1. Sealing Elements:  EPDM-rubber interlocking links shaped to fit surface of pipe.  Include 

type and number required for pipe material and size of pipe. 

2. Pressure Plates:  Stainless steel. 

3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to 

sealing elements. 

2.3 GROUT 

A. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, 

hydraulic-cement grout. 

B. Characteristics:  Nonshrink; recommended for interior and exterior applications. 

C. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 

D. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION 

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls. 

B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to 

provide 1-inch (25-mm) annular clear space between piping and concrete slabs and walls. 

C. Install sleeves in floors, roofs, and walls. 

 

1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or 

other wet areas 2 inches (50 mm) above finished floor level. 

2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal 

system. 
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D. Install sleeves for pipes passing through interior partitions. 

1. Cut sleeves to length for mounting flush with both surfaces. 

2. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space 

between sleeve and pipe or pipe insulation. 

3. Seal annular space between sleeve and piping or piping insulation; use joint sealants 

appropriate for size, depth, and location of joint.  Comply with requirements for sealants 

specified in Section 079200 "Joint Sealants." 

E. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors 

at pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply with requirements 

for firestopping specified in drawing details where applicable. 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service 

piping entries into building. 

B. Select type, size, and number of sealing elements required for piping material and size and for 

sleeve ID or hole size.  Position piping in center of sleeve.  Center piping in penetration, 

assemble sleeve-seal system components, and install in annular space between piping and 

sleeve.  Tighten bolts against pressure plates that cause sealing elements to expand and make a 

watertight seal. 

3.3 SLEEVE AND SLEEVE-SEAL SCHEDULE 

A. Use sleeves and sleeve seals for the following piping-penetration applications: 

1. Exterior Concrete Walls above Grade: 

a. Piping Smaller Than NPS 6 (DN 150):  Galvanized-steel-pipe sleeves. 

b. Piping NPS 6 (DN 150) and Larger:  Galvanized-steel-pipe sleeves. 

2. Exterior Concrete Walls below Grade: 

a. Piping Smaller Than NPS 6 (DN 150):  Galvanized-steel-pipe sleeves with sleeve-

seal system. 

1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between 

piping and sleeve for installing sleeve-seal system. 

b. Piping NPS 6 (DN 150) and Larger:  Galvanized-steel-pipe sleeves with sleeve-

seal system. 

3. Concrete Slabs-on-Grade: 

a. Piping Smaller Than NPS 6 (DN 150):  Galvanized-steel-pipe sleeves with sleeve-

seal system. 
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1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between 

piping and sleeve for installing sleeve-seal system. 

b. Piping NPS 6 (DN 150) and Larger:  Galvanized-steel-pipe sleeves with sleeve-

seal system. 

1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between 

piping and sleeve for installing sleeve-seal system. 

4. Concrete Slabs above Grade: 

a. Piping Smaller Than NPS 6 (DN 150):  Galvanized-steel-pipe sleeves or PVC-pipe 

sleeves or Molded-PE or -PP sleeves. 

b. Piping NPS 6 (DN 150) and Larger:  Galvanized-steel-pipe sleeves. 

5. Interior Partitions: 

a. Piping Smaller Than NPS 6 (DN 150):  Galvanized-steel-pipe sleeves. 

b. Piping NPS 6 (DN 150) and Larger:  Galvanized-steel-sheet sleeves. 

END OF SECTION 230517 
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SECTION 230518 - ESCUTCHEONS FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Escutcheons. 

2. Floor plates. 

1.3 ACTION SUBMITTALS 

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

PART 2 - PRODUCTS 

2.1 ESCUTCHEONS 

A. One-Piece, Cast-Brass Type:  With polished, chrome-plated finish and setscrew fastener. 

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with chrome-plated finish and 

spring-clip fasteners. 

C. One-Piece, Stamped-Steel Type:  With chrome-plated finish and spring-clip fasteners. 

D. Split-Casting Brass Type:  With polished, chrome-plated finish and with concealed hinge and 

setscrew. 

E. Split-Plate, Stamped-Steel Type:  With chrome-plated finish, concealed hinge, and spring-clip 

fasteners. 

2.2 FLOOR PLATES 

A. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners. 

B. Split-Casting Floor Plates:  Cast brass with concealed hinge. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

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

B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with 

OD that completely covers opening. 

1. Escutcheons for New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type. 

b. Chrome-Plated Piping:  One-piece, cast-brass or split-casting brass type with 

polished, chrome-plated finish. 

c. Insulated Piping:  One-piece, stamped-steel type or split-plate, stamped-steel type 

with concealed hinge. 

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-

brass or split-casting brass type with polished, chrome-plated finish. 

e. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, stamped-steel 

type or split-plate, stamped-steel type with concealed hinge. 

f. Bare Piping in Unfinished Service Spaces:  One-piece, stamped-steel type or split-

plate, stamped-steel type with concealed hinge. 

g. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type or split-plate, 

stamped-steel type with concealed hinge. 

2. Escutcheons for Existing Piping: 

a. Chrome-Plated Piping:  Split-casting brass type with polished, chrome-plated 

finish. 

b. Insulated Piping:  Split-plate, stamped-steel type with concealed hinge. 

c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-casting brass 

type with polished, chrome-plated finish. 

d. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-plate, stamped-steel 

type with concealed hinge. 

e. Bare Piping in Unfinished Service Spaces:  Split-plate, stamped-steel type with 

concealed hinge. 

f. Bare Piping in Equipment Rooms:  Split-plate, stamped-steel type with concealed 

hinge. 

C. Install floor plates for piping penetrations of equipment-room floors. 

D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD 

that completely covers opening. 

1. New Piping:  One-piece, floor-plate type. 

2. Existing Piping:  Split-casting, floor-plate type. 
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3.2 FIELD QUALITY CONTROL 

A. Replace broken and damaged escutcheons and floor plates using new materials. 

END OF SECTION 230518 
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SECTION 230519 - METERS AND GAGES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

 

1. Liquid-in-glass thermometers. 

2. Thermowells. 

3. Dial-type pressure gages. 

4. Gage attachments. 

5. Test plugs. 

6. Sight flow indicators. 

7. Turbine flowmeters. 

1.3 ACTION SUBMITTALS 

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

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

1.4 INFORMATIONAL SUBMITTALS 

A. Product Certificates:  For each type of meter and gage, from manufacturer. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For meters and gages to include in operation and 

maintenance manuals. 

PART 2 - PRODUCTS 

2.1 LIQUID-IN-GLASS THERMOMETERS 

A. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers: 
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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. Flo Fab Inc. 

b. Miljoco Corporation. 

c. Palmer Wahl Instrumentation Group. 

d. Tel-Tru Manufacturing Company. 

e. Trerice, H. O. Co. 

f. Weiss Instruments, Inc. 

g. Winters Instruments - U.S. 

2. Standard:  ASME B40.200. 

3. Case:  Cast aluminum; 7-inch (178-mm) nominal size unless otherwise indicated. 

4. Case Form:  Adjustable angle unless otherwise indicated. 

5. Tube:  Glass with magnifying lens and blue or red organic liquid. 

6. Tube Background:  Nonreflective aluminum with permanently etched scale markings 

graduated in deg F and deg C. 

7. Window:  Glass or plastic. 

8. Stem:  Aluminum and of length to suit installation. 

a. Design for Air-Duct Installation:  With ventilated shroud. 

b. Design for Thermowell Installation:  Bare stem. 

9. Connector:  1-1/4 inches (32 mm), with ASME B1.1 screw threads. 

10. Accuracy:  Plus or minus 1 percent of scale range or one scale division, to a maximum of 

1.5 percent of scale range. 

2.2 THERMOWELLS 

A. Thermowells: 

1. Standard:  ASME B40.200. 

2. Description:  Pressure-tight, socket-type fitting made for insertion into piping tee fitting. 

3. Material for Use with Copper Tubing:  CNR or CUNI. 

4. Material for Use with Steel Piping:  CRES. 

5. Type:  Stepped shank unless straight or tapered shank is indicated. 

6. External Threads:  NPS 1/2, NPS 3/4, or NPS 1, (DN 15, DN 20, or NPS 25,) 

ASME B1.20.1 pipe threads. 

7. Internal Threads:  1/2, 3/4, and 1 inch (13, 19, and 25 mm), 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. 

B. Heat-Transfer Medium:  Mixture of graphite and glycerin. 
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2.3 PRESSURE GAGES 

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

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. AMETEK, Inc.; U.S. Gauge. 

b. Ashcroft Inc. 

c. Ernst Flow Industries. 

d. Flo Fab Inc. 

e. Marsh Bellofram. 

f. Miljoco Corporation. 

g. Noshok. 

h. Palmer Wahl Instrumentation Group. 

i. REOTEMP Instrument Corporation. 

j. Tel-Tru Manufacturing Company. 

k. Trerice, H. O. Co. 

l. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 

m. Weiss Instruments, Inc. 

n. WIKA Instrument Corporation - USA. 

o. Winters Instruments - U.S. 

2. Standard:  ASME B40.100. 

3. Case:  Liquid-filled type(s); Stainless Steel material; 4-1/2-inch (114-mm) nominal 

diameter. 

4. Pressure-Element Assembly:  Bourdon tube unless otherwise indicated. 

5. Pressure Connection:  Brass, with NPS 1/4 or NPS 1/2 (DN 8 or DN 15), ASME B1.20.1 

pipe threads and bottom-outlet type unless back-outlet type is indicated. 

6. Movement:  Mechanical, with link to pressure element and connection to pointer. 

7. Dial:  Nonreflective aluminum with permanently etched scale markings graduated in psi 

(kPa). 

8. Pointer:  Dark-colored metal. 

9. Window:  Glass or plastic. 

10. Ring:  Stainless steel. 

11. Accuracy:  Grade B, plus or minus 2 percent of middle half of scale range. 

B. Remote-Mounted, Metal-Case, Dial-Type Pressure Gages: 

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. AMETEK, Inc.; U.S. Gauge. 

b. Ashcroft Inc. 

c. Ernst Flow Industries. 

d. Flo Fab Inc. 

e. Marsh Bellofram. 

f. Miljoco Corporation. 

g. Noshok. 
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h. Palmer Wahl Instrumentation Group. 

i. REOTEMP Instrument Corporation. 

j. Tel-Tru Manufacturing Company. 

k. Trerice, H. O. Co. 

l. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 

m. Weiss Instruments, Inc. 

n. WIKA Instrument Corporation - USA. 

o. Winters Instruments - U.S. 

2. Standard:  ASME B40.100. 

3. Case:  Liquid-filled type; Stainless Steel material; 4-1/2-inch (114-mm) nominal diameter 

with back flange and holes for panel mounting. 

4. Pressure-Element Assembly:  Bourdon tube unless otherwise indicated. 

5. Pressure Connection:  Brass, with NPS 1/4 or NPS 1/2 (DN 8 or DN 15), ASME B1.20.1 

pipe threads and bottom-outlet type unless back-outlet type is indicated. 

6. Movement:  Mechanical, with link to pressure element and connection to pointer. 

7. Dial:  Nonreflective aluminum with permanently etched scale markings graduated in psi 

(kPa). 

8. Pointer:  Dark-colored metal. 

9. Window:  Glass or plastic. 

10. Ring:  Stainless steel. 

11. Accuracy:  Grade B, plus or minus 2 percent of middle half of scale range. 

2.4 GAGE ATTACHMENTS 

A. Snubbers:  ASME B40.100, brass; with NPS 1/4 or NPS 1/2 (DN 8 or DN 15), ASME B1.20.1 

pipe threads and porous-metal-type surge-dampening device.  Include extension for use on 

insulated piping. 

B. Siphons:  Loop-shaped section of stainless-steel pipe with NPS 1/4 or NPS 1/2 (DN 8 or 

DN 15) pipe threads. 

C. Valves:  Brass or stainless-steel needle, with NPS 1/4 or NPS 1/2 (DN 8 or DN 15), 

ASME B1.20.1 pipe threads. 

2.5 TEST PLUGS 

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. Flow Design, Inc. 

2. Miljoco Corporation. 

3. National Meter, Inc. 

4. Peterson Equipment Co., Inc. 

5. Sisco Manufacturing Company, Inc. 

6. Trerice, H. O. Co. 

7. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 

8. Weiss Instruments, Inc. 
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B. Description:  Test-station fitting made for insertion into piping tee fitting. 

C. Body:  Brass or stainless steel with core inserts and gasketed and threaded cap.  Include 

extended stem on units to be installed in insulated piping. 

D. Thread Size:  NPS 1/4 (DN 8) or NPS 1/2 (DN 15), ASME B1.20.1 pipe thread. 

E. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F (3450 kPa at 93 deg C). 

F. Core Inserts:  Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber. 

2.6 SIGHT FLOW INDICATORS 

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. Archon Industries, Inc. 

2. Dwyer Instruments, Inc. 

3. Emerson Process Management; Brooks Instrument. 

4. Ernst Co., John C., Inc. 

5. Ernst Flow Industries. 

6. KOBOLD Instruments, Inc. - USA; KOBOLD Messring GmbH. 

7. OPW Engineered Systems; a Dover company. 

8. Penberthy; A Brand of Tyco Valves & Controls - Prophetstown. 

B. Description:  Piping inline-installation device for visual verification of flow. 

C. Construction:  Bronze or stainless-steel body, with sight glass and ball, flapper, or paddle wheel 

indicator, and threaded or flanged ends. 

D. Minimum Pressure Rating:  150 psig (1034 kPa). 

E. Minimum Temperature Rating:  200 deg F (93 deg C). 

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

G. End Connections for NPS 2-1/2 (DN 65) and Larger:  Flanged. 

2.7 FLOWMETERS 

A. Turbine Flowmeters: 

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; Instrumentation and Analytical. 

b. Data Industrial Corp. 

c. EMCO Flow Systems; a division of Spirax Sarco, Inc. 

d. ERDCO Engineering Corp. 
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e. Hoffer Flow Controls, Inc. 

f. Liquid Controls; a unit of IDEX Corporation. 

g. McCrometer, Inc. 

h. Midwest Instruments & Controls Corp. 

i. ONICON Incorporated. 

j. SeaMetrics, Inc. 

k. Sponsler, Inc.; a unit of IDEX Corporation. 

2. Description:  Flowmeter with sensor and indicator. 

3. Flow Range:  Sensor and indicator shall cover operating range of equipment or system 

served. 

4. Sensor:  Impeller turbine; for inserting into pipe fitting or for installing in piping and 

measuring flow directly in gallons per minute (liters per second). 

a. Design:  Device or pipe fitting with inline turbine and integral direct-reading scale 

for water. 

b. Construction:  Bronze or stainless-steel body, with plastic turbine or impeller. 

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

d. Minimum Temperature Rating:  180 deg F (82 deg C). 

5. Indicator:  Hand-held meter; either an integral part of sensor or a separate meter. 

6. Accuracy:  Plus or minus 1-1/2 percent. 

7. Display:  Shows rate of flow, with register to indicate total volume in gallons (liters). 

8. Operating Instructions:  Include complete instructions with each flowmeter. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install thermowells with socket extending to center of pipe and in vertical position in piping 

tees. 

B. Install thermowells of sizes required to match thermometer connectors.  Include bushings if 

required to match sizes. 

C. Install thermowells with extension on insulated piping. 

D. Fill thermowells with heat-transfer medium. 

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions. 

F. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the 

most readable position. 

G. Install valve and snubber in piping for each pressure gage for fluids (except steam). 

H. Install valve and syphon fitting in piping for each pressure gage for steam. 

I. Install test plugs in piping tees. 
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J. Install flow indicators in piping systems in accessible positions for easy viewing. 

K. Assemble and install connections, tubing, and accessories between flow-measuring elements 

and flowmeters according to manufacturer's written instructions. 

L. Install flowmeter elements in accessible positions in piping systems. 

M. Install wafer-orifice flowmeter elements between pipe flanges. 

N. Install differential-pressure-type flowmeter elements, with at least minimum straight lengths of 

pipe, upstream and downstream from element according to manufacturer's written instructions. 

O. Install permanent indicators on walls or brackets in accessible and readable positions. 

P. Install thermometers in the following locations: 

1. Inlet and outlet of each hydronic zone. 

2. Two inlets and two outlets of each chiller. 

3. Two inlets and two outlets of each hydronic heat exchanger. 

Q. Install pressure gages in the following locations: 

1. Discharge of each pressure-reducing valve. 

2. Inlet and outlet of each chiller chilled-water and condenser-water connection. 

3. Suction and discharge of each pump. 

3.2 CONNECTIONS 

A. Install meters and gages adjacent to machines and equipment to allow service and maintenance 

of meters, gages, machines, and equipment. 

B. Connect flowmeter-system elements to meters. 

C. Connect flowmeter transmitters to meters. 

3.3 ADJUSTING 

A. After installation, calibrate meters according to manufacturer's written instructions. 

B. Adjust faces of meters and gages to proper angle for best visibility. 

3.4 THERMOMETER SCHEDULE 

A. Thermometers at inlet and outlet of each hydronic zone shall be the following: 

1. Industrial-style, liquid-in-glass type. 

B. Thermometers at inlets and outlets of each chiller shall be the following: 
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1. Industrial-style, liquid-in-glass type. 

C. Thermometers at inlets and outlets of each hydronic heat exchanger shall be the following: 

1. Industrial-style, liquid-in-glass type. 

D. Thermometer stems shall be of length to match thermowell insertion length. 

3.5 THERMOMETER SCALE-RANGE SCHEDULE 

A. Scale Range for Chilled-Water Piping:  0 to 100 deg F (Minus 20 to plus 50 deg C). 

B. Scale Range for Condenser-Water Piping:  0 to 100 deg F (Minus 20 to plus 50 deg C). 

3.6 PRESSURE-GAGE SCHEDULE 

A. Pressure gages at discharge of each pressure-reducing valve shall be the following: 

1. Liquid-filled, direct-mounted, metal case. 

B. Pressure gages at inlet and outlet of each chiller chilled-water and condenser-water connection 

shall be the following: 

1. Liquid-filled, direct-mounted, metal case. 

C. Pressure gages at suction and discharge of each pump shall be the following: 

1. Liquid-filled, direct-mounted, metal case. 

3.7 PRESSURE-GAGE SCALE-RANGE SCHEDULE 

A. Scale Range for Chilled-Water Piping:  0 to 200 psi (0 to 1400 kPa). 

B. Scale Range for Condenser-Water Piping:  0 to 200 psi (0 to 1400 kPa). 

3.8 FLOWMETER SCHEDULE 

A. Flowmeters for Chilled-Water Piping:  Turbine type. 

B. Flowmeters for Condenser-Water Piping:  Turbine type. 

END OF SECTION 230519 
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SECTION 230523 - GENERAL-DUTY VALVES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Bronze angle valves. 

2. Bronze ball valves. 

3. Iron, single-flange butterfly valves. 

4. Iron, grooved-end butterfly valves. 

5. High-performance butterfly valves. 

6. Bronze lift check valves. 

7. Bronze swing check valves. 

8. Iron swing check valves. 

9. Iron swing check valves with closure control. 

10. Iron, grooved-end swing-check valves. 

11. Bronze gate valves. 

12. Iron gate valves. 

13. Bronze globe valves. 

14. Iron globe valves. 

15. Chainwheels. 

B. Related Sections: 

1. Section 230553 "Identification for HVAC Piping and Equipment" for valve tags and 

schedules. 

1.3 DEFINITIONS 

A. CWP:  Cold working pressure. 

B. EPDM:  Ethylene propylene copolymer rubber. 

C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber. 

D. NRS:  Nonrising stem. 

E. OS&Y:  Outside screw and yoke. 

F. RS:  Rising stem. 
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1.4 ACTION SUBMITTALS 

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

1.5 QUALITY ASSURANCE 

A. Source Limitations for Valves:  Obtain each type of valve from single source from single 

manufacturer. 

B. ASME Compliance: 

1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria. 

2. ASME B31.1 for power piping valves. 

3. ASME B31.9 for building services piping valves. 

1.6 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, gate, and globe valves closed to prevent rattling. 

4. Set ball and plug valves open to minimize exposure of functional surfaces. 

5. Set butterfly valves closed or slightly open. 

6. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 

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. 

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. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

A. Refer to HVAC valve schedule articles for applications of valves. 

B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system 

pressures and temperatures. 

C. Valve Sizes:  Same as upstream piping unless otherwise indicated. 

D. Valve Actuator Types: 
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1. Gear Actuator:  For quarter-turn valves NPS 8 (DN 200) and larger. 

2. Handwheel:  For valves other than quarter-turn types. 

3. Handlever:  For quarter-turn valves NPS 6 (DN 150) and smaller except plug valves. 

4. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; of size 

and with chain for mounting height, as indicated in the "Valve Installation" Article. 

E. Valves in Insulated Piping:  With 2-inch (50-mm) stem extensions and the following features: 

1. Gate Valves:  With rising stem. 

2. Ball Valves:  With extended operating handle of non-thermal-conductive material, and 

protective sleeve that allows operation of valve without breaking the vapor seal or 

disturbing insulation. 

3. Butterfly Valves:  With extended neck. 

F. Valve-End Connections: 

1. Flanged:  With flanges according to ASME B16.1 for iron valves. 

2. Grooved:  With grooves according to AWWA C606. 

3. Threaded:  With threads according to ASME B1.20.1. 

G. Valve Bypass and Drain Connections:  MSS SP-45. 

H. Butterfly Valves for Chiller and Pump Service shall be Lug Type. 

2.2 BRONZE ANGLE VALVES 

A. Class 125, Bronze Angle Valves with 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. Hammond Valve. 

b. Milwaukee Valve Company. 

2. Description: 

a. Standard:  MSS SP-80, Type 1. 

b. CWP Rating:  200 psig (1380 kPa). 

c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet. 

d. Ends:  Threaded. 

e. Stem and Disc:  Bronze. 

f. Packing:  Asbestos free. 

g. Handwheel:  Malleable iron, bronze, or aluminum. 

B. Class 150, Bronze Angle Valves with 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: 
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a. Crane Co.; Crane Valve Group; Stockham Division. 

b. Kitz Corporation. 

2. Description: 

a. Standard:  MSS SP-80, Type 1. 

b. CWP Rating:  300 psig (2070 kPa). 

c. Body Material:  ASTM B 62, bronze with integral seat and union-ring bonnet. 

d. Ends:  Threaded. 

e. Stem and Disc:  Bronze. 

f. Packing:  Asbestos free. 

g. Handwheel:  Malleable iron, bronze, or aluminum. 

2.3 BRONZE BALL VALVES 

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

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. Conbraco Industries, Inc.; Apollo Valves. 

c. Crane Co.; Crane Valve Group; Crane Valves. 

d. Hammond Valve. 

e. Lance Valves; a division of Advanced Thermal Systems, Inc. 

f. Legend Valve. 

g. Milwaukee Valve Company. 

h. NIBCO INC. 

i. Red-White Valve Corporation. 

j. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 

a. Standard:  MSS SP-110. 

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

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

d. Body Design:  Two piece. 

e. Body Material:  Bronze. 

f. Ends:  Threaded. 

g. Seats:  PTFE or TFE. 

h. Stem:  Bronze. 

i. Ball:  Chrome-plated brass. 

j. Port:  Full. 

2.4 IRON, SINGLE-FLANGE BUTTERFLY VALVES 

A. 150 CWP, Iron, Single-Flange Butterfly Valves with EPDM Seat and Aluminum-Bronze Disc: 
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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. ABZ Valve and Controls; a division of ABZ Manufacturing, Inc. 

b. Bray Controls; a division of Bray International. 

c. Conbraco Industries, Inc.; Apollo Valves. 

d. Cooper Cameron Valves; a division of Cooper Cameron Corp. 

e. Crane Co.; Crane Valve Group; Jenkins Valves. 

f. Crane Co.; Crane Valve Group; Stockham Division. 

g. DeZurik Water Controls. 

h. Hammond Valve. 

i. Kitz Corporation. 

j. Milwaukee Valve Company. 

k. NIBCO INC. 

l. Norriseal; a Dover Corporation company. 

m. Red-White Valve Corporation. 

n. Spence Strainers International; a division of CIRCOR International. 

o. Tyco Valves & Controls; a unit of Tyco Flow Control. 

p. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 

a. Standard:  MSS SP-67, Type I. 

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

c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated 

pressure without use of downstream flange. 

d. Body Material:  ASTM A 126, cast iron or ASTM A 536, ductile iron. 

e. Seat:  EPDM. 

f. Stem:  One- or two-piece stainless steel. 

g. Disc:  Aluminum bronze. 

2.5 IRON, GROOVED-END BUTTERFLY VALVES 

A. 175 CWP, Iron, Grooved-End Butterfly Valves: 

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. Kennedy Valve; a division of McWane, Inc. 

b. Shurjoint Piping Products. 

c. Tyco Fire Products LP; Grinnell Mechanical Products. 

d. Victaulic Company. 

2. Description: 

a. Standard:  MSS SP-67, Type I. 

b. CWP Rating:  175 psig (1200 kPa). 

c. Body Material:  Coated, ductile iron. 



GENERAL-DUTY VALVES FOR HVAC PIPING 230523 - 6 

d. Stem:  Two-piece stainless steel. 

e. Disc:  Coated, ductile iron. 

f. Seal:  EPDM. 

2.6 HIGH-PERFORMANCE BUTTERFLY VALVES 

A. Class 150, Single-Flange, High-Performance Butterfly Valves: 

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; a division of ABZ Manufacturing, Inc. 

b. Bray Controls; a division of Bray International. 

c. Cooper Cameron Valves; a division of Cooper Cameron Corp. 

d. Crane Co.; Crane Valve Group; Flowseal. 

e. Crane Co.; Crane Valve Group; Stockham Division. 

f. DeZurik Water Controls. 

g. Hammond Valve. 

h. Jamesbury; a subsidiary of Metso Automation. 

i. Milwaukee Valve Company. 

j. NIBCO INC. 

k. Process Development & Control, Inc. 

l. Tyco Valves & Controls; a unit of Tyco Flow Control. 

m. Xomox Corporation. 

2. Description: 

a. Standard:  MSS SP-68. 

b. CWP Rating:  285 psig (1965 kPa) at 100 deg F (38 deg C). 

c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated 

pressure without use of downstream flange. 

d. Body Material:  Carbon steel, cast iron, ductile iron, or stainless steel. 

e. Seat:  Reinforced PTFE or metal. 

f. Stem:  Stainless steel; offset from seat plane. 

g. Disc:  Carbon steel. 

h. Service:  Bidirectional. 

2.7 BRONZE LIFT CHECK VALVES 

A. Class 125, Lift Check Valves with 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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Jenkins Valves. 

c. Crane Co.; Crane Valve Group; Stockham Division. 
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2. Description: 

a. Standard:  MSS SP-80, Type 1. 

b. CWP Rating:  200 psig (1380 kPa). 

c. Body Design:  Vertical flow. 

d. Body Material:  ASTM B 61 or ASTM B 62, bronze. 

e. Ends:  Threaded. 

f. Disc:  Bronze. 

2.8 BRONZE SWING CHECK VALVES 

A. Class 150, Bronze Swing Check Valves with 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. American Valve, Inc. 

b. Crane Co.; Crane Valve Group; Crane Valves. 

c. Crane Co.; Crane Valve Group; Jenkins Valves. 

d. Crane Co.; Crane Valve Group; Stockham Division. 

e. Kitz Corporation. 

f. Milwaukee Valve Company. 

g. NIBCO INC. 

h. Red-White Valve Corporation. 

i. Zy-Tech Global Industries, Inc. 

2. Description: 

a. Standard:  MSS SP-80, Type 3. 

b. CWP Rating:  300 psig (2070 kPa). 

c. Body Design:  Horizontal flow. 

d. Body Material:  ASTM B 62, bronze. 

e. Ends:  Threaded. 

f. Disc:  Bronze. 

2.9 IRON SWING CHECK VALVES 

A. Class 125, Iron Swing Check Valves with Nonmetallic-to-Metal Seats: 

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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Stockham Division. 

2. Description: 
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a. Standard:  MSS SP-71, Type I. 

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  200 psig (1380 kPa). 

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  150 psig (1035 kPa). 

d. Body Design:  Clear or full waterway. 

e. Body Material:  ASTM A 126, gray iron with bolted bonnet. 

f. Ends:  Flanged. 

g. Trim:  Composition. 

h. Seat Ring:  Bronze. 

i. Disc Holder:  Bronze. 

j. Disc:  PTFE or TFE. 

k. Gasket:  Asbestos free. 

B. Class 250, Iron Swing Check Valves with Metal Seats: 

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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Jenkins Valves. 

c. Crane Co.; Crane Valve Group; Stockham Division. 

d. Hammond Valve. 

e. Milwaukee Valve Company. 

f. NIBCO INC. 

g. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 

a. Standard:  MSS SP-71, Type I. 

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  500 psig (3450 kPa). 

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  300 psig (2070 kPa). 

d. Body Design:  Clear or full waterway. 

e. Body Material:  ASTM A 126, gray iron with bolted bonnet. 

f. Ends:  Flanged. 

g. Trim:  Bronze. 

h. Gasket:  Asbestos free. 

2.10 IRON SWING CHECK VALVES WITH CLOSURE CONTROL 

A. Class 125, Iron Swing Check Valves with Lever- and Spring-Closure Control: 

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. NIBCO INC. 

2. Description: 

a. Standard:  MSS SP-71, Type I. 
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b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  200 psig (1380 kPa). 

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  150 psig (1035 kPa). 

d. Body Design:  Clear or full waterway. 

e. Body Material:  ASTM A 126, gray iron with bolted bonnet. 

f. Ends:  Flanged. 

g. Trim:  Bronze. 

h. Gasket:  Asbestos free. 

i. Closure Control:  Factory-installed, exterior lever and spring. 

B. Class 125, Iron Swing Check Valves with Lever and Weight-Closure Control: 

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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Jenkins Valves. 

c. Crane Co.; Crane Valve Group; Stockham Division. 

d. Hammond Valve. 

e. Milwaukee Valve Company. 

f. NIBCO INC. 

g. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 

a. Standard:  MSS SP-71, Type I. 

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  200 psig (1380 kPa). 

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  150 psig (1035 kPa). 

d. Body Design:  Clear or full waterway. 

e. Body Material:  ASTM A 126, gray iron with bolted bonnet. 

f. Ends:  Flanged. 

g. Trim:  Bronze. 

h. Gasket:  Asbestos free. 

i. Closure Control:  Factory-installed, exterior lever and weight. 

2.11 IRON, GROOVED-END SWING CHECK VALVES 

A. 300 CWP, Iron, Grooved-End Swing Check Valves: 

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. Anvil International, Inc. 

b. Shurjoint Piping Products. 

c. Tyco Fire Products LP; Grinnell Mechanical Products. 

d. Victaulic Company. 

2. Description: 
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a. CWP Rating:  300 psig (2070 kPa). 

b. Body Material:  ASTM A 536, ductile iron. 

c. Seal:  EPDM. 

d. Disc:  Spring operated, ductile iron or stainless steel. 

2.12 BRONZE GATE VALVES 

A. Class 150, RS Bronze Gate Valves: 

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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Stockham Division. 

c. Hammond Valve. 

d. Kitz Corporation. 

e. Milwaukee Valve Company. 

f. NIBCO INC. 

g. Powell Valves. 

h. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

i. Zy-Tech Global Industries, Inc. 

2. Description: 

a. Standard:  MSS SP-80, Type 2. 

b. CWP Rating:  300 psig (2070 kPa). 

c. Body Material:  ASTM B 62, bronze with integral seat and union-ring bonnet. 

d. Ends:  Threaded. 

e. Stem:  Bronze. 

f. Disc:  Solid wedge; bronze. 

g. Packing:  Asbestos free. 

h. Handwheel:  Malleable iron, bronze, or aluminum. 

2.13 IRON GATE VALVES 

A. Class 125, OS&Y, Iron Gate Valves: 

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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Jenkins Valves. 

c. Crane Co.; Crane Valve Group; Stockham Division. 

d. Flo Fab Inc. 

e. Hammond Valve. 

f. Kitz Corporation. 

g. Legend Valve. 
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h. Milwaukee Valve Company. 

i. NIBCO INC. 

j. Powell Valves. 

k. Red-White Valve Corporation. 

l. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

m. Zy-Tech Global Industries, Inc. 

2. Description: 

a. Standard:  MSS SP-70, Type I. 

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  200 psig (1380 kPa). 

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  150 psig (1035 kPa). 

d. Body Material:  ASTM A 126, gray iron with bolted bonnet. 

e. Ends:  Flanged. 

f. Trim:  Bronze. 

g. Disc:  Solid wedge. 

h. Packing and Gasket:  Asbestos free. 

B. Class 250, OS&Y, Iron Gate Valves: 

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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Stockham Division. 

c. Hammond Valve. 

d. Milwaukee Valve Company. 

e. NIBCO INC. 

f. Powell Valves. 

g. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 

a. Standard:  MSS SP-70, Type I. 

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating:  500 psig (3450 kPa). 

c. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating:  300 psig (2070 kPa). 

d. Body Material:  ASTM A 126, gray iron with bolted bonnet. 

e. Ends:  Flanged. 

f. Trim:  Bronze. 

g. Disc:  Solid wedge. 

h. Packing and Gasket:  Asbestos free. 

2.14 BRONZE GLOBE VALVES 

A. Class 125, Bronze Globe Valves with Nonmetallic 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: 
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a. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Stockham Division. 

c. NIBCO INC. 

d. Red-White Valve Corporation. 

2. Description: 

a. Standard:  MSS SP-80, Type 2. 

b. CWP Rating:  200 psig (1380 kPa). 

c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet. 

d. Ends:  Threaded. 

e. Stem:  Bronze. 

f. Disc:  PTFE or TFE. 

g. Packing:  Asbestos free. 

h. Handwheel:  Malleable iron, bronze, or aluminum. 

B. Class 150, Bronze Globe Valves with Nonmetallic 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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Hammond Valve. 

c. Kitz Corporation. 

d. Milwaukee Valve Company. 

e. NIBCO INC. 

f. Powell Valves. 

g. Red-White Valve Corporation. 

h. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

i. Zy-Tech Global Industries, Inc. 

2. Description: 

a. Standard:  MSS SP-80, Type 2. 

b. CWP Rating:  300 psig (2070 kPa). 

c. Body Material:  ASTM B 62, bronze with integral seat and union-ring bonnet. 

d. Ends:  Threaded. 

e. Stem:  Bronze. 

f. Disc:  PTFE or TFE. 

g. Packing:  Asbestos free. 

h. Handwheel:  Malleable iron, bronze, or aluminum. 

2.15 IRON GLOBE VALVES 

A. Class 125, Iron Globe Valves: 

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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Jenkins Valves. 

c. Crane Co.; Crane Valve Group; Stockham Division. 

d. Hammond Valve. 

e. Kitz Corporation. 

f. Milwaukee Valve Company. 

g. NIBCO INC. 

h. Powell Valves. 

i. Red-White Valve Corporation. 

j. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

k. Zy-Tech Global Industries, Inc. 

2. Description: 

a. Standard:  MSS SP-85, Type I. 

b. CWP Rating:  200 psig (1380 kPa). 

c. Body Material:  ASTM A 126, gray iron with bolted bonnet. 

d. Ends:  Flanged. 

e. Trim:  Bronze. 

f. Packing and Gasket:  Asbestos free. 

B. Class 250, Iron Globe Valves: 

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. Crane Co.; Crane Valve Group; Crane Valves. 

b. Crane Co.; Crane Valve Group; Jenkins Valves. 

c. Crane Co.; Crane Valve Group; Stockham Division. 

d. Hammond Valve. 

e. Milwaukee Valve Company. 

f. NIBCO INC. 

g. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 

a. Standard:  MSS SP-85, Type I. 

b. CWP Rating:  500 psig (3450 kPa). 

c. Body Material:  ASTM A 126, gray iron with bolted bonnet. 

d. Ends:  Flanged. 

e. Trim:  Bronze. 

f. Packing and Gasket:  Asbestos free. 

2.16 CHAINWHEELS 

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. Babbitt Steam Specialty Co. 
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2. Roto Hammer Industries. 

3. Trumbull Industries. 

B. Description:  Valve actuation assembly with sprocket rim, brackets, and chain. 

1. Brackets:  Type, number, size, and fasteners required to mount actuator on valve. 

2. Attachment:  For connection to ball, butterfly and plug valve stems. 

3. Sprocket Rim with Chain Guides:  Ductile iron, of type and size required for valve. 

4. Chain:  Hot-dip, galvanized steel, of size required to fit sprocket rim. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. 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. 

B. Operate valves in positions from fully open to fully closed.  Examine guides and seats made 

accessible by such operations. 

C. Examine threads on valve and mating pipe for form and cleanliness. 

D. 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. 

E. Do not attempt to repair defective valves; replace with new valves. 

3.2 VALVE INSTALLATION 

A. Install valves with unions or flanges at each piece of equipment arranged to allow service, 

maintenance, and equipment removal without system shutdown. 

B. Locate valves for easy access and provide separate support where necessary. 

C. Install valves in horizontal piping with stem at or above center of pipe. 

D. Install valves in position to allow full stem movement. 

E. Install chainwheels on operators for butterfly and gate valves NPS 4 (DN 100) and larger and 

more than 96 inches (2400 mm) above floor.  Extend chains to 60 inches (1520 mm) above 

finished floor. 

F. Install check valves for proper direction of flow and as follows: 

1. Swing Check Valves:  In horizontal position with hinge pin level. 

2. Check Valves:  In horizontal or vertical position, between flanges. 

3. Lift Check Valves:  With stem upright and plumb. 
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3.3 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into service but 

before final adjusting and balancing.  Replace valves if persistent leaking occurs. 

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valve applications are not indicated, use the following: 

1. Shutoff Service:  Ball, butterfly, or gate valves.  Butterfly valves for chillers and pumps 

shall be lug type. 

2. Butterfly Valve Dead-End Service:  Single-flange (lug) type. 

3. Throttling Service:  Globe or butterfly valves. 

4. Pump-Discharge Check Valves: 

a. NPS 2 (DN 50) and Smaller:  Bronze swing check valves with bronze disc. 

b. NPS 2-1/2 (DN 65) and Larger:  Iron swing check valves with lever and weight or 

with spring. 

B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves 

with higher SWP classes or CWP ratings may be substituted. 

C. Select valves, except wafer types, with the following end connections: 

1. For Copper Tubing, NPS 2 (DN 50) and Smaller:  Threaded ends except where solder-

joint valve-end option is indicated in valve schedules below. 

2. For Copper Tubing, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged ends except where 

threaded valve-end option is indicated in valve schedules below. 

3. For Copper Tubing, NPS 5 (DN 125) and Larger:  Flanged ends. 

4. For Steel Piping, NPS 2 (DN 50) and Smaller:  Threaded ends. 

5. For Steel Piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged ends except where 

threaded valve-end option is indicated in valve schedules below. 

6. For Steel Piping, NPS 5 (DN 125) and Larger:  Flanged ends. 

7. For Grooved-End Copper Tubing and Steel Piping except Steam and Steam Condensate 

Piping:  Valve ends may be grooved. 

3.5 CHILLED-WATER VALVE SCHEDULE 

A. Pipe NPS 2 (DN 50) and Smaller: 

1. Bronze Valves:  May be provided with solder-joint ends instead of threaded ends. 

2. Ball Valves:  Two piece, full port, bronze with bronze trim. 

3. Bronze Swing Check Valves:  Class 150, bronze disc. 

4. Bronze Gate Valves:  Class 150, RS, bronze. 

5. Bronze Globe Valves:  Class 150, nonmetallic disc. 

B. Pipe NPS 2-1/2 (DN 65) and Larger: 
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1. Iron Valves, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  May be provided with threaded 

ends instead of flanged ends. 

2. Iron, Single-Flange Butterfly Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300):  

200 CWP, EPDM seat, aluminum-bronze disc. 

3. Iron, Single-Flange Butterfly Valves, NPS 14 to NPS 24 (DN 350 to DN 600):  

150 CWP, EPDM seat, aluminum-bronze disc. 

4. Iron, Grooved-End Butterfly Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300):  175 

CWP. 

5. High-Performance Butterfly Valves:  Class 150, single flange. 

6. Iron Swing Check Valves:  Class 250, metal seats. 

7. Iron Swing Check Valves with Closure Control, NPS 2-1/2 to NPS 12 (DN 65 to 

DN 300):  Class 125, lever and spring or weight. 

8. Iron, Grooved-End Check Valves, NPS 3 to NPS 12 (DN 80 to DN 300):  300 CWP. 

9. Iron Gate Valves:  Class 250, OS&Y. 

10. Iron Globe Valves:  Class 250. 

3.6 CONDENSER-WATER VALVE SCHEDULE 

A. Pipe NPS 2 (DN 50) and Smaller: 

1. Bronze Valves:  May be provided with solder-joint ends instead of threaded ends. 

2. Ball Valves:  Two piece, full port, bronze with bronze trim. 

3. Bronze Swing Check Valves:  Class 150, bronze disc. 

4. Bronze Gate Valves:  Class 150, RS. 

5. Bronze Globe Valves:  Class 150, nonmetallic disc. 

B. Pipe NPS 2-1/2 (DN 65) and Larger: 

1. Iron Valves, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  May be provided with threaded 

ends instead of flanged ends. 

2. Iron, Single-Flange Butterfly Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300):  

200 CWP, EPDM seat, aluminum-bronze disc. 

3. Iron, Single-Flange Butterfly Valves, NPS 14 to NPS 24 (DN 350 to DN 600):  

150 CWP, EPDM seat, aluminum-bronze disc. 

4. Iron, Grooved-End Butterfly Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300):  

175 CWP. 

5. High-Performance Butterfly Valves:  Class 150, single flange. 

6. Iron Swing Check Valves:  Class 250, metal seats. 

7. Iron Swing Check Valves with Closure Control, NPS 2-1/2 to NPS 12 (DN 65 to 

DN 300):  Class 125, lever and spring or weight. 

8. Iron, Grooved-End Check Valves, NPS 3 to NPS 12 (DN 80 to DN 300):  300 CWP. 

9. Iron Gate Valves:  Class 250, OS&Y. 

10. Iron Globe Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300):  Class 250. 

END OF SECTION 230523 
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SECTION 230529 - 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. Trapeze pipe hangers. 

3. Metal framing systems. 

4. Thermal-hanger shield inserts. 

5. Fastener systems. 

6. Pipe stands. 

7. Equipment supports. 

8. Tool box shelves. 

B. Related Sections: 

1. Section 230516 "Expansion Fittings and Loops for HVAC Piping" for pipe guides and 

anchors. 

2. Section 230548 "Vibration and Seismic Controls for HVAC Piping and Equipment" for 

vibration isolation devices. 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society of The Valve and Fittings Industry Inc. 

1.4 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. 

3. Design seismic-restraint hangers and supports for piping and equipment and obtain 

approval from authorities having jurisdiction. 



HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 230529 - 2 

1.5 ACTION SUBMITTALS 

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

1.6 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.7 QUALITY ASSURANCE 

A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to 

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

B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and 

Pressure Vessel Code. 

PART 2 - PRODUCTS 

2.1 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 or hot dipped. 

3. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 

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. Copper Pipe Hangers: 

1. Description:  MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated 

components. 

2. Hanger Rods:  Continuous-thread rod, nuts, and washer made of copper-coated steel. 

2.2 TRAPEZE PIPE HANGERS 

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from 

structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-

bolts. 

2.3 METAL FRAMING SYSTEMS 

A. MFMA Manufacturer Metal Framing Systems: 
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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. 

b. Cooper B-Line, Inc. 

c. Flex-Strut Inc. 

d. GS Metals Corp. 

e. Thomas & Betts Corporation. 

f. Unistrut Corporation; Tyco International, Ltd. 

g. Wesanco, Inc. 

2. Description:  Shop- or field-fabricated pipe-support assembly for supporting multiple 

parallel pipes. 

3. Standard:  MFMA-4. 

4. Channels:  Continuous slotted steel channel with inturned lips. 

5. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into channel 

slot and, when tightened, prevent slipping along channel. 

6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of carbon steel. 

7. Metallic Coating:  Mill galvanized. 

2.4 THERMAL-HANGER SHIELD INSERTS 

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. Carpenter & Paterson, Inc. 

2. Clement Support Services. 

3. ERICO International Corporation. 

4. National Pipe Hanger Corporation. 

5. PHS Industries, Inc. 

6. Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc. 

7. Piping Technology & Products, Inc. 

8. Rilco Manufacturing Co., Inc. 

9. Value Engineered Products, Inc. 

B. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-psig 

(688-kPa) or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig (862-kPa) 

minimum compressive strength and vapor barrier. 

C. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe. 

D. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe. 

E. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below 

ambient air temperature. 
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2.5 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete 

with pull-out, tension, and shear capacities appropriate for supported loads and building 

materials where used. 

B. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless-steel anchors, for use in hardened 

portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported 

loads and building materials where used. 

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. Low-Type, Single-Pipe Stand:  One-piece stainless-steel base unit with plastic roller, for roof 

installation without membrane penetration. 

C. High-Type, Single-Pipe Stand: 

1. Description:  Assembly of base, vertical and horizontal members, and pipe support, for 

roof installation without membrane penetration. 

2. Base:  Stainless steel. 

3. Vertical Members:  Two or more cadmium-plated-steel or stainless-steel, continuous-

thread rods. 

4. Horizontal Member:  Cadmium-plated-steel or stainless-steel rod with plastic or stainless-

steel, roller-type pipe support. 

D. High-Type, Multiple-Pipe Stand: 

1. Description:  Assembly of bases, vertical and horizontal members, and pipe supports, for 

roof installation without membrane penetration. 

2. Bases:  One or more; plastic. 

3. Vertical Members:  Two or more protective-coated-steel channels. 

4. Horizontal Member:  Protective-coated-steel channel. 

5. Pipe Supports:  Galvanized-steel, clevis-type pipe hangers. 

2.7 EQUIPMENT SUPPORTS 

A. Description:  Welded, shop- or field-fabricated equipment support made from structural carbon-

steel shapes. 

2.8 TOOL BOX SHELVES:  

A. Description:  Welded, shop or field fabricated shelf made from structural steel shapes and 

expanded metal. 
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2.9 MISCELLANEOUS MATERIALS 

A. Structural Steel:  ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and 

galvanized. 

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and 

nonmetallic grout; suitable for interior and exterior applications. 

1. Properties:  Nonstaining, noncorrosive, and nongaseous. 

2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, 

supports, clamps, and attachments as required to properly support piping from the building 

structure. 

B. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange 

for grouping of parallel runs of horizontal piping, and support together on field-fabricated 

trapeze pipe hangers. 

1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or 

install intermediate supports for smaller diameter pipes as specified for individual pipe 

hangers. 

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being 

supported.  Weld steel according to AWS D1.1/D1.1M. 

C. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping, and 

support together on field-assembled metal framing systems. 

D. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping. 

E. Fastener System Installation: 

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 

than 4 inches (100 mm) thick in concrete after concrete is placed and completely cured.  

Use operators that are licensed by powder-actuated tool manufacturer.  Install fasteners 

according to powder-actuated tool manufacturer's operating manual. 

2. Install mechanical-expansion anchors in concrete after concrete is placed and completely 

cured.  Install fasteners according to manufacturer's written instructions. 

F. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 

washers, and other accessories. 

G. Equipment Support Installation:  Fabricate from welded-structural-steel shapes. 
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H. Install hangers and supports to allow controlled thermal and seismic movement of piping 

systems, to permit freedom of movement between pipe anchors, and to facilitate action of 

expansion joints, expansion loops, expansion bends, and similar units. 

I. Install lateral bracing with pipe hangers and supports to prevent swaying. 

J. Install building attachments within concrete slabs or attach to structural steel.  Install additional 

attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 (DN 65) 

and larger and at changes in direction of piping.  Install concrete inserts before concrete is 

placed; fasten inserts to forms and install reinforcing bars through openings at top of inserts. 

K. Load Distribution:  Install hangers and supports so 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. 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 (DN 100) 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 (DN 100) and larger if pipe is installed on rollers. 

4. Shield Dimensions for Pipe:  Not less than the following: 

a. NPS 1/4 to NPS 3-1/2 (DN 8 to DN 90):  12 inches (305 mm) long and 0.048 inch 

(1.22 mm) thick. 

b. NPS 4 (DN 100):  12 inches (305 mm) long and 0.06 inch (1.52 mm) thick. 

c. NPS 5 and NPS 6 (DN 125 and DN 150):  18 inches (457 mm) long and 0.06 inch 

(1.52 mm) thick. 

d. NPS 8 to NPS 14 (DN 200 to DN 350):  24 inches (610 mm) long and 0.075 inch 

(1.91 mm) thick. 

e. NPS 16 to NPS 24 (DN 400 to DN 600):  24 inches (610 mm) long and 0.105 inch 

(2.67 mm) thick. 
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5. Pipes NPS 8 (DN 200) and Larger:  Include wood or reinforced calcium-silicate-

insulation inserts of length at least as long as protective shield. 

6. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation. 

3.2 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. 

3.3 TOOL BOX SHELVES  

A. Fabricate steel shelves to support tool and tool boxes, equipment and parts for the maintenance 

of all equipment and HVAC components that are located 10 feet or more above finished floor.  

This includes any component that requires service, testing or adjusting. 

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. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve 

indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches (40 mm). 
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3.6 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately 

after erecting hangers and supports.  Use same materials as used for shop painting.  Comply 

with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils (0.05 

mm). 

B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 

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-69 for pipe-hanger selections and applications that are not specified in 

piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 

not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 

direct contact with copper tubing. 

E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers and metal framing 

systems and attachments for general service applications. 

F. Use stainless-steel pipe hangers and stainless-steel or corrosion-resistant attachments for hostile 

environment applications. 

G. Use copper-plated pipe hangers and copper attachments for copper piping and tubing. 

H. Use padded hangers for piping that is subject to scratching. 

I. Use thermal-hanger shield inserts for insulated piping and tubing. 

J. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 

piping system Sections, install the following types: 

1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or 

insulated, stationary pipes NPS 1/2 to NPS 30 (DN 15 to DN 750). 

2. Yoke-Type Pipe Clamps (MSS Type 2):  For suspension of up to 1050 deg F (566 

deg C), pipes NPS 4 to NPS 24 (DN 100 to DN 600), requiring up to 4 inches (100 mm) 

of insulation. 

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3):  For suspension of 

pipes NPS 3/4 to NPS 36 (DN 20 to DN 900), requiring clamp flexibility and up to 4 

inches (100 mm) of insulation. 

4. Steel Pipe Clamps (MSS Type 4):  For suspension of cold and hot pipes NPS 1/2 to 

NPS 24 (DN 15 to DN 600) if little or no insulation is required. 
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5. Pipe Hangers (MSS Type 5):  For suspension of pipes NPS 1/2 to NPS 4 (DN 15 to 

DN 100), to allow off-center closure for hanger installation before pipe erection. 

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6):  For suspension of 

noninsulated, stationary pipes NPS 3/4 to NPS 8 (DN 20 to DN 200). 

7. Adjustable, Steel Band Hangers (MSS Type 7):  For suspension of noninsulated, 

stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200). 

8. Adjustable Band Hangers (MSS Type 9):  For suspension of noninsulated, stationary 

pipes NPS 1/2 to NPS 8 (DN 15 to DN 200). 

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated, 

stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200). 

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11):  For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 8 (DN 10 to DN 200). 

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12):  For suspension of 

noninsulated, stationary pipes NPS 3/8 to NPS 3 (DN 10 to DN 80). 

12. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to NPS 30 (DN 15 to 

DN 750). 

13. Clips (MSS Type 26):  For support of insulated pipes not subject to expansion or 

contraction. 

14. Pipe Saddle Supports (MSS Type 36):  For support of pipes NPS 4 to NPS 36 (DN 100 to 

DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 

plate. 

15. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes NPS 4 to NPS 36 (DN 100 

to DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-

steel plate, and with U-bolt to retain pipe. 

16. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for pipes 

NPS 2-1/2 to NPS 36 (DN 65 to DN 900) if vertical adjustment is required, with steel-

pipe base stanchion support and cast-iron floor flange. 

17. Single-Pipe Rolls (MSS Type 41):  For suspension of pipes NPS 1 to NPS 30 (DN 25 to 

DN 750), from two rods if longitudinal movement caused by expansion and contraction 

might occur. 

18. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes NPS 2-1/2 to 

NPS 24 (DN 65 to DN 600), from single rod if horizontal movement caused by expansion 

and contraction might occur. 

19. Complete Pipe Rolls (MSS Type 44):  For support of pipes NPS 2 to NPS 42 (DN 50 to 

DN 1050) if longitudinal movement caused by expansion and contraction might occur but 

vertical adjustment is not necessary. 

20. Pipe Roll and Plate Units (MSS Type 45):  For support of pipes NPS 2 to NPS 24 (DN 50 

to DN 600) if small horizontal movement caused by expansion and contraction might 

occur and vertical adjustment is not necessary. 

21. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes NPS 2 to 

NPS 30 (DN 50 to DN 750) if vertical and lateral adjustment during installation might be 

required in addition to expansion and contraction. 

K. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers NPS 3/4 to 

NPS 24 (DN 24 to DN 600). 

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers NPS 3/4 

to NPS 24 (DN 20 to DN 600) if longer ends are required for riser clamps. 
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L. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches (150 mm) for heavy 

loads. 

2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F (49 to 232 deg C) piping 

installations. 

3. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings. 

4. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of 

building attachments. 

5. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg F (49 to 232 deg C) piping 

installations. 

M. 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 (340 kg). 

b. Medium (MSS Type 32):  1500 lb (680 kg). 

c. Heavy (MSS Type 33):  3000 lb (1360 kg). 

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. 

15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear 

horizontal movement where headroom is limited. 

N. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 
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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. 

O. 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 (32 mm). 

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. 

P. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not 

specified in piping system Sections. 

Q. Comply with MFMA-103 for metal framing system selections and applications that are not 

specified in piping system Sections. 

R. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 

attachments where required in concrete construction. 

END OF SECTION 230529 
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SECTION 230533 - HEAT TRACING FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes heat tracing for HVAC piping subject to freezing with the following electric 

heating cables: 

1. Plastic insulated series resistance. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1. Include rated capacities, operating characteristics, and furnished specialties and 

accessories. 

2. Schedule heating capacity, length of cable, spacing, and electrical power requirement for 

each electric heating cable required. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For electric heating cables to include in operation and 

maintenance manuals. 

1.6 WARRANTY 

A. Special Warranty:  Manufacturer agrees to repair or replace electric heating cable that fails in 

materials or workmanship within specified warranty period including the replacement of the 

insulation and/or jacket covering. 

1. Warranty Period:  Five years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 PLASTIC-INSULATED, SERIES-RESISTANCE HEATING CABLES 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. Delta-Therm Corporation. 

2. Easy Heat; a division of EGS Electrical Group LLC. 

3. Orbit Manufacturing. 

4. Pyrotenax; a brand of Tyco Thermal Controls LLC. 

5. Raychem; a brand of Tyco Thermal Controls LLC. 

6. Watts Radiant, Inc.; a subsidiary of Watts Water Technologies, Inc. 

B. Comply with IEEE 515.1. 

C. Heating Element:  Single- or dual-stranded resistor wire.  Terminate with waterproof, factory-

assembled, nonheating leads with connectors at both ends. 

D. Electrical Insulating Jacket:  Minimum 4.0-mil (0.10-mm) Kapton with silicone, Tefzel, or 

polyolefin. 

E. Maximum Operating Temperature (Power On):  150 deg F (65 deg C). 

F. Maximum Exposure Temperature (Power Off):  185 deg F (85 deg C). 

G. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

H. Capacities and Characteristics: 

1. Maximum Heat Output:  6 W/ft. (19.7 W/m) maximum. 

2. Furnish and install as required by the application.  See Electrical Division. 

2.2 CONTROLS 

A. Remote bulb unit with adjustable temperature range from 30 to 50 deg F (minus 1 to plus 10 

deg C). 

B. Snap action; open-on-rise, single-pole switch with minimum current rating adequate for 

connected cable. 

C. Remote bulb on capillary, resistance temperature device, or thermistor for directly sensing pipe-

wall temperature. 

D. Corrosion-resistant, waterproof control enclosure. 
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2.3 ACCESSORIES 

A. Cable Installation Accessories:  Fiberglass tape, heat-conductive putty, cable ties, silicone end 

seals and splice kits, and installation clips all furnished by manufacturer, or as recommended in 

writing by manufacturer. 

B. Warning Labels:  Refer to Section 230553 "Identification for HVAC Piping and Equipment." 

C. Warning Tape:  Continuously printed "Electrical Tracing"; vinyl, at least 3 mils (0.08 mm) 

thick, and with pressure-sensitive, permanent, waterproof, self-adhesive back. 

1. Width for Markers on Pipes with OD, Including Insulation, Less Than 6 Inches (150 

mm):  3/4 inch (19 mm) minimum. 

2. Width for Markers on Pipes with OD, Including Insulation, 6 Inches (150 mm) or Larger:  

1-1/2 inches (38 mm) minimum. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine surfaces and substrates to receive electric heating cables for compliance with 

requirements for installation tolerances and other conditions affecting performance. 

1. Ensure surfaces and pipes in contact with electric heating cables are free of burrs and 

sharp protrusions. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install electric heating cable across expansion joints according to manufacturer's written 

instructions; use slack cable to allow movement without damage to cable. 

B. Install electric heating cables after piping has been tested and before insulation is installed. 

C. Install electric heating cables according to IEEE 515.1. 

D. Install insulation over piping with electric cables according to Section 230719 "HVAC Piping 

Insulation." 

E. Install warning tape on piping insulation or outer jacket where piping is equipped with electric 

heating cables. 

F. Set field-adjustable switches and circuit-breaker trip ranges. 

G. Install heating cable on piping exposed to weather conditions including but not limited to 

cooling tower make-up water piping, condenser water piping, heat recovery piping and other 

piping subject to freezing except for glycol systems.  It is the intent of this specification that 
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piping exposed to potential freeze damage in the opinion of the Engineer shall be heat traced 

and insulated. 

3.3 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections with the assistance of a factory-authorized service 

representative: 

1. Perform tests after cable installation but before application of coverings such as 

insulation, wall or ceiling construction, or concrete. 

2. Test cables for electrical continuity and insulation integrity before energizing. 

3. Test cables to verify rating and power input.  Energize and measure voltage and current 

simultaneously. 

B. Repeat tests for continuity, insulation resistance, and input power after applying thermal 

insulation on pipe-mounted cables. 

C. Cables will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.5 PROTECTION 

A. Protect installed heating cables, including non-heating leads, from damage during construction. 

B. Remove and replace damaged heat-tracing cables. 

END OF SECTION 230533 
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SECTION 230548 - VIBRATION AND SEISMIC CONTROLS 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. This Section includes the following: 

1. Isolation pads. 

2. Isolation mounts. 

3. Restrained elastomeric isolation mounts. 

4. Restrained spring isolators. 

5. Housed spring mounts. 

6. Elastomeric hangers. 

7. Spring hangers. 

8. Spring hangers with vertical-limit stops. 

9. Pipe riser resilient supports. 

10. Resilient pipe guides. 

11. Seismic snubbers. 

12. Restraining braces and cables. 

13. Steel and inertia, vibration isolation equipment bases. 

1.3 DEFINITIONS 

A. IBC:  International Building Code. 

B. ICC-ES:  ICC-Evaluation Service. 

C. OSHPD:  Office of Statewide Health Planning and Development for the State of California. 

1.4 PERFORMANCE REQUIREMENTS 

A. Seismic-Restraint Loading: 

1. Site Class as Defined in the IBC:  D. 

2. Assigned Seismic Use Group or Building Category as Defined in the IBC:  III. 

a. Component Importance Factor:  1.5. 

b. Component Response Modification Factor:  2.5. 

c. Component Amplification Factor:  1.0. 



VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND 

EQUIPMENT 

230548 - 2 

3. Design Spectral Response Acceleration at Short Periods (0.2 Second):  1.389. 

4. Design Spectral Response Acceleration at 1-Second Period:  0.378. 

1.5 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Include rated load, rated deflection, and overload capacity for each vibration isolation 

device. 

2. Illustrate and indicate style, material, strength, fastening provision, and finish for each 

type and size of seismic-restraint component used. 

a. Tabulate types and sizes of seismic restraints, complete with report numbers and 

rated strength in tension and shear as evaluated by an agency acceptable to 

authorities having jurisdiction. 

b. Annotate to indicate application of each product submitted and compliance with 

requirements. 

3. Interlocking Snubbers:  Include ratings for horizontal, vertical, and combined loads. 

B. Delegated-Design Submittal:  For vibration isolation and seismic-restraint details indicated to 

comply with performance requirements and design criteria, including analysis data signed and 

sealed by the qualified professional engineer responsible for their preparation. 

1. Design Calculations:  Calculate static and dynamic loading due to equipment weight and 

operation, seismic and wind forces required to select vibration isolators, seismic and wind 

restraints, and for designing vibration isolation bases. 

a. Coordinate design calculations with wind load calculations required for equipment 

mounted outdoors.  Comply with requirements in other Sections for equipment 

mounted outdoors. 

2. Riser Supports:  Include riser diagrams and calculations showing anticipated expansion 

and contraction at each support point, initial and final loads on building structure, spring 

deflection changes, and seismic loads.  Include certification that riser system has been 

examined for excessive stress and that none will exist. 

3. Vibration Isolation Base Details:  Detail overall dimensions, including anchorages and 

attachments to structure and to supported equipment.  Include auxiliary motor slides and 

rails, base weights, equipment static loads, power transmission, component misalignment, 

and cantilever loads. 

4. Seismic- and Wind-Restraint Details: 

a. Design Analysis:  To support selection and arrangement of seismic and wind 

restraints.  Include calculations of combined tensile and shear loads. 

b. Details:  Indicate fabrication and arrangement.  Detail attachments of restraints to 

the 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 seismic events.  Indicate 

association with vibration isolation devices. 
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c. Coordinate seismic-restraint and vibration isolation details with wind-restraint 

details required for equipment mounted outdoors.  Comply with requirements in 

other Sections for equipment mounted outdoors. 

d. Preapproval and Evaluation Documentation:  By an agency acceptable to 

authorities having jurisdiction, showing maximum ratings of restraint items and the 

basis for approval (tests or calculations). 

1.6 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Show coordination of seismic bracing for HVAC piping and 

equipment with other systems and equipment in the vicinity, including other supports and 

seismic restraints. 

B. Qualification Data:  For professional engineer and testing agency. 

C. Welding certificates. 

D. Field quality-control test reports. 

1.7 QUALITY ASSURANCE 

A. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are 

more stringent. 

B. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural 

Welding Code - Steel." 

C. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and shall 

bear anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES, or 

preapproval by another agency acceptable to authorities having jurisdiction, showing maximum 

seismic-restraint ratings.  Ratings based on independent testing are preferred to ratings based on 

calculations.  If preapproved ratings are not available, submittals based on independent testing 

are preferred.  Calculations (including combining shear and tensile loads) to support seismic-

restraint designs must be signed and sealed by a qualified professional engineer. 

D. Furnish and submit a letter to the Authority having jurisdiction, from the equipment supplier, 

stating that the equipment has been installed, as required, by the Manufacturer and as specified. 

PART 2 - PRODUCTS 

2.1 VIBRATION ISOLATORS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

 

1. Isolation Technology, Inc. 

2. Kinetics Noise Control. 

3. Mason Industries. 
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4. Vibration Eliminator Co., Inc. 

5. Vibration Isolation. 

6. Vibration Mountings & Controls, Inc. 

7. Vibro-Acoustics. 

B. Pads:  Arranged in single or multiple layers of sufficient stiffness for uniform loading over pad 

area, molded with a nonslip pattern and galvanized-steel baseplates, and factory cut to sizes that 

match requirements of supported equipment. 

1. Resilient Material:  Oil- and water-resistant neoprene or rubber. 

C. Mounts:  Double-deflection type, with molded, oil-resistant rubber, hermetically sealed 

compressed fiberglass, or neoprene isolator elements with factory-drilled, encapsulated top plate 

for bolting to equipment and with baseplate for bolting to structure.  Color-code or otherwise 

identify to indicate capacity range. 

1. Materials:  Cast-ductile-iron or welded steel housing containing two separate and 

opposing, oil-resistant rubber or neoprene elements that prevent central threaded element 

and attachment hardware from contacting the housing during normal operation. 

2. Neoprene:  Shock-absorbing materials compounded according to the standard for bridge-

bearing neoprene as defined by AASHTO. 

D. Restrained Mounts:  All-directional mountings with seismic restraint. 

1. Materials:  Cast-ductile-iron or welded steel housing containing two separate and 

opposing, oil-resistant rubber or neoprene elements that prevent central threaded element 

and attachment hardware from contacting the housing during normal operation. 

2. Neoprene:  Shock-absorbing materials compounded according to the standard for bridge-

bearing neoprene as defined by AASHTO. 

E. Restrained Spring Isolators:  Freestanding, steel, open-spring isolators with seismic or limit-stop 

restraint. 

1. Housing:  Steel with resilient vertical-limit stops to prevent spring extension due to 

weight being removed; factory-drilled baseplate bonded to 1/4-inch- (6-mm-) thick, 

neoprene or rubber isolator pad attached to baseplate underside; and adjustable 

equipment mounting and leveling bolt that acts as blocking during installation. 

2. Restraint:  Seismic or limit stop as required for equipment and authorities having 

jurisdiction. 

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. Overload Capacity:  Support 200 percent of rated load, fully compressed, without 

deformation or failure. 

F. Housed Spring Mounts:  Housed spring isolator with integral seismic snubbers. 

1. Housing:  Ductile-iron or steel housing to provide all-directional seismic restraint. 

2. Base:  Factory drilled for bolting to structure. 
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3. Snubbers:  Vertically adjustable to allow a maximum of 1/4-inch (6-mm) travel up or 

down before contacting a resilient collar. 

G. Elastomeric Hangers:  Single or double-deflection type, fitted with molded, oil-resistant 

elastomeric isolator elements bonded to steel housings with threaded connections for hanger 

rods.  Color-code or otherwise identify to indicate capacity range. 

H. Spring Hangers:  Combination coil-spring and elastomeric-insert hanger with spring and insert 

in compression. 

1. 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. 

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. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.  Steel-washer-reinforced 

cup to support spring and bushing projecting through bottom of frame. 

7. Self-centering hanger rod cap to ensure concentricity between hanger rod and support 

spring coil. 

I. Spring Hangers with Vertical-Limit Stop:  Combination coil-spring and elastomeric-insert 

hanger with spring and insert in compression and with a vertical-limit stop. 

1. 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. 

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. Elastomeric Element:  Molded, oil-resistant rubber or neoprene. 

7. Adjustable Vertical Stop:  Steel washer with neoprene washer "up-stop" on lower 

threaded rod. 

8. Self-centering hanger rod cap to ensure concentricity between hanger rod and support 

spring coil. 

J. Pipe Riser Resilient Support:  All-directional, acoustical pipe anchor consisting of 2 steel tubes 

separated by a minimum of 1/2-inch- (13-mm-) thick neoprene.  Include steel and neoprene 

vertical-limit stops arranged to prevent vertical travel in both directions.  Design support for a 

maximum load on the isolation material of 500 psig (3.45 MPa) and for equal resistance in all 

directions. 

K. Resilient Pipe Guides:  Telescopic arrangement of 2 steel tubes or post and sleeve arrangement 

separated by a minimum of 1/2-inch- (13-mm-) thick neoprene.  Where clearances are not 

readily visible, a factory-set guide height with a shear pin to allow vertical motion due to pipe 
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expansion and contraction shall be fitted.  Shear pin shall be removable and reinsertable to 

allow for selection of pipe movement.  Guides shall be capable of motion to meet location 

requirements. 

2.2 VIBRATION ISOLATION EQUIPMENT BASES 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Amber/Booth Company, Inc. 

2. California Dynamics Corporation. 

3. Isolation Technology, Inc. 

4. Kinetics Noise Control. 

5. Mason Industries. 

6. Vibration Eliminator Co., Inc. 

7. Vibration Isolation. 

8. Vibration Mountings & Controls, Inc. 

B. Steel Base:  Factory-fabricated, welded, structural-steel bases and rails. 

1. Design Requirements:  Lowest possible mounting height with not less than 1-inch (25-

mm) clearance above the floor.  Include equipment anchor bolts and auxiliary motor slide 

bases or rails. 

a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel:  Steel shapes, plates, and bars complying with ASTM A 36/A 36M.  

Bases shall have shape to accommodate supported equipment. 

3. Support Brackets:  Factory-welded steel brackets on frame for outrigger isolation 

mountings and to provide for anchor bolts and equipment support. 

C. Inertia Base:  Factory-fabricated, welded, structural-steel bases and rails ready for placement of 

cast-in-place concrete. 

1. Design Requirements:  Lowest possible mounting height with not less than 1-inch (25-

mm) clearance above the floor.  Include equipment anchor bolts and auxiliary motor slide 

bases or rails. 

a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel:  Steel shapes, plates, and bars complying with ASTM A 36/A 36M.  

Bases shall have shape to accommodate supported equipment. 

3. Support Brackets:  Factory-welded steel brackets on frame for outrigger isolation 

mountings and to provide for anchor bolts and equipment support. 

4. Fabrication:  Fabricate steel templates to hold equipment anchor-bolt sleeves and anchors 

in place during placement of concrete.  Obtain anchor-bolt templates from supported 

equipment manufacturer. 
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2.3 SEISMIC-RESTRAINT DEVICES 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Amber/Booth Company, Inc. 

2. California Dynamics Corporation. 

3. Cooper B-Line, Inc.; a division of Cooper Industries. 

4. Hilti, Inc. 

5. Kinetics Noise Control. 

6. Loos & Co.; Cableware Division. 

7. Mason Industries. 

8. TOLCO Incorporated; a brand of NIBCO INC. 

9. Unistrut; Tyco International, Ltd. 

B. General Requirements for Restraint Components:  Rated strengths, features, and applications 

shall be as defined in reports by an agency acceptable to authorities having jurisdiction. 

1. Structural Safety Factor:  Allowable strength in tension, shear, and pullout force of 

components shall be at least four times the maximum seismic forces to which they will be 

subjected. 

C. Snubbers:  Factory fabricated using welded structural-steel shapes and plates, anchor bolts, and 

replaceable resilient isolation washers and bushings. 

1. Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and stud-wedge or 

female-wedge type. 

2. Resilient Isolation Washers and Bushings:  Oil- and water-resistant neoprene. 

3. Maximum 1/4-inch (6-mm) air gap, and minimum 1/4-inch- (6-mm-) thick resilient 

cushion. 

D. Channel Support System:  MFMA-3, shop- or field-fabricated support assembly made of slotted 

steel channels with 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; 

and rated in tension, compression, and torsion forces. 

E. Restraint Cables:  ASTM A 492 stainless-steel cables with end connections made of steel 

assemblies with thimbles, brackets, swivel, and bolts designed for restraining cable service; and 

with a minimum of two clamping bolts for cable engagement. 

F. Hanger Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted 

connections or Reinforcing steel angle clamped to hanger rod. 

G. 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. 

H. 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. 
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I. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-resistant 

neoprene, with a flat washer face. 

J. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type in zinc-coated steel 

for interior applications and stainless steel for exterior applications.  Select anchor bolts with 

strength required for anchor and as tested according to ASTM E 488.  Minimum length of eight 

times diameter. 

K. Adhesive Anchor Bolts:  Drilled-in and capsule anchor system containing polyvinyl or urethane 

methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.  

Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless 

steel for exterior applications.  Select anchor bolts with strength required for anchor and as 

tested according to ASTM E 488. 

2.4 FACTORY FINISHES 

A. Finish:  Manufacturer's standard prime-coat finish ready for field painting. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation and seismic-control devices for 

compliance with requirements for installation tolerances and other conditions affecting 

performance. 

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 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 seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select sizes of 

components so strength will be adequate to carry present and future static and seismic loads 

within specified loading limits. 

3.3 VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION 

A. Equipment Restraints: 
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1. Install seismic 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 (3.2 mm). 

3. Install seismic-restraint devices using methods approved by an agency acceptable to 

authorities having jurisdiction providing required submittals for component. 

B. Piping Restraints: 

1. Comply with requirements in MSS SP-127. 

2. Space lateral supports a maximum of 40 feet (12 m) o.c., and longitudinal supports a 

maximum of 80 feet (24 m) o.c. 

3. Brace a change of direction longer than 12 feet (3.7 m). 

C. Install cables so they do not bend across edges of adjacent equipment or building structure. 

D. Install seismic-restraint devices using methods approved by an agency acceptable to authorities 

having jurisdiction providing required submittals for component. 

E. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide 

resilient media between anchor bolt and mounting hole in concrete base. 

F. 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. 

G. 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. 

H. Drilled-in 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 the 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 Anchors:  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 Anchors:  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. 
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3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Install flexible connections in piping where they cross seismic joints, where adjacent sections or 

branches are supported by different structural elements, and where the connections terminate 

with connection to equipment that is anchored to a different structural element from the one 

supporting the connections as they approach equipment.  Comply with requirements in 

Section 232113 "Hydronic Piping" for piping flexible connections. 

3.5 ADJUSTING 

A. Adjust isolators after piping 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. 

C. Adjust active height of spring isolators. 

D. Adjust restraints to permit free movement of equipment within normal mode of operation. 

END OF SECTION 230548 
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 

2. Warning signs and labels. 

3. Pipe labels. 

4. Valve tags. 

1.3 ACTION SUBMITTALS 

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

B. Samples:  For color, letter style, and graphic representation required for each identification 

material and device. 

C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed 

content for each label. 

D. Valve numbering scheme. 

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

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and painting of 

surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Plastic Labels for Equipment: 

1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 

1/8 inch (3.2 mm) thick, and having predrilled holes for attachment hardware. 

2. Letter Color:  White. 

3. Background Color:  Black. 

4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F (71 deg C). 

5. Minimum Label Size:  Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch (64 by 19 mm). 

6. Minimum Letter Size:  1/4 inch (6.4 mm) for name of units if viewing distance is less 

than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 

mm), and proportionately larger lettering for greater viewing distances.  Include 

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

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

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

B. Label Content:  Include equipment's Drawing designation or unique equipment number, 

Drawing numbers where equipment is indicated (plans, details, and schedules), plus the 

Specification Section number and title where equipment is specified. 

2.2 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with lettering 

indicating service, and showing flow direction. 

B. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to cover full circumference of 

pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive backing. 

D. Pipe Label Contents:  Include identification of piping service using same designations or 

abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 

1. Flow-Direction Arrows:  Integral with piping system service lettering to accommodate 

both directions, or as separate unit on each pipe label to indicate flow direction. 

2. Lettering Size:  At least 1-1/2 inches (38 mm)high. 

2.3 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch (6.4-mm) letters for piping system 

abbreviation and 1/2-inch (13-mm) numbers. 

1. Tag Material:  Brass, 0.032-inch (0.8-mm) or Stainless steel, 0.025-inch (0.64-mm) 

minimum thickness, and having predrilled or stamped holes for attachment hardware. 

2. Fasteners:  Brass wire-link or beaded chain; or S-hook. 
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B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch (A4) bond paper.  Tabulate 

valve number, piping system, system abbreviation (as shown on valve tag), location of valve 

(room or space), normal-operating position (open, closed, or modulating), and variations for 

identification.  Mark valves for emergency shutoff and similar special uses. 

1. Valve-tag schedule shall be included in operation and maintenance data. 

2.4 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of plasticized card 

stock with matte finish suitable for writing. 

1. Size:  Approximately 4 by 7 inches (100 by 178 mm). 

2. Fasteners:  Brass grommet and wire. 

3. Nomenclature:  Large-size primary caption such as "DANGER," "CAUTION," or "DO 

NOT OPERATE." 

4. Color:  Yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of identification 

devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and 

encapsulants. 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical equipment. 

B. Locate equipment labels where accessible and visible. 

3.3 PIPE LABEL INSTALLATION 

A. Piping Color-Coding:  Comply with ASME.A13./or match existing. 

B. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; 

machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and 

exterior exposed locations as follows: 

1. Near each valve and control device. 

2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Where flow pattern is not obvious, mark each pipe at branch. 

3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures. 

4. At access doors, manholes, and similar access points that permit view of concealed 

piping. 

5. Near major equipment items and other points of origination and termination. 
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6. Spaced at maximum intervals of 50 feet (15 m) along each run.  Reduce intervals to 25 

feet (7.6 m) in areas of congested piping and equipment. 

C. Pipe Label Color Schedule: 

1. Chilled-Water Piping: 

a. Background Color:  White. 

b. Letter Color:  Green. 

2. Condenser-Water Piping: 

a. Background Color:  Green. 

b. Letter Color:  White. 

3.4 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; valves within 

factory-fabricated equipment units; and shutoff valves. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and 

with captions similar to those indicated in the following subparagraphs: 

1. Valve-Tag Size and Shape: 

a. Chilled Water:  2 inches (50 mm), round. 

b. Condenser Water:  2 inches (50 mm), round. 

2. Valve-Tag Color: 

a. Chilled Water:  Natural. 

b. Condenser Water:  Natural. 

3. Letter Color: 

a. Chilled Water:  Black. 

b. Condenser Water:  Black. 

3.5 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other items where 

required. 

END OF SECTION 230553 
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SECTION 230593 - 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. Balancing New Chilled Water Hydronic Piping Systems: 

a. Constant-flow chilled water hydronic systems. 

b. Variable-flow chilled water hydronic systems. 

c. Primary-secondary chilled water hydronic systems. 

1.3 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 

B. TAB:  Testing, adjusting, and balancing. 

C. TABB:  Testing, Adjusting, and Balancing Bureau. 

D. TAB Specialist:  An entity engaged to perform TAB Work. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  Within 45 days of Contractor's Notice to Proceed, submit documentation 

that the TAB contractor and this Project's TAB team members meet the qualifications specified 

in "Quality Assurance" Article. 

B. Contract Documents Examination Report:  Within 45 days of Contractor's Notice to Proceed, 

submit the Contract Documents review report as specified in Part 3. 

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. Certified TAB reports. 

E. Sample report forms. 

F. Instrument calibration reports, to include the following: 
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1. Instrument type and make. 

2. Serial number. 

3. Application. 

4. Dates of use. 

5. Dates of calibration. 

1.5 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC. 

1. TAB Field Supervisor:  Employee of the TAB contractor and certified by AABC. 

2. TAB Technician:  Employee of the TAB contractor and who is certified by AABC as a 

TAB technician. 

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

1. Review field data reports to validate accuracy of data and to prepare certified TAB 

reports. 

2. Certify that the TAB team complied with the approved TAB plan and the procedures 

specified and referenced in this Specification. 

C. TAB Report Forms:  Use standard TAB contractor's forms approved by Engineer and Owner. 

D. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, 

Section 5, "Instrumentation." 

1.6 PROJECT CONDITIONS 

A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB 

period.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's 

operations. 

1.7 COORDINATION 

A. Notice:  Provide seven days' advance notice for each test.  Include scheduled test dates and 

times. 

B. Perform TAB after leakage and pressure tests on water distribution systems have been 

satisfactorily completed. 
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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 systems for installed balancing devices, such as test ports, gage cocks, thermometer 

wells, flow-control devices, balancing valves and fittings.  Verify that locations of these 

balancing devices are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data including HVAC system descriptions, statements of design assumptions 

for environmental conditions and systems' output, and statements of philosophies and 

assumptions about HVAC system and equipment controls. 

E. Examine equipment performance data including 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. 

F. Examine system and equipment installations and verify that field quality-control testing, 

cleaning, and adjusting specified in individual Sections have been performed. 

G. Examine test reports specified in individual system and equipment Sections. 

H. Examine HVAC equipment and verify that bearings are greased, and equipment with 

functioning controls is ready for operation. 

I. Examine strainers.  Verify that startup screens are replaced by permanent screens with indicated 

perforations. 

J. Examine three-way valves for proper installation for their intended function of diverting or 

mixing fluid flows. 

K. Examine system pumps to ensure absence of entrained air in the suction piping. 

L. Examine operating safety interlocks and controls on HVAC equipment. 

M. 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. 
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3.2 PREPARATION 

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

B. Complete system-readiness checks and prepare reports.  Verify the following: 

1. Permanent electrical-power wiring is complete. 

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

3. Automatic temperature-control systems are operational. 

4. Equipment access doors are securely closed. 

5. Isolating and balancing valves are open and control valves are operational. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures contained 

in AABC's "National Standards for Total System Balance" and in this Section. 

B. Cut insulation, pipes, and equipment cabinets for installation of test probes to the minimum 

extent necessary for TAB procedures. 

 

1. Install and join new insulation that matches removed materials.  Restore insulation, 

coverings, vapor barrier, and finish according to " Section 230716 "HVAC Equipment 

Insulation," and Section 230719 "HVAC Piping Insulation." 

C. Mark equipment and balancing devices, valve position indicators, and similar controls and 

devices, with paint or other suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.4 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports with pertinent design data, and number in sequence starting at pump to end 

of system.  Check the sum of branch-circuit flows against the approved pump flow rate.  Correct 

variations that exceed plus or minus 5 percent. 

B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the 

general preparation procedures specified above: 

1. Open all manual valves for maximum flow. 

2. Check liquid level in expansion tank. 

3. Check makeup water-station pressure gage for adequate pressure for highest vent. 

4. Check flow-control valves for specified sequence of operation, and set at indicated flow. 

5. Set differential-pressure control valves at the specified differential pressure.  Do not set at 

fully closed position when pump is positive-displacement type unless several terminal 

valves are kept open. 

6. Set system controls so automatic valves are wide open to heat exchangers. 
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7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so 

motor nameplate rating is not exceeded. 

8. Check air vents for a forceful liquid flow exiting from vents when manually operated. 

3.5 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 

A. Measure water flow at pumps.  Use the following procedures except for positive-displacement 

pumps: 

1. Verify impeller size by operating the pump with the discharge valve closed.  Read 

pressure differential across the pump.  Convert pressure to head and correct for 

differences in gage heights.  Note the point on manufacturer's pump curve at zero flow 

and verify that the pump has the intended impeller size. 

a. If impeller sizes must be adjusted to achieve pump performance, obtain approval 

from Engineer and Owner and comply with requirements in Section 232123 

"Hydronic Pumps." 

2. Check system resistance.  With all valves open, read pressure differential across the 

pump and mark pump manufacturer's head-capacity curve.  Adjust pump discharge valve 

until indicated water flow is achieved. 

a. Monitor motor performance during procedures and do not operate motors in 

overload conditions. 

3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the 

system based on pump manufacturer's performance data.  Compare calculated brake 

horsepower with nameplate data on the pump motor.  Report conditions where actual 

amperage exceeds motor nameplate amperage. 

4. Report flow rates that are not within plus or minus 10 percent of design. 

B. Measure flow at all automatic flow control valves to verify that valves are functioning as 

designed. 

C. Measure flow at all pressure-independent characterized control valves, with valves in fully open 

position, to verify that valves are functioning as designed. 

D. Set calibrated balancing valves, if installed, at calculated presettings. 

E. Measure flow at all stations and adjust, where necessary, to obtain first balance. 

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop 

relationship may be used as a flow-indicating device. 

F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 

percent greater than indicated flow. 

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows: 

1. Determine the balancing station with the highest percentage over indicated flow. 
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2. Adjust each station in turn, beginning with the station with the highest percentage over 

indicated flow and proceeding to the station with the lowest percentage over indicated 

flow. 

3. Record settings and mark balancing devices. 

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump 

heads, and systems' pressures and temperatures including outdoor-air temperature. 

I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing. 

J. Check settings and operation of each safety valve.  Record settings. 

3.6 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS 

A. Balance systems with automatic two- and three-way control valves by setting systems at 

maximum flow through heat-exchange terminals and proceed as specified above for hydronic 

systems. 

3.7 PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS 

A. Balance the primary circuit flow first and then balance the secondary circuits. 

3.8 PROCEDURES FOR MOTORS 

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

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

2. Motor horsepower rating. 

3. Motor rpm. 

4. Efficiency rating. 

5. Nameplate and measured voltage, each phase. 

6. Nameplate and measured amperage, each phase. 

7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 

from minimum to maximum.  Test the manual bypass of the controller to prove proper 

operation.  Record observations including name of controller manufacturer, model number, 

serial number, and nameplate data. 

3.9 PROCEDURES FOR CHILLERS 

A. Balance water flow through each evaporator and condenser 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. 
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2. For water-cooled chillers, condenser-water entering and leaving temperatures, pressure 

drop, and water flow. 

3. Evaporator and condenser refrigerant temperatures and pressures, using instruments 

furnished by chiller manufacturer. 

4. Power factor if factory-installed instrumentation is furnished for measuring kilowatts. 

5. Kilowatt input if factory-installed instrumentation is furnished for measuring kilowatts. 

6. Capacity:  Calculate in tons of cooling. 

3.10 PROCEDURES FOR COOLING TOWERS 

A. Shut off makeup water for the duration of the test, and verify that makeup and blowdown 

systems are fully operational after tests and before leaving the equipment.  Perform the 

following tests and record the results: 

1. Measure condenser-water flow to each cell of the cooling tower. 

2. Measure entering- and leaving-water temperatures. 

3. Measure wet- and dry-bulb temperatures of entering air. 

4. Measure wet- and dry-bulb temperatures of leaving air. 

5. Measure condenser-water flow rate recirculating through the cooling tower. 

6. Measure cooling-tower spray pump discharge pressure. 

7. Adjust water level and feed rate of makeup water system. 

8. Measure flow through bypass. 

3.11 TOLERANCES 

A. Set HVAC system's water flow rates within the following tolerances: 

 

1. Cooling-Water Flow Rate:  Plus or minus 10 percent. 

3.12 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as 

specified in "Examination" Article, prepare a report on the adequacy of design for systems' 

balancing devices.  Recommend changes and additions to systems' balancing devices to 

facilitate proper performance measuring and balancing.  Recommend changes and additions to 

HVAC systems and general construction to allow access for performance measuring and 

balancing devices. 

B. Status Reports:  Prepare monthly progress reports to describe completed procedures, procedures 

in progress, and scheduled procedures.  Include a list of deficiencies and problems found in 

systems being tested and balanced.  Prepare a separate report for each system and each building 

floor for systems serving multiple floors. 

3.13 FINAL REPORT 

A. General:  Prepare a certified written report; tabulate and divide the report into separate sections 

for tested systems and balanced systems. 



TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 8 

1. Include a certification sheet at the front of the report's binder, signed and sealed by the 

certified testing and balancing engineer. 

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

B. Final Report Contents:  In addition to certified field-report data, include the following: 

1. Pump curves. 

2. Manufacturers' test data. 

3. Field test reports prepared by system and equipment installers. 

4. Other information relative to equipment performance; do not include Shop Drawings and 

product data. 

C. General Report Data:  In addition to form titles and entries, include the following data: 

1. Title page. 

2. Name and address of the TAB contractor. 

3. Project name. 

4. Project location. 

5. Engineer's name and address. 

6. Contractor's name and address. 

7. Report date. 

8. Signature of TAB supervisor who certifies the report. 

9. Table of Contents with the total number of pages defined for each section of the report.  

Number each page in the report. 

10. 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. 

11. Nomenclature sheets for each item of equipment. 

12. Notes to explain why certain final data in the body of reports vary from indicated values. 

13. Test conditions for pump performance forms including the following: 

 

a. Any system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of hydronic distribution systems.  Present each 

system with single-line diagram and include the following: 

 

1. Water flow rates. 

2. Pipe and valve sizes and locations. 

3. Balancing stations. 

4. Position of balancing devices. 

E. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves and 

include the following: 

1. Unit Data: 

a. Unit identification. 
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b. Location. 

c. Service. 

d. Make and size. 

e. Model number and serial number. 

f. Water flow rate in gpm (L/s). 

g. Water pressure differential in feet of head or psig (kPa). 

h. Required net positive suction head in feet of head or psig (kPa). 

i. Pump rpm. 

j. Impeller diameter in inches (mm). 

k. Motor make and frame size. 

l. Motor horsepower and rpm. 

m. Voltage at each connection. 

n. Amperage for each phase. 

o. Full-load amperage and service factor. 

p. Seal type. 

2. Test Data (Indicated and Actual Values): 

a. Static head in feet of head or psig (kPa). 

b. Pump shutoff pressure in feet of head or psig (kPa). 

c. Actual impeller size in inches (mm). 

d. Full-open flow rate in gpm (L/s). 

e. Full-open pressure in feet of head or psig (kPa). 

f. Final discharge pressure in feet of head or psig (kPa). 

g. Final suction pressure in feet of head or psig (kPa). 

h. Final total pressure in feet of head or psig (kPa). 

i. Final water flow rate in gpm (L/s). 

j. Voltage at each connection. 

k. Amperage for each phase. 

F. 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 INSPECTIONS 

A. Initial Inspection: 

1. After testing and balancing are complete, operate each system and randomly check 

measurements to verify that the system is operating according to the final test and balance 

readings documented in the final report. 

2. Check the following for each system: 

 

a. Verify that balancing devices are marked with final balance position. 
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b. Note deviations from the Contract Documents in the final report. 

B. Final Inspection: 

1. After initial inspection is complete and documentation by random checks verifies that 

testing and balancing are complete and accurately documented in the final report, request 

that a final inspection be made by Engineer and Owner. 

2. The TAB contractor's test and balance engineer shall conduct the inspection in the 

presence of Engineer and Owner. 

3. Engineer and Owner shall randomly select measurements, documented in the final report, 

to be rechecked.  Rechecking shall be limited to either 10 percent of the total 

measurements recorded or the extent of measurements that can be accomplished in a 

normal 8-hour business day. 

4. If rechecks yield measurements that differ from the measurements documented in the 

final report by more than the tolerances allowed, the measurements shall be noted as 

"FAILED." 

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

measurements checked during the final inspection, the testing and balancing shall be 

considered incomplete and shall be rejected. 

C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, 

proceed as follows: 

1. Recheck all measurements and make adjustments.  Revise the final report and balancing 

device settings to include all changes; resubmit the final report and request a second final 

inspection. 

2. If the second final inspection also fails, Owner may contract the services of another TAB 

contractor to complete TAB Work according to the Contract Documents and deduct the 

cost of the services from the original TAB contractor's final payment. 

D. Prepare test and inspection reports. 

3.15 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, 

perform additional TAB during near-peak summer conditions. 

END OF SECTION 230593 
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SECTION 230716 - HVAC EQUIPMENT INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes insulating the following HVAC equipment that is not factory insulated: 

1. Chilled-water pumps. 

B. Related Sections: 

1. Section 230719 "HVAC Piping Insulation." 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor 

permeance thickness, and jackets (both factory- and field-applied if any). 

B. Samples (when requested):  For each type of insulation and jacket indicated.  Identify each 

Sample, describing product and intended use.  Sample sizes are as follows: 

1. Preformed Pipe Insulation Materials:  12 inches (300 mm) long by NPS 2 (DN 50). 

2. Sheet Form Insulation Materials:  12 inches (300 mm) square. 

3. Sheet Jacket Materials:  12 inches (300 mm) square. 

1.4 QUALITY ASSURANCE 

A. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 

identical products according to ASTM E 84, by a testing agency acceptable to authorities 

having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, 

and cement material containers, with appropriate markings of applicable testing agency. 

1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed 

index of 50 or less. 

2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed 

index of 150 or less. 



HVAC EQUIPMENT INSULATION 230716 - 2 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate 

ASTM standard designation, type and grade, and maximum use temperature. 

1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 

Section 230529 "Hangers and Supports for HVAC Piping and Equipment." 

B. Coordinate clearance requirements with equipment Installer for equipment insulation 

application. 

C. Coordinate installation and testing of heat tracing. 

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. 

B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 

construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Equipment Insulation Schedule" articles for where insulating 

materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride content of less 

than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 

according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 

process. 

F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply 

with ASTM C 534, Type I for tubular materials and Type II for sheet materials. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
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a. Aeroflex USA, Inc.; Aerocel. 

b. Armacell LLC; AP Armaflex. 

c. K-Flex USA; Insul-Sheet and K-FLEX LS. 

G. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  

Comply with ASTM C 612, Type IA or Type IB.  Provide insulation with factory-applied ASJ.  

Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. CertainTeed Corp.; CertaPro Commercial Board. 

b. Fibrex Insulations Inc.; FBX. 

c. Johns Manville; 800 Series Spin-Glas. 

d. Knauf Insulation; Insulation Board. 

e. Manson Insulation Inc.; AK Board. 

f. Owens Corning; Fiberglas 700 Series. 

H. High-Temperature, Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a 

thermosetting resin.  Comply with ASTM C 612, Type III, without factory-applied jacket. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Fibrex Insulations Inc.; FBX.Industrial Insulation Group (IIG); MinWool-1200 

Industrial Board. 

b. Rock Wool; Delta Board. 

c. Roxul Inc.; RHT and RockBoard. 

d. Thermafiber, Inc.; Thermafiber Industrial Felt. 

I. Mineral-Fiber, Preformed Pipe Insulation: 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Fibrex Insulations Inc.; Coreplus 1200. 

b. Johns Manville; Micro-Lok. 

c. Knauf Insulation; 1000-Degree Pipe Insulation. 

d. Manson Insulation Inc.; Alley-K. 

e. Owens Corning; Fiberglas Pipe Insulation. 

2. Type I, 850 Deg F (454 Deg C) Materials:  Mineral or glass fibers bonded with a 

thermosetting resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied 

ASJ.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" 

Article. 

J. Mineral-Fiber, Pipe and Tank Insulation:  Mineral or glass fibers bonded with a thermosetting 

resin.  Semirigid board material with factory-applied ASJ complying with ASTM C 1393, 

Type II or Type IIIA Category 2, or with properties similar to ASTM C 612, Type IB.  Nominal 

density is 2.5 lb/cu. ft. (40 kg/cu. m) or more.  Thermal conductivity (k-value) at 100 deg F (55 
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deg C) is 0.29 Btu x in./h x sq. ft. x deg F (0.042 W/m x K) or less.  Factory-applied jacket 

requirements are specified in "Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. CertainTeed Corp.; CrimpWrap. 

b. Johns Manville; MicroFlex. 

c. Knauf Insulation; Pipe and Tank Insulation. 

d. Manson Insulation Inc.; AK Flex. 

e. Owens Corning; Fiberglas Pipe and Tank Insulation. 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Ramco Insulation, Inc.; Super-Stik. 

B. Expanded or Exfoliated Vermiculite Insulating Cement:  Comply with ASTM C 196. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Ramco Insulation, Inc.; Thermokote V. 

2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 

insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Aeroflex USA, Inc.; Aeroseal. 

b. Armacell LLC; Armaflex 520 Adhesive. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-75. 

d. K-Flex USA; R-373 Contact Adhesive. 

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

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
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a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-127. 

b. Eagle Bridges  - Marathon Industries; 225. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-60/85-70. 

d. Mon-Eco Industries, Inc.; 22-25. 

D. 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. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-82. 

b. Eagle Bridges  - Marathon Industries; 225. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-50. 

d. Mon-Eco Industries, Inc.; 22-25. 

E. PVC Jacket Adhesive:  Compatible with PVC jacket. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Dow Corning Corporation; 739, Dow Silicone. 

b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive. 

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

d. Speedline Corporation; Polyco VP Adhesive. 

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with 

MIL-PRF-19565C, Type II. 

1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when 

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

B. Vapor-Barrier Mastic:  Water based; suitable for indoor and outdoor use on below ambient 

services. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Foster Brand, Specialty Construction Brands, Inc., a business of H .B. Fuller 

Company; 30-80/30-90. 

b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 metric 

perm) at 43-mil (1.09-mm) dry film thickness. 
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3. Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C). 

4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 

5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below ambient services. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-30. 

b. Eagle Bridges  - Marathon Industries; 501. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 30-35. 

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

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.03 metric perm) at 35-mil (0.9-

mm) dry film thickness. 

3. Service Temperature Range:  0 to 180 deg F (Minus 18 to plus 82 deg C). 

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

5. Color:  White. 

D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below ambient services. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; Encacel. 

b. Eagle Bridges  - Marathon Industries; 570. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 60-95/60-96. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.033 metric perm) at 30-mil (0.8-

mm) dry film thickness. 

3. Service Temperature Range:  Minus 50 to plus 220 deg F (Minus 46 to plus 104 deg C). 

4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight. 

5. Color:  White. 

E. Breather Mastic:  Water based; suitable for indoor and outdoor use on above ambient services. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-10. 

b. Eagle Bridges  - Marathon Industries; 550. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 46-50. 

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

e. Vimasco Corporation; WC-1/WC-5. 
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2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms (1.2 metric perms) at 0.0625-inch 

(1.6-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C). 

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

5. Color:  White. 

2.5 LAGGING ADHESIVES 

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

insulation materials, jackets, and substrates. 

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-50 AHV2. 

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 30-36. 

c. Vimasco Corporation; 713 and 714. 

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-

resistant lagging cloths over equipment insulation. 

4. Service Temperature Range:  0 to plus 180 deg F (Minus 18 to plus 82 deg C). 

5. Color:  White. 

2.6 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-76. 

b. Eagle Bridges  - Marathon Industries; 405. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 95-44. 

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

2. Materials shall be compatible with insulation materials, jackets, and substrates. 

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

4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C). 

5. Color:  Aluminum. 

6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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7. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile Organic 

Emissions from Various Sources Using Small-Scale Environmental Chambers." 

B. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-76. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 

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

4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C). 

5. Color:  White. 

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 C 1136, Type I. 

2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 

removable protective strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C 1136, Type II. 

4. PVDC Jacket for Indoor Applications:  4-mil- (0.10-mm-) thick, white PVDC biaxially 

oriented barrier film with a permeance at 0.02 perm (0.013 metric perm) when tested 

according to ASTM E 96/E 96M and with a flame-spread index of 5 and a smoke-

developed index of 20 when tested according to ASTM E 84. 

a. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

1) Dow Chemical Company (The); Saran 540 Vapor Retarder Film and 

Saran 560 Vapor Retarder Film. 

5. PVDC Jacket for Outdoor Applications:  6-mil- (0.15-mm-) thick, white PVDC biaxially 

oriented barrier film with a permeance at 0.01 perm (0.007 metric perm) when tested 

according to ASTM E 96/E 96M and with a flame-spread index of 5 and a smoke-

developed index of 25 when tested according to ASTM E 84. 

a. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

1) Dow Chemical Company (The); Saran 540 Vapor Retarder Film and 

Saran 560 Vapor Retarder Film. 
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2.8 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 

complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

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

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836. 

c. Compac Corporation; 104 and 105. 

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

2. Width:  3 inches (75 mm). 

3. Thickness:  11.5 mils (0.29 mm). 

4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 

5. Elongation:  2 percent. 

6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 

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

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 

complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

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

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 

c. Compac Corporation; 110 and 111. 

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

2. Width:  3 inches (75 mm). 

3. Thickness:  6.5 mils (0.16 mm). 

4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 

5. Elongation:  2 percent. 

6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 

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

C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 

suitable for indoor and outdoor applications. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

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

b. Compac Corporation; 130. 

c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches (50 mm). 

3. Thickness:  6 mils (0.15 mm). 

4. Adhesion:  64 ounces force/inch (0.7 N/mm) in width. 
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5. Elongation:  500 percent. 

6. Tensile Strength:  18 lbf/inch (3.3 N/mm) in width. 

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

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. ABI, Ideal Tape Division; 488 AWF. 

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800. 

c. Compac Corporation; 120. 

d. Venture Tape; 3520 CW. 

2. Width:  2 inches (50 mm). 

3. Thickness:  3.7 mils (0.093 mm). 

4. Adhesion:  100 ounces force/inch (1.1 N/mm) in width. 

5. Elongation:  5 percent. 

6. Tensile Strength:  34 lbf/inch (6.2 N/mm) in width. 

E. PVDC Tape for Indoor Applications:  White vapor-retarder PVDC tape with acrylic adhesive. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Dow Chemical Company (The); Saran 540 Vapor Retarder Tape. 

2. Width:  3 inches (75 mm). 

3. Film Thickness:  4 mils (0.10 mm). 

4. Adhesive Thickness:  1.5 mils (0.04 mm). 

5. Elongation at Break:  145 percent. 

6. Tensile Strength:  55 lbf/inch (10.1 N/mm) in width. 

F. PVDC Tape for Outdoor Applications:  White vapor-retarder PVDC tape with acrylic adhesive. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Dow Chemical Company (The); Saran 560 Vapor Retarder Tape. 

2. Width:  3 inches (75 mm). 

3. Film Thickness:  6 mils (0.15 mm). 

4. Adhesive Thickness:  1.5 mils (0.04 mm). 

5. Elongation at Break:  145 percent. 

6. Tensile Strength:  55 lbf/inch (10.1 N/mm) in width. 

2.9 SECUREMENTS 

A. Bands: 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
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a. ITW Insulation Systems; Gerrard Strapping and Seals. 

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

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015 

inch (0.38 mm) thick, 1/2 inch (13 mm) wide with wing seal or closed seal. 

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

Temper H-14, 0.020 inch (0.51 mm) thick, 1/2 inch (13 mm) wide with wing seal or 

closed seal. 

4. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted to accept 

metal bands.  Spring size determined by manufacturer for application. 

B. Insulation Pins and Hangers: 

1. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate welded to 

projecting spindle that is capable of holding insulation, of thickness indicated, securely in 

position indicated when self-locking washer is in place. 

a. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

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

2) GEMCO; Perforated Base. 

3) Midwest Fasteners, Inc.; Spindle. 

b. Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030 inch (0.76 mm) thick 

by 2 inches (50 mm) square. 

c. Spindle:  Znc-coated, low-carbon steel, fully annealed, 0.106-inch- (2.6-mm-) 

diameter shank, length to suit depth of insulation indicated. 

d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated 

capability to bond insulation hanger securely to substrates indicated without 

damaging insulation, hangers, and substrates. 

2. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- (0.41-mm-

) thick, stainless-steel sheet, with beveled edge sized as required to hold insulation 

securely in place but not less than 1-1/2 inches (38 mm) in diameter. 

a. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

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

2) GEMCO; R-150. 

3) Midwest Fasteners, Inc.; WA-150. 

4) Nelson Stud Welding; Speed Clips. 

b. Protect ends with capped self-locking washers incorporating a spring steel insert to 

ensure permanent retention of cap in exposed locations. 

C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel 

or Monel. 

D. Wire:  0.062-inch (1.6-mm) soft-annealed, stainless steel. 
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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. C & F Wire. 

2.10 CORNER ANGLES 

A. Aluminum Corner Angles:  0.040 inch (1.0 mm) thick, minimum 1 by 1 inch (25 by 25 mm), 

aluminum according to ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005; 

Temper H-14. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation tolerances 

and other conditions affecting performance of insulation application. 

1. Verify that systems and equipment to be insulated have been tested and are free of 

defects. 

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

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 

adversely affect insulation application. 

B. Surface Preparation:  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 (0.127 mm) 

thick and an epoxy finish 5 mils (0.127 mm) thick if operating in a temperature range 

between 140 and 300 deg F (60 and 149 deg C).  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 between 32 and 300 

deg F (0 and 149 deg C) with an epoxy coating.  Consult coating manufacturer for 

appropriate coating materials and application methods for operating temperature range. 

C. Coordinate insulation installation with the trade installing heat tracing.  Comply with 

requirements for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 

stainless-steel surfaces, use demineralized water. 
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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 equipment. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required 

for each item of equipment as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  Install 

accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 

dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Keep insulation materials dry during application and finishing. 

G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 

adhesive recommended by insulation material manufacturer. 

H. Install insulation with least number of joints practical. 

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 

supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 

2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure.  Taper 

and seal ends at attachment to structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 

insulation inserts with adhesive or sealing compound recommended by insulation 

material manufacturer. 

4. Cover inserts with jacket material matching adjacent insulation.  Install shields over 

jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield. 

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 

and dry film thicknesses. 

K. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 

2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as 

insulation jacket.  Secure strips with adhesive and outward clinching staples along both 

edges of strip, spaced 4 inches (100 mm) o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  Clean and dry surface 

to receive self-sealing lap.  Staple laps with outward clinching staples along edge at 4 

inches (100 mm) o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 
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4. Cover joints and seams with tape, according to insulation material manufacturer's written 

instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints. 

L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 

thickness. 

M. Finish installation with systems at operating conditions.  Repair joint separations and cracking 

due to thermal movement. 

N. Repair damaged insulation facings by applying same facing material over damaged areas.  

Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, staple, and seal 

patches similar to butt joints. 

O. 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. 

4. Manholes. 

5. Handholes. 

6. Cleanouts. 

3.4 INSTALLATION OF EQUIPMENT, TANK, AND VESSEL INSULATION 

A. Mineral-Fiber, Pipe and Tank Insulation Installation for Tanks and Vessels:  Secure insulation 

with adhesive and anchor pins and speed washers. 

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 

for 50 percent coverage of tank and vessel surfaces. 

2. Groove and score insulation materials to fit as closely as possible to equipment, including 

contours.  Bevel insulation edges for cylindrical surfaces for tight joints.  Stagger end 

joints. 

3. Protect exposed corners with secured corner angles. 

4. Install adhesively attached or self-sticking insulation hangers and speed washers on sides 

of tanks and vessels as follows: 

a. Do not weld anchor pins to ASME-labeled pressure vessels. 

b. Select insulation hangers and adhesive that are compatible with service 

temperature and with substrate. 

c. On tanks and vessels, maximum anchor-pin spacing is 3 inches (75 mm) from 

insulation end joints, and 16 inches (400 mm) o.c. in both directions. 

d. Do not overcompress insulation during installation. 

e. Cut and miter insulation segments to fit curved sides and domed heads of tanks 

and vessels. 

f. Impale insulation over anchor pins and attach speed washers. 

g. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface.  Cover exposed pins and washers with tape matching insulation 

facing. 
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5. Secure each layer of insulation with stainless-steel or aluminum bands.  Select band 

material compatible with insulation materials. 

6. Stagger joints between insulation layers at least 3 inches (75 mm). 

7. Install insulation in removable segments on equipment access doors, manholes, 

handholes, and other elements that require frequent removal for service and inspection. 

8. Bevel and seal insulation ends around manholes, handholes, ASME stamps, and 

nameplates. 

9. For equipment with surface temperatures below ambient, apply mastic to open ends, 

joints, seams, breaks, and punctures in insulation. 

B. Flexible Elastomeric Thermal Insulation Installation for Tanks and Vessels:  Install insulation 

over entire surface of tanks and vessels. 

1. Apply 100 percent coverage of adhesive to surface with manufacturer's recommended 

adhesive. 

2. Seal longitudinal seams and end joints. 

C. Insulation Installation on Pumps: 

1. Fabricate metal boxes lined with insulation.  Fit boxes around pumps and coincide box 

joints with splits in pump casings.  Fabricate joints with outward bolted flanges.  Bolt 

flanges on 6-inch (150-mm) centers, starting at corners.  Install 3/8-inch- (10-mm-) 

diameter fasteners with wing nuts.  Alternatively, secure the box sections together using a 

latching mechanism. 

2. Fabricate boxes from stainless steel, at least 0.040 inch (1.0 mm) thick. 

3. For below ambient services, install a vapor barrier at seams, joints, and penetrations.  

Seal between flanges with replaceable gasket material to form a vapor barrier. 

3.5 FINISHES 

A. Equipment Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint jacket 

with paint system identified below and as specified in Section 099113 "Exterior Painting" and 

Section 099123 "Interior Painting." 

1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible with jacket 

material and finish coat paint.  Add fungicidal agent to render fabric mildew proof. 

a. Finish Coat Material:  Interior, flat, latex-emulsion size. 

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 

insulation manufacturer's recommended protective coating. 

C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual 

inspection of the completed Work. 

D. Do not field paint aluminum or stainless-steel jackets. 
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3.6 EQUIPMENT INSULATION SCHEDULE 

A. Insulation materials and thicknesses are identified below.  If more than one material is listed for 

a type of equipment, selection from materials listed is Contractor's option. 

B. Insulate indoor and outdoor equipment that is not factory insulated. 

C. Chilled-water pump insulation shall be the following: 

1. Mineral-Fiber Board:  2 inches (50 mm) thick and 3-lb/cu. ft. (48-kg/cu. m) nominal 

density. 

END OF SECTION 230716 
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SECTION 230719 - HVAC PIPING INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes insulating the following HVAC piping systems: 

1. Chilled-water piping, indoors. 

2. Condenser Water Piping. 

3. Underground direct bury jackets. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor 

permeance thickness, and jackets (both factory and field applied if any). 

1.4 QUALITY ASSURANCE 

A. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 

identical products according to ASTM E 84, by a testing and inspecting agency acceptable to 

authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, 

mastic, tapes, and cement material containers, with appropriate markings of applicable testing 

agency. 

1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed 

index of 50 or less. 

2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed 

index of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate 

ASTM standard designation, type and grade, and maximum use temperature. 

1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 

Section 230529 "Hangers and Supports for HVAC Piping and Equipment." 
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B. Coordinate clearance requirements with piping Installer for piping insulation application.  

Before preparing piping Shop Drawings, establish and maintain clearance requirements for 

installation of insulation and field-applied jackets and finishes and for space required for 

maintenance. 

C. Coordinate installation and testing of heat tracing. 

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. 

B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 

construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation 

Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground 

Piping Insulation Schedule" articles for where insulating materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride content of less 

than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 

according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 

process. 

F. Flexible Elastomeric Insulation (Maximum 220 deg F):  Closed-cell, sponge- or expanded-

rubber materials.  Comply with ASTM C 534, Type I for tubular materials. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Aeroflex USA, Inc.; Aerocel. 

b. Armacell LLC; AP Armaflex. 

c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS. 

G. Mineral-Fiber, Preformed Pipe Insulation: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Fibrex Insulations Inc.; Coreplus 1200. 
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b. Johns Manville; Micro-Lok. 

c. Knauf Insulation; 1000-Degree Pipe Insulation. 

d. Manson Insulation Inc.; Alley-K. 

e. Owens Corning; Fiberglas Pipe Insulation. 

2. Type I, 850 deg F (454 deg C) Materials:  Mineral or glass fibers bonded with a 

thermosetting resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied 

ASJ-SSL.  Factory-applied jacket requirements are specified in "Factory-Applied 

Jackets" Article. 

3. Type II, when required, 1200 deg F (649 deg C) Materials:  Mineral or glass fibers 

bonded with a thermosetting resin.  Comply with ASTM C 547, Type II, Grade A, with 

factory-applied ASJ-SSL.  Factory-applied jacket requirements are specified in "Factory-

Applied Jackets" Article. 

H. Mineral-Fiber, Pipe and Tank Insulation:  Mineral or glass fibers bonded with a thermosetting 

resin.  Semirigid board material with factory-applied FSK jacket complying with 

ASTM C 1393, Type II or Type IIIA Category 2, or with properties similar to ASTM C 612, 

Type IB.  Nominal density is 2.5 lb/cu. ft. (40 kg/cu. m) or more.  Thermal conductivity (k-

value) at 100 deg F (55 deg C) is 0.29 Btu x in./h x sq. ft. x deg F (0.042 W/m x K) or less.  

Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; CrimpWrap. 

b. Johns Manville; MicroFlex. 

c. Knauf Insulation; Pipe and Tank Insulation. 

d. Manson Insulation Inc.; AK Flex. 

e. Owens Corning; Fiberglas Pipe and Tank Insulation. 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Ramco Insulation, Inc.; Super-Stik. 

B. Expanded or Exfoliated Vermiculite Insulating Cement:  Comply with ASTM C 196. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Ramco Insulation, Inc.; Thermokote V. 

C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
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a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote. 

2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 

insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Aeroflex USA, Inc.; Aeroseal. 

b. Armacell LLC; Armaflex 520 Adhesive. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-75. 

d. K-Flex USA; R-373 Contact Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 

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

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

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-127. 

b. Eagle Bridges  - Marathon Industries; 225. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-60/85-70. 

d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when 

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

D. 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. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-82. 

b. Eagle Bridges  - Marathon Industries; 225. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-50. 

d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 

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

E. PVC Jacket Adhesive:  Compatible with PVC jacket. 
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1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Dow Corning Corporation; 739, Dow Silicone. 

b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive. 

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

d. Speedline Corporation; Polyco VP Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 

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

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with 

MIL-PRF-19565C, Type II. 

1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when 

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

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 30-80/30-90. 

b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 metric 

perm) at 43-mil (1.09-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C). 

4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 

5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below-ambient services. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; Encacel. 

b. Eagle Bridges  - Marathon Industries; 570. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 60-95/60-96. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.033 metric perm) at 30-mil (0.8-

mm) dry film thickness. 

3. Service Temperature Range:  Minus 50 to plus 220 deg F (Minus 46 to plus 104 deg C). 

4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight. 

5. Color:  White. 
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D. Breather Mastic:  Water based; suitable for indoor and outdoor use on above-ambient services. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-10. 

b. Eagle Bridges  - Marathon Industries; 550. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 46-50. 

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

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

2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms (1.2 metric perms) at 0.0625-inch 

(1.6-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C). 

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

5. Color:  White. 

2.5 LAGGING ADHESIVES 

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

insulation materials, jackets, and substrates. 

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-50 AHV2. 

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 30-36. 

c. Vimasco Corporation; 713 and 714. 

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-

resistant lagging cloths over pipe insulation. 

4. Service Temperature Range:  0 to plus 180 deg F (Minus 18 to plus 82 deg C). 

5. Color:  White. 

2.6 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-76. 

b. Eagle Bridges  - Marathon Industries; 405. 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 95-44. 
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d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 

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

4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C). 

5. Color:  Aluminum. 

6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

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

7. For Schools:  Sealants shall comply with the testing and product requirements of the 

California Department of Health Services' "Standard Practice for the Testing of Volatile 

Organic Emissions from Various Sources Using Small-Scale Environmental Chambers." 

B. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; CP-76. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 

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

4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C). 

5. Color:  White. 

6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when 

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

7. For Schools:  Sealants shall comply with the testing and product requirements of the 

California Department of Health Services' "Standard Practice for the Testing of Volatile 

Organic Emissions from Various Sources Using Small-Scale Environmental Chambers." 

2.7 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 C 1136, Type I. 

2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 

removable protective strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C 1136, Type II. 

2.8 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 

B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing. 
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C. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 

Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  

Thickness is 30 mils (0.8 mm) maximum for indoor use. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Johns Manville; Zeston. 

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

c. Proto Corporation; LoSmoke. 

d. Speedline Corporation; SmokeSafe. 

2. Adhesive:  As recommended by jacket material manufacturer. 

3. Color:  White. 

4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate. 

a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, 

unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and 

supply covers for lavatories. 

D. Metal Jacket: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; Metal Jacketing Systems. 

b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 

c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), 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. 

c. Moisture Barrier for Indoor Applications:  2.5-mil- (0.063-mm-) thick polysurlyn. 

d. Moisture Barrier for Outdoor Applications:  2.5-mil- (0.063-mm-) thick 

polysurlyn. 

e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 

2) Preformed 2-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. 
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E. Underground Direct-Buried Jacket:  125-mil- (3.2-mm-) thick vapor barrier and waterproofing 

membrane consisting of a rubberized bituminous resin reinforced with a woven-glass fiber or 

polyester scrim and laminated aluminum foil. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

 

a. Pittsburgh Corning Corporation; Pittwrap, Jacketing. 

F. PVC Jacket for Indoor Applications:  30-mil- (0.8-mm-) thick, white PVC jacket with a flame-

spread index of 25 and a smoke-developed index of 50 when tested according to ASTM E 84. 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. Johns Manville, Zeston. 

b. PIC Plastics; FS Series. 

c. Dow Chemical Company (The); Saran 540 Vapor Retarder Film. 

d. Proto Corporation; LoSmoke. 

2.9 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 

complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

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

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836. 

c. Compac Corporation; 104 and 105. 

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

2. Width:  3 inches (75 mm). 

3. Thickness:  11.5 mils (0.29 mm). 

4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 

5. Elongation:  2 percent. 

6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 

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

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 

complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

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

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 

c. Compac Corporation; 110 and 111. 

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

2. Width:  3 inches (75 mm). 
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3. Thickness:  6.5 mils (0.16 mm). 

4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 

5. Elongation:  2 percent. 

6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 

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

C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 

suitable for indoor and outdoor applications. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

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

b. Compac Corporation; 130. 

c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches (50 mm). 

3. Thickness:  6 mils (0.15 mm). 

4. Adhesion:  64 ounces force/inch (0.7 N/mm) in width. 

5. Elongation:  500 percent. 

6. Tensile Strength:  18 lbf/inch (3.3 N/mm) in width. 

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

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 488 AWF. 

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800. 

c. Compac Corporation; 120. 

d. Venture Tape; 3520 CW. 

2. Width:  2 inches (50 mm). 

3. Thickness:  3.7 mils (0.093 mm). 

4. Adhesion:  100 ounces force/inch (1.1 N/mm) in width. 

5. Elongation:  5 percent. 

6. Tensile Strength:  34 lbf/inch (6.2 N/mm) in width. 

2.10 SECUREMENTS 

A. Bands: 

1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

a. ITW Insulation Systems; Gerrard Strapping and Seals. 

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

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015 

inch (0.38 mm) thick, 1/2 inch (13 mm) wide with wing seal. 

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

Temper H-14, 0.020 inch (0.51 mm) thick, 1/2 inch (13 mm) wide with wing seal. 
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B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel 

or Monel. 

C. Wire:  0.062-inch (1.6-mm) soft-annealed, stainless steel. 

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. C & F Wire. 

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. 

3. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 

adversely affect insulation application. 

B. Coordinate insulation installation with the trade installing heat tracing.  Comply with 

requirements for heat tracing that apply to insulation. 

C. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 

stainless-steel surfaces, use demineralized water. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 

free of voids throughout the length of piping including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required 

for each item of pipe system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  Install 

accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 

dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 
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F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 

adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 

supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 

2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure.  Taper 

and seal ends at attachment to structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 

insulation inserts with adhesive or sealing compound recommended by insulation 

material manufacturer. 

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. 

2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as 

insulation jacket.  Secure strips with adhesive and outward clinching staples along both 

edges of strip, spaced 4 inches (100 mm) o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  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 4 inches (100 mm) o.c. 

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

4. Cover joints and seams with tape, according to insulation material manufacturer's written 

instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 

ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 

thickness. 

N. Finish installation with systems at operating conditions.  Repair joint separations and cracking 

due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged areas.  

Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, staple, and seal 

patches similar to butt joints. 
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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. 

4. Manholes. 

5. Handholes. 

6. Cleanouts. 

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 (50 mm) below 

top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation flush 

with sleeve seal.  Seal terminations with flashing sealant. 

C. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation 

continuously through wall penetrations. 

1. Seal penetrations with flashing sealant. 

2. For applications requiring only indoor insulation, terminate insulation inside wall 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 wall flashing and overlap wall flashing at 

least 2 inches (50 mm). 

4. Seal jacket to wall flashing with flashing sealant. 

D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  

Install insulation continuously through walls and partitions. 

E. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation 

continuously through penetrations of fire-rated walls and partitions. 

1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 

and fire-resistive joint sealers. 

F. Insulation Installation at Floor Penetrations: 

1. Pipe:  Install insulation continuously through floor penetrations. 
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2. Seal penetrations through fire-rated assemblies.  Comply with requirements in 

Section 078413 "Penetration Firestopping." 

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. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with 

continuous thermal and vapor-retarder integrity unless otherwise indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from 

same material and density as adjacent pipe insulation.  Each piece shall be 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 preformed fitting insulation or sectional pipe insulation of same 

material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt 

each section closely to the next and hold in place with tie wire.  Bond pieces with 

adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same 

material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 

insulation by not less than two 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 preformed fitting insulation or sectional pipe insulation of same 

material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 

insulation by not less than two 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 and unions using a section of oversized preformed pipe insulation.  

Overlap adjoining pipe insulation by not less than two times the thickness of pipe 

insulation, or one pipe diameter, whichever is thicker. 

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 fabric-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. 

9. Stencil or label the outside insulation jacket of each union with the word "union."  Match 

size and color of pipe labels. 
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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 at locations specified or indicated.  Installation shall 

conform 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 adjoining pipe 

insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend insulation 

from flanges or union long at least two 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 (50 mm) 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. 

3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate 

openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 

1. Install 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 cut sections of sheet insulation of same thickness as 

pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive 

to eliminate openings in insulation that allow passage of air to surface being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install mitered sections of pipe insulation. 

2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to 

eliminate openings in insulation that allow passage of air to surface being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 
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1. Install preformed valve covers manufactured of same material as pipe insulation when 

available. 

2. When preformed valve covers are not available, install cut sections of pipe and sheet 

insulation to valve body.  Arrange insulation to permit access to packing and to allow 

valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 

4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of air to 

surface being insulated. 

3.7 INSTALLATION OF MINERAL-FIBER 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 factory-applied jackets on above-ambient surfaces, secure laps with 

outward-clinched staples at 6 inches (150 mm) o.c. 

4. For insulation with factory-applied 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 preformed 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 mineral-fiber blanket insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 

1 inch (25 mm), and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as 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 preformed sections of same material as straight segments of pipe insulation when 

available. 

2. When preformed sections are not available, install mitered sections of pipe insulation to 

valve body. 

3. Arrange insulation to permit access to packing and to allow valve operation without 

disturbing insulation. 
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4. Install insulation to flanges as specified for flange insulation application. 

3.8 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with 

factory-applied jackets. 

1. Draw jacket smooth and tight to surface with 2-inch (50-mm) overlap at seams and joints. 

2. Embed glass cloth between two 0.062-inch- (1.6-mm-) thick coats of lagging adhesive. 

3. Completely encapsulate insulation with coating, leaving no exposed insulation. 

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

1. Draw jacket material smooth and tight. 

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

3. Secure jacket to insulation with manufacturer's recommended adhesive. 

4. Install jacket with 1-1/2-inch (38-mm) laps at longitudinal seams and 3-inch- (75-mm-) 

wide joint strips at end joints. 

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

with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at longitudinal seams and 

end joints; for horizontal applications.  Seal with manufacturer's recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 

finish bead along seam and joint edge. 

D. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at longitudinal seams 

and end joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with 

weatherproof sealant recommended by insulation manufacturer.  Secure jacket with stainless-

steel bands 12 inches (300 mm) o.c. and at end joints. 

E. Where Underground Direct Buried Jackets are indicated, install as recommended by 

Manufacturer. 

3.9 FINISHES 

A. When indicated or specified elsewhere:  Pipe Insulation with ASJ, Glass-Cloth, or Other 

Paintable Jacket Material:  Paint jacket with paint system identified below and as specified in 

Section 099113 "Exterior Painting" and Section 099123 "Interior Painting." 

1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible with jacket 

material and finish coat paint.  Add fungicidal agent to render fabric mildew proof. 

a. Finish Coat Material:  Interior, flat, latex-emulsion size. 

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 

insulation manufacturer's recommended protective coating. 
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C. Color:  Final color as selected by Engineer.  Vary first and second coats to allow visual 

inspection of the completed Work. 

D. Do not field paint aluminum or stainless-steel jackets.  Contact manufacturer for type paint for 

PVC. 

3.10 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for 

each piping system and pipe size range.  If more than one material is listed for a piping system, 

selection from materials listed is Contractor's option. 

3.11 INDOOR PIPING INSULATION SCHEDULE 

A. Condensate and Equipment Drain Water below 60 Deg F (16 Deg C): 

1. All Pipe Sizes:  Insulation shall be the following: 

 

a. Flexible Elastomeric:  1 inch (25 mm) thick. 

B. Chilled Water: 

1. NPS 3 (DN 80) and Smaller:  Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe, Type I:  1-1/2 inch (25 mm) thick. 

2. NPS 4 (DN 100) to NPS 12 (DN 300):  Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe, Type I:  1-1/2 inches (38 mm) thick. 

3. NPS 14 (DN 350) and Larger:  Insulation shall be the following: 

 

a. Mineral-Fiber, Preformed Pipe, Type I, :  2 inches (50 mm) thick. 

C. Condenser-Water Supply and Return: 

1. Insulation shall be the following: 

 

a. Mineral-Fiber, Preformed Pipe, Type I:  1-1/2 inch (25 mm) thick. 

3.12 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 

A. Condenser-Water Supply and Return: 

1. All Pipe Sizes:  Insulation shall be the following: 

 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I:  2 inches (50 mm) thick. 
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3.13 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the 

field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Piping, Concealed: 

1. None. 

D. Piping, Exposed when indicated: 

 

1. PVC:  30 mils (0.8 mm) thick. 

3.14 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the 

field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Piping, Concealed: 

 

1. Aluminum, Corrugated:  0.024 inch (0.61 mm) thick. 

D. Piping, Exposed: 

1. Aluminum, Corrugated with Z-Shaped Locking Seam:  0.024 inch (0.61 mm) thick. 

END OF SECTION 230719 
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SECTION 230900 - HVAC INSTRUMENTATION AND CONTROLS 

 

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. Work included under this Section consists of furnishing and installing new control 

equipment and devices for a Browser Based, Web Accessible, Thin Client BAS, utilizing 

BACnet  IP and BACnet MS/TP for control and communications of direct digital control 

systems suitable for connection to an existing Shelby County Building Automation System 

which is an extension of  the existing server in 160 North Main Street - Vasco A. Smith, Jr. 

Administration Building (Niagara AX Framework). 

 

B. Related Sections: 

 

1. Division 26 

 

1.3 SYSTEM DESCRIPTION 

 

A. The control system shall include Stand-Alone DDC controls for the new equipment suitable 

for connection/seamless integration into the existing building management systems central 

server.  The work shall include all required computer software and hardware, controllers, 

sensors, actuators, final control elements, interface equipment, upgrade of server hardware 

and/or software to latest version,  local panels, conduit, wire, installation, engineering, 

database and setup, supervision, commissioning, acceptance test, training and warranty 

service.  The system shall operate mechanical systems according to sequences of operation 

indicated or specified. 

 

B. All materials and equipment used shall be standard components, regularly manufactured for 

this and/or other systems and not custom designed specially for this project. 

 

C. Control system controllers shall utilize BACnet IP and BACnet MS/TP for communications. 

No communication protocols other than BACnet shall be used.  All system controllers, 

application controllers, access controls and input/output devices shall communicate using the 

protocols and local area network standards as defined by ASHRAE 135-1995, BACnet. 

 

1.4 SUBMITTALS 

 

A. General: Submit each item in this Article according to the Conditions of the Contract and 

Division 01 Specification Section. 

 

B. Product Data for each type of product specified.  Include manufacturer’s technical product 

data for each control device furnished, indicating dimensions, capacities, performance 

characteristics, electrical characteristics, finishes of material, installation instructions and 

startup instructions. 
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C. Shop drawings from manufacturer detailing equipment assemblies and indicating 

dimensions, weights, loadings, required clearances, method of field assembly, components 

and location and size of each field connection. 

 

D. Shop drawings containing the following information for each controls system: 

 

1. Schematic flow diagram showing all equipment, including pumps, coils, valves and 

control devices. 

2. Diagrams for all required electrical wiring. 

3. Written description of sequence of operation. 

4. Trunk cable schematic showing programmable control unit locations and trunk data 

conductors. 

5. Listing of connected input/output data points, including connected control unit and 

input device. 

6. System configuration showing peripheral devices, batteries, power supplies, 

diagrams and interconnections. 

 

E. Wiring diagrams detailing wiring for power, signal and control systems and differentiating 

clearly between manufacturers installed and field installed wiring. 

 

F. Project Record Documents:  Revise shop drawings to reflect actual wiring, installation and 

operating sequences.  Provide final sets of description of operation and schematic drawings 

of the control system to the owner.  Record documents shall also include floor plans showing 

routing of building management system wiring and locations where remote interfaces are 

located.  Provide CD of record documents as well as printed copies. 

 

1.5 QUALITY ASSURANCE 

 

A. Installer Qualifications:  Engage an experienced installer specializing in control system 

installations. 

 

B. Startup Personnel Qualifications:  Engage personnel that have been directly trained by the 

manufacturer of primary temperature control system. 

 

C. Comply with NFPA 90A. 

 

D. Comply with NFPA 70. 

 

1.6 DELIVERY, STORAGE AND HANDLING 

 

A. Store equipment and materials inside and protected from weather. 

 

B. Factory mounted components:  Where control devices specified in this Section are indicated 

to be factory mounted on equipment, arrange for shipping control devices to unit 

manufacturer. 

 

PART 2 - PRODUCTS 
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2.1 SECTION INCLUDES 

1. Materials 

2. Communication 

3. Controller Software 

4. Building Controllers 

5. Advanced Application Controllers 

6. Application Specific Controllers 

7. Input/ Output Interface 

8. Power Supplies 

9. Auxiliary Control Devices 

10. Wiring and Raceways 

 
2.2 MATERIALS 

A. All products used in this project installation shall be new, currently under manufacture, and shall be 

applied in similar installations for a minimum of two years.  This installation shall not be used as a 

test site for any new products unless explicitly approved by the Owner’s Representative in writing.  

Spare parts shall be available for at least five years after completion of this contract. 

2.3 COMMUNICATION 

A. All control products provided for this project shall comprise a BACnet internetwork.  

Communication involving control components (i.e., all types of controllers) shall conform to 

ANSI/ASHRAE Standard 135-2001, BACnet. 

B. Each BACnet device shall operate on the BACnet Data Link/Physical layer protocol specified for 

that device as defined in this section. 

C. The work shall include all communication media, connectors, repeaters, bridges, hubs, switches, and 

routers necessary for the internetwork. 

D. All controllers shall have a communication port for connections with the future Operator Work 

stations using the BACnet Data Link/ Physical layer protocol. 

E. Communication services over the internetwork shall result in operator interface and value passing 

that is transparent to the internetwork architecture as follows: 

1 Connection of an Operator Workstation device to any one controller on the internetwork will 

allow the operator to interface with all other controllers as if that interface were directly 

connected to the other controllers. Data, status information, reports, system software, custom 

programs, etc., for all controllers shall be available for viewing and editing from any one 

controller on the internetwork. 

2 All database values (e.g., objects, software variables, custom program variables) of any one 

controller shall be readable by any other controller on the internetwork.  This value passing shall 

be automatically performed by a controller when a reference to an object name not located in that 

controller is entered into the controller's database.  An operator/installer shall not be required to 

set up any communication services to perform internetwork value passing. 

 

F. The time clocks in all controllers shall be automatically synchronized daily. An operator change to 

the time clock in any controller shall be automatically broadcast to all controllers on the network. 
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G. The network shall have the following minimum capacity for future expansion: 

1. Each Building Controller shall have routing capacity for 99 controllers. 

2. The Building Controller network shall have capacity for 1000 Building Controllers. 

3. The system shall have an overall capacity for 12,500 Building Controller, Advanced Application 

Controller, and Application Specific Controller input/output objects. 
 

2.4 CONTROLLER SOFTWARE 

A. Furnish the following applications software for building and energy management.  All software 

applications shall reside and operate in the system controllers.  Editing of applications shall occur at 

the future operator workstation 

B. System Security 

1. User access shall be secured using individual security passwords and user names. 

2. Passwords shall restrict the user to the objects, applications, and system functions as assigned by 

the system manager. 

3. User Log On/Log Off attempts shall be recorded. 

C. Scheduling.  Provide the capability to schedule each object or group of objects in the system.  Each 

schedule shall consist of the following: 

1. Weekly Schedule.  Provide separate schedules for each day of the week.  Each of these schedules 

should include the capability for start, stop and optimal start.  Each schedule may consist of up to 

10 events.  When a group of objects are scheduled together, provide the capability to adjust the 

start and stop times for each member. 

2. Holiday Schedules.  Provide the capability for the operator to define up to 99 special or holiday 

schedules.  These schedules may be placed on the scheduling calendar and will be repeated each 

year.  The operator shall be able to define the length of each holiday period. 

D. Alarm Reporting.  The operator shall be able to determine the action to be taken in the event of an 

alarm.  Alarms shall be routed to the appropriate workstations based on time and other conditions.   

E. Remote Communication.  The system shall have the ability to dial out in the event of an alarm using 

BACnet Point-To-Point at a minimum of 56K baud.  Receivers shall be BACnet workstations. 

F. Maintenance Management.  The system shall monitor equipment status and generate maintenance 

messages based upon user-designated run-time, starts, and/or calendar date limits. 

G. Sequencing.  Provide application software to properly sequence the start and stop of chillers, boilers, 

and pumps to minimize energy usage in the facility. 

H. PID Control.  A PID (proportional-integral-derivative) algorithm with direct or reverse action and 

anti-windup shall be supplied.  The algorithm shall calculate a time-varying analog value that is used 

to position an output or stage a series of outputs.  The controlled variable, setpoint, and PID gains 

shall be user-selectable. 

I. Staggered Start.  This application shall prevent all controlled equipment from simultaneously 

restarting after a power outage. 
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J. Energy Calculations.  Provide software to allow instantaneous power (e.g., kW) or flow rates (e.g., 

L/s GPM) to be accumulated and converted to energy usage data.  Provide an algorithm that 

calculates a sliding-window kW demand value. 

K. Anti-Short Cycling.  All binary output objects shall be protected from short cycling.  This feature 

shall allow minimum on-time and off-time to be selected. 

L. On/Off Control with Differential.  Provide an algorithm that allows a binary output to be cycled 

based on a controlled variable and setpoint.  The algorithm shall be direct-acting or reverse-acting, 

and incorporate an adjustable differential. 

M. Run-time Totalization.  Provide software to totalize run-times for all binary input objects.  A high 

run-time alarm shall be assigned, if required, by the operator. 

2.5 BUILDING CONTROLLERS 

A. General.  Provide an adequate number of Building Controllers to achieve the performance specified 

in the Part 1 Article on “System Performance.”  Each of these panels shall meet the following 

requirements. 

1. The Energy Management and Control System shall be comprised of one or more independent, 

standalone, microprocessor-based Building Controllers to manage the global strategies described 

in the System Software section. 

2. The Building Controller shall have sufficient memory to support its operating system, database, 

and programming requirements. 

3. Data shall be shared between networked Building Controllers. 

4. The operating system of the Building Controller shall manage the input and output 

communication signals to allow distributed controllers to share real and virtual object 

information, and allow central monitoring and alarms. 

5. Controllers that perform scheduling shall have a real-time clock. 

6. The Building Controller shall communicate with other BACnet objects on the internetwork using 

the Read (Execute and Initiate) and Write (Execute and Initiate) Property services as defined in 

Clauses 15.5 and 15.8, respectively, of ASHRAE Standard 135-2001. 

7. BACnet Functional Groups.  The Building Controller shall support the following BACnet 

functional groups: Clock, Event Initiation, COV Event Response, Files, Device Communication 

and Time Master. 

B. Communication 

1. Each Building Controller shall support BACnet™ over Ethernet and BACnet™ over IP.  The 

Building Controller shall be connected to the BACnet network using the ISO 8802-3 (Ethernet) 

Data L/ Physical layer protocol. 

2. Each Building Controller with a communications card shall perform BACnet routing if 

connected to a network of Custom Application and Application Specific Controllers. 

3. The controller shall provide a service communication port using BACnet Data Link/ Physical 

layer protocol P-T-P for connection to a hand-held workstation/ and/or modem. 

4. The Building Controller secondary communication network shall support BACnet MS/TP. 

C. Environment.  Controller hardware shall be suitable for the anticipated ambient conditions. 
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1. Controllers used outdoors and/or in wet ambient conditions shall be mounted within waterproof 

enclosures, and shall be rated for operation at 0°C to 40°C [32°F to 100°F] and 10 to 90% RH. 

2. Controllers used in conditioned space shall be mounted in dust-proof enclosures, and shall be 

rated for operation at 0°C to 50°C [32°F to 120°F]. 

D. Building Controllers shall be fully peer to peer. 

E. Serviceability.  Provide diagnostic LEDs for power, communication, and processor.  All wiring 

connections shall be made to field- removable, modular terminal strips — or to a termination card 

connected by a ribbon cable. 

F. Memory.  The Building Controller shall have as a minimum standard SRAM of 256 KB, standard 

DRAM of 1MB and standard non-volatile 1 MB of flash memory in lieu of EPROM.  Memory shall 

be user extendible through RAM chip sockets and SIMMs for future memory expansion. 

G. Immunity to power and noise.  Controller shall be able to operate at 90% to 110% of nominal voltage 

rating and shall perform an orderly shutdown below 80% nominal voltage. The Building Controller 

shall maintain all database information including BIOS and programming information in the event of 

a power loss for at least 72 hours. Operation shall be protected against electrical noise of 5 to 120 Hz 

and from keyed radios up to 5 W at 1 m [3 ft]. 

H. Inputs/Outputs. 

1. Inputs.  Controller input/output board shall support dry contact, 0-5 VDC and 0-10 VDC- 

voltage, 4-20 mA- current and thermistor-resistive signal types on an individual basis for 

connecting any status or sensing device.  Analog resolution shall be 10-bit A to D. 

2. Ouputs. Controller input/output board shall support built in HOA modules configured with 

manual-auto-off override switch. Output supported shall be 0-10 VDC. All HOA’s shall be 

supervised. 

3. Diagnostics.  Controller input/output board shall have red LEDs providing input status 

indication. 

4. Building Controller shall have the capability to create, delete and support the following BACnet 

Objects: 

 

a. ANALOG INPUT, ANALOG OUTPUT AND ANALOG VALUE: These objects shall have 

the following writeable properties: Object Name; Object Value; Description; COV 

Increment; Out of Service and Units.  In addition, these objects shall support the properties: 

Device type; Reliability; Min./Max. Values; Update Interval and Resolution. 

b. BINARY INPUT, BINARY OUTPUT AND BINARY VALUE: These objects shall have the 

following writeable properties: Object Name; Object Value; Desription; Polarity; Default 

Value; Min On/Off and Out of Service.  In addition, these objects shall support the 

properties: Device Type; Reliability; Active/Inactive Texts; Update Interval; Resolution; 

Change-of-State Time; Count Times and Time Reset. 

c. CALENDAR:  This object shall have the following writeable properties: Object Name; 

Object Value; Description; and Date List. 

d. DEVICE: This object shall have the following writeable properties: Object Name; 

Description; Location; and UTC Offset. 

e. EVENT ENROLMENT: This object shall have the following writeable properties: Object 

Name; Object Value; Description;Out-of-Service; Event & Notify Types; Paramenters; 

Property Ref; Enable; and Notification Class. 
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f. FILE: This object shall have the following writeable properties: Object Name; Description; 

File Type; and File Access. 

g. LOOP (PID): This object shall have the following writeable properties: Object Name; Object 

Value; Description; Polarity; Output and Input Refs.; Input Value & Units; Setpoint  Value; 

PID Values; Bias; Write Priority and COV Increment. In addition, this object shall support 

the properties: Reliablity; Update Interval; Proportional Constant & Units; Derviative 

Constant & Units. 

h. NOTIFICATION CLASS: This object shall have the following writeable properties: Object 

Name; Object Value; Description; Priority and Ack Requried. 

i. PROGRAM: This object shall have the following writeable properties: Object Name; Object 

Value and Description. In addition, this object shall support the property Reliablity. 

j. SCHEDULE: This object shall have the following writeable properties: Object Name; Object 

Value and Description; Effective period; Schedule; Exception; Controlled Properties and 

Write Properties. 

k. TREND LOG: This object shall have the following writeable properties: Object Name; 

Description; Log Enable; Start/stop Times; Log Device Object Property; Log Interval; Stop 

When Full; Buffer Size; and Record Count. 

2.6 ADVANCED APPLICATION CONTROLLERS 

A. General.  Provide an adequate number of Programmable Application Controllers to achieve the 

performance specified in the Part 1 Article on “System Performance.”  Each of these panels shall 

meet the following requirements. 

1. The Advanced Application Controller shall have sufficient memory to support its operating 

system, database, and programming requirements. 

2. Advanced Application Controllers shall be fully peer to peer. 

3. The operating system of the Controller shall manage the input and output communication signals 

to allow distributed controllers to share real and virtual object information, and allow central 

monitoring and alarms. 

4. All equipment that requires scheduling shall be scheduled in that equipments controller. 

5. Both firmware and controller database shall be loadable over the network. 

B. Communication. 

1. Each Advanced Application Controller shall reside on a BACnet network using the MS/TP or 

Ethernet Data Link/ Physical layer protocol. 

2. The controller shall provide a service communication port using BACnet Data Link/ Physical 

layer protocol for connection to future portable operators’ workstation and allow access to the 

entire network. 

C. Environment.  Controller hardware shall be suitable for the anticipated ambient conditions. 

1. Controllers used outdoors and/or in wet ambient conditions shall be mounted within waterproof 

enclosures, and shall be rated for operation at 0°C to 40°C [32°F to 100°F]. 

2. Controllers used in conditioned space shall be mounted in dust-proof enclosures, and shall be 

rated for operation at 0°C to 50°C [32°F to 120°F]. 

D. Serviceability.  Provide diagnostic LEDs for power, communication, and processor.  All wiring 

connections shall be made to field-removable, modular terminal strips — or to a termination card 

connected by a ribbon cable. 
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E. Memory.  The Advanced Application Controller shall be non-volatile FLASH memory. 

F. Immunity to power and noise.  Controller shall be able to operate at 90% to 110% of nominal voltage 

rating and shall perform an orderly shutdown below 80% nominal voltage.  Operation shall be 

protected against electrical noise of 5 to120 Hz and from keyed radios up to 5 W at 1 m [3 ft]. 

2.7 APPLICATION SPECIFIC CONTROLLERS 

A. General.  Application Specific Controllers (ASCs) are microprocessor-based DDC controllers which 

through hardware or firmware design are able to control a wide variety of equipment.  They are fully 

user-programmable, and are not restricted to any one type of equipment.  

1. Each ASC shall be capable of standalone operation and shall continue to provide control 

functions without being connected to the network. 

2. Each ASC will contain sufficient I/O capacity to control the target system. 

3. Both firmware and controller database shall be loadable over the network. 

4. Application Specific Controllers shall be fully peer to peer. 

5. ASC’s shall come with an integrated housing to allow for easy mounting and protection of the 

circuit board. Only wiring terminals shall be exposed. 

B. Communication 

1. The controller shall reside on a BACnet network using the MS/TP Data Link/ Physical layer 

protocol.   

2. Each controller shall have a BACnet Data Link/ Physical layer compatible connection for a 

laptop computer or a portable operator's tool.  This connection shall be extended to a space 

temperature sensor port where shown and allow access to the entire network. 

3. Each controller shall have a secondary sub network for communicating sensors or I/O expansion 

modules 

C. Environment.  The hardware shall be suitable for the anticipated ambient conditions. 

1. Controllers used outdoors and/or in wet ambient conditions shall be mounted within waterproof 

enclosures, and shall be rated for operation at -40°C to 65°C [-40°F to 150°F] and/or suitably 

installed in a heated or fan cooled enclosure. 

2. Controllers used in conditioned space shall be mounted in dust-proof enclosures, and shall be 

rated for operation at 0°C to 50°C [32°F to 120°F]. 

D. Serviceability.  Provide diagnostic LEDs for power, communication, and processor.  All wiring 

connections shall be made to field-removable, modular terminal strips. 

E. Memory.  The Application Specific Controller shall use non-volatile memory and maintain all BIOS 

and programming information in the event of a power loss. 

F. Immunity to power and noise.  ASC shall be able to operate at 90% to 110% of nominal voltage 

rating and shall perform an orderly shutdown below 80%.  Operation shall be protected against 

electrical noise of 5-120 Hz and from keyed radios up to 5 W at 1 m [3 ft]. 

G. Transformer.  Power supply for the ASC must be rated at minimum of 125% of ASC power 

consumption, and shall be fused or current limiting type. 
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H. Input/Output.  ASC shall support as a minimum, directly connected, a combination of analog outputs 

and binary outputs and universal software selectable analog or digital inputs. ASC inputs shall 

support 0-5 VDC-voltage, 4-20mA-current, thermistor-resistance and dry contacts.  ASC outputs 

shall support 0-10 VDC-voltage, digital triac rated at 0.5 amps at 24 VAC 

I. System Object Capacity.  The system size shall be expandable to at least twice the number of 

input/output objects required for this project.  Additional controllers (along with associated devices 

and wiring) shall be all that is necessary to achieve this capacity requirement.  The Operator 

Workstations installed for this project shall not require any hardware additions or software revisions 

in order to expand the system. 

2.10 AUXILIARY CONTROL DEVICES 

A. Motorized control dampers, unless otherwise specified elsewhere, shall be furnished by the controls 

contractor. 

B. Electric damper/valve actuators. 

1. The actuator shall have electronic overload or digital rotation sensing circuitry to prevent damage 

to the actuator throughout the rotation of the actuator. 

2. Where shown, for power-failure/safety applications, an internal mechanical, spring-return 

mechanism shall be built into the actuator housing. 

3. All non-spring-return actuators shall have an external manual gear release to allow manual 

positioning of the damper when the actuator is not powered.  Spring-return actuators with more 

than 7 N·m [60 in-lb] torque capacity shall have a manual crank for this purpose. 

D. Control valves. 

1. Control valves shall be two-way or three-way type for two-position or modulating service as 

shown. 

2. Close-off (differential) Pressure Rating:  Valve actuator and trim shall be furnished to provide 

the following minimum close-off pressure ratings: 

 

a. Water Valves: 

i. Two-way: 150% of total system (pump) head. 

ii. Three-way: 300% of pressure differential between ports A and B at design flow or 100% 

of total system (pump) head. 

3. Butterfly Valves: 

a. Butterfly valves shall be rated for chilled water applications.  Valves shall have EPDM 

resilient seats with tongue and groove design with molded O-ring flange seal.  Stainless steel 

(416) double D steam, requiring not pins or screws to connect the disc to the stem.  Valve 

shall have extended neck (2”) design for temperature isolation and ease of insulation 

installation.  Nylon 11 coated ductile iron disc.  Body shall be cast iron, full lug to mate with 

ANSI class 125/150 flanges.  Valve shall provide ANSI Class VI seat leakage, bubble tight 

shutoff and allow for bidirectional flow.  Valves shall be rated for temperature limits of -40 

to 250 F.  Valves shall be provided with hand wheel for manual operation.  Valve actuator 

shall have appropriate number of end switches or feedback signal (for analog position) to 

comply with points list and sequence of operation. 
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E. Binary Temperature Devices 

1 Low-limit thermostats.  Low-limit thermostats shall be vapor pressure type with an element 6 m 

[20 ft] minimum length.  Element shall respond to the lowest temperature sensed by any 30 cm [ 

1 ft] section.  The low-limit thermostat shall be manual reset only and be supplied as DPST. 

F. Temperature sensors. 

1. Temperature sensors shall be thermistors. 

2. Space sensors shall be equipped with the following: 

a. programmable buttons for  setpoint adjustment and override 

b.  3-value, 96-segment LCD display 

c.   Provide matched temperature sensors for differential temperature measurement. 

 

G. Humidity sensors. 

1. Duct and room sensors shall have a sensing range of 0% to 100%. 

2. Duct sensors shall be provided with a sampling chamber. 

3. Outdoor air humidity sensors shall have a sensing range of 0% to 95% RH.  They shall be 

suitable for ambient conditions of -40°C to 75°C [-40°F to 170°F]. 

4. Humidity sensor's drift shall not exceed 3% of full scale per year. 

H. Flow switches. 

1 Flow-proving switches shall be either paddle or differential pressure type, as shown. 

I. Pressure transducers 

1. Transducer shall have linear output signal.  Zero and span shall be field-adjustable. 

2. Transducer sensing elements shall withstand continuous operating conditions of positive or 

negative pressure 50% greater than calibrated span without damage. 

3. Water pressure transducer shall have stainless steel diaphragm construction, proof pressure of 

150 psi minimum.  Transducer shall be complete with 1 - 5vdc or 4 to 20 mA output, required 

mounting brackets, and block and bleed valves. 

4. Water differential pressure transducer shall have stainless steel diaphragm construction, proof 

pressure of 150 psi minimum.  Over-range limit (differential pressure) and maximum static 

pressure shall be 300 psi.  Transducer shall be complete with 1 – 5vdc or 4 to 20 mA output, 

required mounting brackets, and five-valve manifold. 

R. Differential pressure type switches (air or water service) shall be UL listed, SPDT snap-acting, pilot 

duty rated (125 VA minimum), NEMA 1 enclosure, with scale range and differential suitable for 

intended application, or as shown. 

2.11 WIRING AND RACEWAYS 

A. General:  Provide copper wiring, plenum cable, and raceways as specified in the applicable sections 

of Division 26. 

B. All insulated wire to be copper conductors, UL labeled for 90C minimum service. 
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PART 3 - EXECUTION 

 
3.1 SECTION INCLUDES 

1. Examination 

2. Protection 

3. Coordination 

4. General Workmanship 

5. Field Quality Control 

6. Wiring 

7. Communication Wiring 

8. Installation of Sensors 

9. Flow Switch Installation 

10. Actuators 

11. Identification of Hardware and Wiring 

12. Controllers 

13. Control System Checkout and Testing 

14. Cleaning 

15. Training 

 
3.2 EXAMINATION 

A. The project plans shall be thoroughly examined for control device and equipment locations.  Any 

discrepancies, conflicts, or omissions shall be reported to the Architect/Engineer for resolution 

before rough-in work is started 

B. The Contractor shall inspect the site to verify that equipment may be installed as shown.  Any 

discrepancies, conflicts, or omissions shall be reported to the Engineer for resolution before rough-in 

work is started 

C. The Contractor shall examine the drawings and specifications for other parts of the work.  If head 

room or space conditions appear inadequate — or if any discrepancies occur between the plans and 

the Contractor’s work, and the plans and the work of others — the Contractor shall report these 

discrepancies to the Engineer and shall obtain written instructions for any changes necessary to 

accommodate the Contractor’s work with the work of others.   

3.3 PROTECTION 

A. The Contractor shall protect all work and material from damage by its work or employees, and shall 

be liable for all damage thus caused 

B. The Contractor shall be responsible for its work and equipment until finally inspected, tested, and 

accepted.  The Contractor shall protect any material that is not immediately installed.  The Contractor 

shall close all open ends of work with temporary covers or plugs during storage and construction to 

prevent entry of foreign objects 

3.4 COORDINATION 

A. Site 

1. Where the mechanical work will be installed in close proximity to, or will interfere with work of 

other trades, the Contractor shall assist in working out space conditions to make a satisfactory 
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adjustment.  If the Contractor installs its work before coordinating with other trades, so as to 

cause any interference with work of other trades, the Contractor shall make the necessary 

changes in its work to correct the condition without extra charge. 

2. Coordinate and schedule work with all other work in the same area, or with work which is 

dependent upon other work, to facilitate mutual progress. 

B. Submittals. Refer to the “Submittals” Article in Part 1 of this specification for requirements 

C. Test and Balance 

1. The Controls Contractor shall furnish all tools necessary to interface to the control system for 

test and balance purposes. 

2. In addition, the Controls Contractor shall provide a qualified technician to assist in the test and 

balance process for a minimum of 4 hours. 

3. The tools used during the test and balance process will be returned at the completion of the 

testing and balancing 

D. Life Safety 

1.  Duct mounted smoke detectors shall be furnished by others.  The controls contractor shall install                                               

wiring required to stop the fan anytime products of combustion are present. 

3.5 GENERAL WORKMANSHIP 

A. Install equipment, piping, and wiring/raceway parallel to building lines (i.e., horizontal, vertical, and 

parallel to walls) wherever possible. 

B. Provide sufficient slack and flexible connections to allow for vibration of piping and equipment 

C. Install all equipment in readily accessible locations as defined by Chapter 1, Article 100, Part A of 

the National Electrical Code (NEC). 

D. All wiring shall be verified for its integrity to ensure continuity and freedom from shorts and grounds 

E. All equipment, installation, and wiring shall comply with acceptable industry specifications and 

standards for performance, reliability, and compatibility and be executed in strict adherence to local 

codes and standard practices. 

3.6 FIELD QUALITY CONTROL 

A. All work, materials, and equipment shall comply with the rules and regulations of applicable local, 

state, and federal codes and ordinances as identified in Part 1 of this specification. 

B. Contractor shall continually monitor the field installation for code compliance and quality of 

workmanship. 

C. Contractor shall have work inspected by local and/or state/provincial authorities having jurisdiction 

over the work. 

3.7 WIRING 

A. All control and interlock wiring shall comply with national and local electrical codes and Division 26 

of this specification.  Where the requirements of this section differ with those in Division 26, the 
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requirements of this section shall take precedence.  Division 23 shall coordinate all power and 

control wiring and raceways with Division 26. 

B. All NEC Class 1 (line voltage) wiring shall be UL Listed in approved raceway per NEC and Division 

26 requirement. 

C. All low-voltage wiring shall meet NEC Class 2 requirements.  (Low-voltage power circuits shall be 

sub-fused when required to meet Class 2 current-limit.) 

3.8 ACTUATORS 

A. Mount and link control damper actuators per manufacturer's instructions. 

1. To compress seals when spring-return actuators are used on normally closed dampers, power 

actuator to approximately 5° opens position, manually close the damper, and then tighten the 

linkage. 

2. Check operation of damper/actuator combination to confirm that actuator modulates damper 

smoothly throughout stroke to both open and closed positions. 

3. Provide all mounting hardware and linkages for actuator installation. 

B. Electric/Electronic 

1. Dampers:  Actuators shall be direct-mounted on damper shaft or jackshaft unless shown as a 

linkage installation.  For low-leakage dampers with seals, the actuator shall be mounted with a 

minimum 5° available for tightening the damper seals.  Actuators shall be mounted following 

manufacturer's recommendations. 

2. Valves:  Actuators shall be connected to valves with adapters approved by the actuator 

manufacturer.  Actuators and adapters shall be mounted following the actuator manufacturer's 

recommendations. 

3.9 CONTROLLERS 

A. Provide a separate controller for each HVAC system. 

B. Building Controllers and Advanced Application Controllers shall be selected to provide a minimum 

of 15% spare I/O point/object capacity for each point/object type found at each location.  If input 

/objects are not universal, 15% of each type is required.  If outputs are not universal, 15% of each 

type is required.  A minimum of one spare is required for each type of point/object used. 

1 Future use of spare capacity shall require providing the field device, field wiring, point/object 

database definition, and custom software.  No additional controller boards or point/object 

modules shall be required to implement use of these.  

3.10 CONTROL SYSTEM CHECKOUT AND TESTING 

A. Start-up Testing:  All testing listed in this article shall be performed by the Contractor and shall make 

up part of the necessary verification of an operating control system.  This testing shall be completed 

before the Owner’s Representative is notified of the system demonstration. 

1. The Contractor shall furnish all labor and test apparatus required to calibrate and prepare for 

service of all instruments, controls, and accessory equipment furnished under this specification. 
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2. Verify that all control wiring is properly connected and free of all shorts and ground faults.  

Verify that terminations are tight. 

3. Enable the control systems and verify calibration of all input devices individually.  Perform 

calibration procedures per manufacturers’ recommendations. 

4. Verify that all binary output devices (relays, solenoid valves, two-position actuators and control 

valves, magnetic starters, etc.) operate properly and that the normal positions are correct. 

5. Verify that all analog output devices (I/Ps, actuators, etc.) are functional, that start and span are 

correct, and that direction and normal positions are correct.  The Contractor shall check all 

control valves and automatic dampers to ensure proper action and closure.  The Contractor shall 

make any necessary adjustments to valve stem and damper blade travel. 

6. Verify that the system operation adheres to the Sequences of Operation.  Simulate and observe 

all modes of operation by overriding and varying inputs and schedules.  Tune all DDC loops and 

optimum Start/Stop routine. 

7. Alarms and Interlocks 

a. Check each alarm separately by including an appropriate signal at a value that will trip the 

alarm. 

b. Interlocks shall be tripped using field contacts to check the logic, as well as to ensure that the 

fail-safe condition for all actuators is in the proper direction. 

c. Interlock actions shall be tested by simulating alarm conditions to check the initiating value 

of the variable and interlock action 

3.11 CONTROL SYSTEM DEMONSTRATION AND ACCEPTANCE 

A. Demonstration 

 

1. Prior to acceptance, the control system shall undergo a series of performance tests to verify 

operation and compliance with this specification.  These tests shall occur after the Contractor has 

completed the installation, started up the system, and performed its own tests. 

2. The tests described in this section are to be performed in addition to the tests that the Contractor 

performs as a necessary part of the installation, startup, and debugging process and as specified 

in the “Control System Checkout and Testing” Article in Part 3 of this specification.  The 

Engineer will be present to observe and review these tests.  The Engineer shall be notified at 

least 10 days in advance of the start of the testing procedures. 

3. The demonstration process shall follow that approved in Part 1: “Submittals.”  The approved 

checklists and forms shall be completed for all systems as part of the demonstration. 

4. The Contractor shall provide at least two persons equipped with two-way communication, and 

shall demonstrate actual field operation of each control and sensing point for all modes of 

operation including day, night, occupied, unoccupied, fire/smoke alarm, seasonal changeover, 

and power failure modes.  The purpose is to demonstrate the calibration, response, and action of 

every point/object and system.  Any test equipment required to prove the proper operation shall 

be provided by and operated by the Contractor. 

5. As each control input and output is checked, a log shall be completed showing the date, 

technician's initials, and any corrective action taken or needed. 

6. Demonstrate compliance with Part 1: “System Performance 

7. Demonstrate compliance with Sequences of Operation through all modes of operation. 

8. Additionally, the following items shall be demonstrated: 

a) DDC Loop Response.  The Contractor shall supply trend data output in a graphical form 

showing the step response of each DDC loop.  The test shall show the loop's response to a 
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change in setpoint, which represents a change of actuator position of at least 25% of its full 

range.  The sampling rate of the trend shall be from 10 seconds to 3 minutes, depending on 

the speed of the loop.  The trend data shall show for each sample the setpoint, actuator 

position, and controlled variable values.  Any loop that yields unreasonably under-damped or 

over-damped control shall require further tuning by the Contractor. 

b) Demand limiting.  The Contractor shall supply a trend data output showing the action of the 

demand-limiting algorithm.  The data shall document the action on a minute-by-minute basis 

over at least a 30-minute period.  Included in the trend shall be building kW, demand limiting 

setpoint, and the status of shed-able equipment outputs. 

c) Optimum Start/Stop.  The Contractor shall supply a trend data output showing the capability 

of the algorithm.  The hour-by-hour trends shall include the output status of all optimally 

started and stopped equipment, as well as temperature sensor inputs of affected areas 

d) Interface to the building fire alarm system 

e) Operational logs for each system that indicate all setpoints, operating points, valve positions, 

mode, and equipment status shall be submitted to the Architect/Engineer.  These logs shall 

cover three 48-hour periods and have a sample frequency of not more than 10 minutes.  The 

logs shall be provided in both printed and disk formats. 

f) Any tests that fail to demonstrate the operation of the system shall be repeated at a later date.  

The Contractor shall be responsible for any necessary repairs or revisions to the hardware or 

software to successfully complete all tests. 

 

B. Acceptance 

 

1. All tests described in this specification shall have been performed to the satisfaction of both the 

Engineer and Owner prior to the acceptance of the control system as meeting the requirements of 

Completion.  Any tests that cannot be performed due to circumstances beyond the control of the 

Contractor may be exempt from the Completion requirements if stated as such in writing by the 

Engineer.  Such tests shall then be performed as part of the warranty. 

1. The system shall not be accepted until all forms and checklists completed as part of the 

demonstration are submitted and approved as required in Part 1: “Submittals.” 

 
3.12 CLEANING 

1. The Contractor shall clean up all debris resulting from its activities daily.  The Contractor shall 

remove all cartons, containers, crates, etc., under its control as soon as their contents have been 

removed.  Waste shall be collected and placed in a designated location. 

2. At the completion of work in any area, the Contractor shall clean all of its work, equipment, etc., 

keeping it free from dust, dirt, and debris, etc. 

3. At the completion of work, all equipment furnished under this section shall be checked for paint 

damage, and any factory-finished paint that has been damaged shall be repaired to match the 

adjacent areas.  Any cabinet or enclosure that has been deformed shall be replaced with new 

material and repainted to match the adjacent areas. 

 

 

END OF SECTION 230900 
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SECTION 232113 - HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes pipe and fitting materials, joining methods, special-duty valves, and 

specialties for the following: 

1. Chilled-water piping. 

2. Condenser-water piping. 

3. Air-vent piping. 

B. Related Sections include the following: 

1. Section 232123 "Hydronic Pumps" for pumps, motors, and accessories for hydronic 

piping. 

2. Section 232113.13 “Underground Hydronic Piping.” 

1.3 DEFINITIONS 

A. PTFE:  Polytetrafluoroethylene. 

1.4 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 

minimum working pressure and temperature: 

1. Chilled-Water Piping:  150 psig at 200 deg F (93 deg C). 

2. Condenser-Water Piping:  125 psig at 150 deg F (66 deg C). 

3. Air-Vent Piping:  200 deg F (93 deg C). 

1.5 ACTION SUBMITTALS 

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

1. Pressure-seal fittings. 

2. Valves.  Include flow and pressure drop curves based on manufacturer's testing for 

calibrated-orifice balancing valves and automatic flow-control valves. 

3. Air control devices. 
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4. Hydronic specialties. 

1.6 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

B. Field quality-control test reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For air control devices, hydronic specialties, and special-duty 

valves to include in emergency, operation, and maintenance manuals. 

1.8 QUALITY ASSURANCE 

A. Installer Qualifications: 

B. Steel Support Welding:  Qualify processes and operators according to AWS D1.1/D1.1M, 

"Structural Welding Code - Steel." 

C. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel 

Code:  Section IX. 

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 

2. Certify that each welder has passed AWS qualification tests for welding processes 

involved and that certification is current. 

D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 

products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME 

label.  Fabricate and stamp air separators and expansion tanks to comply with ASME Boiler and 

Pressure Vessel Code:  Section VIII, Division 1. 

PART 2 - PRODUCTS 

2.1 STEEL PIPE AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall thickness as 

indicated in Part 3 "Piping Applications" Article. 

B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in Part 3 "Piping 

Applications" Article. 

C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in Part 3 

"Piping Applications" Article. 

D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 

"Piping Applications" Article. 
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E. 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 Part 3 "Piping Applications" Article. 

F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe. 

G. 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: 

1. Material Group:  1.1. 

2. End Connections:  Butt welding. 

3. Facings:  Raised face. 

2.2 JOINING MATERIALS 

A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 

contents. 

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum thickness 

unless thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. 

b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 

ASTM B 813. 

D. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper 

with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 

E. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials appropriate 

for wall thickness and chemical analysis of steel pipe being welded. 

F. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and working 

temperatures and pressures. 

2.3 DIELECTRIC FITTINGS 

A. General Requirements:  Assembly of copper alloy and ferrous materials with separating 

nonconductive insulating material.  Include end connections compatible with pipes to be joined. 

B. Dielectric Unions: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Capitol Manufacturing Company. 

b. Central Plastics Company. 

c. Hart Industries International, Inc. 
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d. Jomar International Ltd. 

e. Matco-Norca, Inc. 

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

g. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

h. Wilkins; a Zurn company. 

2. Description: 

a. Standard:  ASSE 1079. 

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

c. End Connections:  Solder-joint copper alloy and threaded ferrous. 

C. Dielectric Flanges: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Capitol Manufacturing Company. 

b. Central Plastics Company. 

c. Matco-Norca, Inc. 

d. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

e. Wilkins; a Zurn company. 

2. Description: 

a. Standard:  ASSE 1079. 

b. Factory-fabricated, bolted, companion-flange assembly. 

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

d. End Connections:  Solder-joint copper alloy and threaded ferrous; threaded solder-

joint copper alloy and threaded ferrous. 

D. Dielectric-Flange Insulating Kits: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Advance Products & Systems, Inc. 

b. Calpico, Inc. 

c. Central Plastics Company. 

d. Pipeline Seal and Insulator, Inc. 

2. Description: 

a. Nonconducting materials for field assembly of companion flanges. 

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

c. Gasket:  Neoprene or phenolic. 

d. Bolt Sleeves:  Phenolic or polyethylene. 

e. Washers:  Phenolic with steel backing washers. 

E. Dielectric Nipples: 
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1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Elster Perfection. 

b. Grinnell Mechanical Products. 

c. Matco-Norca, Inc. 

d. Precision Plumbing Products, Inc. 

e. Victaulic Company. 

2. Description: 

a. Standard:  IAPMO PS 66 

b. Electroplated steel nipple. complying with ASTM F 1545. 

c. Pressure Rating:  300 psig (2070 kPa) at 225 deg F (107 deg C). 

d. End Connections:  Male threaded or grooved. 

e. Lining:  Inert and noncorrosive, propylene. 

2.4 VALVES 

A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in 

Section 230523 "General-Duty Valves for HVAC Piping." 

B. Automatic Temperature-Control Valves, Actuators, and Sensors:  Comply with requirements 

specified in Section 230900 "Instrumentation and Control for HVAC." 

C. Bronze, Calibrated-Orifice, Balancing Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Armstrong Pumps, Inc. 

b. Bell & Gossett Domestic Pump; a division of ITT Industries. 

c. Flow Design Inc. 

d. Gerand Engineering Co. 

e. Griswold Controls. 

f. Taco. 

2. Body:  Bronze, ball or plug type with calibrated orifice or venturi. 

3. Ball:  Brass or stainless steel. 

4. Plug:  Resin. 

5. Seat:  PTFE. 

6. End Connections:  Threaded or socket. 

7. Pressure Gage Connections:  Integral seals for portable differential pressure meter. 

8. Handle Style:  Lever, with memory stop to retain set position. 

9. CWP Rating: Minimum 125 psig (860 kPa). 

10. Maximum Operating Temperature:  250 deg F (121 deg C). 

D. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves: 
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1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Armstrong Pumps, Inc. 

b. Bell & Gossett Domestic Pump; a division of ITT Industries. 

c. Flow Design Inc. 

d. Gerand Engineering Co. 

e. Griswold Controls. 

f. Taco. 

g. Tour & Andersson; available through Victaulic Company. 

2. Body:  Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or 

venturi. 

3. Ball:  Brass or stainless steel. 

4. Stem Seals:  EPDM O-rings. 

5. Disc:  Glass and carbon-filled PTFE. 

6. Seat:  PTFE. 

7. End Connections:  Flanged or grooved. 

8. Pressure Gage Connections:  Integral seals for portable differential pressure meter. 

9. Handle Style:  Lever, with memory stop to retain set position. 

10. CWP Rating:  Minimum 125 psig (860 kPa). 

11. Maximum Operating Temperature:  250 deg F (121 deg C). 

E. Diaphragm-Operated, Pressure-Reducing Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Amtrol, Inc. 

b. Armstrong Pumps, Inc. 

c. Bell & Gossett Domestic Pump; a division of ITT Industries. 

d. Conbraco Industries, Inc. 

e. Spence Engineering Company, Inc. 

f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Body:  Bronze or brass. 

3. Disc:  Glass and carbon-filled PTFE. 

4. Seat:  Brass. 

5. Stem Seals:  EPDM O-rings. 

6. Diaphragm:  EPT. 

7. Low inlet-pressure check valve. 

8. Inlet Strainer:  Brass, removable without system shutdown. 

9. Valve Seat and Stem:  Noncorrosive. 

10. Valve Size, Capacity, and Operating Pressure:  Selected to suit system in which installed, 

with operating pressure and capacity factory set and field adjustable. 

F. Diaphragm-Operated Safety Valves: 

1. Manufacturers:    Subject to compliance with requirements, provide products by one of 

the following: 
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a. Amtrol, Inc. 

b. Armstrong Pumps, Inc. 

c. Bell & Gossett Domestic Pump; a division of ITT Industries. 

d. Conbraco Industries, Inc. 

e. Spence Engineering Company, Inc. 

f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Body:  Bronze or brass. 

3. Disc:  Glass and carbon-filled PTFE. 

4. Seat:  Brass. 

5. Stem Seals:  EPDM O-rings. 

6. Diaphragm:  EPT. 

7. Wetted, Internal Work Parts:  Brass and rubber. 

8. Inlet Strainer:    Brass, removable without system shutdown. 

9. Valve Seat and Stem:  Noncorrosive. 

10. Valve Size, Capacity, and Operating Pressure:  Comply with ASME Boiler and Pressure 

Vessel Code:  Section IV, and selected to suit system in which installed, with operating 

pressure and capacity factory set and field adjustable. 

G. Automatic Flow-Control Valves: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. Flow Design Inc. 

b. Griswold Controls. 

2. Body:  Brass or ferrous metal. 

3. Piston and Spring Assembly:  Stainless steel, tamper proof, self cleaning, and removable. 

4. Combination Assemblies:  Include bonze or brass-alloy ball valve. 

5. Identification Tag:  Marked with zone identification, valve number, and flow rate. 

6. Size:  Same as pipe in which installed. 

7. Performance:  Maintain constant flow, plus or minus 5 percent over system pressure 

fluctuations. 

8. Minimum CWP Rating:  175 psig (1207 kPa). 

9. Maximum Operating Temperature:  250 deg F (121 deg C). 

2.5 AIR CONTROL DEVICES 

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

following: 

1. Amtrol, Inc. 

2. Armstrong Pumps, Inc. 

3. Bell & Gossett Domestic Pump; a division of ITT Industries. 

4. Taco. 

B. Manual Air Vents: 
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1. Body:  Bronze. 

2. Internal Parts:  Nonferrous. 

3. Operator:  Screwdriver or thumbscrew. 

4. Inlet Connection:  NPS 1/2 (DN 15). 

5. Discharge Connection:  NPS 1/8 (DN 6). 

6. CWP Rating:  150 psig (1035 kPa). 

7. Maximum Operating Temperature:  225 deg F (107 deg C). 

C. Automatic Air Vents: 

1. Body:  Bronze or cast iron. 

2. Internal Parts:  Nonferrous. 

3. Operator:  Noncorrosive metal float. 

4. Inlet Connection:  NPS 1/2 (DN 15). 

5. Discharge Connection:  NPS 1/4 (DN 8). 

6. CWP Rating:  150 psig (1035 kPa). 

7. Maximum Operating Temperature:  240 deg F (116 deg C). 

D. Diaphragm or Bladder-Type Expansion Tanks: 

1. Tank:  Welded steel, rated for 125-psig (860-kPa) working pressure and 375 deg F (191 

deg C) maximum operating temperature.  Factory test with taps fabricated and supports 

installed and labeled according to ASME Boiler and Pressure Vessel Code:  Section VIII, 

Division 1. 

2. Diaphragm or Bladder:  Securely sealed into tank to separate air charge from system 

water to maintain required expansion capacity. 

3. Air-Charge Fittings:  Schrader valve, stainless steel with EPDM seats. 

2.6 HYDRONIC PIPING SPECIALTIES 

A. Y-Pattern Strainers: 

1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection. 

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

NPS 2-1/2 (DN 65) and larger. 

3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket with 50 

percent free area. 

4. CWP Rating:  125 psig (860 kPa). 

B. Basket Strainers: 

1. Body:  ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom drain 

connection. 

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

NPS 2-1/2 (DN 65) and larger. 

3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket with 50 

percent free area. 

4. CWP Rating:  125 psig (860 kPa). 

C. T-Pattern Strainers: 
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1. Body:  Ductile or malleable iron with removable access coupling and end cap for strainer 

maintenance. 

2. End Connections:  Grooved ends. 

3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket with 57 

percent free area. 

4. CWP Rating:  750 psig (5170 kPa). 

D. Stainless-Steel Bellow, Flexible Connectors (for small pipes): 

1. Body:  Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective 

jacket. 

2. End Connections:  Threaded or flanged to match equipment connected. 

3. Performance:  Capable of 3/4-inch (20-mm) misalignment. 

4. CWP Rating:  150 psig (1035 kPa). 

5. Maximum Operating Temperature:  250 deg F (121 deg C). 

E. Spherical, Rubber, Flexible Connectors (for larger pipes): 

1. Body:  Fiber-reinforced rubber body. 

2. End Connections:  Steel flanges drilled to align with Classes 150 and 300 steel flanges. 

3. Performance:  Capable of misalignment. 

4. CWP Rating:  150 psig (1035 kPa). 

5. Maximum Operating Temperature:  250 deg F (121 deg C). 

F. Expansion fittings are specified in Section 230516 "Expansion Fittings and Loops for HVAC 

Piping." 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Below Ground Hydronic Piping is specified in Section 232113.13. 

B. Hydronic Piping, Above Ground (includes chilled water piping, condenser water piping): 

C. Piping, aboveground, shall be one the following: 

1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges 

and flange fittings, and welded and flanged joints. 

D. Air-Vent Piping: 

1. Inlet:  Same as service where installed. 

2. Outlet:  Type K (A), annealed-temper copper tubing with soldered or flared joints. 

3.2 VALVE APPLICATIONS 

A. Install shutoff-duty valves at each branch connection to supply mains, and at supply connection 

to each piece of equipment. 
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B. Install throttling-duty valves at each branch connection to return main. 

C. Install check valves at each pump discharge and elsewhere as required to control flow direction 

or use triple duty valves where indicated. 

D. Install safety valves as required by ASME Boiler and Pressure Vessel Code.  Install drip-pan 

elbow on safety-valve outlet and pipe without valves to the outdoors; and pipe drain to nearest 

floor drain or as indicated on Drawings.  Comply with ASME Boiler and Pressure Vessel Code:  

Section VIII, Division 1, for installation requirements. 

3.3 PIPING INSTALLATIONS 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems.  Indicate piping locations and arrangements if such were used to size pipe and 

calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping 

as indicated unless deviations to layout are approved on Coordination Drawings. 

B. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 

and service areas. 

C. 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. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Install piping to allow application of insulation. 

J. Select system components with pressure rating equal to or greater than system operating 

pressure. 

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 

of valves. 

L. Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) ball valve, and short NPS 3/4 

(DN 20) threaded nipple with cap, at low points in piping system mains and elsewhere as 

required for system drainage. 

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 
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O. Install branch connections to mains using tee fittings in main pipe, with the branch connected to 

the bottom of the main pipe.  For up-feed risers, connect the branch to the top of the main pipe. 

P. Install valves according to Section 230523 "General-Duty Valves for HVAC Piping." 

Q. Install unions in piping, NPS 2 (DN 50) and smaller, adjacent to valves, at final connections of 

equipment, and elsewhere as indicated. 

R. Install flanges in piping, NPS 2-1/2 (DN 65) and larger, at final connections of equipment and 

elsewhere as indicated. 

S. Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid valve, in-

line pump, and elsewhere as indicated.  Install NPS 3/4 (DN 20) nipple and ball valve in 

blowdown connection of strainers NPS 2 (DN 50) and larger.  Match size of strainer blowoff 

connection for strainers smaller than NPS 2 (DN 50). 

T. Install expansion loops, expansion joints, anchors, and pipe alignment guides as specified in 

Section 230516 "Expansion Fittings and Loops for HVAC Piping." 

U. Identify piping as specified in Section 230553 "Identification for HVAC Piping and 

Equipment." 

V. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with requirements 

for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping." 

W. Install sleeve seals for piping penetrations of concrete walls and slabs.  Comply with 

requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC 

Piping." 

X. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with 

requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping." 

3.4 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor devices are specified in Section 230529 "Hangers and Supports for 

HVAC Piping and Equipment." Comply with the following requirements for maximum spacing 

of supports. 

B. Seismic restraints are specified in Section 230548 "Vibration and Seismic Controls for HVAC 

Piping and Equipment." 

C. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet (6 m) 

long. 

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet 

(6 m) or longer. 

3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6 m) or longer, 

supported on a trapeze. 

4. Spring hangers to support vertical runs. 
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5. Provide copper-clad hangers and supports for hangers and supports in direct contact with 

copper pipe. 

6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from 

scratching pipe. 

D. Install hangers for steel piping with the following maximum spacing and minimum rod sizes: 

1. NPS 3/4 (DN 20):  Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm). 

2. NPS 1 (DN 25):  Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm). 

3. NPS 1-1/2 (DN 40):  Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10 

mm). 

4. NPS 2 (DN 50):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm). 

5. NPS 2-1/2 (DN 65):  Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch (10 

mm). 

6. NPS 3 (DN 80):  Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 mm). 

7. NPS 4 (DN 100):  Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 mm). 

8. NPS 6 (DN 150):  Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch (13 mm). 

9. NPS 8 (DN 200):  Maximum span, 19 feet (5.8 m); minimum rod size, 5/8 inch (16 mm). 

10. NPS 10 (DN 250):  Maximum span, 20 feet (6.1 m); minimum rod size, 3/4 inch (19 

mm). 

11. NPS 12 (DN 300):  Maximum span, 23 feet (7 m); minimum rod size, 7/8 inch (22 mm). 

12. NPS 14 (DN 350):  Maximum span, 25 feet (7.6 m); minimum rod size, 1 inch (25 mm). 

13. NPS 16 (DN 400):  Maximum span, 27 feet (8.2 m); minimum rod size, 1 inch (25 mm). 

14. NPS 18 (DN 450):  Maximum span, 28 feet (8.5 m); minimum rod size, 1-1/4 inches (32 

mm). 

15. NPS 20 (DN 500):  Maximum span, 30 feet (9.1 m); minimum rod size, 1-1/4 inches (32 

mm). 

3.5 PIPE 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 B 813, water-flushable flux, unless otherwise indicated, to tube 

end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using 

lead-free solder alloy complying with ASTM B 32. 

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. 

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. 
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F. Welded Joints:  Construct joints according to AWS D10.12/D10.12M, using qualified processes 

and welding operators according to Part 1 "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. 

3.6 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in piping as required for system air venting.  Install 

automatic air vents at high points of system piping in mechanical equipment rooms only.   

3.7 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 including the entire existing hydronic system with clean 

water; then remove and clean or replace strainer screens including the existing 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 "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. 
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2. Inspect pumps for proper rotation. 

3. Set makeup pressure-reducing valves for required system pressure. 

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 chillers, cooling 

towers, to specified values. 

7. Verify lubrication of motors and bearings. 

END OF SECTION 232113 
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SECTION 232113.13 - UNDERGROUND HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Steel pipes and fittings. 

2. Transition fittings. 

3. Cased piping system. 

1.3 PERFORMANCE REQUIREMENTS 

A. Provide components and installation capable of producing hydronic piping systems with the 

following minimum working-pressure ratings: 

1. Condenser-Water Piping:  150 psig (1035 kPa) at 150 deg F (66 deg C). 

1.4 ACTION SUBMITTALS 

A. Product Data:  For the following: 

1. Cased piping. 

B. Shop Drawings:  For underground hydronic piping.  Signed and sealed by a professional 

engineer. 

1. Show pipe sizes, locations, and elevations.  Show piping in trench, conduit, and cased 

pipe with details showing clearances between piping, and show insulation thickness. 

1.5 INFORMATIONAL SUBMITTALS 

A. Profile Drawings:  Show system piping in elevation.  Draw profiles at horizontal scale of not 

less than 1 inch equals 50 feet (1:500) and at vertical scale of not less than 1 inch equals 5 feet 

(1:50).  Indicate manholes and piping.  Show types, sizes, materials, and elevations of other 

utilities crossing hydronic piping. 

B. Qualification Data:  For qualified Installer. 
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C. Welding certificates. 

D. Material Test Reports:  For cased piping. 

E. Source quality-control reports. 

F. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to ASME Boiler and 

Pressure Vessel Code:  Section IX. 

1. Comply with provisions in ASME B31.9, "Building Services Piping." 

2. Certify that each welder has passed AWS qualification tests for welding processes 

involved and that certification is current. 

B. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 

products, and installation. 

PART 2 - PRODUCTS 

2.1 STEEL PIPES AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black with plain ends; type, grade, and wall thickness as 

indicated in "Piping Application" Article. 

B. Cast-Iron, Threaded Fittings:  ASME B16.4; Class 125 and Class 250. 

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

D. Malleable-Iron Unions:  ASME B16.39; Class 150. 

E. Cast-Iron Pipe Flanges and Flanged Fittings:  ASME B16.1, Class 125 and Class 250; raised 

ground face, and bolt holes spot faced. 

F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe. 

G. 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: 

1. Material Group:  1.1. 

2. End Connections:  Butt welding. 

3. Facings:  Raised face. 

H. Steel Welding Fittings:  ASME B16.9 and ASTM A 234/A 234M, seamless or welded. 

1. 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. 
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I. Nipples:  ASTM A 733, made of same materials and wall thicknesses as pipe in which they are 

installed. 

J. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 

contents. 

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum thickness 

unless thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125, cast-iron and -bronze flanges. 

b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

K. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

2.2 CASED PIPING SYSTEM 

A. Descriptio n:  Factory-fabricated piping with carrier pipe, insulation, and casing. 

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. Insul-Tek Piping Systems, Inc. 

b. Perma-Pipe, Inc. 

c. Tricon Piping. 

B. Carrier Pipe:  Schedule 40, steel pipe and fittings. 

C. Carrier Pipe Insulation: 

1. Polyurethane Foam Pipe Insulation:  Rigid, cellular, high-pressure injected between 

carrier pipe and jacket. 

a. Comply with ASTM C 591; thermal conductivity (k-value) shall not exceed 0.14 

Btu x in./h x sq. ft. x deg F (0.020 W/m x K) at 75 deg F (24 deg C) after 180 days 

of aging. 

D. Casing:  HDPE. 

E. Casing accessories include the following: 

1. Joint Kit:  Half-shell, pourable or split insulation, casing sleeve, and shrink-wrap sleeve. 

2. Expansion Blanket:  Elastomeric foam, formed to fit over piping. 

3. End Seals:  Shrink wrap the casing material to seal watertight around casing and carrier 

pipe. 

F. Manholes:  Black steel with lifting eyes. 

1. Finish:  Spray-applied urethane, minimum 30 mils (0.75 mm) thick. 

2. Access:  30-inch- (750-mm-) diameter waterproof cover with gasket, ladder, and two 6-

inch (150-mm) vents, one high and one low, extending above grade with rain caps. 
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3. Conduit Stub-Outs and Seals:  Welded steel with drain and vent openings. 

4. Sump:  12 inches (300 mm) in diameter,12 inches (300 mm) deep. 

5. Floatation Anchor:  Oversized bottom keyed into concrete base. 

G. Source Quality Control:  Factory test the carrier pipe to 150 percent of the operating pressure of 

system.  Furnish test certificates. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. See Section 312000 "Earth Moving" for excavating, trenching, and backfilling. 

3.2 PIPING APPLICATION 

A. Condenser-Water Piping: 

1. NPS 2-1/2 (DN 65) and larger shall be  the following: 

 

a. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel 

flanges and flange fittings, and welded and flanged joints. 

 

2. Cased piping with polyurethane carrier-pipe insulation. 

 

a. Piping Insulation Thickness:   2 inches (50 mm). 

B. Chilled-Water Piping: 

1. NPS 2-1/2 (DN 65) and larger shall be  the following: 

 

a. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel 

flanges and flange fittings, and welded and flanged joints. 

 

2. Cased piping with polyurethane carrier-pipe insulation. 

 

a. Piping Insulation Thickness:   2 inches (50 mm). 

3.3 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems.  Indicate piping locations and arrangements if such were used to size pipe and 

calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping 

as indicated unless deviations to layout are approved on Coordination Drawings. 

B. Remove standing water in the bottom of trench. 

C. Do not backfill piping trench until field quality-control testing has been completed and results 

approved. 
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D. Install piping at uniform grade of 0.2 percent.  Install drains, consisting of a tee fitting, NPS 3/4 

(DN 20) ball valve, and short NPS 3/4 (DN 20) threaded nipple with cap, at low points and 

elsewhere as required for system drainage.  Install manual air vents at high points. 

E. Install components with pressure rating equal to or greater than system operating pressure. 

F. Install piping free of sags and bends. 

G. Install fittings for changes in direction and branch connections. 

H. See Section 230517 "Sleeves and Sleeve Seals for HVAC Piping" for sleeves and mechanical 

sleeve seals through exterior building walls. 

I. Secure anchors with concrete thrust blocks.  Concrete is specified in Section 033000 "Cast-in-

Place Concrete." 

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 B 813, water-flushable flux, unless otherwise indicated, to tube 

end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using 

lead-free solder alloy complying with ASTM B 32. 

D. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Ch. 35, "Pipe and 

Tubing," 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. Cased Piping Joints:  Assemble sections and finish joints with pourable or split insulation and 

exterior jacket sleeve, and apply shrink-wrap seals. 
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3.5 IDENTIFICATION 

A. Install continuous plastic underground warning tapes during back filling of trenches for 

underground hydronic piping.  Locate tapes 6 to 8 inches (150 to 200 mm) below finished 

grade, directly over piping.  See Section 312000 "Earth Moving" for warning-tape materials and 

devices and their installation. 

3.6 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 

test, and adjust components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing. 

D. Tests and Inspections: 

1. Prepare hydronic piping for testing according to ASME B31.9 and as follows: 

a. Leave joints, including welds, uninsulated and exposed for examination during 

test. 

b. Fill system with water.  Where there is risk of freezing, air or a safe, compatible 

liquid may be used. 

c. Use vents installed at high points to release trapped air while filling system. 

2. Test hydronic piping as follows: 

a. Subject hydronic piping to hydrostatic test pressure that is not less than 1.5 times 

the design pressure. 

b. After hydrostatic test pressure has been applied for 10 minutes, examine joints for 

leakage.  Remake leaking joints using new materials and repeat hydrostatic test 

until no leaks exist. 

E. Prepare test and inspection reports. 

END OF SECTION 232113.13 
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SECTION 232123 - HYDRONIC PUMPS 

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. Separately coupled, vertically mounted, in-line centrifugal pumps. 

1.3 DEFINITIONS 

A. Buna-N:  Nitrile rubber. 

B. EPT:  Ethylene propylene terpolymer. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of pump.  Include certified performance curves and rated 

capacities, operating characteristics, furnished specialties, final impeller dimensions, and 

accessories for each type of product indicated.  Indicate pump's operating point on curves. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For pumps to include in emergency, operation, and 

maintenance manuals. 

PART 2 - PRODUCTS 

2.1 SEPARATELY COUPLED, VERTICALLY MOUNTED, IN-LINE CENTRIFUGAL PUMPS 

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

following: 

1. Armstrong Pumps Inc. 

2. Aurora Pump; Division of Pentair Pump Group. 

3. ITT Corporation; Bell & Gossett. 

4. PACO Pumps. 
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5. TACO Incorporated. 

B. Description:  Factory-assembled and -tested, centrifugal, overhung-impeller, separately coupled, 

in-line pump as defined in ANSI/HI 1.1-1.2 and HI 1.3; designed for installation with pump 

shaft and motor shafts mounted vertically. 

C. Pump Construction: 

1. Casing:  Radially split, cast iron, with threaded gage tappings at inlet and 

outlet, replaceable bronze wear rings, and threaded companion-flange or union-end 

connections. 

2. Impeller:  ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, 

and secured with a locking cap screw.  For pumps not frequency-drive controlled, trim 

impeller to match specified performance. 

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve. 

4. Seal:  Mechanical seal consisting of carbon rotating ring against a ceramic seat held by a 

stainless-steel spring, and Buna-N or EPT bellows and gasket.  Include water slinger on 

shaft between motor and seal.  Provide a seal flush line for continually flushing the seal 

and flush line filter. 

5. Pump Bearings:  Permanently lubricated ball bearings. 

D. Shaft Coupling:  Axially split spacer coupling. 

E. Motor:  Single speed, premium efficiency, and rigidly mounted to pump casing with lifting 

eyebolt and supporting lugs in motor enclosure.  Refer to drawings, “Mechanical Schedules” for 

motor efficiencies. 

1. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and 

application. 

2. Comply with NEMA designation, temperature rating, service factor, and efficiency 

requirements for motors specified in Section 230513 "Common Motor Requirements for 

HVAC Equipment." 

1. Enclosure:  Open, dripproof. 

2. Motor Bearings:  Permanently lubricated ball bearings. 

3. Efficiency:  Premium efficient. 

4. VFD ready with Class F winding and shaft grounding rings for VFD controller. 

5. VFD Motor Controllers:  Comply with requirements specified in Division 26 - 

Electrical. 

F. Capacities and Characteristics:   As indicated on the Drawings. 

2.2 PUMP SPECIALTY FITTINGS 

A. Suction Diffuser: 

1. Angle pattern. 

2. 175-psig (1204-kPa) pressure rating, cast-iron body and end cap, pump-inlet fitting. 

3. Bronze startup and bronze or stainless-steel permanent strainers. 
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4. Bronze or stainless-steel straightening vanes. 

5. Drain plug. 

6. Factory-fabricated support. 

B. Triple-Duty Valve: 

1. Angle or straight pattern. 

2. 175-psig (1204-kPa) pressure rating, cast-iron body, pump-discharge fitting. 

3. Drain plug and bronze-fitted shutoff, balancing, and check valve features. 

4. Brass gage ports with integral check valve and orifice for flow measurement. 

5. Soft-seated check valve with 4-turn serve valve. 

PART 3 - EXECUTION 

3.1 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 are to be installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PUMP INSTALLATION 

A. Comply with ANSI/Hydraulic Institute 1.4 and/or HI 2.4 as applicable. 

B. Install pumps to provide access for periodic maintenance including removing motors, impellers, 

couplings, and accessories. 

C. Independently support pumps and piping so weight of piping is not supported by pumps and 

weight of pumps is not supported by piping. 

D. Equipment Mounting (Concrete Inertia Bases):  Install base-mounted pumps on cast-in-place 

concrete equipment base(s) using restrained spring isolators.  Comply with requirements for 

equipment bases specified in Section 033000 "Cast-in-Place Concrete" and/or Section 033053 

"Miscellaneous Cast-in-Place Concrete." Comply with requirements for vibration isolation 

devices specified in Section 230548 "Vibration and Seismic Controls for HVAC Piping and 

Equipment." 

1. Minimum Deflection:  1 inch. 

3.3 ALIGNMENT 

A. Engage a factory-authorized service representative to perform alignment service. 
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B. Comply with requirements in Hydronics Institute standards for alignment of pump and motor 

shaft.  Add shims to the motor feet and bolt motor to base frame.  Do not use grout between 

motor feet and base frame. 

C. Comply with pump and coupling manufacturers' written instructions. 

D. After alignment is correct, tighten foundation bolts evenly but not too firmly.  Completely fill 

baseplate with nonshrink, nonmetallic grout while metal blocks and shims or wedges are in 

place.  After grout has cured, fully tighten foundation bolts. 

3.4 CONNECTIONS 

A. Comply with requirements for piping specified in Section 232113 "Hydronic Piping." Drawings 

indicate general arrangement of piping, fittings, and specialties. 

B. Where installing piping adjacent to pump, allow space for service and maintenance. 

C. Connect piping to pumps.  Install valves that are same size as piping connected to pumps. 

D. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles. 

E. Install triple-duty valve on discharge side of pumps except where indicated otherwise. 

F. Install Y-type strainer, suction diffuser and shutoff valve on suction side of pumps. 

G. Install flexible connectors on suction and discharge sides of base-mounted pumps between 

pump casing and valves. 

H. Install pressure gages on pump suction and discharge or at integral pressure-gage tapping, or 

install single gage with multiple-input selector valve. 

I. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

J. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service.  This does not 

include service for close-coupled pumps or automatic condensate pump units. 

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

2. Check piping connections for tightness. 

3. Clean strainers on suction piping. 

4. Perform the following startup checks for each pump before starting: 

1. Verify bearing lubrication. 
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2. Verify that pump is free to rotate by hand and that pump for handling hot liquid is 

free to rotate with pump hot and cold.  If pump is bound or drags, do not operate 

until cause of trouble is determined and corrected. 

3. Verify that pump is rotating in the correct direction. 

5. Prime pump by opening suction valves and closing drains, and prepare pump for 

operation. 

6. Start motor. 

7. Open discharge valve slowly. 

3.6 DEMONSTRATION 

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

END OF SECTION 232123 
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SECTION 232500 - HVAC WATER TREATMENT 

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. Coordinate selection and installation of chemicals, processes, and treatment equipment with the 

existing chemical treatment company under contract. 

B. This Section includes the following HVAC water-treatment systems: 

1. Bypass chemical-feed equipment and controls. 

2. Biocide chemical-feed equipment and controls. 

3. Chemical treatment test equipment. 

4. HVAC water-treatment chemicals. 

1.3 DEFINITIONS 

A. EEPROM:  Electrically erasable, programmable read-only memory. 

B. Low Voltage:  As defined in NFPA 70 for circuits and equipment operating at less than 50 V or 

for remote-control, signaling power-limited circuits. 

C. TDS:  Total dissolved solids. 

1.4 PERFORMANCE REQUIREMENTS 

A. The alarms generated by the automated system shall be annunciated at the building automation 

system (BAS) 

B. Water quality for HVAC systems shall minimize corrosion, scale buildup, and biological 

growth for optimum efficiency of HVAC equipment without creating a hazard to operating 

personnel or the environment. 

C. Base HVAC water treatment on quality of water available at Project site, HVAC system 

equipment material characteristics and functional performance characteristics, operating 

personnel capabilities, and requirements and guidelines of authorities having jurisdiction. 

D. Closed hydronic systems, including hot-water heating and chilled water, shall have the 

following water qualities: 
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1. pH:  Maintain a value within 9.0 to 10.5. 

2. "P" Alkalinity:  Maintain a value within 100 to 500 ppm. 

3. Boron:  Maintain a value within 100 to 200 ppm. 

4. Chemical Oxygen Demand:  Maintain a maximum value of 100 ppm. 

5. Soluble Copper:  Maintain a maximum value of 0.20 ppm. 

6. TDS:  Maintain a maximum value of 10 ppm. 

7. Ammonia:  Maintain a maximum value of 20 ppm. 

8. Free Caustic Alkalinity:  Maintain a maximum value of 20 ppm. 

9. Microbiological Limits: 

a. Total Aerobic Plate Count:  Maintain a maximum value of 1000 organisms/ml. 

b. Total Anaerobic Plate Count:  Maintain a maximum value of 100 organisms/ml. 

c. Nitrate Reducers:  Maintain a maximum value of 100 organisms/ml. 

d. Sulfate Reducers:  Maintain a maximum value of 0 organisms/ml. 

e. Iron Bacteria:  Maintain a maximum value of 0 organisms/ml. 

10. Submit the proposed chemicals to the Designer and to the Owner. 

E. Open hydronic systems, including condenser water, shall have the following water qualities: 

1. pH:  Maintain a value within 8.0 to 9.1. 

2. "P" Alkalinity:  Maintain a maximum value of 100 ppm. 

3. Chemical Oxygen Demand:  Maintain a maximum value of 100 ppm. 

4. Soluble Copper:  Maintain a maximum value of 0.20 ppm. 

5. TDS:  Maintain a maximum value of 10 ppm. 

6. Ammonia:  Maintain a maximum value of 20 ppm. 

7. Free "OH" Alkalinity:  Maintain a maximum value of 0 ppm 

8. Microbiological Limits: 

a. Total Aerobic Plate Count:  Maintain a maximum value of 10,000 organisms/ml. 

b. Total Anaerobic Plate Count:  Maintain a maximum value of 1000 organisms/ml. 

c. Nitrate Reducers:  Maintain a maximum value of 100 organisms/ml. 

d. Sulfate Reducers:  Maintain a maximum value of 0 organisms/ml. 

e. Iron Bacteria:  Maintain a maximum value of 0 organisms/ml. 

9. Polymer Testable:  Maintain a minimum value within 10 to 40. 

F. Passivation for Galvanized Steel:  For the first 60 days of operation. 

1. pH:  Maintain a value within 7 to 8. 

2. Calcium Carbonate Hardness:  Maintain a value within 100 to 300 ppm. 

3. Calcium Carbonate Alkalinity:  Maintain a value within 100 to 300 ppm. 

1.5 ACTION SUBMITTALS 

A. Product Data:  Include rated capacities, operating characteristics, furnished specialties, and 

accessories for the following products: 

1. Bypass feeders. 

2. Water meters. 
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3. Inhibitor injection timers. 

4. pH controllers. 

5. TDS controllers. 

6. Biocide feeder timers. 

7. Chemical solution tanks. 

8. Injection pumps. 

9. Chemical test equipment. 

10. Chemical material safety data sheets. 

B. Shop Drawings:  Pretreatment and chemical treatment equipment showing tanks, maintenance 

space required, and piping connections to HVAC systems.  Include plans, elevations, sections, 

details, and attachments to other work. 

1. Wiring Diagrams:  Power and control wiring. 

1.6 INFORMATIONAL SUBMITTALS 

A. Field quality-control test reports. 

B. Other Informational Submittals: 

1. Water-Treatment Program:  Written sequence of operation on an annual basis for the 

application equipment required to achieve water quality defined in the "Performance 

Requirements" Article above. 

2. Water Analysis:  Illustrate water quality available at Project site. 

3. Passivation Confirmation Report:  Verify passivation of galvanized-steel surfaces, and 

confirm this observation in a letter to Designer. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For sensors, injection pumps and controllers to include in 

emergency, operation, and maintenance manuals. 

1.8 QUALITY ASSURANCE 

A. HVAC Water-Treatment Service Provider Qualifications:  An experienced HVAC water-

treatment service provider capable of analyzing water qualities, installing water-treatment 

equipment, and applying water treatment as specified in this Section. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

1.9 MAINTENANCE SERVICE 

A. Scope of Maintenance Service:  Provide chemicals and service program to maintain water 

conditions required above to inhibit corrosion, scale formation, and biological growth for 

cooling, chilled-water piping, heating, hot-water piping, condenser-water piping and equipment.  
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Services and chemicals shall be provided for a period of one year from date of Substantial 

Completion, and shall include the following: 

1. Initial water analysis and HVAC water-treatment recommendations. 

2. Startup assistance for Contractor to flush the systems, clean with detergents, and initially 

fill systems with required chemical treatment prior to operation. 

3. Periodic field service and consultation. 

4. Customer report charts and log sheets. 

5. Laboratory technical analysis. 

6. Analyses and reports of all chemical items concerning safety and compliance with 

government regulations. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Ampion Corp. 

2. Anderson Chemical Co, Inc. 

3. Aqua-Chem, Inc.; Cleaver-Brooks Div. 

4. Approved Equal 

2.2 MANUAL CHEMICAL-FEED EQUIPMENT 

A. Bypass Feeders:  Steel, with corrosion-resistant exterior coating, minimum 3-1/2-inch (89-mm) 

fill opening in the top, and NPS 3/4 (DN 20) bottom inlet and top side outlet.  Quarter turn or 

threaded fill cap with gasket seal and diaphragm to lock the top on the feeder when exposed to 

system pressure in the vessel. 

1. Capacity:  5 gal. (19 L). 

2. Minimum Working Pressure:  125 psig (860 kPa). 

2.3 AUTOMATIC CHEMICAL-FEED EQUIPMENT 

A. Water Meter: 

1. AWWA C700, oscillating-piston, magnetic-drive, totalization meter. 

2. Body:  Bronze. 

3. Minimum Working-Pressure Rating:  150 psig (1035 kPa). 

4. Maximum Pressure Loss at Design Flow:  3 psig (20 kPa). 

5. Registration:  Gallons (Liters) or cubic feet (cubic meters). 

6. End Connections:  Threaded. 
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7. Controls:  Flow-control switch with normally open contacts; rated for maximum 10 A, 

250-V ac; and that will close at adjustable increments of total flow. 

B. Inhibitor Injection Timers: 

1. Microprocessor-based controller with LCD display in NEMA 250, Type 12 enclosure 

with gasketed and lockable door.  Interface for start/stop and status indication at central 

workstation as described in Section 230900 "Instrumentation and Control for HVAC." 

2. Programmable timers with infinite adjustment over full range, and mounted in cabinet 

with hand-off-auto switches and status lights. 

3. Test switch. 

4. Hand-off-auto switch for chemical pump. 

5. Illuminated legend to indicate feed when pump is activated. 

6. Programmable lockout timer with indicator light.  Lockout timer to deactivate the pump 

and activate alarm circuits. 

7. LCD makeup totalizer to measure amount of makeup and bleed-off water from two water 

meter inputs. 

C. pH Controller: 

1. Microprocessor-based controller, 1 percent accuracy in a range from zero to 14 units.  

Incorporate solid-state integrated circuits and digital LCD display in NEMA 250, 

Type 12 enclosure with gasketed and lockable door.   Interface for start/stop and status 

indication at central workstation as described in Section 230900 "Instrumentation and 

Control for HVAC." 

2. Digital display and touch pad for input. 

3. Sensor probe adaptable to sample stream manifold. 

4. High, low, and normal pH indication. 

5. High or low pH alarm light, trip points field adjustable; with silence switch. 

6. Hand-off-auto switch for acid pump. 

7. Internal adjustable hysteresis or deadband. 

D. TDS Controller: 

1. Microprocessor-based controller, 1 percent accuracy in a range from zero to 5000 

micromhos.  Incorporate solid-state integrated circuits and digital LCD display in 

NEMA 250, Type 12 enclosure with gasketed and lockable door.  Interface for start/stop 

and status indication at central workstation as described in Section 230900 

"Instrumentation and Control for HVAC." 

2. Digital display and touch pad for input. 

3. Sensor probe adaptable to sample stream manifold. 

4. High, low, and normal conductance indication. 

5. High or low conductance alarm light, trip points field adjustable; with silence switch. 

6. Hand-off-auto switch for solenoid bleed-off valve. 

7. Bleed-off valve activated indication. 

8. Internal adjustable hysteresis or deadband. 

9. Bleed Valves: 

a. Cooling Systems:  Forged-brass body, globe pattern, general-purpose solenoid 

with continuous-duty coil, or motorized valve. 
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E. Biocide Feeder Timer: 

1. Microprocessor-based controller with digital LCD display in NEMA 250, Type 12 

enclosure with gasketed and lockable door.  Interface for start/stop and status indication 

at central workstation as described in Section 230900 "Instrumentation and Control for 

HVAC." 

2. 24-hour timer with 14-day skip feature to permit activation any hour of day. 

3. Precision, solid-state, bleed-off lockout timer and clock-controlled biocide pump timer.  

Prebleed and bleed lockout timers. 

4. Solid-state alternator to enable use of two different formulations. 

5. 24-hour display of time of day. 

6. 14-day display of day of week. 

7. Battery backup so clock is not disturbed by power outages. 

8. Hand-off-auto switches for biocide pumps. 

9. Biocide A and Biocide B pump running indication. 

F. Chemical Solution Tanks: 

1. Chemical-resistant reservoirs fabricated from high-density opaque polyethylene with 

minimum 110 percent containment vessel. 

2. Molded cover with recess for mounting pump. 

3. Capacity:  50 gal. (189 L). 

G. Chemical Solution Injection Pumps: 

1. Self-priming, positive-displacement; rated for intended chemical with minimum 25 

percent safety factor for design pressure and temperature. 

2. Adjustable flow rate. 

3. Metal and thermoplastic construction. 

4. Built-in relief valve. 

5. Fully enclosed, continuous-duty, single-phase motor.  Comply with requirements in 

Section 230513 "Common Motor Requirements for HVAC Equipment." 

H. Chemical Solution Tubing:  Polyethylene tubing with compression fittings and joints. 

I. Injection Assembly: 

1. Quill:  Minimum NPS 1/2 (DN 15) with insertion length sufficient to discharge into at 

least 25 percent of pipe diameter. 

2. Ball Valve:  Two-piece, stainless steel as described in "Stainless-Steel Pipes and Fittings" 

Article below; and selected to fit quill. 

3. Packing Gland:  Mechanical seal on quill of sufficient length to allow quill removal 

during system operation. 

4. Assembly Pressure/Temperature Rating:  Minimum 600 psig (4137 kPa) at 200 deg F (93 

deg C). 

2.4 STAINLESS-STEEL PIPES AND FITTINGS 

A. Stainless-Steel Tubing:  Comply with ASTM A 269, Type 316. 
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B. Stainless-Steel Fittings:  Complying with ASTM A 815/A 815M, Type 316, Grade WP-S. 

C. Two-Piece, Full-Port, Stainless-Steel Ball Valves:  ASTM A 351, Type 316 stainless-steel 

body; ASTM A 276, Type 316 stainless-steel stem and vented ball, carbon-filled TFE seats, 

threaded body design with adjustable stem packing, threaded ends, and 250-psig (1725-kPa) 

SWP and 600-psig (4140-kPa) CWP ratings. 

2.5 CHEMICAL TREATMENT TEST EQUIPMENT 

A. Test Kit:  Manufacturer-recommended equipment and chemicals in a wall-mounting cabinet for 

testing pH, TDS, inhibitor, chloride, alkalinity, and hardness; sulfite and testable polymer tests 

for high-pressure boilers, and oxidizing biocide test for open cooling systems. 

B. Sample Cooler: 

1. Tube:  Sample. 

a. Size:  NPS 1/4 (DN 8) tubing. 

b. Material:  ASTM A 666, Type 316 stainless steel. 

c. Pressure Rating:  Minimum 2000 psig (13 790 kPa). 

d. Temperature Rating:  Minimum 850 deg F (454 deg C). 

2. Shell:  Cooling water. 

a. Material:  ASTM A 666, Type 304 stainless steel. 

b. Pressure Rating:  Minimum 250 psig (1725 kPa). 

c. Temperature Rating:  Minimum 450 deg F (232 deg C). 

3. Capacities and Characteristics: 

a. Tube:  Sample. 

1) Flow Rate:  0.25 gpm (0.016 L/s). 

2) Entering Temperature:  400 deg F (204 deg C). 

3) Leaving Temperature:  88 deg F (31 deg C). 

4) Pressure Loss:  6.5 psig (44.8 kPa). 

b. Shell:  Cooling water. 

1) Flow Rate:  3 gpm (0.19 L/s). 

2) Entering Temperature:  70 deg F (21 deg C). 

3) Pressure Loss:  1.0 psig (6.89 kPa). 

C. Corrosion Test-Coupon Assembly:  Constructed of corrosive-resistant material, complete with 

piping, valves, and mild steel and copper coupons.  Locate copper coupon downstream from 

mild steel coupon in the test-coupon assembly. 

1. Two-station rack for closed-loop systems. 

2. Four-station rack for open systems. 
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2.6 CHEMICALS 

A. Chemicals shall be as recommended by water-treatment system manufacturer that are 

compatible with piping system components and connected equipment, and that can attain water 

quality specified in Part 1 "Performance Requirements" Article. 

PART 3 - EXECUTION 

3.1 WATER ANALYSIS 

A. Perform an analysis of supply water to determine quality of water available at Project site. 

3.2 INSTALLATION 

A. Install chemical application equipment on concrete bases, level and plumb.  Maintain 

manufacturer's recommended clearances.  Arrange units so controls and devices that require 

servicing are accessible.  Anchor chemical tanks and floor-mounting accessories to substrate. 

B. Install water testing equipment on wall near water chemical application equipment. 

C. Install interconnecting control wiring for chemical treatment controls and sensors. 

D. Mount sensors and injectors in piping circuits. 

E. Bypass Feeders:  Install in closed hydronic systems, including hot-water heating and chilled 

water and equipped with the following: 

1. Install bypass feeder in a bypass circuit around circulating pumps, unless otherwise 

indicated on Drawings. 

2. Install water meter in makeup water supply. 

3. Install test-coupon assembly in bypass circuit around circulating pumps, unless otherwise 

indicated on Drawings. 

4. Install a gate or full-port ball isolation valves on inlet, outlet, and drain below feeder 

inlet. 

5. Install a swing check on inlet after the isolation valve. 

F. Install automatic chemical-feed equipment for condenser water and include the following: 

 

1. Install water meter in makeup water supply. 

2. Install inhibitor injection pumps and solution tanks with injection timer sensing contacts 

in water meter. 

a. Pumps shall operate for timed interval on contact closure at water meter in makeup 

water supply connection.  Injection pump shall discharge into condenser water 

system. 

3. Install test equipment and provide test-kit to Owner.  Install test-coupon assembly in 

bypass circuit around circulating pumps, unless otherwise indicated on Drawings. 

4. Install TDS controller with sensor and bleed valves. 
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a. Bleed valves shall cycle to maintain maximum TDS concentration. 

5. Install pH sensor and controller with injection pumps and solution tanks. 

a. Injector pumps shall operate to maintain required pH. 

6. Install biocide feeder alternating timer with two sets of injection pumps and solution 

tanks. 

a. Injection pumps shall operate to feed biocide on an alternating basis. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Sections.  Drawings indicate general 

arrangement of piping, fittings, and specialties. 

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

C. Make piping connections between HVAC water-treatment equipment and dissimilar-metal 

piping with dielectric fittings.  Dielectric fittings are specified in Section 232113 "Hydronic 

Piping." 

D. Install shutoff valves on HVAC water-treatment equipment inlet and outlet.  Metal general-duty 

valves are specified in Section 230523 "General-Duty Valves for HVAC Piping." 

E. Confirm applicable electrical requirements in electrical Sections for connecting electrical 

equipment. 

F. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

G. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 

test, and adjust components, assemblies, and equipment installations, including connections.  

Report results in writing. 

B. Tests and Inspections: 

1. Inspect field-assembled components and equipment installation, including piping and 

electrical connections. 

2. Inspect piping and equipment to determine that systems and equipment have been 

cleaned, flushed, and filled with water, and are fully operational before introducing 

chemicals for water-treatment system. 

3. Place HVAC water-treatment system into operation and calibrate controls during the 

preliminary phase of HVAC systems' startup procedures. 
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4. Do not enclose, cover, or put piping into operation until it is tested and satisfactory test 

results are achieved. 

5. Test for leaks and defects.  If testing is performed in segments, submit separate report for 

each test, complete with diagram of portion of piping tested. 

6. Leave uncovered and unconcealed new, altered, extended, and replaced water piping until 

it has been tested and approved.  Expose work that has been covered or concealed before 

it has been tested and approved. 

7. Cap and subject piping to static water pressure of 50 psig (345 kPa) above operating 

pressure, without exceeding pressure rating of piping system materials.  Isolate test 

source and allow test pressure to stand for four hours.  Leaks and loss in test pressure 

constitute defects. 

8. Repair leaks and defects with new materials and retest piping until no leaks exist. 

C. Remove and replace malfunctioning units and retest as specified above. 

D. At eight-week intervals following Substantial Completion, perform separate water analyses on 

hydronic systems to show that automatic chemical-feed systems are maintaining water quality 

within performance requirements specified in this Section.  Submit written reports of water 

analysis advising Owner of changes necessary to adhere to Part 1 "Performance Requirements" 

Article. 

E. Comply with ASTM D 3370 and with the following standards: 

1. Silica:  ASTM D 859. 

2. Steam System:  ASTM D 1066. 

3. Acidity and Alkalinity:  ASTM D 1067. 

4. Iron:  ASTM D 1068. 

5. Water Hardness:  ASTM D 1126. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain HVAC water-treatment systems and equipment.  Refer to 

Section 017900 "Demonstration and Training." 

END OF SECTION 232500 
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SECTION 236416 - CENTRIFUGAL WATER CHILLERS 

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. Packaged, water-cooled, electric-motor-driven centrifugal chillers. 

B. Related Section: 

1. Section 283500 "Refrigerant Detection and Alarm" for refrigerant monitors, alarms, 

supplemental breathing apparatus, and ventilation equipment interlocks. 

1.3 DEFINITIONS 

A. BAS:  Building automation system. 

B. COP:  Coefficient of performance.  The ratio of the rate of heat removal to the rate of energy 

input using consistent units for any given set of rating conditions. 

C. EER:  Energy-efficiency ratio.  The ratio of the cooling capacity given in terms of Btu/h to the 

total power input given in terms of watts at any given set of rating conditions. 

D. IPLV:  Integrated part-load value.  A single-number part-load efficiency figure of merit 

calculated per the method defined by ARI 550/590 and referenced to ARI standard rating 

conditions. 

E. kW/Ton (kW/kW):  The ratio of total power input of the chiller in kilowatts to the net 

refrigerating capacity in tons (kW) at any given set of rating conditions. 

F. NPLV:  Nonstandard part-load value.  A single-number part-load efficiency figure of merit 

calculated per the method defined by ARI 550/590 and intended for operating conditions other 

than the ARI standard rating conditions. 

1.4 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Centrifugal chillers shall withstand the effects of earthquake motions 

determined according to ASCE/SEI 7. 
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1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and for “Essential 

Facilities” Code requirement only, the unit will be fully operational after the seismic 

event." 

B. Condenser-Fluid Temperature Performance: 

1. Startup Condenser-Fluid Temperature:  Chiller shall be capable of starting with an 

entering condenser-fluid temperature of 40 deg F (4 deg C) and providing stable 

operation until the system temperature is elevated to the minimum operating entering 

condenser-fluid temperature. 

2. Minimum Operating Condenser-Fluid Temperature:  Chiller shall be capable of 

continuous operation over the entire capacity range indicated with an entering condenser-

fluid temperature of 55 deg F (13 deg C). 

3. Make factory modifications to standard chiller design if necessary to comply with 

performance indicated. 

C. Site Altitude:  Chiller shall be suitable for altitude at which installed without affecting 

performance indicated.  Make adjustments to affected chiller components to account for site 

altitude. 

1.5 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include refrigerant, rated capacities, 

operating characteristics, furnished specialties, and accessories. 

1. Performance at ARI standard conditions and at conditions indicated. 

2. Performance at ARI standard unloading conditions. 

3. Minimum evaporator flow rate. 

4. Refrigerant capacity of chiller. 

5. Oil capacity of chiller. 

6. Fluid capacity of evaporator, condenser, and heat-reclaim condenser where applicable. 

7. Characteristics of safety relief valves. 

8. Minimum entering condenser-fluid temperature. 

9. Performance at varying capacities with constant design condenser-fluid temperature.  

Repeat performance at varying capacities for different condenser-fluid temperatures from 

design to minimum in 5 deg F (3 deg C) increments. 

1.6 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Mechanical Room floor plans, drawn to minimum 1/4 inch scale, on 

which the following items are shown and coordinated with each other, using input from 

installers of the items involved: 

1. Structural supports. 

2. Piping. 

3. Spaces reserved for electrical equipment. 

4. Access requirements, including working clearances for mechanical controls and electrical 

equipment, and tube pull and service clearances. 
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5. All HVAC and other equipment. 

B. Certificates:  For certification required in "Quality Assurance" Article. 

C. Seismic Qualification Certificates:  For chillers, accessories, and components, from 

manufacturer. 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of 

assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

D. Source quality-control reports. 

E. Startup service reports. 

F. Warranty:  Sample of special warranty, if specified. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For each chiller to include in emergency, operation, and 

maintenance manuals. 

1.8 QUALITY ASSURANCE 

A. ARI Certification:  Certify chiller according to ARI 550 certification program. 

B. ARI Rating:  Rate chiller performance according to requirements in ARI 550/590. 

C. ASHRAE Compliance: 

1. ASHRAE 15 for safety code for mechanical refrigeration. 

2. ASHRAE 147 for refrigerant leaks, recovery, and handling and storage requirements. 

D. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1. 

E. ASME Compliance:  Fabricate and label chillers to comply with ASME Boiler and Pressure 

Vessel Code:  Section VIII, Division 1, as applicable to chiller design.  For chillers charged 

with R-134a refrigerant, include an ASME U-stamp and nameplate certifying compliance. 

F. Comply with NFPA 70. 

G. Comply with requirements of UL and UL Canada, and include label by a qualified testing 

agency showing compliance. 
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1.9 DELIVERY, STORAGE, AND HANDLING 

A. Ship each chiller with a full charge of refrigerant.  Charge each chiller with nitrogen if 

refrigerant is shipped in containers separate from chiller. 

B. Ship each oil-lubricated chiller with a full charge of oil. 

1. Ship oil factory installed in chiller or in containers separate from chiller. 

1.10 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-

bolt inserts into bases. 

1.11 WARRANTY 

A. Manufacturer's standard form in which manufacturer agrees to repair or replace components of 

chillers that fail in materials or workmanship within specified warranty period where specified.  

Warranty will include but is not limited to the following: 

1. First year whole unit parts and labor warranty to begin one year from startup or 18 

months from shipment, whichever occurs first. 

2. 10 Year complete compressor and drive assembly parts only including refrigerant and oil 

charge.  If applicable, this shall cover the cost of a shaft seal replacement is required 

during the warranty coverage period. 

3. 10 Year loss of refrigerant charge warranty.  Provides for refrigerant that must be 

replaced due to a defect in material or manufacture. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

following: 

1. Carrier Corporation; a United Technologies company. 

2. YORK International Corporation. 

3. TRANE; a division of American Standard. 

2.2 MANUFACTURED UNIT 

A. Description:  Factory-assembled and -tested chiller complete with compressor, compressor 

motor, compressor motor controller, lubrication system evaporator, condenser, heat reclaim 

condenser (when indicated), controls, interconnecting unit piping and wiring, and indicated 

accessories. 

 

1. Disassemble chiller after testing if required for installation. 
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B. Fabricate chiller mounting base with reinforcement strong enough to resist chiller movement 

during a seismic event when chiller is anchored to field support structure.  See Section 230548 – 

Vibration and Seismic Controls. 

2.3 COMPRESSOR-DRIVE ASSEMBLY 

A. Description:  Single-stage or multistage, variable-displacement, centrifugal-type compressor 

driven by an electric motor with a variable speed drive for compressor(s) when indicated. 

B. Compressor: 

1. Casing:  Cast iron, precision ground. 

2. Impeller:  High-strength cast aluminum or cast-aluminum alloy on carbon- or alloy-steel 

shaft. 

C. Drive:  Direct- or gear-drive, open or hermetic design using an electric motor as the driver. 

1. Gear Drives:  For chillers with gear drives, provide single- or double-helical gear design 

continuously coated with oil while chiller is operating.  Gears shall comply with 

American Gear Manufacturer Association standards. 

2. Drive Coupling:  For chillers with open drives, provide flexible disc with all-metal 

construction and no wearing parts to ensure long life without the need for lubrication. 

3. Seals:  Seal drive assembly to prevent refrigerant leakage. 

D. Compressor Motor: 

1. Continuous-duty, squirrel-cage, induction-type, two-pole motor with energy efficiency 

required to suit chiller energy efficiency indicated. 

2. Factory mounted, aligned, and balanced as part of compressor assembly before shipping. 

3. Motor shall be of sufficient capacity to drive compressor throughout entire operating 

range without overload and with sufficient capacity to start and accelerate compressor 

without damage. 

4. For chillers with open drives, provide motor with open-dripproof enclosure. 

5. Provide motor with thermistor or RTD in each of three-phase motor windings to monitor 

temperature and report information to chiller control panel. 

6. Provide motor with thermistor or RTD to monitor bearing temperature and report 

information to chiller control panel. 

7. Provide open-drive motor with internal electric heater, internally powered from chiller 

power supply if recommended by manufacturer for the application. 

E. Vibration Balance:  Balance chiller compressor and drive assembly to provide a precision 

balance that is free of noticeable vibration over the entire operating range. 

1. Overspeed Test:  25 percent above design operating speed. 

F. Service:  Easily accessible for inspection and service. 

1. Compressor's internal components shall be accessible without having to remove 

compressor-drive assembly from chiller. 

2. Provide lifting lugs or eyebolts attached to casing. 
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G. Economizers:  For multistage chillers, provide interstage economizers. 

H. Capacity Control:  Modulating, variable-inlet, guide-vane assembly combined with hot-gas 

bypass, if necessary, to achieve performance indicated and for variable speed control when 

indicated. 

1. Maintain stable operation that is free of surge, cavitation, and vibration throughout range 

of operation.  Configure to achieve most energy-efficient operation possible. 

2. Operating Range:  From 100 to 10 percent of design capacity. 

3. Condenser-Fluid Unloading Requirements over Operating Range:  Drop-in entering 

condenser-fluid temperature of 3.3 deg F for each 10 percent in capacity reduction. 

4. Chillers with variable frequency controllers shall modulate compressor speed with 

variable-inlet, guide-vane control to achieve optimum energy efficiency. 

I. Oil Lubrication System:  Consisting of pump, filtration, heater, cooler, factory-wired power 

connection, and controls. 

1. Provide lubrication to bearings, gears, and other rotating surfaces at all operating, startup, 

coastdown, and standby conditions including power failure. 

2. Thermostatically controlled oil heater properly sized to remove refrigerant from oil. 

3. Dual oil filers, one redundant, shall be the easily replaceable cartridge type, minimum 

0.5-micron efficiency, with means of positive isolation while servicing. 

4. Refrigerant- or water-cooled oil cooler. 

5. Factory-installed and pressure-tested piping with isolation valves and accessories. 

6. Oil compatible with refrigerant and chiller components. 

7. Positive visual indication of oil level. 

2.4 REFRIGERATION 

A. Refrigerant:    

1. Type:  R-123; ASHRAE 34, Class B1, or R-134a; ASHRAE 34, Class A1. 

2. Compatibility:  Chiller parts exposed to refrigerants shall be fully compatible with 

refrigerants, and pressure components shall be rated for refrigerant pressures. 

B. Refrigerant Flow Control:  Manufacturer's standard refrigerant flow-control device satisfying 

performance requirements indicated. 

C. Pressure Relief Device: 

1. Comply with requirements in ASHRAE 15 and in applicable portions of ASME Boiler 

and Pressure Vessel Code:  Section VIII, Division 1. 

2. For Chillers Using R-134a:  ASME-rated, spring-loaded, pressure relief valve; single- or 

multiple-reseating type.  Pressure relief valve(s) shall be provided for each heat 

exchanger.  Condenser shall have dual valves with one being redundant and configured to 

allow either valve to be replaced without loss of refrigerant. 

D. Refrigeration Transfer:  Provide service valves and other factory-installed accessories required 

to facilitate transfer of refrigerant from chiller to a remote refrigerant storage and recycling 

system.  Comply with requirements in ASHRAE 15 and ASHRAE 147. 
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E. Refrigerant Isolation for Chillers Using R-134a:  Factory install positive shutoff, 

manual isolation valves in the compressor discharge line to the condenser and the refrigerant 

liquid line leaving the condenser to allow for isolation and storage of full refrigerant charge in 

the chiller condenser shell.  In addition, provide isolation valve on suction side of compressor 

from evaporator to allow for isolation and storage of full refrigerant charge in the chiller 

evaporator shell. 

F. Purge System: 

1. For chillers operating at subatmospheric pressures (using R-123 refrigerant), factory 

install an automatic purge system for collection and return of refrigerant and lubricating 

oil and for removal of noncondensables including, but not limited to, water, water vapor, 

and noncondensable gases. 

2. System shall be a thermal purge design, refrigerant or air cooled, equipped with a carbon 

filter that includes an automatic regeneration cycle. 

3. Factory wire to chiller's main power supply and system complete with controls, piping, 

and refrigerant valves to isolate the purge system from the chiller. 

4. Construct components of noncorrodible materials. 

5. Controls shall interface with chiller control panel to indicate modes of operation, set 

points, data reports, diagnostics, and alarms. 

6. Efficiency of not more than 0.02 lb of refrigerant per pound of air (9 g of refrigerant per 

gram of air) when rated according to ARI 580. 

7. Operation independent of chiller per ASHRAE 147. 

2.5 EVAPORATOR 

A. Description:  Shell-and-tube design with water in tubes and refrigerant surrounding tubes within 

shell.  Shell is separate from condenser. 

B. Shell Material:  Carbon-steel rolled plates with continuously welded seams or seamless pipe. 

C. Designed to prevent liquid refrigerant carryover from entering compressor. 

D. Tubes: 

1. Individually replaceable from either end and without damage to tube sheets and other 

tubes. 

2. Mechanically expanded into end sheets and physically attached to intermediate tube 

sheets. 

3. Material:  Copper. 

4. Nominal OD:  Manufacturer's choice. 

5. Minimum Wall Thickness:  Manufacturer's choice. 

6. External Finish:  Manufacturer's standard. 

7. Internal Finish:  Enhanced or smooth. 

E. End Tube Sheets:  Continuously welded to each end of shell; drilled and reamed to 

accommodate tubes with positive seal between fluid in tubes and refrigerant in shell. 

F. Intermediate Tube Sheets:  Installed in shell and spaced along length of tube at intervals 

required to eliminate vibration and to avoid contact of tubes resulting in abrasion and wear. 
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G. Water Box: 

1. Cast-iron or carbon-steel construction; arranged to provide visual inspection and cleaning 

of tubes from either end without disturbing refrigerant in shell. 

2. Nozzle Pipe Connections:  Welded, ASME B16.5, flat-face flange or raised-face flange 

Grooved with mechanical-joint coupling and flange adapter. 

3. Thermistor or RTD temperature sensor factory installed in each nozzle. 

4. Fit each water box with 3/4- or 1-inch (19- or 25-mm) drain connection at low point and 

vent connection at high point, each with threaded plug. 

2.6 CONDENSER 

A. Description:  Shell-and-tube design with water in tubes and refrigerant surrounding tubes within 

shell.  Shell is separate from evaporator. 

B. Shell Material:  Carbon-steel rolled plates with continuously welded seams or seamless pipe. 

C. Designed to prevent direct impingement of high-velocity hot gas from compressor discharge on 

tubes. 

D. Tubes: 

1. Individually replaceable from either end and without damage to tube sheets and other 

tubes. 

2. Mechanically expanded into end sheets and physically attached to intermediate tube 

sheets. 

3. Material:  Copper. 

4. Nominal OD:  Manufacturer's choice. 

5. Minimum Wall Thickness:  Manufacturer's choice. 

6. External Finish:  Manufacturer's standard. 

7. Internal Finish:  Enhanced or smooth. 

E. End Tube Sheets:  Continuously welded to each end of shell; drilled and reamed to 

accommodate tubes with positive seal between fluid in tubes and refrigerant in shell. 

F. Intermediate Tube Sheets:  Installed in shell and spaced along length of tube at intervals 

required to eliminate vibration and to avoid contact of tubes resulting in abrasion and wear. 

G. Water Box: 

1. Cast-iron or carbon-steel construction; arranged to provide visual inspection and cleaning 

of tubes from either end without disturbing refrigerant in shell. 

2. Nozzle Pipe Connections:  Welded, ASME B16.5, flat-face flange or raised-face flange 

Grooved with mechanical-joint coupling and flange adapter. 

3. Thermistor or RTD temperature sensor factory installed in each nozzle. 

4. Fit each water box with 3/4- or 1-inch (19- or 25-mm) drain connection at low point and 

vent connection at high point, each with threaded plug. 
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2.7 INSULATION 

A. Closed-cell, flexible elastomeric thermal insulation complying with ASTM C 534, Type I for 

tubular materials and Type II for sheet materials. 

1. Thickness:  3/4 inches. 

B. Adhesive:  As recommended by insulation manufacturer. 

C. Factory-applied insulation over all cold surfaces of chiller capable of forming condensation.  

Components shall include, but not be limited to, evaporator shell and end tube sheets, 

evaporator water boxes including nozzles, refrigerant suction pipe from evaporator to 

compressor, cold surfaces of compressor, refrigerant-cooled motor, and auxiliary piping. 

1. Apply adhesive to 100 percent of insulation contact surface. 

2. Before insulating steel surfaces prepare surfaces for paint, and prime and paint as 

indicated for other painted components.  Do not insulate unpainted steel surfaces. 

3. Seal seams and joints to provide a vapor barrier. 

4. After adhesive has fully cured, paint exposed surfaces of insulation to match other 

painted parts. 

2.8 ELECTRICAL 

A. Factory installed and wired, and functionally tested at factory before shipment. 

B. Single-point, field-power connection to fused or nonfused disconnect switch furnished with 

chiller.  Minimum withstand rating shall be as required by electrical power distribution system, 

but not less than 65,000 A. 

1. Branch power circuit to each motor, electric heater, dedicated electrical load, and 

controls. 

2. NEMA ICS 2-rated motor controller for auxiliary motors, hand-off-auto switch, and 

overcurrent protection for each motor.  Provide variable frequency controller for each 

variable-speed motor furnished. 

3. Control-circuit transformer with primary and secondary side fuses. 

C. Terminal blocks with numbered and color-coded wiring to match wiring diagram.  Spare wiring 

terminal block for connection to external controls or equipment. 

D. Factory install and wire capacitor bank for the purpose of power factor correction to 0.95 at all 

operating conditions except when unit has a VFD for compressor. 

1. If capacitors are mounted in a dedicated enclosure, use same NEMA enclosure type as 

motor controller.  Provide enclosure with service entrance knockouts and bushings for 

conduit. 

2. Capacitors shall be non-PCB dielectric fluid, metallized electrode design, low loss with 

low-temperature rise.  The kVAr ratings shall be indicated and shall not exceed the 

maximum limitations set by NFPA 70.  Provide individual cells as required. 
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3. Provide each cell with current-limiting replaceable fuses and carbon-film discharge 

resistors to reduce residual voltage to less than 50 V within one minute after de-

energizing. 

4. Provide a ground terminal and a terminal block or individual connectors for phase 

connection. 

2.9 VARIABLE FREQUENCY CONTROLLER - VFD CHILLER 

A. Motor controller shall be factory mounted and wired on the chiller to provide a single-point, 

field-power termination to the chiller and its auxiliaries. 

B. Description:  NEMA ICS 2; listed and labeled as a complete unit and arranged to provide 

variable speed by adjusting output voltage and frequency. 

C. Enclosure:  Unit mounted, NEMA 250, Type 1, with hinged full-front access door with lock and 

key. 

D. Integral Disconnecting Means:  Door-interlocked, NEMA AB 1, instantaneous-trip circuit 

breaker with lockable handle.  Minimum withstand rating shall be as required by electrical 

power distribution system, but not less than 65,000 A. 

E. Technology:  Pulse width modulated (PWM) output with insulated gate bipolar transistors 

(IGBT); suitable for variable torque loads. 

F. Controller shall consist of a rectifier converter section, a digital/analog driver regulator section, 

and an inverter output section. 

1. Rectifier section shall be a full-wave diode bridge that changes fixed-voltage, fixed-

frequency, ac line power to a fixed dc voltage.  Silicon controller rectifiers, current 

source inverters, and paralleling of devices are unacceptable.  Rectifier shall be 

insensitive to phase rotation of the ac line. 

2. Regulator shall provide full digital control of frequency and voltage. 

3. Inverter section shall change fixed dc voltage to variable-frequency, variable ac voltage, 

for application to a squirrel-cage motor.  Inverter shall produce a sine-coded, pulse width 

modulated (PWM) output wave form and shall conduct no radio-frequency interference 

back to the input power supply. 

G. Output Rating:  Three phase; with voltage proportional to frequency throughout voltage range. 

H. Operating Requirements: 

1. Input AC Voltage Tolerance:  460-V ac, plus 10 percent or 506 V maximum or as shown 

on Drawings.  Coordinate with Electrical. 

2. Input frequency tolerance of 60 Hz, plus or minus 2 Hz. 

3. Capable of driving full load, without derating, under the following conditions: 

a. Ambient Temperature:  0 to 50 deg C. 

b. Relative Humidity:  Up to 95 percent (noncondensing). 

c. Altitude:  3300 feet (1005 m). 
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4. Minimum Efficiency:  96 percent at 60 Hz, full load. 

5. Minimum Displacement Primary-Side Power Factor:  95 percent without harmonic filter, 

98 percent with harmonic filter. 

6. Overload Capability:  1.05 times the full-load current for 7 seconds. 

7. Starting Torque:  As required by compressor-drive assembly. 

8. Speed Regulation:  Plus or minus 1 percent. 

9. Isolated control interface to allow controller to follow control signal over a 10:1 speed 

range. 

10. To avoid equipment resonant vibrations, provide critical speed lockout circuitry to allow 

bands of operating frequency at which controller shall not operate continuously. 

11. Capable of being restarted into a motor coasting in either the forward or reverse direction 

without tripping. 

I. Internal Adjustability Capabilities: 

1. Minimum Output Frequency:  38 Hz. 

2. Maximum Output Frequency:  60 Hz. 

3. Acceleration:  2 seconds to a minimum of 60 seconds. 

4. Deceleration:  2 seconds to a minimum of 60 seconds. 

5. Current Limit:  30 percent to a minimum of 100 percent of maximum rating. 

J. Self-Protection and Reliability Features:  Subjecting the controller to any of the following 

conditions shall not result in component failure or the need for replacement: 

1. Overtemperature. 

2. Short circuit at controller output. 

3. Ground fault at controller output.  Variable frequency controller shall be able to start a 

grounded motor. 

4. Open circuit at controller output. 

5. Input undervoltage. 

6. Input overvoltage. 

7. Loss of input phase. 

8. Reverse phase. 

9. AC line switching transients. 

10. Instantaneous overload, line to line or line to ground. 

11. Sustained overload exceeding 100 percent of controller rated current. 

12. Starting a rotating motor. 

K. Motor Protection:  Controller shall protect motor against overvoltage and undervoltage, phase 

loss, reverse phase, overcurrent, overtemperature, and ground fault. 

L. Automatic Reset and Restart:  Capable of three restarts after controller fault or on return of 

power after an interruption and before shutting down for manual reset or fault correction.  

Controller shall be capable of automatic restart on phase-loss and overvoltage and undervoltage 

trips. 

M. Visual Indication:  On face of controller enclosure or chiller control enclosure; indicating the 

following conditions: 

1. Power on. 

2. Run. 
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3. Overvoltage. 

4. Line fault. 

5. Overcurrent. 

6. External fault. 

7. Motor speed (percent). 

8. Fault or alarm status (code). 

9. DC-link voltage. 

10. Motor output voltage. 

11. Input kilovolt amperes. 

12. Total power factor. 

13. Input kilowatts. 

14. Input kilowatt-hours. 

15. Three-phase input voltage. 

16. Three-phase output voltage. 

17. Three-phase input current. 

18. Three-phase output current. 

19. Output frequency (Hertz). 

20. Elapsed operating time (hours). 

21. Diagnostic and service parameters. 

N. Operator Interface:  At controller or chiller control panel; with start-stop and auto-manual 

selector with manual-speed-control potentiometer. 

O. Control Signal Interface: 

1. Electric Input Signal Interface:  A minimum of two analog inputs (0 to 10 V or 0/4-20 

mA) and six programmable digital inputs. 

P. Active Harmonic Distortion Filter:  Factory mounted and wired to limit total voltage and current 

distortion to 5 percent. 

Q. Input Line Conditioning:  As/if required for application. 

R. Cooling:  Air, refrigerant, or water cooled. 

S. Accessories:  Devices shall be factory installed in controller enclosure unless otherwise 

indicated. 

1. Control Relays:  Auxiliary and adjustable time-delay relays. 

T. Chiller Capacity Control Interface:  Equip chiller with adaptive control logic to automatically 

adjust the compressor motor speed and the compressor pre-rotation inlet vane position 

independently to achieve maximum part-load efficiency in response to sensor inputs that are 

integral to the chiller controls. 

2.10 CONTROLS 

A. Control:  Standalone and microprocessor based, with all memory stored in nonvolatile memory 

so that reprogramming is not required on loss of electrical power. 
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B. Enclosure:  Unit mounted, NEMA 250, Type 1, hinged or lockable; factory wired with a single-

point, field-power connection and a separate control circuit. 

C. Operator Interface:  Multiple-character digital or graphic display with dynamic update of 

information and with keypad or touch-sensitive display located on front of control enclosure.  In 

either imperial or metric units selectable through the interface, display the following 

information: 

1. Date and time. 

2. Operating or alarm status. 

3. Fault history with not less than last 10 faults displayed. 

4. Set points of controllable parameters. 

5. Trend data. 

6. Operating hours. 

7. Number of chiller starts. 

8. Outdoor-air temperature or space temperature if required for chilled-water reset. 

9. Entering- and leaving-fluid temperatures of evaporator and condenser. 

10. Difference in fluid temperatures of evaporator and condenser. 

11. Fluid flow of evaporator and condenser. 

12. Fluid pressure drop of evaporator and condenser. 

13. Refrigerant pressures in evaporator and condenser. 

14. Refrigerant saturation temperature in evaporator and condenser shell. 

15. Compressor refrigerant suction and discharge temperature. 

16. Compressor bearing temperature. 

17. Motor bearing temperature. 

18. Motor winding temperature. 

19. Oil temperature. 

20. Oil discharge pressure. 

21. Phase current. 

22. Percent of motor rated load amperage. 

23. Phase voltage. 

24. Demand power (kilowatts). 

25. Energy use (kilowatt-hours). 

26. Power factor. 

27. For chillers equipped with variable frequency controllers and harmonic filters, include the 

following: 

a. Output voltage and frequency. 

b. Inlet vane position. 

c. Controller internal ambient temperature. 

d. Heatsink temperature. 

28. Purge suction temperature if purge system is provided. 

29. Purge elapsed time if purge system is provided. 

D. Control Functions: 

1. Entering and leaving chilled-water temperatures, control set points, and motor load limits.   

2. Current limit and demand limit. 

3. Condenser-fluid temperature. 

4. External chiller emergency stop. 
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5. Variable evaporator flow. 

6. Thermal storage. 

E. Manually Reset Safety Controls:  The following conditions shall shut down chiller and require 

manual reset: 

1. Low evaporator pressure or temperature; high condenser pressure. 

2. Low evaporator fluid temperature. 

3. Low oil differential pressure. 

4. High or low oil pressure. 

5. High oil temperature. 

6. High compressor-discharge temperature. 

7. Loss of condenser-fluid flow. 

8. Loss of evaporator fluid flow. 

9. Motor overcurrent. 

10. Motor overvoltage. 

11. Motor undervoltage. 

12. Motor phase reversal. 

13. Motor phase failure. 

14. Sensor- or detection-circuit fault. 

15. Processor communication loss. 

16. Motor controller fault. 

17. Extended compressor surge. 

18. Excessive air-leakage detection for chillers using R-123 refrigerant. 

F. Trending:  Capability to trend analog data of up to five parameters simultaneously over an 

adjustable period and frequency of polling. 

G. Security Access:  Provide electronic security access to controls through identification and 

password with at least three levels of access:  view only; view and operate; and view, operate, 

and service. 

H. Control Authority:  At least four conditions:  Off, local manual control at chiller, local 

automatic control at chiller, and automatic control through a remote source. 

I. BAS Interface:  Factory-installed hardware and software to enable the BAS to monitor, control, 

and display chiller status and alarms. 

1. ASHRAE 135 (BACnet) Industry-accepted, open-protocol communication interface with 

the BAS shall enable the BAS operator to remotely control and monitor the chiller from 

an operator workstation.  Control features and monitoring points displayed locally at 

chiller control panel shall be available through the BAS. 

2.11 FINISH 

A. Paint chiller, using manufacturer's standard procedures, except comply with the following 

minimum requirements: 

1. Provide at least one coat of primer with a total dry film thickness of at least 2 mils (0.05 

mm). 
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2. Provide at least two coats of alkyd-modified, vinyl enamel finish with a total dry film 

thickness of at least 4 mils (0.10 mm). 

3. Paint surfaces that are to be insulated before applying the insulation. 

4. Paint installed insulation to match adjacent uninsulated surfaces. 

5. Color of finish coat to be manufacturer's standard. 

B. Provide Owner with quart container of paint used in application of topcoat to use in touchup 

applications after Project Closeout. 

2.12 ACCESSORIES 

A. Flow Switches: 

1. Chiller manufacturer shall furnish a switch for each evaporator and condenser and verify 

field-mounting location before installation. 

2. Pressure Differential Switches: 

a. Construction:  Wetted parts of body and trim constructed of Type 316 stainless 

steel. 

b. Performance:  Switch shall withstand, without damage, the full-pressure rating of 

the heat exchanger applied to either port and exhibit zero set-point shift due to 

variation in working pressure. 

c. Set Point:  Screw type, field adjustable. 

d. Electrical Connections:  Internally mounted screw-type terminal blocks. 

e. Switch Enclosure:  NEMA 250, Type 4. 

f. Switch Action:  Double-pole, double-throw switch with one pole field wired to the 

chiller control panel and the other pole field wired to the BAS. 

B. Vibration Isolation: 

1. Chiller manufacturer shall furnish vibration isolation for each chiller. 

2. Spring Isolator: 

a. Stable in operation and designed for not less than 30 percent reserve deflection 

beyond actual operating conditions.  Isolators shall be designed so that the Kx/Ky 

ratio shall be 1.0 or more for stability. 

b. Provide PVC or neoprene-coated springs and hot-dip, galvanized-steel 

components.  Aluminum components shall be etched and painted.  Nuts, bolts, and 

washers shall be zinc electroplated. 

c. Isolators shall be adjustable and with an open spring, having one or more coil 

springs attached to a top compression plate and a baseplate.  An elastomeric pad 

with a minimum thickness of 0.25 inch (6 mm) shall be bonded to the baseplate. 

d. Spring assembly shall be removable and shall fit within a welded steel enclosure 

consisting of a top plate and rigid lower housing, which serves as a blocking 

device during installation.  Isolated restraining bolts shall not be engaged during 

normal operation and shall connect the top plate and lower housing to prevent the 

isolated equipment from rising when drained of fluid. 

e. Isolators shall be selected for a nominal 1-inch (25-mm) deflection. 

C. Sound Barrier (when indicated): 
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1. Furnish removable and reusable sound-barrier covers over the compressor housing, 

hermetic motor, compressor suction and discharge piping, and condenser shell. 

2. Provide for repeated installation and removal without use of tape or calk. 

3. Inner and outer cover shall consist of a PTFE-impregnated fiberglass cloth enclosing 

heavy-density, needled fiberglass insulation material with a mass-loaded vinyl acoustic 

barrier. 

4. Covers shall be double sewn and lock stitched with edges folded and sewn so no raw cut 

edges are exposed. 

5. Form covers around control devices, gages, conduit, piping, and supports without 

degrading sound-barrier performance. 

6. Continuously lap all exposed seams at least 2 inches (50 mm) for better sound 

containment. 

7. Permanently label each section of cover to indicate its location, description, size, and 

number sequence. 

8. Randomly place stainless-steel quilting pins to prevent covers from shifting and sagging. 

2.13 CAPACITIES AND CHARACTERISTICS (AS SHOWN ON DRAWINGS) 

2.14 SOURCE QUALITY CONTROL 

A. Perform functional tests of chillers before shipping. 

B. For chillers using R-134a refrigerant, factory test and inspect evaporator and condenser 

according to ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1. 

C. For chillers using R-123 refrigerant, factory test and inspect evaporator and condenser 

according to ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.  Pressure test 

fluid side of heat exchangers, including water boxes, to 1.5 times the rated pressure.  Pressure 

proof test refrigerant side of heat exchangers to a minimum of 45 psig (310 kPa).  Vacuum and 

pressure test for leaks. 

D. For chillers located indoors, rate sound power level according to ARI 575. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine chillers before installation.  Reject chillers that are damaged. 

B. Examine roughing-in for equipment support, anchor-bolt sizes and locations, piping, and 

electrical connections to verify actual locations, sizes, and other conditions affecting chiller 

performance, maintenance, and operations before equipment installation. 

1. Final chiller locations indicated on Drawings are approximate.  Determine exact locations 

before roughing-in for piping and electrical connections. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 CHILLER INSTALLATION 

A. Equipment Mounting:  Install chiller on concrete bases using restrained spring isolators.  

Comply with requirements for concrete bases specified in Section 033000 "Cast-in-Place 

Concrete" or Section 033053 "Miscellaneous Cast-in-Place Concrete." Comply with 

requirements for vibration isolation devices specified in Section 230548 "Vibration and Seismic 

Controls for HVAC Piping and Equipment." 

1. Minimum Deflection:  1 inch (25 mm). 

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 

install dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete 

base. 

3. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 

base and anchor into structural concrete floor. 

4. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, 

instructions, and directions furnished with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported equipment. 

B. Maintain manufacturer's recommended clearances for service and maintenance. 

C. Charge chiller with refrigerant and fill with oil if not factory installed. 

D. Install separate devices furnished by manufacturer and not factory installed. 

3.3 CONNECTIONS 

A. Comply with requirements for piping specified in Section 232113 "Hydronic Piping."  

Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to chiller to allow service and maintenance. 

C. Evaporator Fluid Connections:  Connect to evaporator inlet with shutoff valve, strainer, flexible 

connector, thermometer, and plugged tee with pressure gage.  Connect to evaporator outlet with 

shutoff valve, balancing valve, flexible connector, flow switch, thermometer, plugged tee with 

shutoff valve and pressure gage, and drain connection with valve.  Make connections to chiller 

with a flange or mechanical coupling. 

D. Condenser-Fluid Connections:  Connect to condenser inlet with shutoff valve, strainer, flexible 

connector, thermometer, and plugged tee with pressure gage.  Connect to condenser outlet with 

shutoff valve, balancing valve, flexible connector, flow switch, thermometer, plugged tee with 

shutoff valve and pressure gage, and drain connection with valve.  Make connections to chiller 

with a flange or mechanical coupling. 

E. Refrigerant Pressure Relief Device Connections:  For chillers installed indoors, extend separate 

vent piping for each chiller to the outdoors without valves or restrictions.  Comply with 

ASHRAE 15.  Connect to chiller pressure relief device with flexible connector and dirt leg with 

drain valve. 

F. For chillers equipped with a purge system, extend separate purge vent piping for each chiller to 

the outdoors.  Comply with ASHRAE 15 and ASHRAE 147. 
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G. Connect each chiller drain connection with a union and drain pipe, and extend pipe, full size of 

connection, to floor drain.  Provide a shutoff valve at each connection. 

3.4 STARTUP SERVICE 

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

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

2. Verify that refrigerant charge is sufficient and chiller has been leak tested. 

3. Verify that pumps are installed and functional. 

4. Verify that thermometers and gages are installed. 

5. Operate chiller for run-in period. 

6. Check bearing lubrication and oil levels. 

7. Verify that refrigerant pressure relief device is vented outside. 

8. Verify proper motor rotation. 

9. Verify static deflection of vibration isolators, including deflection during chiller startup 

and shutdown. 

10. Verify and record performance of fluid flow and low-temperature interlocks for 

evaporator and condenser. 

11. Verify and record performance of chiller protection devices. 

12. Test and adjust controls and safeties.  Replace damaged or malfunctioning controls and 

equipment. 

B. Inspect field-assembled components, equipment installation, and piping and electrical 

connections for proper assembly, installation, and connection. 

C. Prepare test and inspection startup reports. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain chillers.  Video record the training sessions. 

 

END OF SECTION 236416 
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SECTION 236500 - COOLING TOWERS 

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. Open-circuit, induced-draft, crossflow cooling towers. 

2. General:  Furnish and install new factory-assembled, induced draft, crossflow cooling 

tower with vertical air discharge, conforming in all aspects to the specifications, 

schedules and as shown on the plans. 

1.3 DEFINITIONS 

A. BMS:  Building management system. 

B. FRP:  Fiber-reinforced polyester. 

1.4 PERFORMANCE REQUIREMENTS 

A. Wind and Seismic Forces: The structure shall be designed, tested and certified in accordance 

with IBC 2012 regulations to meet a minimum unrestricted seismic design SDS = 0.737 g with an 

Importance Factor of 1.0 and wind load of 30 psf. The unit shall be certified by the 

manufacturer for operation after an event, up to SDS  and the wind load ratings listed above, and 

verify that such rating is based on actual shake-table testing. Experience or calculation data is 

not acceptable to verify operation. Units not provided with a certificate of IBC 2012 compliance 

shall not be an acceptable alternative. 

1.5 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, pressure drop, fan 

performance data, rating curves with selected points indicated, furnished specialties, and 

accessories. 

1. Maximum flow rate. 

2. Minimum flow rate. 

3. Drift loss as percent of design flow rate. 

4. Sound power levels in eight octave bands for operation with fans off, fans at minimum, 

and design speed. 



COOLING TOWERS 236500 - 2 

5. Performance curves for the following: 

a. Varying entering-water temperatures from design to minimum. 

b. Varying ambient wet-bulb temperatures from design to minimum. 

c. Varying water flow rates from design to minimum. 

d. Varying fan operation (off, minimum, and design speed). 

6. Fan airflow, brake horsepower, and drive losses. 

7. Motor amperage, efficiency, and power factor at 100, 75, 50, and 25 percent of nameplate 

horsepower. 

8. Electrical power requirements for each cooling tower component requiring power. 

B. Shop Drawings:  Complete set of manufacturer's prints of cooling tower assemblies, control 

panels, sections and elevations, and unit isolation.  Include the following: 

1. Assembled unit dimensions. 

2. Weight and load distribution. 

3. Required clearances for maintenance and operation. 

4. Sizes and locations of piping and wiring connections. 

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

1.6 INFORMATIONAL SUBMITTALS 

A. Certificates:  For certification required in "Quality Assurance" Article. 

B. Seismic Qualification Certificates:  For cooling towers, accessories, and components, from 

manufacturers. 

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. 

C. Startup service reports. 

D. Warranty:  Sample of special warranty. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For each cooling tower to include in emergency, operation, 

and maintenance manuals. 

1.8 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 
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B. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, 

Section 6 - "Heating, Ventilating, and Air-Conditioning." 

C. ASME Compliance:  Fabricate and label heat-exchanger coils to comply with ASME Boiler and 

Pressure Vessel Code:  Section VIII, Division 1. 

D. CTI Certification:  Cooling tower thermal performance according to CTI STD 201, 

"Certification Standard for Commercial Water-Cooling Towers Thermal Performance." 

E. The Cooling tower manufacturer shall have a Management System certified by an accredited 

registrar as complying with the requirements of ISO9001:2008.   

1.9 COORDINATION 

A. Coordinate sizes, locations, and anchoring attachments of concrete or structural-steel support 

structures. 

1.10 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 

replace the following components of cooling towers that fail in materials or workmanship 

within specified warranty period: 

 

1. All components of cooling tower. 

2. Warranty Period:  Five years from date of Substantial Completion. 

1.11 Corrosion Resistant Construction: Unless otherwise noted in this specification, all steel basin 

panels and structural members shall be constructed of heavy-gauge G-235 (Z700 metric) hot-dip 

galvanized steel with all edges given a protective coating of zinc-rich compound.  

 

PART 2 - PRODUCTS 

2.1 OPEN-CIRCUIT, INDUCED-DRAFT, CROSSFLOW COOLING TOWERS 

A. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 

 

1. Baltimore Aircoil Company; Series 3000. 

2. Marley Cooling Technologies, an SPX Corporation; Models Aquatower, AV series, NC 

Class, Primus. 

B. Structure:  The cooling tower shall be constructed with a sturdy structural frame designed to 

transmit all wind, seismic and mechanical loads to the equipment anchorage. The frame shall be 

constructed of heavy-gauge steel angles and channels. 
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C. Casing Panels: Casing panels shall be constructed of corrosion and UV-resistant fiberglass 

reinforced polyester (FRP) to minimize maintenance requirements and prolong equipment life. 

Casing panels shall not provide structural support, since the sturdy, structural frame of the tower 

transfers all loads to the equipment anchorage.  Galvanized steel panels are also acceptable. 

D. Cold Water Basin: The cold water basin shall be constructed of heavy-gauge steel panels and 

structural members. Basin shall include a depressed center section with drain/clean-out 

connection. The basin area under the fill shall be sloped toward the depressed center section to 

facilitate cleaning. Standard basin accessories shall include a corrosion resistant make-up valve 

with large diameter plastic float for easy adjustment of the operating water level, removable 

anti-vortexing device to prevent air entrainment, and large area lift out strainers with perforated 

openings sized smaller than the water distribution system nozzles. 

E. Water Outlet: The water outlet connection shall be beveled for welding and grooved for 

mechanical coupling or bolt hole circle designed to accept an ASME Class 150 flat face flange. 

The outlet shall be provided with large-area lift out strainers with perforated openings sized 

smaller than the water distribution nozzles and an anti-vortexing device to prevent air 

entrainment. The strainer and vortex device shall be constructed of the same materials as the 

cold water basin to prevent dissimilar metal corrosion. 

F. Water Distribution System: The hot water distribution basins shall be the open and gravity fed 

for easy cleaning, and constructed of heavy-gauge, G-235 (Z700) hot-dip galvanized steel. The 

basins must be accessible from outside the unit and serviceable during tower operation. Basin 

weirs and plastic metering orifices shall be provided to assure even distribution of the water 

over the fill. Weir dams shall accommodate a flow range of 50% to 100% of the design flow 

rate. Lift-off distribution covers shall be constructed of heavy-gauge G-235 (Z700) hot-dip 

galvanized steel and designed to withstand a 50 psf (244 kg/m2) live load or 200 pound (90.7 

kg) concentrated load. Gravity flow nozzles shall be snap-in type for easy removal. Should 

pressurized nozzles be used, they shall utilize grommets, which ensure easy removal. 

G. Each tower cell shall be furnished with a single water inlet connection complete with the means 

to automatically balance flow rates to the hot water basins. 

H. Fan: Fan shall be heavy-duty, axial flow with aluminum alloy blades selected to provide 

optimum cooling tower thermal performance with minimal sound levels. Air shall discharge 

through a fan cylinder designed for streamlined air entry and minimum tip clearance for 

maximum fan efficiency. The top of the fan cylinder shall be equipped with a conical, non-

sagging removable fan guard. 

I. Bearings: Fan and shaft shall be supported by heavy-duty, self-aligning, grease-packed ball 

bearings with moisture proof seals and integral slinger collars, designed for a minimum L10 life 

of 80,000 hours. 

J. Fan Drive: The fan(s) shall be driven by a one-piece, multi-groove, solid back V- type 

powerband with taper lock sheaves designed for 150% of the motor nameplate horsepower. The 

powerband shall be constructed of neoprene reinforced polyester cord and be specifically 

designed for cooling tower service. 

The following is acceptable in lieu of belt drive fans:  Fan is driven by a gear drive with 

the TEFC fan motor mounted outside the airstream. The gear shall be a right angle, in-

dustrial duty, oil-lubricated, geared speed reducer. Spiral bevel or spiral bevel/helical 

gears are designed in accordance with the Cooling Technology Institute STD-111, "Gear 
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Speed Reducers". All gears have a minimum service factor of 2.0 based on design fan 

horsepower and are suitable for both forward and reverse operation. An oil level fill port 

and sight glass are located on the gear drive to facilitate routine inspection and mainten-

ance. The gear is doweled in position after alignment of the mechanical equipment. 

K. Sheaves: Fan and motor sheaves shall be fabricated from corrosion-resistant materials to 

minimize maintenance and ensure maximum drive and powerband operating life. 

L. Fan Motor: Fan motor shall be totally enclosed air over (TEAO), reversible, squirrel cage, ball 

bearing type designed specifically for cooling tower service. The motor shall be furnished with 

special moisture protection on windings, shafts and bearings. Fan motors shall be premium 

efficient/inverter duty type designed per NEMA Standard MG1, Section IV Part 31.  Refer to 

drawings, “Mechanical Schedules” for motor efficiencies. 

M. Mechanical Equipment Warranty: The fan, fan shaft, sheaves, bearings, mechanical equipment 

support and fan motor shall be warranted against defects in materials and workmanship for a 

period of five (5) years from date of shipment. 

N. Fill and Drift Eliminators: The fill and integral drift eliminators shall be formed from self-

extinguishing (per ASTM-568) polyvinyl chloride (PVC) having a flame spread rating of 5 per 

ASTM E84 and shall be impervious to rot, decay, fungus and biological attack. The fill shall be 

suitable for entering water temperatures up to and including 130°F (54.4°C). The fill shall be 

manufactured, tested and rated by the cooling tower manufacturer and shall be elevated above 

the cold water floor to facilitate cleaning. 

O. Air Inlet Louvers: Air Inlet louvers shall be separate from the fill and removable to provide easy 

access for inspection of the air/water interface at the louver face. Louvers shall prevent water 

splash out during fan cycling and be constructed of maintenance free, corrosion and UV 

resistant, fiberglass reinforced polyester (FRP). 

P. Plenum Access: Two hinged access doors shall be provided for access into the plenum section. 

Q. 2 Basin Heater(s): The cooling tower cold water basin shall be provided with electric heater(s) 

to prevent freezing in low ambient conditions. The heater(s) shall be selected to maintain 40°F 

(4.44°C) basin water temperatures at 0°F ambient. The heater(s) shall be provided with low 

water cutout and thermostat.  The tower shall include a NEMA 3R factory mounted basin heater 

contactor panel with heater contractors, fuses, a 24 volt control circuit transformer, a disconnect 

switch and a circuit board for temperature and low water cutout.  A control probe shall be 

mounted in the tower basin to monitor temperature and water level. 

R. Basin Water Level Control:  The cooling tower manufacturer shall provide an electric water 

level control (EWLC) system. The system shall consist of water level sensing and control units 

in quantities and locations as indicated on the drawings. Each water level sensing and control 

unit shall be hermetically sealed and consist of the following: solid state controls including all 

necessary relays and contacts to achieve the specified sequence of operation; status code         L. 

E. D which illuminates to indicate status: stainless steel water level sensing electrodes with 

brass holder; Schedule 40 PVC standpipe assembly with vent holes, and all necessary stainless 

steel mounting hardware. Provide PVC union directly below the control enclosure to facilitate 

the removal and access of electrodes and control enclosure. The number and position of water 

level sensing electrodes shall be provided to sense the following: high water level, low water 

level, high water alarm level, low water alarm level, and heater safety cutout. 
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S. Vibration Cutout Switch: Provide an electronic remote reset vibration switch with contact for 

BAS monitoring. Wiring shall be by the installing contractor. The electronic vibration cutout 

switch shall be set to trip at a point so as not to cause damage to the cooling tower. To ensure 

this, the trip point will be set in a frequency range of 2 to 1000 Hertz and a trip point of 0.45 

in/sec (0.0114 m/sec). 

T. Air intake Option: Provide removable hot dip galvanized steel 1"x1" (25.4 mm x 25.4 mm) 

mesh air intake screens. 

U. Ladder: An aluminum ladder (with galvanized steel safety cage) shall be provided for access to 

the fan deck. Access door or service platforms are not acceptable. 

V. Handrails: 1-1/4" (31.75 mm) galvanized steel pipe handrail shall be provided around the 

perimeter of the cooling tower cells. The handrails shall be provided with knee and toe rails and 

shall conform to the requirements of OSHA applicable at the time of shipment. 

W. Access Door Platform: A galvanized steel platform and aluminum ladder to grade shall be 

provided at all access doors to access the plenum section of the cooling tower. All working 

surfaces shall be able to withstand 50 psf (244 kg/m2) live load or 200 pound (90.72 kg) 

concentrated load. 

X. Platform to Access External Motor (required for gear drives equipped with TEFC external 

motors): A galvanized steel platform and ladder to grade shall be provided for access to the 

external fan motor. All working surfaces shall be able to withstand 50 psf (244 kg/m2) live load 

or 200 pound (90.72 kg) concentrated load. 

Y. Internal Walkway:  An internal walkway shall be provided in the plenum section to provide for 

inspection and maintenance. All working surfaces shall be able to withstand 50 psf (244 kg/m2) 

live load or 200 pound (90.7 kg) concentrated load. Other components of the cooling tower, i.e. 

basin and fill/drift eliminators, shall not be considered an internal working surface. Cooling 

tower manufacturers that promote these surfaces to be used as a working platform shall provide 

a two-year extended warranty to the Owner to repair any damage to these surfaces caused 

during routine maintenance. 

Z. Internal Platform: An internal platform shall be provided in the plenum section to provide for 

inspection and maintenance. All working surfaces shall be able to withstand 50 psf live load or 

200 pound concentrated load. Other components of the cooling tower, i.e. basin floor and 

fill/drift eliminators, shall not be considered an internal working surface. Cooling tower 

manufacturers that promote these surfaces to be used as a working platform shall provide a two-

year extended warranty to the Owner to repair any damage to these surfaces caused during 

routine maintenance. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Before cooling tower installation, examine roughing-in for tower support, anchor-bolt sizes and 

locations, piping, and electrical connections to verify actual locations, sizes, and other 

conditions affecting tower performance, maintenance, and operation. 
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1. Cooling tower locations indicated on Drawings are approximate.  Determine exact 

locations before roughing-in for piping and electrical connections. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install cooling towers on support structure indicated. 

B. Equipment Mounting:  Install cooling tower on support structure indicated using restrained 

spring isolators when tower is roof mounted.  Comply with requirements for vibration isolation 

devices specified in Section 230548 "Vibration and Seismic Controls for HVAC Piping and 

Equipment." 

1. Minimum Deflection:  1 inch (25 mm). 

2. Place and secure anchorage devices.   

C. Install anchor bolts to elevations required for proper attachment to supported equipment. 

D. Maintain manufacturer's recommended clearances for service and maintenance. 

E. Loose Components:  Install electrical components, devices, and accessories that are not factory 

mounted. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Sections.  Drawings indicate general 

arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to cooling towers to allow service and maintenance. 

C. Install flexible pipe connectors at pipe connections of cooling towers mounted on vibration 

isolators. 

D. Provide drain piping with valve at cooling tower drain connections and at low points in piping. 

E. Connect cooling tower overflows and drains, and piping drains to sanitary sewage system. 

F. Supply and Return Piping:  Comply with applicable requirements in Section 232113 "Hydronic 

Piping." Connect to entering cooling tower connections with shutoff valve, balancing valve, 

thermometer, plugged tee with pressure gage, and drain connection with valve.  Connect to 

leaving cooling tower connection with shutoff valve.  Make connections to cooling tower with a 

union, flange, or mechanical coupling. 

G. Equalizer Piping (when indicated):  Piping requirements to match supply and return piping.  

Connect an equalizer pipe, full size of cooling tower connection, between tower cells.  Connect 

to cooling tower with shutoff valve. 
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3.4 STARTUP SERVICE 

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

B. Inspect field-assembled components, equipment installation, and piping and electrical 

connections for proper assemblies, installations, and connections. 

C. Obtain performance data from manufacturer. 

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

and perform the following: 

a. Clean entire unit including basins. 

b. Verify that accessories are properly installed. 

c. Verify clearances for airflow and for cooling tower servicing. 

d. Check for vibration isolation and structural support. 

e. Lubricate bearings. 

f. Verify fan rotation for correct direction and for vibration or binding and correct 

problems. 

g. Adjust belts to proper alignment and tension. 

h. Operate variable-speed fans through entire operating range and check for harmonic 

vibration imbalance.  Set motor controller to skip speeds resulting in abnormal 

vibration. 

i. Check vibration switch setting.  Verify operation. 

j. Verify water level in tower basin.  Fill to proper startup level.  Check makeup 

water-level control. 

k. Verify operation of basin heater and control. 

l. Verify that cooling tower air discharge is not recirculating air into tower or HVAC 

air intakes.  Recommend corrective action. 

m. Replace defective and malfunctioning units. 

D. Start cooling tower and associated water pumps.  Follow manufacturer's written starting 

procedures. 

E. Prepare a written startup report that records the results of tests and inspections. 

3.5 ADJUSTING 

A. Set and balance water flow to each tower inlet. 

B. Adjust water-level control for proper operating level. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain cooling towers when requested by the Engineer. 

END OF SECTION 236500 
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SECTION 260100 - BASIC ELECTRICAL REQUIREMENTS 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. This section specifies the basic electrical requirements for this project as well as the general 
requirements which apply to the work of Division 26 in addition to those stipulated in 
Division 1. Should any discrepancies exist between the requirements of Division 26 and those 
found in Division 1; the more stringent requirement shall govern except where the two 
requirements are contradictory in which case the Division 1 requirements shall govern. 

 
B. The electrical work required for this project consists of furnishing all labor, equipment and 

materials necessary to obtain complete and operational electrical systems as indicated on the 
drawings and as specified herein. This shall include but not necessarily be limited to: 

 
1. Electrical demolition. 
2. Electrical distribution system components including feeders and branch circuits. 
3. Control wiring for all equipment and systems furnished under all divisions of these 

specifications. 
4. Branch circuits and connections to electrically operated equipment items furnished 

under all divisions of these specifications. 
5. Branch circuits and connections to electrically operated equipment furnished by the 

Owner. 
 
1.2 RELATED WORK 
 

A. All systems, equipment, building characteristics, etc., as described in these documents shall be 
considered as related to the work specified in this section. 

 
B. Mechanical - Division 23. 

 
1.3 USE OF DOCUMENTS 
 

A. The scope of the electrical work for this project is not limited to the requirements of any one 
drawing, any portion of the drawings, any one specification division, or any portion of the 
specifications whose main theme is electrical. The scope of the electrical work for this project 
consists of all electrical work required to obtain complete and operating systems and 
equipment as indicated on or as can be reasonably inferred from all drawings and specifica-
tions. 

 
B. The drawings indicate diagrammatically the general arrangement of circuits and outlets, 

locations of switches, panelboards, electrically operated equipment & appliances and other 
work. This data is as accurate as planning can determine, but accuracy is not guaranteed. Field 
verification of all dimensions, locations, levels, etc., to suit field conditions is directed. 

 
C. Review all drawings and adjust all work to conform to all conditions shown therein. 

Discrepancies between different drawings, or between drawings and specifications or codes 
and regulations governing the installation shall be brought to the attention of the Owner's 
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Representative prior to the date of bid opening. 
 

D. The locations of equipment, motors, etc., as indicated on the drawings are approximate only. 
Verify all dimensions with the appropriate equipment installer before rough-in. Where con-
duit, wiring, service equipment, lights, switches, or other electrical equipment interfere with 
construction; remove, relocate and rearrange such material and equipment as required to make 
a complete and satisfactory installation. 

 
E. Motor sizes indicated on the drawings are approximate only and are subject to change to suit 

the standard motor drives of the various equipment manufacturers.  Check electrical 
characteristics of motors actually installed and provide wiring and protective devices of proper 
size for those motors. 

 
1.4 SUBMITTALS 
 

A. Pre-Construction Electrical Submittals: 
 

1. The Contractor shall submit for approval or rejection an indexed and bound "Pre-
Construction Electrical Submittal" containing descriptive data for all items of 
electrical equipment which are intended to be used on this project. All items shall be 
submitted at one time. Submittal binder shall consist of a three ring, loose leaf binder. 

2. The Contractor shall place his signature on the index page of the brochure prior to 
submittal. The presence of this signature shall indicate that the Contractor has 
examined all data contained therein and found same to be in order. 

3. Quantity of copies of the brochure to be submitted shall be as specified in the 
General Requirements and shall include one copy which will be retained by the 
Engineer and not returned. 

4. Refer to "SUBMITTALS" paragraphs in other Division 26 sections for further 
requirements. 

 
B. Post-Construction Electrical Submittals: 

 
1. The Contractor shall submit for approval or rejection a bound "Post-Construction 

Electrical Submittal" at time of Project Close-Out. 
2. Refer to "SUBMITTALS" paragraphs in other Division 26 sections for further 

requirements. 
 
1.5 TESTS AND ADJUSTMENTS 
 

A. Furnish all materials, labor, instruments, etc., and all other services required for a complete 
and satisfactory test and adjustment of all electrical systems and equipment. Tests and 
adjustments shall be made prior to acceptance by local inspection authorities. 
 

B. Test all circuits to determine that they are free of short circuits and that phase conductors are 
not grounded. 

 
C. Check all motor controllers to determine that properly sized overload devices are installed. 

 
D. Check all electrical equipment for proper operation. 
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E. Correct or replace at no additional cost to the Owner all equipment and/or wiring which tests 

prove to be defective or operating improperly. 
 

F. Thoroughly familiarize the Owner's designated representative with the proper operating 
procedures and maintenance requirements for all electrical systems and equipment. 

 
1.6 TEMPORARY CONSTRUCTION POWER 
 

A. Provide temporary construction power wiring and lighting for all project construction needs. 
 

B. Provide temporary power connection for any existing equipment or affected systems required 
to remain operational during construction (i.e. heat in the winter). 

 
C. Temporary service equipment shall have proper ground fault protection as required by codes. 
 
D. Remove all temporary power services and materials from the site prior to final acceptance of 

the project by the Owner. 
 
1.7 PHYSICAL PROTECTION OF WIRING 
 

A. All wiring shall be installed in conduit unless specifically indicated otherwise. 
 
1.8 POWER WIRING 
 

A. Provide all power wiring and connections as indicated on the drawings or as required for the 
proper operation of all electrically operated equipment furnished to this project under this 
Contract or by the Owner. 
 

B. Examine all drawings and specifications for items which may require electrical circuits and 
connections. Unless such items are specifically indicated to the contrary; provide all branch 
circuit wiring, conduit, junction boxes, panelboard circuits, disconnect switches and other 
electrical items, and make final connections for proper functioning equipment and systems. 
Where voltage characteristics differ; provide proper protective devices, switches, 
transformers, etc., to connect equipment to its rated voltage. 

 
1.9 CONTROL WIRING 
 

A. Coordinate with Division 23 all control wiring and conduit required for the proper operation 
of all electrically operated systems and equipment furnished to this project under this contract 
or as otherwise identified within the design documents.  

 
B. All control wiring shall be installed in accordance with approved wiring diagrams furnished 

on shop drawings by the respective system manufacturer. 
 
1.10 FEEDER, SWITCH AND DEVICE RATINGS 
 

A. The sizes of feeders, motor starters, switches, protective devices, and other electrical devices 
indicated on the drawings for electrically operated equipment are based on the average current 
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or horsepower ratings of electrically operated equipment of the same general types and sizes 
upon which the designs of the various systems are based. Horsepower and current ratings 
indicated on the drawings are for guidance only and shall not limit the size of the equipment 
or feeders.  

 
B. Check the current and horsepower ratings of all electrically operated equipment actually 

furnished and installed. Adjust the sizes of all feeders, starters, switches, protective devices 
and other electrical devices as required to provide proper protection and satisfactory operation 
of the equipment actually installed. This shall include increasing to the next larger size, or 
decreasing to the next smaller size, any individual feeder, starter, switch, protective device, or 
other electrical device to match the equipment sizes actually installed, as required, except that 
no sizes shall be decreased without approval in writing from the Designer. 

 
1.11 ELECTRICAL DEMOLITION 
 

A. Remove all existing electrical wiring, raceways, junction boxes, fixtures and devices indicated 
on the drawings, as specified herein, or as may be required to complete the work.  

 
B. Existing electrical wiring, raceways, junction boxes, fixtures and devices which are to remain 

but conflict with new construction shall be removed, relocated and reinstalled as required to 
accommodate new construction. 

 
C. Existing raceways and junction boxes which will not be reused may remain in place provided 

that they do not conflict with new construction. Existing conductors in such raceways shall be 
removed back to the nearest "live" junction box. 

 
1.12 SAFETY DEVICES 
 

A. Electrical equipment and wiring used during construction shall be installed and insulated in a 
manner to insure the safety of personnel. 

 
B. Provide suitable guards, signs, etc. to protect personnel from "hot" wiring in panelboards, 

junction boxes, etc. the during construction period. 
 
1.13 SYSTEM COMMISSIONING 
 

A. Perform system commissioning on each piece of equipment separately per the manufacturer’s 
 recommendations and then test and commission the pieces of equipment together as a system. 

 
1.14 EXCAVATION AND BACKFILLING 
 

A. Perform all excavation and backfilling required for electrical work including necessary 
 sheathing and bracing in accordance with the requirements of Division 2, “SITEWORK”. 

 
 

END OF SECTION 260100 
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SECTION 260500 - COMMON WORK RESULTS FOR ELECTRICAL 

 

PART 1 - GENERAL 

 

1.1 SECTION INCLUDES 

 

   A. Basic materials and methods, along with Division 01, General Requirements, that is applicable to 

Division 26 sections. 

 

   B. Drawings and general provisions of the contract, including General and Supplementary 

Conditions and Division 01 specification Sections apply to all Division 26 sections. 

 

   C. Refer to Division 01 for additional specific project procedures and requirements related to 

Detention Project Procedures. 

 

1.2 QUALITY ASSURANCE 

 

   A. Comply with applicable local, state, and federal codes. 

 

   B. Warrant electrical Work against faulty material or Workmanship in accordance with Division 01.  

Warranty period shall commence at date of substantial completion. 

 

   C. Equipment and material provided under this Division shall be periodically inspected and serviced 

by competent mechanics.  This function becomes the responsibility of the Owner at the date of 

substantial completion. The one year material and Workmanship warranty is not intended to 

supplant normal inspection or service and shall not be construed to mean the Contractor shall 

provide free service for normal maintenance items such as periodic lubrication and adjustment 

due to normal use, nor to correct without charge, breakage, maladjustment, and other trouble 

caused by improper maintenance. 

 

   D. Turn over electrical equipment provided under this Division to the Owner in lubricated condition. 

Include instructions on further lubrication in the operating manual. 

 

   E. Upon completion of contract and progressively as work proceeds, clean-up and remove dirt, 

debris and scrap materials. Maintain premises neat and clean. Protect and preserve access to 

energized equipment at all times. Clean items with factory finishes. Touch-up minor damage to 

surfaces; refinish entire piece of equipment when sustained major damage. Use only factory 

supplied paints of matching color and formula. 

 

1.3 REGULATORY REQUIREMENTS 

 

   A. Refer to Division 01 for Project Regulatory Requirements. 

 

   B. Additionally, perform Work specified in Division 26 in accordance with standards listed below of 

the latest applicable edition adopted by the authority having jurisdiction. Where these 

Specifications are more stringent, they shall take precedence. In case of conflict, obtain a decision 

from the Designer,. 

 

1. NFPA-70: National Electrical Code 

2. NFPA 90A: Standard for the Installation of Air Conditioning and Ventilating Systems 

3. NFPA-101: Life Safety Code 
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4. NFPA 241: Standard for Safeguarding Building Construction, Alterations, and 

Demolition Operations 

5. UL White Book:  General information for electrical construction, hazardous location, and 

electrical heating and air conditioning equipment 

6. IBC:  International Building Code 

7. All applicable Occupational Safety and Health Administration (0SHA) Publications, 

Rules and Regulations. 

9. Americans with Disabilities Act (ADA). 

10. Refer to Division 01 for Detention Project Procedures and Detention Project Procedures 

for Work Outside the Secure Perimeter. 

 

1.4 RELATED WORK SPECIFIED UNDER OTHER DIVISIONS 

 

   A. Field painting, except such painting as is required to maintain shop coat painting and factory 

finish painting 

 

   B. Mechanical and plumbing equipment 

 

   C. Fireproofing 

 

   D. Cutting and patching for electrical Work, except for errors and omissions under this Division. 

 

1.5 SUBMITTALS 

 

   A. Comply with provisions of Division 01. 

 

   B. Submit product data, equipment details, capacities, and shop drawings as specified in sections of 

this Division. 

 

1.6 OPERATING AND MAINTENANCE MANUALS 

 

   A. Provide manuals in accordance with Division 01. 

 

   B. In addition to required submittals, include copies of all test reports required in Part 3, "Execution" 

of section 26 05 00. 

 

   C. Provide completed warranty certificates for systems and equipment. 

 

1.7 DELIVERY AND STORAGE 

 

   A. Insofar as possible, deliver items in manufacturer's original unopened packaging. Where this is 

not practical, cover items with protective materials to keep them from being damaged. Use care in 

loading, transporting, unloading, and storage to keep items from being damaged. 

 

   B. Store items in a clean dry place and protect from damage.  Evidence of damage from water or 

other contaminants will be cause for rejection. 

 

1.8 RECORD DRAWINGS 

 

   A. Comply with provisions of Division 01. 
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PART 2 - PRODUCTS 

 

2.1 MATERIALS AND EQUIPMENT 

 

   A. Equipment and materials furnished shall be listed by UL or other nationally accredited testing 

laboratory where available. When listing is not available for a piece of equipment, it shall be 

submitted in accordance with Drawings and Specifications and shall be approved by the 

authorities having jurisdiction. 

 

   B. Specifications and Drawings indicate name, type and/or catalog number of materials and 

equipment to establish standards of quality. Submittals shall be based on the standards specified. 

The standards should not be construed as limiting competition. 

 

   C. If materials and equipment other than specified herein are intended to be submitted, a letter 

providing a list of all the suggested alternates by section number, brand and series or model shall 

be submitted to the prime Designer for review and approval.  Submit in accordance with Division 

01 or 14 days prior to bids or final pricing are to be submitted. 

 

PART 3 - EXECUTION 

 

3.1 COORDINATION 

 

   A. Install equipment in accordance with manufacturer's recommendations. Where conflicts occur 

between Contract Documents and these recommendations, request a ruling before proceeding 

with such Work. 

 

   B. Visit site and observe conditions under which work must be performed. No subsequent allowance 

will be made because of error or failure to obtain necessary information to completely estimate 

and perform work required by these documents. 

 

   C. Examine Specifications and Drawings to be familiar with items which require electrical 

connections and coordination. Electrical Drawings are diagrammatic and shall not be scaled for 

exact sizes. 

 

   D. Prior to commencement of installation, prepare coordination drawings for work under this 

division, as specified in Division 01 and as called for herein.  Coordinate work in full cooperation 

with persons performing work under other divisions, including but not limited to mechanical, 

plumbing, fire protection, telecommunication and miscellaneous steel to develop these 

coordination drawings that will serve as the agreed upon plan for a coordinated installation of 

work for all trades. Include electrical equipment, switchgear, panelboards, starters, disconnect 

switches, cable tray, conduit racks and conduits 3" and larger on drawings confirming 

coordination with other trades. Incorporate the information onto the coordination drawings 

required under Division 01 and 23 to develop master coordination drawings.   Account for 

lighting fixture depths in the coordination. Inform Design Professional of conflicts that cannot be 

resolved. 

 

3.2 FEES AND PERMITS 

 

   A. Obtain and pay for all necessary permits and inspection fees required for electrical installation. 
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3.3 DEMOLITION 

 

   A. Visit the site to observe existing conditions before submitting a bid. 

 

   B. Work in existing buildings shall be scheduled well in advance with the Owner.  Work shall be 

performed at such times and under such conditions as suit the convenience of the Owner.  Plan 

the Work to minimize disruption of normal operations.  Notify electrical staff before any circuit is 

de-energized in occupied areas. 

 

   C. Reconnect circuits to other panelboards when required to complete the renovation shown. 

 

   D. In areas to be remodeled, remove existing conduit and wire not required to remain in use back to 

nearest wiring to remain in use.  Splice and terminate in junction boxes as appropriate. Where 

entire circuit is to be removed, remove conduit and wire back to existing panelboard.  Where such 

work would not be possible without disturbing areas not being renovated, consult with the 

Architect prior to performing the work. 

 

   E. Where a circuit is interrupted by removal of a device or fixture from that circuit, install wire and 

conduit as required to restore service to the remaining devices and fixtures on that circuit. Ensure 

proper grounding is maintained. 

 

   F. Lighting fixtures, wiring devices, panelboards, equipment, conduits and conductors removed shall 

be transported to the Owner’s designated location and offered to the OWNER.  If he chooses to 

retain these items or a part of these items, turn those chosen over to him. Items rejected by the 

OWNER shall be removed completely from the project site and disposed of legally by the 

CONTRACTOR. 

 

3.4 CUTTING AND PATCHING 

 

   A. Comply with provisions of Division 01 

 

   B. Repair or replace routine damage caused by cutting in performance of Work under this Division. 

 

   C. Correct unnecessary damage caused due to installation of electrical Work, brought about through 

carelessness or lack of coordination. 

 

   D. Holes cut through floor slabs shall be core drilled with drill designed for this purpose.  All 

openings, sleeves, and holes in slabs between floors shall be properly sealed, fire proofed and 

water proofed. 

 

   E. Holes cut through walls shall be drilled or cut with tools designed for the purpose.  All openings, 

sleeves and holes in walls that extend to underside of floor above shall be properly sealed and fire 

proofed. 

 

   F. Repairs shall be performed with materials which match existing materials and be installed in 

accordance with appropriate sections of these Specifications. 

 

   G. Contractor shall not be permitted to cut or modify any structural members without the written 

permission of the Design Professional . 
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3.5 CONTROL SYSTEMS AND INTERLOCK WIRING 

 

   A. Control systems, components and control and interlock wiring for mechanical equipment will be 

furnished under Divisions 22 and 23. Control devices including, but not limited to VFD's, 

thermostats, fan speed and level control switches, relays and electro-pneumatic switches shall be 

furnished under Divisions 22 and 23. 

 

   B. Provide power wiring to starters and contactors under Division 26. Power wiring to magnetic 

starters shall consist of wiring to the line side terminals of the magnetic starter or contactor and 

wiring away from the load side terminals to the equipment, except where such wiring is installed 

pre-wired by the equipment vendor. 

 

1. Power wiring to 120V, 1-phase, 60 Hz and 277V, 1-phase, 60 Hz volt fans, and unit 

heaters shall include all portions of the branch circuit, except wiring inside an automatic 

temperature control panel (ATC) or Direct Digital Control Panel (DDC) or magnetic 

starter. Such internal wiring shall be furnished under Divisions 22 & 23. 

 

   C. See Building Automation System sections of Division 23. 

 

3.6 ELECTRICAL SHUTDOWN COORDINATION 

 

   A. Coordinate with the Owner and Local Utility as to all types of work required to be done by the 

contractor to the main switchgear and any other equipment that may interrupt electrical service to 

the site. 

 

   B. Give advance notice of any planned electrical shutdown to the Owner.  Notice shall be issued in 

writing with at least 14 days notice. 

 

   C. Any electrical shutdowns shall be approved by the Owner. 

 

   D. Approved electrical shutdowns shall be kept to a minimum in duration. 

 

3.7 TESTING ELECTRICAL SYSTEMS 

 

   A. On completion of work, installation shall be completely operational and entirely free from 

grounds, short circuits, and open circuits. Perform operational tests as required to demonstrate 

substantial completion of the Work.  Balance circuits so that feeders to panels are not more than 

5% out of balance between phases with all available load energized and operating.  Furnish all 

labor, materials and instruments for above tests.  All ampere readings shall be made with a true 

RMS reading meter. 

 

   B. Prior to final observation and acceptance test, install all electrical systems and equipment 

complete and in satisfactory operating condition. 

 

 

END OF SECTION 260500 
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following: 

1. Building wires and cables rated 600 V and less. 

2. Connectors, splices, and terminations rated 600 V and less. 

3. Sleeves and sleeve seals for cables. 

1.2 SUBMITTALS 

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

B. Field quality-control test reports. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

A. Copper Conductors:  Comply with NEMA WC 70. 

B. Conductor Insulation:  Comply with NEMA WC 70 for Types THW, THHN-THWN, XHHW. 

2.2 CONNECTORS AND SPLICES 

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

following: 

1. AFC Cable Systems, Inc. 

2. Hubbell Power Systems, Inc. 

3. O-Z/Gedney; EGS Electrical Group LLC. 

4. 3M; Electrical Products Division. 

5. Tyco Electronics Corp. 
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B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, 

and class for application and service indicated. 

2.3 SLEEVES FOR CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 

ends. 

B. Coordinate sleeve selection and application with selection and application of firestopping 

specified on Drawing. 

2.4 SLEEVE SEALS 

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

following: 

1. Advance Products & Systems, Inc. 

2. Calpico, Inc. 

3. Metraflex Co. 

4. Pipeline Seal and Insulator, Inc. 

B. Description:  Modular sealing device, designed for field assembly, to fill annular space between 

sleeve and cable. 

1. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.  

Include type and number required for material and size of raceway or cable. 

2. Pressure Plates:  Plastic.  Include two for each sealing element. 

3. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating of length 

required to secure pressure plates to sealing elements.  Include one for each sealing 

element. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 

larger. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 

WIRING METHODS 

A. Exposed Feeders:  Type THHN-THWN, single conductors in raceway. 

B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, 

single conductors in raceway. 
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C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-

THWN, single conductors in raceway. 

D. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in 

raceway. 

E. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-THWN, single 

conductors in raceway. 

F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  

Type THHN-THWN, single conductors in raceway. 

G. Class 1 Control Circuits:  Type THHN-THWN, in raceway. 

H. Class 2 Control Circuits:  Type THHN-THWN, in raceway. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated. 

B. 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. 

C. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 

not damage cables or raceway. 

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 

follow surface contours where possible. 

E. Support cables according to Division 26 Sections "Hangers and Supports for Electrical 

Systems." 

F. Identify and color-code conductors and cables according to Division 26 Section "Identification 

for Electrical Systems." 

G. 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 and UL 486B. 

H. Make splices and taps that are compatible with conductor material and that possess equivalent 

or better mechanical strength and insulation ratings than unspliced conductors. 

I. Wiring at Outlets:  Install conductor at each outlet, with at least 6 inches (150 mm) of slack. 

3.4 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Coordinate sleeve selection and application with selection and application of firestopping 

specified on Electrical Drawings. 
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B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 

openings are used.  Install sleeves during erection of slabs and walls. 

C. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 

unless openings compatible with firestop system used are fabricated during construction of floor 

or wall. 

D. Cut sleeves to length for mounting flush with both wall surfaces. 

E. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

F. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable 

unless sleeve seal is to be installed or unless seismic criteria require different clearance. 

G. Seal space outside of sleeves with grout for penetrations of concrete and masonry and with 

approved joint compound for gypsum board assemblies. 

H. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 

and cable, using joint sealant appropriate for size, depth, and location of joint according to 

Drawings. 

I. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 

and floors at cable penetrations.  Install sleeves and seal with firestop materials according to 

Drawings. 

J. Roof-Penetration Sleeves:  Seal penetration of individual cables with flexible boot-type flashing 

units applied in coordination with roofing work. 

K. Aboveground Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical 

sleeve seals.  Size sleeves to allow for 1-inch (25-mm) annular clear space between pipe and 

sleeve for installing mechanical sleeve seals. 

L. Underground Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size 

sleeves to allow for 1-inch (25-mm) annular clear space between cable and sleeve for installing 

mechanical sleeve seals. 

3.5 SLEEVE-SEAL INSTALLATION 

A. Install to seal underground exterior-wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for cable material and 

size.  Position cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular 

space between cable and sleeve. Tighten bolts against pressure plates that cause sealing 

elements to expand and make watertight seal. 

3.6 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 

original fire-resistance rating of assembly according to Drawings. 
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3.7 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

B. Tests and Inspections: 

1. After installing conductors and cables and before electrical circuitry has been energized, 

test for compliance with requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

C. Test Reports:  Prepare a written report to record the following: 

1. Test procedures used. 

2. Test results that comply with requirements. 

3. Test results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

D. Remove and replace malfunctioning units and retest as specified above. 

END OF SECTION 260519 
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. UTP cabling. 

2. RS-232 cabling. 

3. RS-485 cabling. 

4. Low-voltage control cabling. 

5. Control-circuit conductors. 

6. Identification products. 

1.2 DEFINITIONS 

A. Low Voltage:  As defined in NFPA 70 for circuits and equipment operating at less than 50 V or 

for remote-control and signaling power-limited circuits. 

B. Open Cabling:  Passing telecommunications cabling through open space (e.g., between the studs 

of a wall cavity). 

1.3 SUBMITTALS 

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

B. Field quality-control reports. 

C. Maintenance data. 

1.4 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member Company of an NRTL. 

B. Surface-Burning Characteristics:  As determined by testing identical products according to 

ASTM E 84 by a qualified testing agency.  Identify products with appropriate markings of 

applicable testing agency. 

1. Flame-Spread Index:  25 or less. 

2. Smoke-Developed Index:  50 or less. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 
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1.5 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site. 

B. Test each pair of UTP cable for open and short circuits. 

PART 2 - PRODUCTS 

2.1 PATHWAYS 

A. Conduit and Boxes:  Comply with requirements in Division 26 Section "Raceway and Boxes for 

Electrical Systems."  Flexible metal conduit shall not be used. 

1. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and 

2-1/2 inches (64 mm) deep. 

2.2 UTP CABLE 

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

following: 

1. Belden CDT Inc.; Electronics Division. 

2. CommScope, Inc. 

3. Draka USA. 

4. Genesis Cable Products; Honeywell International, Inc. 

5. Mohawk; a division of Belden CDT. 

6. Superior Essex Inc. 

7. SYSTIMAX Solutions; a CommScope, Inc. brand. 

8. 3M. 

9. Tyco Electronics/AMP Netconnect; Tyco International Ltd. 

B. Description:  100-ohm, four-pair UTP. 

1. Comply with ICEA S-90-661 for mechanical properties. 

2. Comply with TIA/EIA-568-B.1 for performance specifications. 

3. Comply with TIA/EIA-568-B.2, Category 6. 

4. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying 

with UL 444 and NFPA 70 for the following types: 

a. Communications, General Purpose:  Type CM or Type CMG. 

b. Communications, Plenum Rated:  Type CMP or Type MPP, complying with 

NFPA 262. 

c. Communications, Riser Rated:  Type CMR; or Type MPP, Type CMP, or 

Type MPR, complying with UL 1666. 

d. Communications, Limited Purpose:  Type CMX; or Type MPP, Type CMP, 

Type MPR, Type CMR, Type MP, Type MPG, Type CM, or Type CMG. 

e. Multipurpose:  Type MP or Type MPG; or Type MPP or Type MPR. 

f. Multipurpose, Plenum Rated:  Type MPP, complying with NFPA 262. 
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g. Multipurpose, Riser Rated:  Type MPR or Type MPP, complying with UL 1666. 

2.3 UTP CABLE HARDWARE 

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

following: 

1. American Technology Systems Industries, Inc. 

2. Dynacom Corporation. 

3. Hubbell Premise Wiring. 

4. KRONE Incorporated. 

5. Leviton Voice & Data Division. 

6. Molex Premise Networks; a division of Molex, Inc. 

7. Nordex/CDT; a subsidiary of Cable Design Technologies. 

8. Panduit Corp. 

9. Siemon Co. (The). 

10. Tyco Electronics/AMP Netconnect; Tyco International Ltd. 

B. UTP Cable Connecting Hardware:  IDC type, using modules designed for punch-down caps or 

tools.  Cables shall be terminated with connecting hardware of the same category or higher. 

C. Connecting Blocks:  110 style for Category 6.  Provide blocks for the number of cables 

terminated on the block, plus 25 percent spare; integral with connector bodies, including plugs 

and jacks where indicated. 

2.4 RS-232 CABLE 

A. Standard Cable:  NFPA 70, Type CM. 

1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors. 

2. Polypropylene insulation. 

3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage. 

4. PVC jacket. 

5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain 

wire. 

6. Flame Resistance:  Comply with UL 1581. 

B. Plenum-Rated Cable:  NFPA 70, Type CMP. 

1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors. 

2. Plastic insulation. 

3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage. 

4. Plastic jacket. 

5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain 

wire. 

6. Flame Resistance:  Comply with NFPA 262. 
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2.5 RS-485 CABLE 

A. Standard Cable:  NFPA 70, Type CM or Type CMG. 

1. Paired, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with UL 1581. 

B. Plenum-Rated Cable:  NFPA 70, Type CMP. 

1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors. 

2. Fluorinated ethylene propylene insulation. 

3. Unshielded. 

4. Fluorinated ethylene propylene jacket. 

5. Flame Resistance:  NFPA 262, Flame Test. 

2.6 LOW-VOLTAGE CONTROL CABLE 

A. Paired Cable:  NFPA 70, Type CMG. 

1. One pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with UL 1581. 

B. Plenum-Rated, Paired Cable:  NFPA 70, Type CMP. 

1. One pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with NFPA 262. 

C. Paired Cable:  NFPA 70, Type CMG. 

1. One pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with UL 1581. 

D. Plenum-Rated, Paired Cable:  NFPA 70, Type CMP. 

1. One pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors. 

2. Fluorinated ethylene propylene insulation. 

3. Unshielded. 

4. Plastic jacket. 
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5. Flame Resistance:  NFPA 262, Flame Test. 

2.7 CONTROL-CIRCUIT CONDUCTORS 

A. Class 1 Control Circuits:  Stranded copper, Type THHN-THWN, in raceway, complying with 

UL 83. 

B. Class 2 Control Circuits:  Stranded copper, Type THHN-THWN, in raceway, complying with 

UL 83. 

C. Class 3 Remote-Control and Signal Circuits:  Stranded copper, Type TW or Type TF, 

complying with UL 83. 

2.8 IDENTIFICATION PRODUCTS 

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

following: 

1. Brady Corporation. 

2. HellermannTyton. 

3. Kroy LLC. 

4. Panduit Corp. 

B. Comply with UL 969 for a system of labeling materials, including label stocks, laminating 

adhesives, and inks used by label printers. 

C. Comply with requirements in Division 26 Section "Identification for Electrical Systems." 

PART 3 - EXECUTION 

3.1 INSTALLATION OF PATHWAYS 

A. Comply with TIA/EIA-569-A for pull-box sizing and length of conduit and number of bends 

between pull points. 

B. Comply with requirements in Division 26 Section "Raceway and Boxes for Electrical Systems" 

for installation of conduits and wireways. 

C. Install manufactured conduit sweeps and long-radius elbows if possible. 

3.2 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1. 

B. General Requirements for Cabling: 

1. Comply with TIA/EIA-568-B.1. 
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2. Terminate all conductors; no cable shall contain unterminated elements.  Make 

terminations only at indicated outlets, terminals, and cross-connect and patch panels. 

3. Cables may not be spliced.  Secure and support cables at intervals not exceeding 30 

inches (760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, 

outlets, racks, frames, and terminals. 

4. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's 

limitations on bending radii, but not less than radii specified in BICSI ITSIM, "Cabling 

Termination Practices" Chapter.  Install lacing bars and distribution spools. 

5. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not splice cable 

between termination, tap, or junction points.  Remove and discard cable if damaged 

during installation and replace it with new cable. 

6. Cold-Weather Installation:  Bring cable to room temperature before dereeling.  Heat 

lamps shall not be used for heating. 

7. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor cable pull 

tensions. 

C. UTP Cable Installation: 

1. Comply with TIA/EIA-568-B.2. 

2. Install 110-style IDC termination hardware unless otherwise indicated. 

3. Do not untwist UTP cables more than 1/2 inch (12 mm) from the point of termination to 

maintain cable geometry. 

D. Installation of Control-Circuit Conductors: 

1. Install wiring in raceways.  Comply with requirements specified in Division 26 Section 

"Raceway and Boxes for Electrical Systems." 

E. Separation from EMI Sources: 

1. Comply with BICSI TDMM and TIA/EIA-569-A recommendations for separating 

unshielded copper voice and data communication cable from potential EMI sources, 

including electrical power lines and equipment. 

2. Separation between open communications cables or cables in nonmetallic raceways and 

unshielded power conductors and electrical equipment shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 5 inches (127 

mm). 

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 12 inches (305 

mm). 

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 24 inches (600 

mm). 

3. Separation between communications cables in grounded metallic raceways and 

unshielded power lines or electrical equipment shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 2-1/2 inches (64 

mm). 

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6 inches (150 

mm). 
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c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12 inches (305 

mm). 

4. Separation between communications cables in grounded metallic raceways and power 

lines and electrical equipment located in grounded metallic conduits or enclosures shall 

be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA:  No requirement. 

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 3 inches (75 

mm). 

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches (150 

mm). 

5. Separation between Cables and Electrical Motors and Transformers, 5 kVA or HP and 

Larger:  A minimum of 48 inches (1200 mm). 

6. Separation between Cables and Fluorescent Fixtures:  A minimum of 5 inches (127 mm). 

3.3 REMOVAL OF CONDUCTORS AND CABLES 

A. Remove abandoned conductors and cables. 

3.4 CONTROL-CIRCUIT CONDUCTORS 

A. Minimum Conductor Sizes: 

1. Class 1 remote-control and signal circuits, No 14 AWG. 

2. Class 2 low-energy, remote-control, and signal circuits, No. 16 AWG. 

3. Class 3 low-energy, remote-control, alarm, and signal circuits, No 12 AWG. 

3.5 FIRESTOPPING 

A. Comply with requirements in Division 07 Section "Penetration Firestopping." 

B. Comply with TIA/EIA-569-A, Annex A, "Firestopping." 

C. Comply with BICSI TDMM, "Firestopping Systems" Article. 

3.6 GROUNDING 

A. For data communications wiring, comply with ANSI-J-STD-607-A and with BICSI TDMM, 

"Grounding, Bonding, and Electrical Protection" Chapter. 

B. For low-voltage wiring and cabling, comply with requirements in Division 26 Section 

"Grounding and Bonding for Electrical Systems." 
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3.7 IDENTIFICATION 

A. Identify system components, wiring, and cabling according to TIA/EIA-606-A.  Comply with 

requirements for identification specified in Division 26 Section "Identification for Electrical 

Systems." 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Visually inspect UTP cable jacket materials for UL or third-party certification markings.  

Inspect cabling terminations to confirm color-coding for pin assignments, and inspect 

cabling connections to confirm compliance with TIA/EIA-568-B.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment 

and patch cords, and labeling of all components. 

3. Test UTP cabling for DC loop resistance, shorts, opens, intermittent faults, and polarity 

between conductors.  Test operation of shorting bars in connection blocks.  Test cables 

after termination but not after cross connection. 

a. Test instruments shall meet or exceed applicable requirements in TIA/EIA-568-

B.2.  Perform tests with a tester that complies with performance requirements in 

"Test Instruments (Normative)" Annex, complying with measurement accuracy 

specified in "Measurement Accuracy (Informative)" Annex.  Use only test cords 

and adapters that are qualified by test equipment manufacturer for channel or link 

test configuration. 

C. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION 260523 
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SECTION 260526 - GROUNDING AND BONDING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes grounding systems and equipment, plus the following special applications: 

1. Underground distribution grounding. 

2. Ground bonding common with lightning protection system. 

1.3 ACTION SUBMITTALS 

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

1.4 INFORMATIONAL SUBMITTALS 

A. Plans showing dimensioned as-built locations of grounding features specified in "Field Quality 

Control" Article, including the following: 

1. Ground rods. 

2. Grounding arrangements and connections for separately derived systems. 

3. Grounding for sensitive electronic equipment. 

B. Qualification Data:  For qualified testing agency and testing agency's field supervisor. 

C. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For grounding to include in emergency, operation, and 

maintenance manuals. In addition to items specified in Division 1 Section "Operation and 

Maintenance Data," include the following: 

1. Instructions for periodic testing and inspection of grounding features at grounding 

connections for separately derived systems based on NFPA 70B. 

a. Tests shall determine if ground-resistance or impedance values remain within 

specified maximums, and instructions shall recommend corrective action if values 

do not. 
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b. Include recommended testing intervals. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member Company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site 

testing. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

C. Comply with UL 467 for grounding and bonding materials and equipment. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by 

applicable Code or authorities having jurisdiction. 

2.2 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 

which used and for specific types, sizes, and combinations of conductors and other items 

connected. 

B. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for 

materials being joined and installation conditions. 

C. Bus-bar Connectors:  Mechanical type, cast silicon bronze, solderless exothermic-type wire 

terminals, and long-barrel, two-bolt connection to ground bus bar. 

2.3 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad steel; 3/4 inch by 10 feet in diameter. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Underground Grounding Conductors:  Install bare tinned-copper conductor, No. 4/0 AWG 

minimum. 

1. Bury at least 24 inches below grade. 
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B. Conductor Terminations and Connections: 

1. Underground Connections:  Welded connectors except at test wells and as otherwise 

indicated. 

2. Connections to Structural Steel:  Welded connectors. 

3.2 GROUNDING OVERHEAD LINES 

A. Comply with IEEE C2 grounding requirements. 

B. Install three (3) parallel ground rods if resistance to ground by a single, ground-rod electrode 

exceeds 25 ohms. 

C. Drive ground rods until tops are 12 inches below finished grade in undisturbed earth. 

D. Lightning Arrester Grounding Conductors:  Separate from other grounding conductors. 

E. Secondary Neutral and Transformer Enclosure:  Interconnect and connect to grounding 

conductor. 

3.3 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Pad-Mounted Transformers and Switches:  Install two ground rods and ground ring around the 

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 No. 2 AWG for ground ring and for taps to equipment grounding 

terminals.  Bury ground ring not less than 6 inches from the foundation. 

3.4 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

3.5 INSTALLATION 

A. Grounding Conductors:  Route along shortest and straightest paths possible unless otherwise 

indicated or required by Code.  Avoid obstructing access or placing conductors where they may 

be subjected to strain, impact, or damage. 

B. Ground 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. 

C. Ground Rods:  Drive rods until tops are 2 inches below finished floor or final grade unless 

otherwise indicated. 
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1. Interconnect ground rods with grounding electrode conductor below grade and as 

otherwise indicated.  Make connections without exposing steel or damaging coating if 

any. 

2. For grounding electrode system, install at least three rods spaced at least one-rod length 

from each other and located at least the same distance from other grounding electrodes, 

and connect to the service grounding electrode conductor. 

D. Grounding for Steel Building Structure:  Install a driven ground rod at base of each corner 

column and at intermediate exterior columns at distances not more than 60 feet apart. 

3.6 LABELING 

A. Comply with requirements in Division 26 Section "Electrical Identification" Article for 

instruction signs.  The label or its text shall be green. 

B. Install labels at the telecommunications bonding conductor and grounding equalizer and at the 

grounding electrode conductor where exposed. 

1. Label Text:  "If this connector or cable is loose or if it must be removed for any reason, 

notify the facility manager." 

3.7 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 

test, and adjust components, assemblies, and equipment installations, including connections. 

B. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing. 

C. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 

energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition.  Verify tightness of accessible, bolted, 

electrical connections with a calibrated torque wrench according to manufacturer's 

written instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 

level is specified, at service disconnect enclosure grounding terminal, and at individual 

ground rods.  Make tests at ground rods before any conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of 

precipitation and without soil being moistened by any means other than natural 

drainage or seepage and without chemical treatment or other artificial means of 

reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 
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4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod 

assembly, and other grounding electrodes.  Identify each by letter in alphabetical order, 

and key to the record of tests and observations.  Include the number of rods driven and 

their depth at each location, and include observations of weather and other phenomena 

that may affect test results.  Describe measures taken to improve test results. 

D. Grounding system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

F. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  10 ohms. 

2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 ohms. 

3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 ohms. 

4. Power Distribution Units or Panelboards Serving Electronic Equipment:  1 ohm(s). 

5. Substations and Pad-Mounted Equipment:  5 ohms. 

6. Manhole Grounds:  10 ohms. 

G. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect 

promptly and include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Hangers and supports for electrical equipment and systems. 

2. Construction requirements for concrete bases. 

B. Related Sections include the following: 

1. Division 26 Section "Vibration and Seismic Controls for Electrical Systems" for products 

and installation requirements necessary for compliance with seismic criteria. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. IMC:  Intermediate metal conduit. 

C. RMC:  Rigid metal conduit. 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design supports for multiple raceways, including comprehensive 

engineering analysis by a qualified professional engineer, using performance requirements and 

design criteria indicated. 

B. Design supports for multiple raceways capable of supporting combined weight of supported 

systems and its contents. 

C. Design equipment supports capable of supporting combined operating weight of supported 

equipment and connected systems and components. 

D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads 

calculated or imposed for this Project, with a minimum structural safety factor of five times the 

applied force. 



HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS                                                260529 - 2 

 

1.5 ACTION SUBMITTALS 

A. Product Data:  For the following: 

1. Steel slotted support systems. 

B. Shop Drawings: Show fabrication and installation details and include calculations for the 

following: 

1. Trapeze hangers.  Include Product Data for components. 

2. Steel slotted channel systems.  Include Product Data for components. 

3. Equipment supports. 

1.6 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural 

Welding Code - Steel." 

B. Comply with NFPA 70. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 

reinforcement, and formwork requirements are specified in Division 3. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items 

are specified in Division 7 Section "Roof Accessories." 

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field 

assembly. 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. Allied Tube & Conduit. 

b. Cooper B-Line, Inc.; a division of Cooper Industries. 

c. Unistrut; Tyco International, Ltd. 

2. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating 

applied according to MFMA-4. 
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3. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-

4. 

4. Channel Dimensions:  Selected for applicable load criteria. 

B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

C. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and associated 

fittings, designed for types and sizes of raceway or cable to be supported. 

D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of 

threaded body and insulating wedging plug or plugs for non-armored electrical conductors or 

cables in riser conduits.  Plugs shall have number, size, and shape of conductor gripping pieces 

as required to suit individual conductors or cables supported.  Body shall be malleable iron. 

E. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or 

their supports to building surfaces include the following: 

1. 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 in which used. 

a. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not 

limited to, the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 

2) Hilti Inc. 

3) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

2. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for 

attached structural element. 

3. Through Bolts:  Structural type, hex head, and high strength.  Comply with 

ASTM A 325. 

4. Hanger Rods:  Threaded steel. 

2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions 

of supported equipment. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical 

equipment and systems except if requirements in this Section are stricter. 



HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS                                                260529 - 4 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for 

EMT, IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch in 

diameter. 

C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted 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. 

D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-

1/2-inch and smaller raceways serving branch circuits and communication systems above 

suspended ceilings and for fastening raceways to trapeze supports. 

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 

Article. 

B. Raceway Support Methods:  In addition to methods described in NECA 1, RMC may be 

supported by openings through structure members, as permitted in NFPA 70. 

C. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength 

will be adequate to carry present and future static loads within specified loading limits.  

Minimum static design load used for strength determination shall be weight of supported 

components plus 200 lb . 

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 New Concrete:  Bolt to concrete inserts. 

2. To Existing Concrete:  Expansion anchor fasteners. 

3. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 

transformers, and other devices on slotted-channel racks attached to substrate by means 

that meet seismic-restraint strength and anchorage requirements. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing 

bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Division 5 Section "Metal Fabrications" for site-

fabricated metal supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 

to support and anchor electrical materials and equipment. 
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C. Field Welding:  Comply with AWS D1.1/D1.1M. 

3.4 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated but not less than 4 inches larger in both 

directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from 

edge of the base. 

B. Use 3000-psi, 28-day compressive-strength concrete.  Concrete materials, reinforcement, and 

placement requirements are specified in Division 3 Section "Cast-in-Place Concrete." 

C. Anchor equipment to concrete base. 

1. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 

drawings, templates, diagrams, instructions, and directions furnished with items to be 

embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported equipment. 

3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

3.5 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately 

after erecting hangers and supports.  Use same materials as used for shop painting.  Comply 

with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils . 

B. Touchup:  Comply with requirements in Division 9 painting Sections for cleaning and touchup 

painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous 

metal. 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 

END OF SECTION 260529 
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SECTION 260533 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

1.2 SUBMITTALS 

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover 

enclosures, and cabinets. 

B. Shop Drawings:  For custom enclosures and cabinets.  Include plans, elevations, sections, 

details, and attachments to other work. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

A. Rigid Steel Conduit:  ANSI C80.1. 

B. IMC:  ANSI C80.6. 

C. EMT:  ANSI C80.3. 

D. FMC:  Zinc-coated steel. 

E. LFMC:  Flexible steel conduit with PVC jacket. 

F. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  

NEMA FB 1; listed for type and size raceway with which used, and for application and 

environment in which installed. 

1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886. 

2. Fittings for EMT:  Steel, compression type. 
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2.2 NONMETALLIC CONDUIT AND TUBING 

A. ENT:  NEMA TC 13. 

B. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated. 

C. LFNC:  UL 1660. 

D. Fittings for ENT and RNC:  NEMA TC 3; match to conduit or tubing type and material. 

E. Fittings for LFNC:  UL 514B. 

2.3 METAL WIREWAYS 

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

following: 

1. Cooper B-Line, Inc. 

2. Hoffman. 

3. Square D; Schneider Electric. 

B. Description:  Sheet metal sized and shaped as indicated, NEMA 250, Type 12, unless otherwise 

indicated. 

C. Fittings and Accessories:  Include couplings, offsets, elbows, expansion joints, adapters, hold-

down straps, end caps, and other fittings to match and mate with wireways as required for 

complete system. 

D. Wireway Covers:  Hinged type. 

E. Finish:  Manufacturer's standard enamel finish. 

2.4 NONMETALLIC WIREWAYS 

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

following: 

1. Hoffman. 

2. Lamson & Sessions; Carlon Electrical Products. 

3. Approved equal. 

B. Description:  PVC plastic extruded and fabricated to size and shape indicated, with snap-on 

cover and mechanically coupled connections with plastic fasteners. 

C. Fittings and Accessories:  Include couplings, offsets, elbows, expansion joints, adapters, hold-

down straps, end caps, and other fittings to match and mate with wireways as required for 

complete system. 
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2.5 BOXES, ENCLOSURES, AND CABINETS 

A. Sheet Metal Outlet and Device Boxes:  NEMA OS 1. 

B. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, ferrous alloy, Type FD, with gasketed 

cover. 

C. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 

D. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, cast aluminum with gasketed 

cover. 

E. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous-hinge cover with flush latch, 

unless otherwise indicated. 

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel. 

F. Cabinets: 

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable 

front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 

3. Key latch to match panelboards. 

4. Metal barriers to separate wiring of different systems and voltage. 

5. Accessory feet where required for freestanding equipment. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors:  Apply raceway products as specified below, unless otherwise indicated: 

1. Exposed Conduit:  Rigid steel conduit. 

2. Concealed Conduit, Aboveground:  Rigid steel conduit. 

3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 

4. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R. 

B. Comply with the following indoor applications, unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 

2. Exposed, Not Subject to Severe Physical Damage:  IMC. 

3. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit.  Includes 

raceways in Mechanical rooms following locations: 

a. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 

5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet 

locations. 
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6. Damp or Wet Locations:  Rigid steel conduit. 

7. Raceways for Optical Fiber or Communications Cable:  Rigid steel conduit. 

8. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, stainless 

steel in damp or wet locations. 

C. Minimum Raceway Size:  1/2-inch (16-mm) trade size. 

D. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless 

otherwise indicated. 

2. Straps shall be two-hole style compatible with conduit. One-hole straps are not permitted. 

3.2 INSTALLATION 

A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 

except where requirements on Drawings or in this Article are stricter. 

B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-

water pipes.  Install horizontal raceway runs above water and steam piping. 

C. Complete raceway installation before starting conductor installation. 

D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical 

Systems." 

E. Arrange stub-ups so curved portions of bends are not visible above the finished slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 

communications conduits, for which fewer bends are allowed. 

G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise 

indicated. 

H. Raceways Embedded in Slabs: 

1. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right angles to main 

reinforcement.  Where at right angles to reinforcement, place conduit close to slab 

support. 

2. Arrange raceways to cross building expansion joints at right angles with expansion 

fittings. 

3. Change from ENT to RNC, Type EPC-40-PVC, rigid steel conduit, or IMC before rising 

above the floor. 

I. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings 

to protect conductors, including conductors smaller than No. 4 AWG. 

J. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not 

less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end 

of pull wire. 
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K. Raceways for Optical Fiber and Communications Cable:  Install as follows: 

1. 3/4-Inch (19-mm) Trade Size and Smaller:  Install raceways in maximum lengths of 50 

feet (15 m). 

2. 1-Inch (25-mm) Trade Size and Larger:  Install raceways in maximum lengths of 75 feet 

(23 m). 

3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway 

unless Drawings show stricter requirements.  Separate lengths with pull or junction boxes 

or terminations at distribution frames or cabinets where necessary to comply with these 

requirements. 

L. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with 

listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a 

blank cover plate having a finish similar to that of adjacent plates or surfaces.  Install raceway 

sealing fittings at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 

spaces. 

2. Where otherwise required by NFPA 70. 

M. Expansion-Joint Fittings for RNC:  Install in each run of aboveground conduit that is located 

where environmental temperature change may exceed 30 deg F (17 deg C), and that has 

straight-run length that exceeds 25 feet (7.6 m). 

1. Install expansion-joint fittings for each of the following locations, and provide type and 

quantity of fittings that accommodate temperature change listed for location: 

a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F (70 deg C) 

temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F (86 deg C) temperature 

change. 

c. Indoor Spaces:  Connected with the Outdoors without Physical Separation:  125 

deg F (70 deg C) temperature change. 

2. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 

of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C) 

of temperature change. 

3. Install each expansion-joint fitting with position, mounting, and piston setting selected 

according to manufacturer's written instructions for conditions at specific location at the 

time of installation. 

3.3 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 

original fire-resistance rating of assembly.  

 

END OF SECTION 260533 
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SECTION 260543 - UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following: 

1. Conduit, ducts, and duct accessories for concrete-encased duct banks. 

2. Handholes and boxes. 

3. Manholes. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For accessories for manholes, handholes, and boxes. 

B. Shop Drawings for Precast or Factory-Fabricated Underground Utility Structures:  Include 

plans, elevations, sections, details, attachments to other work, and accessories, including the 

following: 

1. Duct entry provisions, including locations and duct sizes. 

2. Reinforcement details. 

3. Frame and cover design and manhole frame support rings. 

4. Step details. 

5. Grounding details. 

6. Dimensioned locations of cable rack inserts, pulling-in and lifting irons, and sumps. 

7. Joint details. 

C. Shop Drawings for Factory-Fabricated Handholes and Boxes:  Include dimensioned plans, 

sections, and elevations, and fabrication and installation details, including the following: 

1. Duct entry provisions, including locations and duct sizes. 

2. Cover design. 

3. Grounding details. 

4. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control test reports. 

1.4 QUALITY ASSURANCE 

A. Comply with ANSI C2. 

B. Comply with NFPA 70. 
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PART 2 - PRODUCTS 

2.1 CONDUIT 

A. Rigid Steel Conduit:  Galvanized.  Comply with ANSI C80.1. 

B. RNC:  NEMA TC 2, Type EPC-40-PVC, UL 651, with matching fittings by same manufacturer 

as the conduit, complying with NEMA TC 3 and UL 514B. 

2.2 NONMETALLIC DUCTS AND DUCT ACCESSORIES 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. ARNCO Corp. 

2. Beck Manufacturing. 

3. Cantex, Inc. 

4. CertainTeed Corp.; Pipe & Plastics Group. 

5. Condux International, Inc. 

6. ElecSys, Inc. 

7. Electri-Flex Company. 

8. IPEX Inc. 

9. Lamson & Sessions; Carlon Electrical Products. 

10. Manhattan/CDT; a division of Cable Design Technologies. 

11. Spiraduct/AFC Cable Systems, Inc. 

C. Underground Plastic Utilities Duct:  NEMA TC 6 & 8, Type EB-20-PVC, ASTM F 512, 

UL 651A, with matching fittings by the same manufacturer as the duct, complying with 

NEMA TC 9. 

D. Duct Accessories: 

1. Duct Separators:  Factory-fabricated rigid PVC interlocking spacers, sized for type and 

sizes of ducts with which used, and selected to provide minimum duct spacings indicated 

while supporting ducts during concreting or backfilling. 

2. Warning Tape:  Underground-line warning tape specified in Section 260553 

"Identification for Electrical Systems." 

3. Concrete Warning Planks:  Nominal 12 by 24 by 3 inches (300 by 600 by 76 mm) in size, 

manufactured from 6000-psi (41-MPa) concrete. 

a. Color:  Red dye added to concrete during batching. 

b. Mark each plank with "ELECTRIC" in 2-inch- (50-mm-) high, 3/8-inch- (10-mm-) 

deep letters. 
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2.3 HANDHOLES AND BOXES 

A. Description:  Comply with SCTE 77. 

1. Color:  Gray. 

2. Configuration:  Units shall be designed for flush burial and have closed bottom, unless 

otherwise indicated. 

3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure. 

4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50. 

5. Cover Legend:  Molded lettering, "ELECTRIC." 

6. Duct Entrance Provisions:  Duct-terminating fittings shall mate with entering ducts for 

secure, fixed installation in enclosure wall. 

7. Handholes 24 inches wide by 48 inches long and larger shall have inserts for cable racks 

and pulling-in irons installed before concrete is poured. 

B. Fiberglass Handholes and Boxes with Polymer Concrete Frame and Cover:  Sheet-molded, 

fiberglass-reinforced, polyester resin enclosure joined to polymer concrete top ring or frame. 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 

indicated on Drawings or a comparable product by one of the following: 

a. Armorcast Products Company. 

b. Carson Industries LLC. 

c. Christy Concrete Products. 

d. Synertech Moulded Products, Inc.; a division of Oldcastle Precast. 

C. Fiberglass Handholes and Boxes:  Molded of fiberglass-reinforced polyester resin, with covers 

of fiberglass. 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 

indicated on Drawings or a comparable product by one of the following: 

a. Carson Industries LLC. 

b. Christy Concrete Products. 

c. Nordic Fiberglass, Inc. 

D. Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility and durability 

properties necessary to withstand maximum hydrostatic pressures at the installation location 

with the ground-water level at grade. 
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2.4 MANHOLES 

A. Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability 

properties necessary to withstand maximum hydrostatic pressures at the installation location 

with the ground-water level at grade. 

2.5 UTILITY STRUCTURE ACCESSORIES 

A. Duct-Sealing Compound:  Nonhardening, safe for contact with human skin, not deleterious to 

cable insulation, and workable at temperatures as low as 35 deg F (2 deg C).  Capable of 

withstanding temperature of 300 deg F (150 deg C) without slump and adhering to clean 

surfaces of plastic ducts, metallic conduits, conduit coatings, concrete, masonry, lead, cable 

sheaths, cable jackets, insulation materials, and common metals. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Excavation and Backfill:  Comply with Section "Earth Moving," but do not use heavy-duty, 

hydraulic-operated, compaction equipment. 

B. Restore surface features at areas disturbed by excavation and reestablish original grades, unless 

otherwise indicated.  Replace removed sod immediately after backfilling is completed. 

C. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work.  Restore 

vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and 

mulching.  Comply with Section "Turf and Grasses" and Section "Plants." 

D. Cut and patch existing pavement in the path of underground ducts and utility structures 

according to Division 01 "Cutting and Patching." 

3.2 DUCT INSTALLATION 

A. Slope:  Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away 

from buildings and equipment.  Slope ducts from a high point in runs between two manholes to 

drain in both directions. 

B. Curves and Bends:  Use 5-degree angle couplings for small changes in direction.  Use 

manufactured long sweep bends with a minimum radius of 48 inches (1220 mm), both 

horizontally and vertically, at other locations, unless otherwise indicated. 

C. Joints:  Use solvent-cemented joints in ducts and fittings and make watertight according to 

manufacturer's written instructions.  Stagger couplings so those of adjacent ducts do not lie in 

same plane. 

D. Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes:  Use end bells, 

spaced approximately 10 inches (250 mm) o.c. for 5-inch (125-mm) ducts, and vary 

proportionately for other duct sizes. 
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1. Begin change from regular spacing to end-bell spacing 10 feet (3 m) from the end bell 

without reducing duct line slope and without forming a trap in the line. 

2. Direct-Buried Duct Banks:  Install an expansion and deflection fitting in each conduit in 

the area of disturbed earth adjacent to manhole or handhole. 

3. Grout end bells into structure walls from both sides to provide watertight entrances. 

E. Building Wall Penetrations:  Make a transition from underground duct to rigid steel conduit at 

least 10 feet (3 m) outside the building wall without reducing duct line slope away from the 

building, and without forming a trap in the line.  Use fittings manufactured for duct-to-conduit 

transition.  Install conduit penetrations of building walls as specified in Section 260544 

"Sleeves and Sleeve Seals for Electrical Raceways and Cabling." 

F. Sealing:  Provide temporary closure at terminations of ducts that have cables pulled.  Seal spare 

ducts at terminations.  Use sealing compound and plugs to withstand at least 15-psig (1.03-

MPa) hydrostatic pressure. 

G. Pulling Cord:  Install 200-lbf test nylon cord in ducts, including spares. 

H. Concrete-Encased Ducts:  Support ducts on duct separators. 

1. Separator Installation:  Space separators close enough to prevent sagging and deforming 

of ducts, with not less than 5 spacers per 20 feet (6 m) of duct.  Secure separators to earth 

and to ducts to prevent floating during concreting.  Stagger separators approximately 6 

inches (150 mm) between tiers.  Tie entire assembly together using fabric straps; do not 

use tie wires or reinforcing steel that may form conductive or magnetic loops around 

ducts or duct groups. 

2. Concreting Sequence:  Pour each run of envelope between manholes or other 

terminations in one continuous operation. 

a. Start at one end and finish at the other, allowing for expansion and contraction of 

ducts as their temperature changes during and after the pour.  Use expansion 

fittings installed according to manufacturer's written recommendations, or use 

other specific measures to prevent expansion-contraction damage. 

b. If more than one pour is necessary, terminate each pour in a vertical plane and 

install 3/4-inch (19-mm) reinforcing rod dowels extending 18 inches (450 mm) 

into concrete on both sides of joint near corners of envelope. 

3. Pouring Concrete:  Spade concrete carefully during pours to prevent voids under and 

between conduits and at exterior surface of envelope.  Do not allow a heavy mass of 

concrete to fall directly onto ducts.  Use a plank to direct concrete down sides of bank 

assembly to trench bottom.  Allow concrete to flow to center of bank and rise up in 

middle, uniformly filling all open spaces.  Do not use power-driven agitating equipment 

unless specifically designed for duct-bank application. 

4. Reinforcement:  Reinforce concrete-encased duct banks where they cross disturbed earth 

and where indicated.  Arrange reinforcing rods and ties without forming conductive or 

magnetic loops around ducts or duct groups. 

5. Forms:  Use walls of trench to form side walls of duct bank where soil is self-supporting 

and concrete envelope can be poured without soil inclusions; otherwise, use forms. 

6. Minimum Space between Ducts:  3 inches (75 mm) between ducts and exterior envelope 

wall, 2 inches (50 mm) between ducts for like services, and 4 inches (100 mm) between 

power and signal ducts. 
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7. Depth:  Install top of duct bank at least 24 inches (600 mm) below finished grade in areas 

not subject to deliberate traffic, and at least 30 inches (750 mm) below finished grade in 

deliberate traffic paths for vehicles, unless otherwise indicated. 

8. Stub-Ups:  Use manufactured duct elbows for stub-ups at poles and equipment and at 

building entrances through the floor, unless otherwise indicated.  Extend concrete 

encasement throughout the length of the elbow. 

9. Stub-Ups:  Use manufactured rigid steel conduit elbows for stub-ups at poles and 

equipment and at building entrances through the floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase 

coupling with 3 inches (75 mm) of concrete. 

b. Stub-Ups to Equipment:  For equipment mounted on outdoor concrete bases, 

extend steel conduit horizontally a minimum of 60 inches (1500 mm) from edge of 

base.  Install insulated grounding bushings on terminations at equipment. 

10. Warning Tape:  Bury warning tape approximately 12 inches (300 mm) above all 

concrete-encased ducts and duct banks.  Align tape parallel to and within 3 inches (75 

mm) of the centerline of duct bank.  Provide an additional warning tape for each 12-inch 

(300-mm) increment of duct-bank width over a nominal 18 inches (450 mm).  Space 

additional tapes 12 inches (300 mm) apart, horizontally. 

I. Direct-Buried Duct Banks: 

1. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor 

temperature. 

2. Space separators close enough to prevent sagging and deforming of ducts, with not less 

than 5 spacers per 20 feet (6 m) of duct.  Secure separators to earth and to ducts to 

prevent displacement during backfill and yet permit linear duct movement due to 

expansion and contraction as temperature changes.  Stagger spacers approximately 6 

inches (150 mm) between tiers. 

3. Excavate trench bottom to provide firm and uniform support for duct bank.  Prepare 

trench bottoms as specified in Section "Earth Moving" for pipes less than 6 inches (150 

mm) in nominal diameter. 

4. Install backfill as specified in Section "Earth Moving." 

5. After installing first tier of ducts, backfill and compact.  Start at tie-in point and work 

toward end of duct run, leaving ducts at end of run free to move with expansion and 

contraction as temperature changes during this process.  Repeat procedure after placing 

each tier.  After placing last tier, hand-place backfill to 4 inches (100 mm) over ducts and 

hand tamp.  Firmly tamp backfill around ducts to provide maximum supporting strength.  

Use hand tamper only.  After placing controlled backfill over final tier, make final duct 

connections at end of run and complete backfilling with normal compaction as specified 

in Section "Earth Moving." 

6. Install ducts with a minimum of 3 inches (75 mm) between ducts for like services and 6 

inches (150 mm) between power and signal ducts. 

7. Depth:  Install top of duct bank at least 36 inches (900 mm) below finished grade, unless 

otherwise indicated. 

8. Set elevation of bottom of duct bank below the frost line. 

9. Install manufactured duct elbows for stub-ups at poles and equipment and at building 

entrances through the floor, unless otherwise indicated.  Encase elbows for stub-up ducts 

throughout the length of the elbow. 
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10. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and 

at building entrances through the floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase 

coupling with 3 inches (75 mm) of concrete. 

b. For equipment mounted on outdoor concrete bases, extend steel conduit 

horizontally a minimum of 60 inches (1500 mm) from edge of equipment pad or 

foundation.  Install insulated grounding bushings on terminations at equipment. 

11. Warning Planks:  Bury warning planks approximately 12 inches (300 mm) above direct-

buried ducts and duct banks, placing them 24 inches (600 mm) o.c.  Align planks along 

the width and along the centerline of duct bank.  Provide an additional plank for each 12-

inch (300-mm) increment of duct-bank width over a nominal 18 inches (450 mm).  Space 

additional planks 12 inches (300 mm) apart, horizontally. 

3.3 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with 

connecting ducts to minimize bends and deflections required for proper entrances.  Use box 

extension if required to match depths of ducts, and seal joint between box and extension as 

recommended by the manufacturer. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 

1/2-inch (12.7-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent 

undisturbed earth. 

C. Elevation:  In paved areas and trafficways, set so cover surface will be flush with finished 

grade.  Set covers of other handholes 1 inch (25 mm) above finished grade. 

D. Install handholes and boxes with bottom below the frost line, below grade. 

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, 

as required for installation and support of cables and conductors and as indicated.  Select arm 

lengths to be long enough to provide spare space for future cables, but short enough to preserve 

adequate working clearances in the enclosure. 

F. Field-cut openings for ducts and conduits according to enclosure manufacturer's written 

instructions.  Cut wall of enclosure with a tool designed for material to be cut.  Size holes for 

terminating fittings to be used, and seal around penetrations after fittings are installed. 

3.4 GROUNDING 

A. Ground underground ducts and utility structures according to Section 260526 "Grounding and 

Bonding for Electrical Systems." 

3.5 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports: 
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1. Demonstrate capability and compliance with requirements on completion of installation 

of underground ducts and utility structures. 

2. Pull aluminum or wood test mandrel through duct to prove joint integrity and test for out-

of-round duct.  Provide mandrel equal to 80 percent fill of duct.  If obstructions are 

indicated, remove obstructions and retest. 

3. Test handhole grounding to ensure electrical continuity of grounding and bonding 

connections.  Measure and report ground resistance as specified in Section 260526 

"Grounding and Bonding for Electrical Systems." 

B. Correct deficiencies and retest as specified above to demonstrate compliance. 

3.6 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.  

Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout 

ducts. 

B. Clean internal surfaces of manholes, including sump.  Remove foreign material. 

END OF SECTION 260543 
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SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND   

     CABLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors. 

2. Sleeve-seal systems. 

3. Sleeve-seal fittings. 

4. Grout. 

5. Silicone sealants. 

B. Related Requirements: 

1. Division 7 Section "Through-Penetration Firestop Systems" for penetration firestopping 

installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with 

and without penetrating items. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Wall Sleeves: 

1. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, 

plain ends. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:  Galvanized-steel 

sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with 

tabs for screw-fastening the sleeve to the board. 
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2.2 SLEEVE-SEAL SYSTEMS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between 

sleeve and raceway or cable. 

1. Manufacturers:   

a. Advance Products & Systems, Inc. 

b. Pipeline Seal and Insulator, Inc. 

c. Proco Products, Inc. 

2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe.  Include 

type and number required for pipe material and size of pipe. 

3. Pressure Plates:  Plastic. 

4. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, of length 

required to secure pressure plates to sealing elements. 

2.3 SLEEVE-SEAL FITTINGS 

A. Description:  Manufactured plastic, sleeve-type, waterstop assembly made for embedding in 

concrete slab or wall.  Unit shall have plastic or rubber waterstop collar with center opening to 

match piping OD. 

1. Manufacturers: 

a. Presealed Systems. 

2.4 GROUT 

A. Description:  Nonshrink; recommended for interior and exterior sealing openings in non-fire-

rated walls or floors. 

B. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, 

hydraulic-cement grout. 

C. Design Mix:  5000-psi , 28-day compressive strength. 

D. Packaging:  Premixed and factory packaged. 

2.5 SILICONE SEALANTS 

A. Silicone Sealants:  Single-component, silicone-based, neutral-curing elastomeric sealants of 

grade indicated below. 

1. Grade:  Pourable (self-leveling) formulation for openings in floors and other horizontal 

surfaces that are not fire rated. 

B. Silicone Foams:  Multicomponent, silicone-based liquid elastomers that, when mixed, expand 

and cure in place to produce a flexible, nonshrinking foam. 
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PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS 

A. Comply with NECA 1. 

B. Comply with NEMA VE 2 for cable tray and cable penetrations. 

C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit 

Floors and Walls: 

1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 

a. Seal annular space between sleeve and raceway or cable, using joint sealant 

appropriate for size, depth, and location of joint.  Comply with requirements in 

Division 7 Section "Joint Sealants." 

b. Seal space outside of sleeves with mortar or grout.  Pack sealing material solidly 

between sleeve and wall so no voids remain.  Tool exposed surfaces smooth; 

protect material while curing. 

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or 

cable unless sleeve seal is to be installed or unless seismic criteria require different 

clearance. 

4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are 

used.  Install sleeves during erection of walls.  Cut sleeves to length for mounting flush 

with both surfaces of walls.  Deburr after cutting. 

5. Install sleeves for floor penetrations.  Extend sleeves installed in floors 2 inches above 

finished floor level.  Install sleeves during erection of floors. 

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 

1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved 

opening. 

2. Seal space outside of sleeves with approved joint compound for gypsum board 

assemblies. 

E. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible 

boot-type flashing units applied in coordination with roofing work. 

F. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and 

mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular clear space between pipe 

and sleeve for installing mechanical sleeve seals. 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway 

entries into building. 
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B. Install type and number of sealing elements recommended by manufacturer for raceway or 

cable material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical 

sleeve seals and install in annular space between raceway or cable and sleeve.  Tighten bolts 

against pressure plates that cause sealing elements to expand and make watertight seal. 

3.3 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and 

walls.  Position waterstop flange to be centered in concrete slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal the space around outside of sleeve-seal fittings. 

END OF SECTION 260544 
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SECTION 260548 - VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 

 

1. Channel support systems. 

2. Restraint cables. 

3. Hanger rod stiffeners. 

1.2 PERFORMANCE REQUIREMENTS 

A. Seismic-Restraint Loading: (Table 13.6-1, ASCE 7-10) 

1. Site Class as Defined in the IBC:  B. 

2. Assigned Seismic Use Group or Building Category as Defined in the IBC:  IV. 

a. Component Importance Factor:  1> = 1.5. 

b. Component Response Modification Factor:  Rp = 6.0. 

c. Component Amplification Factor:  Ap – 2.5. 

d. Sds = 0.738g 

e. Sd1 = 0.397g 

1.3 SUBMITTALS 

A. Product Data:  For the following: 

1. Include rated load, rated deflection, and overload capacity for each vibration isolation 

device. 

2. Illustrate and indicate style, material, strength, fastening provision, and finish for each 

type and size of seismic-restraint component used. 

a. Tabulate types and sizes of seismic restraints, complete with report numbers and 

rated strength in tension and shear as evaluated by an agency acceptable to 

authorities having jurisdiction. 

b. Annotate to indicate application of each product submitted and compliance with 

requirements. 

3. Restrained-Isolation Devices:  Include ratings for horizontal, vertical, and combined 

loads. 

B. Delegated-Design Submittal:  For vibration isolation and seismic-restraint details indicated to 

comply with performance requirements and design criteria, including analysis data signed and 

sealed by the qualified professional engineer responsible for their preparation. 
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1. Design Calculations:  Calculate static and dynamic loading due to equipment weight and 

operation, seismic forces required to select vibration isolators and seismic restraints. 

a. Coordinate design calculations with wind-load calculations required for equipment 

mounted outdoors.  Comply with requirements in other Division 26 Sections for 

equipment mounted outdoors. 

2. Indicate materials and dimensions and identify hardware, including attachment and 

anchorage devices. 

3. Field-fabricated supports. 

4. Seismic-Restraint Details: 

a. Design Analysis:  To support selection and arrangement of seismic restraints.  

Include calculations of combined tensile and shear loads. 

b. Details:  Indicate fabrication and arrangement.  Detail attachments of restraints to 

the 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 seismic events. Indicate 

association with vibration isolation devices. 

c. Preapproval and Evaluation Documentation:  By an agency acceptable to 

authorities having jurisdiction, showing maximum ratings of restraint items and the 

basis for approval (tests or calculations). 

C. Welding certificates. 

D. Field quality-control test reports. 

1.4 QUALITY ASSURANCE 

A. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are 

more stringent. 

B. Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 

"Structural Welding Code - Steel." 

C. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and shall 

bear anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES, or 

preapproval by another agency acceptable to authorities having jurisdiction, showing maximum 

seismic-restraint ratings.  Ratings based on independent testing are preferred to ratings based on 

calculations.  If preapproved ratings are not available, submittals based on independent testing 

are preferred.  Calculations (including combining shear and tensile loads) to support seismic-

restraint designs must be signed and sealed by a qualified professional engineer. 

D. Comply with NFPA 70. 
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PART 2 - PRODUCTS 

2.1 SEISMIC-RESTRAINT DEVICES 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Amber/Booth Company, Inc. 

2. California Dynamics Corporation. 

3. Cooper B-Line, Inc.; a division of Cooper Industries. 

4. Hilti Inc. 

5. Loos & Co.; Seismic Earthquake Division. 

6. Mason Industries. 

7. TOLCO Incorporated; a brand of NIBCO INC. 

8. Unistrut; Tyco International, Ltd. 

B. General Requirements for Restraint Components:  Rated strengths, features, and application 

requirements shall be as defined in reports by an agency acceptable to authorities having 

jurisdiction. 

1. Structural Safety Factor:  Allowable strength in tension, shear, and pullout force of 

components shall be at least four times the maximum seismic forces to which they will be 

subjected. 

C. Channel Support System:  MFMA-3, shop- or field-fabricated support assembly made of slotted 

steel channels with 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; 

and rated in tension, compression, and torsion forces. 

D. Restraint Cables:  ASTM A 603 galvanized-steel cables with end connections made of steel 

assemblies with thimbles, brackets, swivels, and bolts designed for restraining cable service; 

and with a minimum of two clamping bolts for cable engagement. 

E. Hanger Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted 

connections to hanger rod.  Do not weld stiffeners to rods. 

F. Bushings for Floor-Mounted Equipment Anchor:  Neoprene bushings designed for rigid 

equipment mountings, and matched to type and size of anchors and studs. 

G. 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. 

H. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-resistant 

neoprene, with a flat washer face. 

I. Mechanical Anchor:  Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for 

interior applications and stainless steel for exterior applications.  Select anchors with strength 

required for anchor and as tested according to ASTM E 488.  Minimum length of eight times 

diameter. 
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J. Adhesive Anchor:  Drilled-in and capsule anchor system containing polyvinyl or urethane 

methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.  

Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless 

steel for exterior applications.  Select anchor bolts with strength required for anchor and as 

tested according to ASTM E 488. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Multiple Raceways or Cables:  Secure raceways and cables to trapeze member with clamps 

approved for application by 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 seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select sizes of 

components so strength will be adequate to carry present and future static and seismic loads 

within specified loading limits. 

3.2 SEISMIC-RESTRAINT DEVICE INSTALLATION 

A. Equipment and Hanger Restraints: 

1. Install restrained isolators on electrical equipment. 

2. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance 

between anchor and adjacent surface exceeds 0.125 inch (3.2 mm). 

3. Install seismic-restraint devices using methods approved by an agency acceptable to 

authorities having jurisdiction providing required submittals for component. 

B. 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. 

C. 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. 

D. Drilled-in 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 the 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 Anchors:  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. 
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4. Adhesive Anchors:  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. 

3.3 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways 

where they cross seismic joints, where adjacent sections or branches are supported by different 

structural elements, and where they terminate with connection to equipment that is anchored to 

a different structural element from the one supporting them as they approach equipment. 

3.4 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Obtain Architect's approval before transmitting test loads to structure.  Provide temporary 

load-spreading members. 

2. Test at least four of each type and size of installed anchors and fasteners selected by 

Architect. 

3. Test to 90 percent of rated proof load of device. 

4. Measure isolator restraint clearance. 

5. Measure isolator deflection. 

6. Verify snubber minimum clearances. 

7. If a device fails test, modify all installations of same type and retest until satisfactory 

results are achieved. 

B. Remove and replace malfunctioning units and retest as specified above. 

C. Prepare test and inspection reports. 

3.5 ADJUSTING 

A. Adjust isolators after isolated equipment 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. 

C. Adjust active height of spring isolators. 

D. Adjust restraints to permit free movement of equipment within normal mode of operation. 

END OF SECTION 260548 
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Identification for raceways. 

2. Identification of power and control cables. 

3. Identification for conductors. 

4. Warning labels and signs. 

5. Instruction signs. 

6. Equipment identification labels. 

7. Miscellaneous identification products. 

1.2 SUBMITTALS 

A. Product Data:  For each electrical identification product indicated. 

1.3 QUALITY ASSURANCE 

A. Comply with ANSI A13.1. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 

used by label printers, shall comply with UL 969. 

PART 2 - PRODUCTS 

2.1 POWER RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 

color field for each raceway size. 

B. Colors for Raceways Carrying Circuits at 600 V or Less: 

1. Black letters on an orange field. 

2. Legend:  Indicate voltage and system or service type. 
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C. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, 

flexible label laminated with a clear, weather- and chemical-resistant coating and matching 

wraparound adhesive tape for securing ends of legend label. 

D. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, 

flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway 

or cable it identifies and to stay in place by gripping action. 

E. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less:  Slit, 

pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter sized 

to suit diameter of raceway or cable it identifies and to stay in place by gripping action. 

2.2 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 

color field for each raceway and cable size. 

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and 

chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend 

label. 

C. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 

diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping 

action. 

D. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 

inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and 

to stay in place by gripping action. 

2.3 CONDUCTOR IDENTIFICATION MATERIALS 

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils (0.08 

mm) thick by 1 to 2 inches (25 to 50 mm) wide. 

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and 

chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend 

label. 

C. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 

legend machine printed by thermal transfer or equivalent process. 

2.4 WARNING LABELS AND SIGNS 

A. Comply with NFPA 70 and 29 CFR 1910.145. 

B. Self-Adhesive Warning Labels:  Factory-printed, multicolor, pressure-sensitive adhesive labels, 

configured for display on front cover, door, or other access to equipment unless otherwise 

indicated. 
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C. Baked-Enamel Warning Signs: 

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size 

required for application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 

3. Nominal size, 7 by 10 inches (180 by 250 mm). 

D. Metal-Backed, Butyrate Warning Signs: 

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-

inch (1-mm) galvanized-steel backing; and with colors, legend, and size required for 

application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 

3. Nominal size, 10 by 14 inches (250 by 360 mm). 

E. Warning label and sign shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning:  "DANGER - ELECTRICAL SHOCK HAZARD - 

EQUIPMENT HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning:  "WARNING - OSHA REGULATION - AREA IN 

FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES 

(915 MM)." 

2.5 INSTRUCTION SIGNS 

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch (1.6 mm) thick for signs 

up to 20 sq. inches (129 sq. cm) and 1/8 inch (3.2 mm) thick for larger sizes. 

1. Engraved legend with black letters on white face. 

2. Punched or drilled for mechanical fasteners. 

3. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

B. Adhesive Film Label:  Machine printed, in black, by thermal transfer or equivalent process.  

Minimum letter height shall be 3/8 inch (10 mm). 

C. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal 

transfer or equivalent process.  Minimum letter height shall be 3/8 inch (10 mm).  Overlay shall 

provide a weatherproof and UV-resistant seal for label. 

2.6 EQUIPMENT IDENTIFICATION LABELS 

A. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal 

transfer or equivalent process.  Minimum letter height shall be 3/8 inch (10 mm).  Overlay shall 

provide a weatherproof and UV-resistant seal for label. 

B. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with white 

letters on a dark-gray background.  Minimum letter height shall be 3/8 inch (10 mm). 
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2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint:  Comply with requirements in Division 09 painting Sections for paint materials and 

application requirements.  Select paint system applicable for surface material and location 

(exterior or interior). 

B. Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel machine 

screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Location:  Install identification materials and devices at locations for most convenient viewing 

without interference with operation and maintenance of equipment. 

B. Apply identification devices to surfaces that require finish after completing finish work. 

C. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and 

methods recommended by manufacturer of identification device. 

D. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 

appropriate to the location and substrate. 

E. System Identification Color-Coding Bands for Raceways and Cables:  Each color-coding band 

shall completely encircle cable or conduit.  Place adjacent bands of two-color markings in 

contact, side by side.  Locate bands at changes in direction, at penetrations of walls and floors, 

at 50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals 

in congested areas. 

3.2 IDENTIFICATION SCHEDULE 

A. Accessible Raceways, 600 V or Less, for Service, Feeder, and Branch Circuits More Than 30 A, 

and 120 V to ground:  Install labels at 10-foot (3-m) maximum intervals. 

B. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in vaults, pull and 

junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase. 

1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less:  Use colors 

listed below for ungrounded feeder and branch-circuit conductors. 

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if 

authorities having jurisdiction permit. 

b. Colors for 208/120-V Circuits: 

1) Phase A:  Black. 

2) Phase B:  Red. 

3) Phase C:  Blue. 
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c. Colors for 480/277-V Circuits: 

1) Phase A:  Brown. 

2) Phase B:  Orange. 

3) Phase C:  Yellow. 

d. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a 

minimum distance of 6 inches (150 mm) from terminal points and in boxes where 

splices or taps are made.  Apply last two turns of tape with no tension to prevent 

possible unwinding.  Locate bands to avoid obscuring factory cable markings. 

C. Install instructional sign including the color-code for grounded and ungrounded conductors 

using adhesive-film-type labels. 

D. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, 

and signal connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 

pull points.  Identify by system and circuit designation. 

2. Use system of marker tape designations that is uniform and consistent with system used 

by manufacturer for factory-installed connections. 

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the 

Operation and Maintenance Manual. 

E. Operating Instruction Signs:  Install instruction signs to facilitate proper operation and 

maintenance of electrical systems and items to which they connect.  Install instruction signs 

with approved legend where instructions are needed for system or equipment operation. 

END OF SECTION 260553 
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SECTION 260913 - ELECTRICAL POWER MONITORING AND CONTROL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes PC-based computer and software for monitoring of electrical power system. 

B. Related Sections: 

1. Section 262416 "Electricity Metering" for equipment to meter electricity consumption 

and demand for tenant submetering. 

1.2 ACTION SUBMITTALS 

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

1. Attach copies of approved Product Data submittals for products (such as switchboards 

and switchgear) that describe power monitoring and control features to illustrate 

coordination among related equipment and power monitoring and control. 

B. Shop Drawings:  For power monitoring and control equipment.  Include plans, elevations, 

sections, details, and attachments to other work. 

1. Block Diagram:  Show interconnections between components specified in this Section 

and devices furnished with power distribution system components. 

2. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Other Informational Submittals:  System installation and setup guides, with data forms to plan 

and record options and setup decisions. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data: 

1. Operating and applications software documentation. 

2. Software licenses. 

3. Hard copies of manufacturer's specification sheets, operating specifications, design 

guides, user's guides for software and hardware, and PDF files on CD-ROM of the hard-

copy submittal. 
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B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 

2. Software Backup:  On a magnetic media or compact disc, complete with Owner-selected 

options. 

3. Device address list and the set point of each device and operator option, as set in 

applications software. 

C. Software Upgrade Kit:  For Owner to use in modifying software to suit future power system 

revisions or power monitoring and control revisions. 

D. Software licenses and upgrades required by and installed for operating and programming digital 

and analog devices. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

1.6 SOFTWARE SERVICE AGREEMENT 

A. Technical Support:  Beginning with Substantial Completion, provide software support for one 

year. 

B. Upgrade Service:  Update software to latest version at Project completion.  Install and program 

software upgrades that become available within one year from date of Substantial Completion.  

Upgrading software shall include the operating systems.  Upgrade shall include new or revised 

licenses for use of software. 

1. Provide 30 days' notice to Owner to allow scheduling and access to system and to allow 

Owner to upgrade computer equipment if necessary. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated 

on Drawings or comparable product by one of the following: 

1. Eaton Corporation; Cutler-Hammer products. 

2. General Electric Company; GE Consumer & Industrial. 

3. Landis+Gyr Inc. 

4. Rockwell Automation, Inc.; Allen-Bradley brand. 

5. Schneider Electric - Power Management Operation. 
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2.2 FUNCTIONAL DESCRIPTION 

A. Instrumentation and Recording Devices:  Monitor and record load profiles and chart energy 

consumption patterns. 

1. Calculate and Record the Following: 

a. Load factor. 

b. Peak demand periods. 

2. Measure and Record Metering Data for the Following: 

a. Electricity. 

B. Power Quality Monitoring:  Identify power system anomalies and measure, display, and record 

trends and alarms of the following power quality parameters: 

1. Voltage regulation and unbalance. 

2. Continuous three-phase rms voltage. 

3. Periodic max./min./avg. voltage samples. 

4. Harmonics. 

5. Voltage excursions. 

2.3 SYSTEM REQUIREMENTS 

A. Surge Protection:  For external wiring of each conductor entry connection to components to 

protect components from voltage surges originating external to equipment housing and entering 

through power, communication, signal, control, or sensing leads. 

1. Minimum Protection for Power Lines 120 V and More:  Auxiliary panel suppressors 

complying with requirements in Section 264313 "Surge Protection for Low-Voltage 

Electrical Power Circuits." 

2.4 OPERATING SYSTEM 

A. Software:  Configured to run on a portable laptop computer, a single PC, or a palm computer, 

with capability for accessing a single meter at a time. 

2.5 APPLICATIONS SOFTWARE 

A. Basic Requirements: 

1. Fully compatible with and based on the approved operating system. 

2. Password-protected operator login and access; three levels, minimum. 

3. Password-protected setup functions. 

4. Context-sensitive online help. 

5. Capability of creating, deleting, and copying files; and automatically maintaining a 

directory of all files, including size and location of each sequential and random-ordered 

record. 
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6. Automatic and encrypted backups for database and history; automatically stored at 

central control PC and encrypted with a nine-character alphanumeric password, which 

must be used to restore or read data contained in backup. 

7. Operator audit trail for recording and reporting all changes made to user-defined system 

options. 

B. Data Formats: 

1. User-programmable export and import of data to and from commonly used Microsoft 

Windows spreadsheet, database, billing, and other applications; using dynamic data 

exchange technology. 

2. Option to convert reports and graphics to HTML format. 

C. Metered Data:  Display metered values in real time. 

D. Waveform Data:  Display and record waveforms on demand or automatically on an alarm or 

programmed event.  Include the graphic displays of the following, based on user-specified 

criteria: 

1. Phase voltages, phase currents, and residual current. 

2. Waveforms ranging in length from 2 cycles to 5 minutes. 

3. Disturbance and steady-state waveforms up to 512 points per cycle. 

4. Calculated waveform, based on recorded data, on a minimum of four cycles of data of the 

following: 

a. THD. 

b. rms magnitudes. 

c. Peak values. 

d. Crest factors. 

e. Magnitude of individual harmonics. 

E. Data Sharing:  Allow export of recorded displays and tabular data to third-party applications 

software. 

1. Tabular data shall be in the comma-separated values. 

F. Reporting:  User commands initiate the reporting of a list of current alarm, supervisory, and 

trouble conditions in system or a log of past events. 

1. Print a record of user-defined alarm, supervisory, and trouble events on workstation 

printer. 

2. Sort and report by device name and by function. 

3. Report type of signal (alarm, supervisory, or trouble), description, date, and time of 

occurrence. 

4. Differentiate alarm signals from other indications. 

5. When system is reset, report reset event with same information concerning device, 

location, date, and time. 
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2.6 COMMUNICATION COMPONENTS AND NETWORKS 

A. Network Configuration:  High-speed, multi-access, open nonproprietary, industry standard 

communication protocol; LANs complying with EIA 485, 100 Base-T Ethernet, and Modbus 

TCP/IP. 

2.7 POWER MONITORS 

A. Environmental Conditions:  System components shall be capable of withstanding the following 

environmental conditions without mechanical or electrical damage or degradation of operating 

capability: 

1. Indoor installation in nontemperature-controlled spaces that have environmental controls 

to maintain ambient conditions of 0 to 122 deg F (minus 18 to plus 50 deg C) dry bulb 

and 20 to 90 percent relative humidity, noncondensing. 

B. rms Real-Time Measurements: 

1. Current:  Each phase, neutral, average of three phases, percent unbalance. 

2. Voltage:  Line-to-line each phase, line-to-line average of three phases, line-to-neutral 

each phase, line-to-neutral average of three phases, line-to-neutral percent unbalance. 

3. Power:  Per phase and three-phase total. 

4. Reactive Power:  Per phase and three-phase total. 

5. Power Factor:  Per phase and three-phase total. 

6. Frequency. 

7. THD:  Current and voltage. 

8. Accumulated Energy:  Real kWh, reactive kVARh, apparent kVAh (signed/absolute). 

9. Incremental Energy:  Real kWh, reactive kVARh, apparent kVAh (signed/absolute). 

10. Conditional Energy:  Real kWh, reactive kVARh, apparent kVAh (signed/absolute). 

C. Demand Current Calculations, per Phase, Three-Phase Average and Neutral: 

1. Present. 

2. Running average. 

3. Last completed interval. 

4. Peak. 

D. Demand Real Power Calculations, Three-Phase Total: 

1. Present. 

2. Running average. 

3. Last completed interval. 

4. Predicted. 

5. Peak. 

6. Coincident with peak kVA demand. 

7. Coincident with kVAR demand. 

E. Demand Reactive Power Calculations, Three-Phase Total: 

1. Present. 
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2. Running average. 

3. Last completed interval. 

4. Predicted. 

5. Peak. 

6. Coincident with peak kVA demand. 

7. Coincident with kVAR demand. 

F. Average Power Factor Calculations, Demand Coincident, Three-Phase Total: 

1. Last completed interval. 

2. Coincident with kW peak. 

3. Coincident with kVAR peak. 

4. Coincident with kVA peak. 

G. Sampling: 

1. Current and voltage shall be digitally sampled at a rate high enough to provide accuracy 

to 63rd harmonic of 60-Hz fundamental. 

2. Power monitor shall provide continuous sampling at a rate of 128 samples per cycle on 

all voltage and current channels in the meter. 

H. Minimum and Maximum Values:  Record monthly minimum and maximum values, including 

date and time of record.  For three-phase measurements, identify phase of recorded value.  

Record the following parameters: 

1. Line-to-line voltage. 

2. Line-to-neutral voltage. 

3. Current per phase. 

4. Line-to-line voltage unbalance. 

5. Line-to-neutral voltage unbalance. 

6. Power factor. 

7. Displacement power factor. 

8. Total power. 

9. Total reactive power. 

10. THD voltage L-L. 

11. THD voltage L-N. 

12. THD current. 

13. Frequency. 

I. Harmonic Calculation:  Display and record the following: 

1. Harmonic magnitudes and angles for each phase voltage and current through 31st 

harmonic.  Calculate for all three phases, current and voltage, and residual current.  

Current and voltage information for all phases shall be obtained simultaneously from 

same cycle. 

2. Harmonic magnitude reported as a percentage of the fundamental or as a percentage of 

rms values, as selected by user. 

J. Current and Voltage Ratings: 
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1. Designed for use with current inputs from standard instrument current transformers with 

5-A secondary and shall have a metering range of 0-10 A. 

2. Withstand ratings shall not be less than 15 A, continuous; 50 A, lasting over 10 seconds, 

no more frequently than once per hour; 500 A, lasting 1 second, no more frequently than 

once per hour. 

3. Designed for use with voltage inputs from standard instrument potential transformers 

with a 120-V secondary. 

K. Accuracy at full-scale for meters that are circuit-breaker accessories shall not be less than the 

following: 

1. Current:  Plus or minus 2.5 percent. 

2. Voltage:  Plus or minus 1.5 percent. 

3. Energy, Demand, and Power:  Plus or minus 4.0 percent. 

4. Frequency:  Plus or minus 1 Hz. 

L. Waveform Capture: 

1. Capture and store steady-state waveforms of voltage and current channels; initiated 

manually.  Each capture shall be for [3] <Insert number> cycles, [128] <Insert 

number> data points for each cycle, allowing resolution of harmonics to [31st] <Insert 

number> harmonic of basic 60 Hz. 

2. Store captured waveforms in internal nonvolatile memory; available for PC display, 

archiving, and analysis. 

M. Input:  Two digital input signal(s). 

1. Normal mode for on/off signal. 

2. Demand interval synchronization pulse, accepting a demand synchronization pulse from 

a utility demand meter. 

3. Conditional energy signal to control conditional energy accumulation. 

N. Outputs: 

1. Operated either by user command sent via communication link, or set to operate in 

response to user-defined alarm or event. 

2. Closed in either a momentary or latched mode as defined by user. 

3. Each output relay used in a momentary contact mode shall have an independent timer that 

can be set by user. 

4. One digital KY pulse to a user-definable increment of energy measurement.  Output 

ratings shall be up to 120-V ac, 300-V dc, 50 mA, and provide 3500-V rms isolation. 

5. Two relay output module(s), providing a load voltage range from 20- to 240-V ac or from 

20- to 30-V dc, supporting a load current of 2 A. 

6. Output Relay Control: 

a. Relay outputs shall operate either by user command sent via communication link 

or in response to user-defined alarm or event. 

b. Normally open and normally closed contacts, field configured to operate as 

follows: 
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1) Normal contact closure where contacts change state for as long as signal 

exists. 

2) Latched mode when contacts change state on receipts of a pickup signal; 

changed state is held until a dropout signal is received. 

3) Timed mode when contacts change state on receipt of a pickup signal; 

changed state is held for a preprogrammed duration. 

4) End of power demand interval when relay operates as synchronization pulse 

for other devices. 

5) Energy Pulse Output:  Relay pulses quantities used for absolute kWh, 

absolute kVARh, kVAh, kWh In, kVARh In, kWh Out, and kVARh Out. 

6) Output controlled by multiple alarms using Boolean-type logic. 

O. Alarms. 

1. User Options: 

a. Define pickup, dropout, and delay. 

b. Assign one of four severity levels to make it easier for user to respond to the most 

important events first. 

c. Allow for combining up to four alarms using Boolean-type logic statements for 

outputting a single alarm. 

2. Alarm Events: 

a. Over/undercurrent. 

b. Over/undervoltage. 

c. Current imbalance. 

d. Phase loss, current. 

e. Phase loss, voltage. 

f. Voltage imbalance. 

g. Over kW demand. 

h. Phase reversal. 

i. Digital input off/on. 

j. End of incremental energy interval. 

k. End of demand interval. 

P. Control Power:  90- to 457-V ac or 100- to 300-V dc. 

Q. Communications:  Local plug-in connections shall be for RS-232 and 100 Base-T Ethernet. 

R. Display Monitor: 

1. Backlighted LCD to display metered data with touch-screen selecting device. 

2. Touch-screen display shall be a minimum 12-inch diagonal, resolution of 800 by 600 

RGB pixels, 256 colors; NEMA 250, Type 1 display enclosure. 

3. Display four values on one screen at same time. 

a. Current, per phase rms, three-phase average and neutral. 

b. Voltage, phase to phase, phase to neutral, and three-phase averages of phase to 

phase and phase to neutral. 

c. Real power, per phase and three-phase total. 
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d. Reactive power, per phase and three-phase total. 

e. Apparent power, per phase and three-phase total. 

f. Power factor, per phase and three-phase total. 

g. Frequency. 

h. Demand current, per phase and three-phase average. 

i. Demand real power, three-phase total. 

j. Accumulated energy (MWh and MVARh). 

k. THD, current and voltage, per phase. 

4. Reset:  Allow reset of the following parameters at the display: 

a. Peak demand current. 

b. Peak demand power (kW) and peak demand apparent power (kVA). 

c. Energy (MWh) and reactive energy (MVARh). 

2.8 LOW-VOLTAGE WIRING 

A. Comply with Section 260523 "Control-Voltage Electrical Power Cables." 

B. Low-Voltage Control Cable:  Multiple conductor, color-coded, No. 20 AWG copper, minimum. 

1. Sheath:  PVC; except in plenum-type spaces, use sheath listed for plenums. 

2. Ordinary Switching Circuits:  Three conductors unless otherwise indicated. 

3. Switching Circuits with Pilot Lights or Locator Feature:  Five conductors unless 

otherwise indicated. 

PART 3 - EXECUTION 

3.1 CABLING 

A. Comply with NECA 1. 

3.2 IDENTIFICATION 

A. Identify components and power and control wiring according to Section 260553 "Identification 

for Electrical Systems." 

3.3 GROUNDING 

A. Comply with IEEE 1100, "Recommended Practice for Powering and Grounding Electronic 

Equipment." 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 
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1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing. 

B. Tests and Inspections: 

1. Electrical Tests:  Use caution when testing devices containing solid-state components. 

2. Continuity tests of circuits. 

3. Operational Tests:  Set and operate controls at workstation and at monitored and 

controlled devices to demonstrate their functions and capabilities.  Use a methodical 

sequence that cues and reproduces actual operating functions as recommended by 

manufacturer.  Submit sequences for approval.  Note response to each test command and 

operation.  Note time intervals between initiation of alarm conditions and registration of 

alarms at central-processing workstation. 

C. Correct deficiencies, make necessary adjustments, and retest.  Verify that specified 

requirements are met. 

D. Test Labeling:  After satisfactory completion of tests and inspections, apply a label to tested 

components indicating test results, date, and responsible agency and representative. 

E. Reports:  Written reports of tests and observations.  Record defective materials and 

workmanship and unsatisfactory test results.  Record repairs and adjustments. 

F. Remove and replace malfunctioning devices and circuits and retest as specified above. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain systems.   

1. Train Owner's management and maintenance personnel in interpreting and using 

monitoring displays and in configuring and using software and reports.  Include 

troubleshooting, servicing, adjusting, and maintaining equipment.  Provide a minimum of 

12 hours' training. 

2. Training Aid:  Use approved final versions of software and maintenance manuals as 

training aids. 

END OF SECTION 260913 
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SECTION 261200 - OIL FILLED TRANSFORMERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following types of transformers with medium-voltage primaries: 

1. Pad-mounted, liquid-filled transformers. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type and size of transformer indicated. 

B. Shop Drawings:  Diagrams including power and control wiring. 

1.3 INFORMATIONAL SUBMITTALS 

A. Manufacturer Seismic Qualification Certification:  Submit certification that transformers, 

accessories, and components will withstand seismic forces defined in Section 260548 

"Vibration and Seismic Controls for Electrical Systems." 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

B. Comply with IEEE C2 and NFPA 70. 

C. Comply with ANSI C57.12.28, IEEE C57.12.10, IEEE C57.12.70, and IEEE C57.12.80. 

1.6 PROJECT CONDITIONS 

A. Service Conditions:  IEEE C37.121, usual service conditions. 



OIL FILLED TRANSFORMERS 261200 - 2 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

 

1. Cooper Industries; Cooper Power Systems Division. 

2. Cutler-Hammer. 

3. GE Electrical Distribution & Control. 

4. Siemens Energy & Automation, Inc. 

5. Square D/Groupe Schneider NA. 

2.2 LIQUID-FILLED DISTRIBUTION AND POWER TRANSFORMERS 

A. Description:  Comply with IEEE C57.12.00 and UL 1062 for liquid-filled, 2-winding 

transformers. 

B. Insulating Liquid:  Mineral oil, ASTM D 3487, Type II; tested according to ASTM D 117. 

C. Insulating Liquid:  Less flammable, edible-seed-oil based, and listed by a NRTL acceptable to 

authority having jurisdiction as complying with NFPA 70 requirements for fire point of not less 

than 300 deg C when tested according to ASTM D 92.  Liquid shall be biodegradable and 

nontoxic. 

D. Insulating Liquid:  Less flammable, dielectric, and listed by a NRTL acceptable to authority 

having jurisdiction as complying with NFPA 70 requirements for fire point of not less than 300 

deg C when tested according to ASTM D 92.  Liquid shall be biodegradable and nontoxic. 

E. Insulating Liquid:  Less flammable, silicone-based dielectric, and listed by a NRTL acceptable 

to authority having jurisdiction as complying with NFPA 70 requirements for fire point of not 

less than 300 deg C when tested according to ASTM D 92.  Liquid shall have low toxicity and 

be nonhazardous. 

F. Insulation Temperature Rise:  65/55 deg C, based on an average ambient temperature of 30 

deg C over 24 hours with a maximum ambient temperature of 40 deg C. 

G. Basic Impulse Level:  Comply with UL 1062. 

H. Full-Capacity Voltage Taps:  Four, 2.5 percent taps, 2 above and 2 below rated primary voltage; 

with externally operable, de-energized tap changer; position indicator; and padlock hasp. 

I. Cooling System:  Class OA, self-cooled. 

J. Sound level may not exceed sound levels listed in NEMA TR 1, without fans operating. 

K. Impedance:  3.5-S percent. 
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L. Accessories: 

1. Grounding pads, lifting lugs, and provisions for jacking under base. 

2. Insulated, low-voltage, neutral bushing with removable ground strap. 

3. Liquid-level gage. 

4. Pressure-vacuum gage. 

5. Liquid temperature indicator. 

6. Drain and filter valves. 

7. Pressure relief device. 

2.3 PAD-MOUNTED, LIQUID-FILLED TRANSFORMERS 

A. Description:  Comply with ANSI C57.12.13, IEEE C57.12.00, IEEE C57.12.22 

IEEE C57.12.26 for pad-mounted, 2-winding transformers.  Stainless-steel tank base and 

cabinet. 

B. Insulating Liquid:  Mineral oil, ASTM D 3487, Type II, tested according to ASTM D 117. 

C. Insulating Liquid:  Less flammable, edible-seed-oil based, and listed by a NRTL acceptable to 

authority having jurisdiction as complying with NFPA 70 requirements for fire point of not less 

than 300 deg C when tested according to ASTM D 92.  Liquid shall be biodegradable and 

nontoxic. 

D. Insulating Liquid:  Less flammable, dielectric, and listed by a NRTL acceptable to authority 

having jurisdiction as complying with NFPA 70 requirements for fire point of not less than 300 

deg C when tested according to ASTM D 92.  Liquid shall be biodegradable and nontoxic. 

E. Insulating Liquid:  Less flammable, silicone-based dielectric, and listed by a NRTL acceptable 

to authority having jurisdiction as complying with NFPA 70 requirements for fire point of not 

less than 300 deg C when tested according to ASTM D 92.  Liquid shall have low toxicity and 

be nonhazardous. 

F. Insulation Temperature Rise:  55 deg C when operated at rated kVA output in a 40 deg C 

ambient temperature. 

G. Basic Impulse Level:  60 kV. 

H. Full-Capacity Voltage Taps:  Four, 2.5 percent taps, 2 above and 2 below rated high voltage; 

with externally operable, de-energized, tap changer; position indicator; and padlock hasp. 

I. Surge Arresters:  Distribution class, one for each primary phase; complying with IEEE C62.11 

and NEMA LA 1.  Transformers shall have three arresters for radial-feed circuits. 

J. Accessories: 

1. Drain Valve:  1 inch (25 mm), with sampling device. 

2. Dial-type thermometer. 

3. Liquid-level gage. 

4. Pressure-vacuum gage. 

5. Pressure Relief Device:  Self-sealing with an indicator. 
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6. Alarm contacts for gages and thermometer listed above. 

2.4 IDENTIFICATION DEVICES 

A. Nameplates:  Engraved, laminated-plastic or metal nameplate for each transformer, mounted 

with corrosion-resistant screws. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install and anchor transformers on concrete bases according to manufacturer's written 

instructions and according to seismic codes applicable to Project. 

1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) 

larger in both directions than supported unit and 4 inches (100 mm) high. 

2. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete and reinforcement or as 

specified in Section 033000 "Cast-in-Place Concrete." 

3. Install dowel rods to connect concrete bases to concrete floor.  Unless otherwise 

indicated, install dowel rods on 18-inch (450-mm) centers around full perimeter of base. 

4. Anchor equipment with epoxy-embedded anchor bolts that extend through concrete base 

and anchor into structural concrete floor. 

B. Maintain minimum clearances according to manufacturer's written instructions and NFPA 70. 

3.2 IDENTIFICATION 

A. Identify components and provide warning signs as specified in Section 260553 "Identification 

for Electrical Systems." 

3.3 FIELD QUALITY CONTROL 

A. Perform electrical test and visual and mechanical inspection stated in NETA ATS, Section 7.2.  

Certify compliance with test parameters. 

B. Test and adjust controls and safeties. 

3.4 FOLLOW-UP SERVICE 

A. Voltage Monitoring and Adjusting:  Perform the following voltage monitoring after Substantial 

Completion but not more than six months after Final Acceptance: 

1. During a period of normal load cycles, perform seven days of continuous three-phase 

voltage recording at secondary terminals of each transformer.  Voltage unbalance greater 

than 1 percent between phases, or deviation of any phase voltage from nominal value by 

more than plus or minus 5 percent during test period, is unacceptable. 
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2. Corrective Actions:  If test results are unacceptable, perform the following corrective 

actions, as appropriate: 

a. Adjust transformer taps. 

b. Prepare written request for voltage adjustment by electric utility. 

3. Retests:  After corrective actions have been performed, repeat monitoring until 

satisfactory results are obtained. 

4. Report:  Prepare written report covering monitoring and corrective actions performed. 

END OF SECTION 261200 
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SECTION 262200 - LOW-VOLTAGE TRANSFORMERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following types of dry-type transformers rated 600 V and less, with 

capacities up to 1000 kVA: 

1. Distribution transformers. 

1.3 ACTION SUBMITTALS 

A. Product Data:  Include rated nameplate data, capacities, weights, dimensions, minimum 

clearances, installed devices and features, and performance for each type and size of 

transformer indicated. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

1. Wiring Diagrams:  Power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control test reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For transformers to include in emergency, operation, and 

maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to 

conduct the testing indicated, that is a nationally recognized testing laboratory (NRTL) as 

defined by OSHA in 29 CFR 1910.7. 
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B. Source Limitations:  Obtain each transformer type through one source from a single 

manufacturer. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

D. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers." 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Temporary Heating:  Apply temporary heat according to manufacturer's written instructions 

within the enclosure of each ventilated-type unit, throughout periods during which equipment is 

not energized and when transformer is not in a space that is continuously under normal control 

of temperature and humidity. 

1.8 COORDINATION 

A. Coordinate size and location of concrete bases with actual transformer provided.  Cast anchor-

bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in 

Division 3. 

B. Coordinate installation of wall-mounting and structure-hanging supports with actual transformer 

provided. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Products. 

2. Magnetek Power Electronics Group. 

3. Sola/Hevi-Duty. 

4. Square D; Schneider Electric. 

2.2 GENERAL TRANSFORMER REQUIREMENTS 

A. Description:  Factory-assembled and -tested, air-cooled units for 60-Hz service. 

B. Cores:  Grain-oriented, non-aging silicon steel. 

C. Coils:  Continuous windings without splices except for taps. 

1. Internal Coil Connections:  Brazed or pressure type. 

2. Coil Material:  Copper. 
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2.3 DISTRIBUTION TRANSFORMERS 

A. Comply with NEMA ST 20, and list and label as complying with UL 1561. 

B. Provide transformers that are constructed to withstand seismic forces specified in Division 26 

Section "Electrical Supports and Seismic Restraints." 

C. Cores:  One leg per phase. 

D. Enclosure:  Totally enclosed, nonventilated, NEMA 250, Type 2. 

1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air. 

E. Taps for Transformers 7.5 to 24 kVA:  One 5 percent tap above and one 5 percent tap below 

normal full capacity. 

F. Insulation Class:  220 deg C, UL-component-recognized insulation system with a maximum of 

115 deg C rise above 40 deg C ambient temperature. 

G. Energy Efficiency for Transformers Rated 15 kVA and Larger: 

1. Complying with NEMA TP 1, Class 1 efficiency levels. 

2. Tested according to NEMA TP 2. 

H. Wall Brackets:  Manufacturer's standard brackets. 

2.4 IDENTIFICATION DEVICES 

A. Nameplates:  Engraved, laminated-plastic or metal nameplate for each transformer, mounted 

with corrosion-resistant screws.  Nameplates and label products are specified in Division 26 

Section "Electrical Identification." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for 

each transformer. 

B. Verify that field measurements are as needed to maintain working clearances required by 

NFPA 70 and manufacturer's written instructions. 

C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where 

transformers will be installed. 

D. Verify that ground connections are in place and requirements in Division 26 Section 

"Grounding and Bonding" have been met.  Maximum ground resistance shall be 5 ohms at 

location of transformer. 
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E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install wall-mounting transformers level and plumb with wall brackets fabricated by 

transformer manufacturer. 

1. Brace wall-mounting transformers as specified in "Division 26 Section "Electrical 

Supports and Seismic Restraints." 

B. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's 

written instructions, seismic codes applicable to Project, and requirements in Division 26 

Section "Electrical Supports and Seismic Restraints." 

3.3 CONNECTIONS 

A. Ground equipment according to Division 26 Section "Grounding and Bonding." 

B. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and 

to assist in testing. 

B. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

C. Remove and replace units that do not pass tests or inspections and retest as specified above. 

D. Infrared Scanning:  Two months after Substantial Completion, perform an infrared scan of 

transformer connections. 

1. Use an infrared-scanning device designed to measure temperature or detect significant 

deviations from normal values.  Provide documentation of device calibration. 

2. Perform 2 follow-up infrared scans of transformers, one at 4 months and the other at 11 

months after Substantial Completion. 

3. Prepare a certified report identifying transformer checked and describing results of 

scanning.  Include notation of deficiencies detected, remedial action taken, and scanning 

observations after remedial action. 

E. Test Labeling:  On completion of satisfactory testing of each unit, attach a dated and signed 

"Satisfactory Test" label to tested component. 

3.5 ADJUSTING 
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A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy 

period.  Adjust transformer taps to provide optimum voltage conditions at secondary terminals.  

Optimum is defined as not exceeding nameplate voltage plus 10 percent and not being lower 

than nameplate voltage minus 3 percent at maximum load conditions.  Submit recording and tap 

settings as test results. 

B. Output Settings Report:  Prepare a written report recording output voltages and tap settings. 

END OF SECTION 262200 
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SECTION 262413 - SWITCHBOARDS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Service and distribution switchboards rated 600 V and less. 

2. Transient voltage suppression devices. 

3. Disconnecting and overcurrent protective devices. 

4. Instrumentation. 

5. Control power. 

6. Accessory components and features. 

7. Identification. 

1.2 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Switchboards shall withstand the effects of earthquake motions 

determined according to SEI/ASCE 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and the unit will be fully 

operational after the seismic event." 

1.3 ACTION SUBMITTALS 

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

B. Shop Drawings:  For each switchboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details, including required 

clearances and service space around equipment.  Show tabulations of installed devices, 

equipment features, and ratings. 

2. Include time-current coordination curves for each type and rating of overcurrent 

protective device included in switchboards. 

3. Include schematic and wiring diagrams for power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Seismic Qualification Certificates:  Submit certification that switchboards, overcurrent 

protective devices, accessories, and components will withstand seismic forces defined in 

Section 260548 "Vibration and Seismic Controls for Electrical Systems." 

B. Field quality-control reports. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. Comply with NEMA PB 2. 

C. Comply with NFPA 70. 

D. Comply with UL 891. 

1.7 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 

replace transient voltage suppression devices that fail in materials or workmanship within 

specified warranty period. 

1. Warranty Period:  Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURED UNITS 

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

following] [available manufacturers offering products that may be incorporated into the 

Work include, but are not limited to, the following]: 

B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated 

on Drawings or comparable product by one of the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 

C. Front-Connected, Front-Accessible Switchboards: 

1. Main Devices:  [Panel] [Fixed, individually] mounted. 

2. Branch Devices:  Panel mounted. 

3. Sections front and rear aligned. 

D. Nominal System Voltage:  208Y/120 V. 

E. Main-Bus Continuous:  3000 A. 
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F. Seismic Requirements:  Fabricate and test switchboards according to IEEE 344 to withstand 

seismic forces defined in Section 260548 "Vibration and Seismic Controls for Electrical 

Systems." 

G. Enclosure:  Steel, NEMA 250, Type 3R. 

1. Enclosure Finish:  Factory-applied finish in manufacturer's standard gray finish over a 

rust-inhibiting primer on treated metal surface. 

2. Enclosure:  rearward sloping roof; bolt-on rear covers for each section, with provisions 

for padlocking. 

H. Cubical Space Heaters:  Factory-installed electric space heaters of sufficient wattage in each 

vertical section to maintain enclosure temperature above expected dew point. 

I. Space-Heater Control:  Thermostats to maintain temperature of each section. 

J. Space-Heater Power Source:  120-V external branch circuit. 

K. Utility Metering Compartment:  Fabricated, barrier compartment and section complying with 

utility company's requirements.  If separate vertical section is required for utility metering, 

match and align with basic switchboard.  Provide service entrance label and necessary 

applicable service entrance features. 

L. Bus Transition and Incoming Pull Sections:  Matched and aligned with basic switchboard. 

M. Hinged Front Panels:  Allow access to circuit breaker, metering, accessory, and blank 

compartments. 

N. Pull Box on Top of Switchboard: 

1. Adequate ventilation to maintain temperature in pull box within same limits as 

switchboard. 

2. Removable covers shall form top, front, and sides.  Top covers at rear shall be easily 

removable for drilling and cutting. 

3. Bottom shall be insulating, fire-resistive material with separate holes for cable drops into 

switchboard. 

4. Cable supports shall be arranged to facilitate cabling and adequate to support cables 

indicated, including those for future installation. 

O. Phase and Neutral Buses and Connections:  Three phase, four wire unless otherwise indicated.  

Tin-plated, high-strength, electrical-grade aluminum alloy with tin-plated aluminum circuit-

breaker line connections. 

1. Ground Bus:  1/4-by-2-inch- (6-by-50-mm-) minimum size, hard-drawn copper of 98 

percent conductivity, equipped with pressure connectors for feeder and branch-circuit 

ground conductors. 

2. Main Phase Buses and Equipment Ground Buses:  Uniform capacity for entire length of 

switchboard's main and distribution sections.  Provide for future extensions from both 

ends. 

3. Neutral Buses:  100 percent of the ampacity of phase buses unless otherwise indicated, 

equipped with pressure connectors for outgoing circuit neutral cables. 
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P. Future Devices:  Equip compartments with mounting brackets, supports, bus connections, and 

appurtenances at full rating of circuit-breaker compartment. 

2.2 TRANSIENT VOLTAGE SUPPRESSION DEVICES 

A. Surge Protection Device Description:  IEEE C62.41-compliant, integrally mounted, solid-state, 

parallel-connected, with sine-wave tracking suppression and filtering modules, UL 1449, 

second edition, short-circuit current rating matching or exceeding the switchboard short-circuit 

rating, and with the following features and accessories: 

1. Fuses, rated at 200-kA interrupting capacity. 

2. LED indicator lights for power and protection status. 

3. Audible alarm, with silencing switch, to indicate when protection has failed. 

4. Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, 

for remote monitoring of system operation.  Contacts shall reverse position on failure of 

any surge diversion module or on opening of any current-limiting device. 

5. Transient-event counter set to totalize transient surges. 

B. Peak Single-Impulse Surge Current Rating:  160 kA per mode/320 kA per phase. 

C. Withstand Capabilities:  5000 IEEE C62.41, Category C3 (10 kA), 8-by-20-mic.sec. surges with 

less than 5 percent change in clamping voltage. 

D. Protection modes and UL 1449 SVR for grounded wye circuits with [480Y/277] [208Y/120]-V, 

three-phase, four-wire circuits shall be as follows: 

1. Line to Neutral:  400 V for 208Y/120. 

2. Line to Ground:  400 V for 208Y/120. 

3. Neutral to Ground:  400 V for 208Y/120. 

2.3 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to 

meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level 

overloads, and instantaneous magnetic trip element for short circuits.  Adjustable 

magnetic trip setting for circuit-breaker frame sizes 250 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-

mounted, field-adjustable trip setting. 

3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-

replicable electronic trip; and the following field-adjustable settings: 

a. Instantaneous trip. 

b. Long- and short-time pickup levels. 

c. Long- and short-time time adjustments. 

d. Ground-fault pickup level, time delay, and I
2
t response. 
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4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings 

less than NEMA FU 1, RK-5. 

5. Molded-Case Circuit-Breaker (MCCB) Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 

b. Lugs:  Compression style, suitable for number, size, trip ratings, and conductor 

material. 

c. Application Listing:  Appropriate for application; Type SWD for switching 

fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity 

discharge (HID) lighting circuits. 

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 

pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 

e. Zone-Selective Interlocking:  Integral with electronic trip unit; for interlocking 

ground-fault protection function. 

f. Communication Capability:  Integral communication module with functions and 

features compatible with power monitoring and control system specified in 

Section 260913 "Electrical Power Monitoring and Control." 

g. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at [55] [75] 

percent of rated voltage. 

h. Undervoltage Trip:  Set to operate at 35 to 75 percent of rated voltage without 

intentional time delay. 

i. Auxiliary Contacts:  Two SPDT switches with "a" and "b" contacts; "a" contacts 

mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker 

contacts. 

j. Key Interlock Kit:  Externally mounted to prohibit circuit-breaker operation; key 

shall be removable only when circuit breaker is in off position. 

B. Insulated-Case Circuit Breaker (ICCB):  100 percent rated, sealed, insulated-case power circuit 

breaker with interrupting capacity rating to meet available fault current. 

1. Fixed circuit-breaker mounting. 

2. Two-step, stored-energy closing. 

3. Full-function, microprocessor-based trip units with interchangeable rating plug, trip 

indicators, and the following field-adjustable settings: 

a. Instantaneous trip. 

b. Long- and short-time time adjustments. 

c. Ground-fault pickup level, time delay, and I
2
t response. 

4. Zone-Selective Interlocking:  Integral with electronic trip unit; for interlocking ground-

fault protection function. 

5. Remote trip indication and control. 

6. Communication Capability:  Integral communication module with functions and features 

compatible with power monitoring and control system specified in Section 260913 

"Electrical Power Monitoring and Control." 

7. Key Interlock Kit:  Externally mounted to prohibit circuit-breaker operation; key shall be 

removable only when circuit breaker is in off position. 

8. Control Voltage:  120-V ac. 
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C. Bolted-Pressure Contact Switch:  Operating mechanism uses rotary-mechanical-bolting action 

to produce and maintain high clamping pressure on the switch blade after it engages the 

stationary contacts. 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. Boltswitch, Inc. 

b. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

c. Pringle Electrical Manufacturing Company, Inc. 

d. Siemens Energy & Automation, Inc. 

e. Square D; a brand of Schneider Electric. 

2. Operating Mechanism:  Manual handle operation to close switch; stores energy in 

mechanism for opening and closing. 

a. Electrical Trip:  Operation of lever or push-button trip switch, or trip signal from 

ground-fault relay or remote-control device, causes switch to open. 

b. Mechanical Trip:  Operation of mechanical lever, push button, or other device 

causes switch to open. 

3. Auxiliary Switches:  Factory installed, single pole, double throw, with leads connected to 

terminal block, and including one set more than quantity required for functional 

performance indicated. 

4. Service-Rated Switches:  Labeled for use as service equipment. 

5. Ground-Fault Relay:  Comply with UL 1053; self-powered type with mechanical ground-

fault indicator, test function, tripping relay with internal memory, and three-phase current 

transformer/sensor. 

6. Open-Fuse Trip Device:  Arranged to trip switch open if a phase fuse opens. 

D. High-Pressure, Butt-Type Contact Switch:  Operating mechanism uses butt-type contacts and a 

spring-charged mechanism to produce and maintain high-pressure contact when switch is 

closed. 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

b. Square D. 

c. Eaton Cutler Hammer 

2. Operating Mechanism:  Manual handle operation to close switch; stores energy in 

mechanism for opening and closing. 

a. Electrical Trip:  Operation of lever or push-button trip switch, or trip signal from 

ground-fault relay or remote-control device, causes switch to open. 

b. Mechanical Trip:  Operation of mechanical lever, push button, or other device 

causes switch to open. 
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3. Auxiliary Switches:  Factory installed, single pole, double throw, with leads connected to 

terminal block, and including one set more than quantity required for functional 

performance indicated. 

4. Service-Rated Switches:  Labeled for use as service equipment. 

5. Ground-Fault Relay:  Comply with UL 1053; self-powered type with mechanical ground-

fault indicator, test function, tripping relay with internal memory, and three-phase current 

transformer/sensor. 

a. Configuration:  Integrally mounted relay and trip unit with adjustable pickup and 

time-delay settings, push-to-test feature, and ground-fault indicator. 

6. Open-Fuse Trip Device:  Arranged to trip switch open if a phase fuse opens. 

E. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle. 

F. Fuses are specified in Section 262813 "Fuses." 

2.4 INSTRUMENTATION 

A. Instrument Transformers:  IEEE C57.13, NEMA EI 21.1, and the following: 

1. Current Transformers:  IEEE C57.13; 5 A, 60 Hz, secondary and secondary shorting 

device.  Burden and accuracy shall be consistent with connected metering and relay 

devices. 

2. Control-Power Transformers:  Dry type, mounted in separate compartments for units 

larger than 3 kVA. 

3. Current Transformers for Neutral and Ground-Fault Current Sensing:  Connect secondary 

wiring to ground overcurrent relays, via shorting terminals, to provide selective tripping 

of main and tie circuit breaker.  Coordinate with feeder circuit-breaker, ground-fault 

protection. 

B. Multifunction Digital-Metering Monitor:  Microprocessor-based unit suitable for three- or four-

wire systems and with the following features: 

1. Switch-selectable digital display of the following values with maximum accuracy 

tolerances as indicated: 

a. Phase Currents, Each Phase:  Plus or minus 1 percent. 

b. Phase-to-Phase Voltages, Three Phase:  Plus or minus 1 percent. 

c. Phase-to-Neutral Voltages, Three Phase:  Plus or minus 1 percent. 

d. Megawatts:  Plus or minus 2 percent. 

e. Megavars:  Plus or minus 2 percent. 

f. Power Factor:  Plus or minus 2 percent. 

g. Frequency:  Plus or minus 0.5 percent. 

h. Accumulated Energy, Megawatt Hours:  Plus or minus 2 percent; accumulated 

values unaffected by power outages up to 72 hours. 

i. Megawatt Demand:  Plus or minus 2 percent; demand interval programmable from 

five to 60 minutes. 
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2. Mounting:  Display and control unit flush or semiflush mounted in instrument 

compartment door. 

2.5 CONTROL POWER 

A. Control Circuits:  120-V ac, supplied through secondary disconnecting devices from control-

power transformer. 

B. Electrically Interlocked Main and Tie Circuit Breakers:  Two control-power transformers in 

separate compartments, with interlocking relays, connected to the primary side of each control-

power transformer at the line side of the associated main circuit breaker.  120-V secondaries 

connected through automatic transfer relays to ensure a fail-safe automatic transfer scheme. 

C. Control-Power Fuses:  Primary and secondary fuses for current-limiting and overload protection 

of transformer and fuses for protection of control circuits. 

D. Control Wiring:  Factory installed, with bundling, lacing, and protection included.  Provide 

flexible conductors for No. 8 AWG and smaller, for conductors across hinges, and for 

conductors for interconnections between shipping units. 

2.6 IDENTIFICATION 

A. Service Equipment Label:  NRTL labeled for use as service equipment for switchboards with 

one or more service disconnecting and overcurrent protective devices. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Receive, inspect, handle, store and install switchboards and accessories according to 

NEMA PB 2.1. 

B. Equipment Mounting:  Install switchboards on concrete base, 4-inch (100-mm) nominal 

thickness.  Comply with requirements for concrete base specified in Division 03 "Cast-in-Place 

Concrete." 

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 

install dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete 

base. 

2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 

base and anchor into structural concrete floor. 

3. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, 

instructions, and directions furnished with items to be embedded. 

4. Install anchor bolts to elevations required for proper attachment to switchboards. 

C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from switchboard units and components. 
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D. Comply with mounting and anchoring requirements specified in Section 260548 "Vibration and 

Seismic Controls for Electrical Systems." 

E. Install filler plates in unused spaces of panel-mounted sections. 

F. Install overcurrent protective devices, transient voltage suppression devices, and 

instrumentation. 

1. Set field-adjustable switches and circuit-breaker trip ranges. 

G. Install spare-fuse cabinet. 

H. Comply with NECA 1. 

I. Comply with requirements for terminating feeder bus specified in Section 262500 "Enclosed 

Bus Assemblies." Drawings indicate general arrangement of bus, fittings, and specialties. 

J. Comply with requirements for terminating cable trays specified in Section 260536 "Cable Trays 

for Electrical Systems." Drawings indicate general arrangement of cable trays, fittings, and 

specialties. 

3.2 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 

signs complying with requirements for identification specified in Section 260553 "Identification 

for Electrical Systems." 

B. Switchboard Nameplates:  Label each switchboard compartment with a nameplate complying 

with requirements for identification specified in Section 260553 "Identification for Electrical 

Systems." 

C. Device Nameplates:  Label each disconnecting and overcurrent protective device and each 

meter and control device mounted in compartment doors with a nameplate complying with 

requirements for identification specified in Section 260553 "Identification for Electrical 

Systems." 

3.3 FIELD QUALITY CONTROL 

A. Acceptance Testing Preparation: 

1. Test insulation resistance for each switchboard bus, component, connecting supply, 

feeder, and control circuit. 

2. Test continuity of each circuit. 

B. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 
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3. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and 

malfunctioning controls and equipment. 

C. Switchboard will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports, including a certified report that identifies switchboards 

included and that describes scanning results.  Include notation of deficiencies detected, remedial 

action taken, and observations after remedial action. 

END OF SECTION 262413 
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SECTION 262416 - PANELBOARDS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes distribution panelboards and lighting and appliance branch-circuit panelboards. 

1.2 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Panelboards shall withstand the effects of earthquake motions 

determined according to SEI/ASCE 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and the unit will be fully 

operational after the seismic event." 

1.3 ACTION SUBMITTALS 

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

B. Shop Drawings:  For each panelboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of 

installed devices, equipment features, and ratings. 

2. Detail enclosure types and details for types other than NEMA 250, Type 1. 

3. Detail bus configuration, current, and voltage ratings. 

4. Short-circuit current rating of panelboards and overcurrent protective devices. 

5. Include evidence of NRTL listing for series rating of installed devices. 

6. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 

7. Include wiring diagrams for power, signal, and control wiring. 

8. Include time-current coordination curves for each type and rating of overcurrent 

protective device included in panelboards. 

1.4 INFORMATIONAL SUBMITTALS 

A. Seismic Qualification Certificates:  Submit certification that panelboards, overcurrent protective 

devices, accessories, and components will withstand seismic forces defined in Section 260548 

"Vibration and Seismic Controls for Electrical Systems." 

B. Field quality-control reports. 

C. Panelboard schedules for installation in panelboards. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. Comply with NEMA PB 1. 

C. Comply with NFPA 70. 

1.7 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 

replace transient voltage suppression devices that fail in materials or workmanship within 

specified warranty period. 

1. Warranty Period:  Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR PANELBOARDS 

A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in 

Section 260548 "Vibration and Seismic Controls for Electrical Systems." 

B. Enclosures:  Flush- and surface-mounted cabinets. 

1. Rated for environmental conditions at installed location. 

a. Indoor Dry and Clean Locations:  NEMA 250, Type 1. 

b. Outdoor Locations:  NEMA 250, Type 3R. 

2. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match 

box dimensions; for flush-mounted fronts, overlap box. 

3. Hinged Front Cover:  Entire front trim hinged to box and with standard door within 

hinged trim cover. 

4. Directory Card:  Inside panelboard door, mounted in transparent card holder. 

C. Incoming Mains Location:  Bottom. 

D. Phase, Neutral, and Ground Buses:  Hard-drawn copper, 98 percent conductivity. 

E. Conductor Connectors:  Suitable for use with conductor material and sizes. 

1. Material:  Hard-drawn copper, 98 percent conductivity. 
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2. Main and Neutral Lugs:  Compression type. 

3. Ground Lugs and Bus Configured Terminators:  Compression type. 

4. Feed-Through Lugs:  Compression type, suitable for use with conductor material.  Locate 

at opposite end of bus from incoming lugs or main device. 

5. Subfeed (Double) Lugs:  Compression type suitable for use with conductor material.  

Locate at same end of bus as incoming lugs or main device. 

F. Service Equipment Label:  NRTL labeled for use as service equipment for panelboards with one 

or more main service disconnecting and overcurrent protective devices. 

G. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances 

required for future installation of devices. 

H. Panelboard Short-Circuit Current Rating:  Rated for series-connected system with integral or 

remote upstream overcurrent protective devices and labeled by an NRTL.  Include size and type 

of allowable upstream and branch devices, and listed and labeled for series-connected short-

circuit rating by an NRTL. 

I. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit 

current available at terminals. 

2.2 DISTRIBUTION PANELBOARDS 

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: 

B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated 

on Drawings or comparable product by one of the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 

C. Panelboards:  NEMA PB 1, power and feeder distribution type. 

D. Doors:  Secured with vault-type latch with tumbler lock; keyed alike. 

E. Mains:  Circuit breaker. 

F. Branch Overcurrent Protective Devices:  For Circuit-Breaker Frame Sizes 125 A and Smaller:  

Bolt-on circuit breakers. 

G. Branch Overcurrent Protective Devices:  For Circuit-Breaker Frame Sizes Larger Than 125 A:  

Bolt-on circuit breakers; plug-in circuit breakers where individual positive-locking device 

requires mechanical release for removal. 

H. Branch Overcurrent Protective Devices:  Fused switches. 
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2.3 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

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: 

B. Basis-of-Design Product:  Subject to compliance with requirements, provide Insert 

manufacturer's name; product name or designation or comparable product by one of the 

following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 

C. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to 

meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level 

overloads, and instantaneous magnetic trip element for short circuits.  Adjustable 

magnetic trip setting for circuit-breaker frame sizes 250 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-

mounted, field-adjustable trip setting. 

3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-

replicable electronic trip; and the following field-adjustable settings: 

a. Instantaneous trip. 

b. Long- and short-time pickup levels. 

c. Long- and short-time time adjustments. 

d. Ground-fault pickup level, time delay, and I
2
t response. 

4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings 

less than NEMA FU 1, RK-5. 

5. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault 

protection (6-mA trip). 

6. Ground-Fault Equipment Protection (GFEP) Circuit Breakers:  Class B ground-fault 

protection (30-mA trip). 

7. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Comply with UL 1699; 120/240-

V, single-pole configuration. 

8. Molded-Case Circuit-Breaker (MCCB) Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 

b. Lugs:  Compression style, suitable for number, size, trip ratings, and conductor 

materials. 

c. Application Listing:  Appropriate for application; Type SWD for switching 

fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity 

discharge (HID) lighting circuits. 

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 

pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 

e. Communication Capability:  Integral communication module with functions and 

features compatible with power monitoring and control system specified in 

Section 260913 "Electrical Power Monitoring and Control." 
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f. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 75 percent 

of rated voltage. 

g. Handle Padlocking Device:  Fixed attachment, for locking circuit-breaker handle 

in on or off position. 

h. Handle Clamp:  Loose attachment, for holding circuit-breaker handle in on 

position. 

D. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle. 

1. Fuses, and Spare-Fuse Cabinet:  Comply with requirements specified in Section 262813 

"Fuses." 

2.4 ACCESSORY COMPONENTS AND FEATURES 

A. Portable Test Set:  For testing functions of solid-state trip devices without removing from 

panelboard.  Include relay and meter test plugs suitable for testing panelboard meters and 

switchboard class relays. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Receive, inspect, handle, store and install panelboards and accessories according to 

NEMA PB 1.1. 

B. Comply with mounting and anchoring requirements specified in Section 260548 "Vibration and 

Seismic Controls for Electrical Systems." 

C. Mount top of trim 90 inches (2286 mm) above finished floor unless otherwise indicated. 

D. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed 

panelboards with fronts uniformly flush with wall finish and mating with back box. 

E. Install overcurrent protective devices and controllers not already factory installed. 

1. Set field-adjustable, circuit-breaker trip ranges. 

F. Install filler plates in unused spaces. 

G. Stub four 1-inch (27-GRC) empty conduits from panelboard into accessible ceiling space or 

space designated to be ceiling space in the future.  Stub four 1-inch (27-GRC) empty conduits 

into raised floor space or below slab not on grade. 

H. Arrange conductors in gutters into groups and bundle and wrap with wire ties. 

I. Comply with NECA 1. 
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3.2 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 

signs complying with Section 260553 "Identification for Electrical Systems." 

B. Create a directory to indicate installed circuit loads and incorporating Owner's final room 

designations.  Obtain approval before installing.  Use a computer or typewriter to create 

directory; handwritten directories are not acceptable. 

C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements 

for identification specified in Section 260553 "Identification for Electrical Systems." 

D. Device Nameplates:  Label each branch circuit device in distribution panelboards with a 

nameplate complying with requirements for identification specified in Section 260553 

"Identification for Electrical Systems." 

3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, 

and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

D. Panelboards will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports, including a certified report that identifies panelboards 

included and that describes scanning results.  Include notation of deficiencies detected, remedial 

action taken, and observations after remedial action. 

END OF SECTION 262416 
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SECTION 262419 - MOTOR-CONTROL CENTERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes MCCs for use with ac circuits rated 600 V and less and having the following 

factory-installed components: 

1. Incoming main lugs and OCPDs. 

2. Full-voltage magnetic controllers. 

3. Reduced-voltage, solid-state controllers. 

4. Multispeed controllers. 

5. Feeder-tap units. 

6. Instrumentation. 

7. Auxiliary devices. 

1.2 DEFINITIONS 

A. BAS:  Building automation system. 

B. CPT:  Control power transformer. 

C. LED:  Light-emitting diode. 

D. MCC:  Motor-control center. 

E. MCCB:  Molded-case circuit breaker. 

F. MCP:  Motor-circuit protector. 

G. NC:  Normally closed. 

H. NO:  Normally open. 

I. OCPD:  Overcurrent protective device. 

J. PT:  Potential transformer. 

K. SCR:  Silicon-controlled rectifier. 

1.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  MCCs shall withstand the effects of earthquake motions determined 

according to ASCE/SEI 7. 
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1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and the unit will be fully 

operational after the seismic event." 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of controller and each type of MCC. 

B. LEED Submittals: 

1. Product Data for Credit EA 5:  For continuous metering equipment for energy 

consumption. 

C. Shop Drawings:  For each MCC, manufacturer's approval drawings as defined in UL 845.  In 

addition to requirements specified in UL 845, include dimensioned plans, elevations, and 

sections; and conduit entry locations and sizes, mounting arrangements, and details, including 

required clearances and service space around equipment. 

1. Show tabulations of installed devices, equipment features, and ratings. 

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

each installed controller. 

3. Nameplate legends. 

4. Vertical and horizontal bus capacities. 

5. Features, characteristics, ratings, and factory settings of each installed unit. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Floor plans, drawn to scale, showing dimensioned layout, required 

working clearances, and required area above and around MCCs where pipe and ducts are 

prohibited.  Show MCC layout and relationships between electrical components and adjacent 

structural and mechanical elements.  Show support locations, type of support, and weight on 

each support.  Indicate field measurements. 

B. Seismic Qualification Certificates:  For MCCs, accessories, and components, from 

manufacturer. 

C. Product certificates. 

D. Source quality-control reports. 

E. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 
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1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member company of NETA or an NRTL. 

B. Source Limitations:  Obtain MCCs and controllers of a single type from single source from 

single manufacturer. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

D. Comply with NFPA 70. 

E. IEEE Compliance:  Fabricate and test enclosed controllers according to IEEE 344 to withstand 

seismic forces defined in Section 260548 "Vibration and Seismic Controls for Electrical 

Systems." 

PART 2 - PRODUCTS 

2.1 MANUFACTURED UNITS 

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: 

B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated 

on Drawings or comparable product by one of the following: 

1. ABB; Control Products. 

2. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

3. General Electric Company; GE Industrial Systems. 

4. Rockwell Automation, Inc.; Allen-Bradley Brand. 

5. Siemens Energy & Automation, Inc.; Power Distribution. 

6. Square D; a brand of Schneider Electric. 

C. General Requirements for MCCs:  Comply with NEMA ICS 18 and UL 845. 

2.2 FUNCTIONAL FEATURES 

A. Description:  Modular arrangement of main units, controller units, control devices, feeder-tap 

units, instruments, metering, auxiliary devices, and other items mounted in vertical sections of 

MCC. 

B. Controller Units:  Combination controller units. 

1. Install units up to and including Size 3 on drawout mountings with connectors that 

automatically line up and connect with vertical-section buses while being racked into 

their normal, energized positions. 

2. Equip units in Type B with pull-apart terminal strips for external control connections. 
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C. Feeder-Tap Units:  Through 225-A rating shall have drawout mountings with connectors that 

automatically line up and connect with vertical-section buses while being racked into their 

normal, energized positions. 

D. Future Units:  Compartments fully bused and equipped with guide rails or equivalent, ready for 

insertion of drawout units. 

E. Spare Units:  Installed in compartments indicated "spare." 

2.3 INCOMING MAINS 

A. Incoming Mains Location:  Bottom. 

B. Main Lugs Only:  Conductor connectors suitable for use with conductor material and sizes. 

1. Material:  Hard-drawn copper, 98 percent conductivity. 

2. Main and Neutral Lugs:  Compression type. 

C. MCCB:  Comply with UL 489, with [series-connected rating] [interrupting capacity] to meet 

available fault currents. 

1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level 

overloads, and instantaneous magnetic trip element for short circuits.  Adjustable 

magnetic trip setting for circuit-breaker frame sizes 250 A and larger. 

2. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-

replicable electronic trip; and the following field-adjustable settings: 

a. Instantaneous trip. 

b. Long- and short-time pickup levels. 

c. Long- and short-time time adjustments. 

d. Ground-fault pickup level, time delay, and I
2
t response. 

3. MCCB Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 

b. Lugs:  Compression style, suitable for number, size, trip ratings, and conductor 

material. 

c. Application Listing:  Appropriate for application; Type SWD for switching 

fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity 

discharge (HID) lighting circuits. 

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 

pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 

e. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at [55] [75] 

percent of rated voltage. 

f. Auxiliary Contacts:  Two SPDT switches with "a" and "b" contacts; "a" contacts 

mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker 

contacts. 
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2.4 COMBINATION CONTROLLERS 

A. Full-Voltage Controllers: 

1. General Requirements for Full-Voltage Enclosed Controllers:  Comply with 

NEMA ICS 2, general purpose, Class A. 

2. Magnetic Controllers:  Full voltage, across the line, electrically held. 

a. Configuration:  Nonreversing. 

B. Reduced-Voltage, Solid-State Controllers: 

1. General Requirements for Reduced-Voltage, Solid-State Controllers:  Comply with 

UL 508. 

2. Reduced-Voltage, Solid-State Controllers:  An integrated unit with power SCRs, heat 

sink, microprocessor logic board, door-mounted digital display and keypad, bypass 

contactor, and overload relay; suitable for use with NEMA MG 1, Design B, polyphase, 

medium-induction motors. 

a. Configuration:  Severe duty. 

b. Starting Mode:  Field selectable. 

c. Stopping Mode:  Field selectable. 

d. Shorting (Bypass) Contactor:  Operates automatically when full voltage is applied 

to motor, and bypasses the SCRs.  Solid-state controller protective features shall 

remain active when the shorting contactor is in the bypass mode. 

e. Shorting and Input Isolation Contactor Coils:  Pressure-encapsulated type; 

manufacturer's standard operating voltage, matching control power or line voltage, 

depending on contactor size and line-voltage rating. 

f. Logic Board:  Identical for all ampere ratings and voltage classes, with 

environmental protective coating. 

g. Adjustable acceleration-rate control using voltage or current ramp, and adjustable 

starting torque control with up to 400 percent current limitation for 20 seconds. 

h. SCR bridge shall consist of at least two SCRs per phase, providing stable and 

smooth acceleration without external feedback from the motor or driven 

equipment. 

i. Keypad, front accessible; for programming the controller parameters, functions, 

and features; shall be manufacturer's standard and include not less than the 

following functions: 

1) Adjusting motor full-load amperes, as a percentage of the controller's rating. 

2) Adjusting current limitation on starting, as a percentage of the motor full-

load current rating. 

3) Adjusting linear acceleration and deceleration ramps, in seconds. 

4) Initial torque, as a percentage of the nominal motor torque. 

5) Adjusting torque limit, as a percentage of the nominal motor torque. 

6) Adjusting maximum start time, in seconds. 

7) Adjusting voltage boost, as a percentage of the nominal supply voltage. 

8) Selecting stopping mode, and adjusting parameters. 

9) Selecting motor thermal-overload protection class between 5 and 30. 

10) Activating and de-activating protection modes. 

11) Selecting or activating communications modes. 
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j. Digital display, front accessible; for showing motor, controller, and fault status; 

shall be manufacturer's standard and include not less than the following: 

1) Controller Condition:  Ready, starting, running, stopping. 

2) Motor Condition:  Amperes, voltage, power factor, power, and thermal state. 

3) Fault Conditions:  Controller thermal fault, motor overload alarm and trip, 

motor underload, overcurrent, shorted SCRs, line or phase loss, phase 

reversal, and line frequency over or under normal. 

k. Controller Diagnostics and Protection: 

1) Microprocessor-based thermal protection system for monitoring SCR and 

motor thermal characteristics, and providing controller overtemperature and 

motor overload alarm and trip; settings selectable via the keypad. 

2) Protection from line-side reverse phasing; line-side and motor-side phase 

loss; motor jam, stall, and underload conditions; and line frequency over or 

under normal. 

3) Input isolation contactor that opens when the controller diagnostics detect a 

faulted solid-state component, or when the motor is stopped. 

4) Shunt trip that opens the disconnecting means when the controller 

diagnostics detect a faulted solid-state component. 

l. Remote Output Features: 

1) All outputs prewired to terminal blocks. 

2) Form C status contacts that change state when controller is running. 

3) Form C alarm contacts that change state when a fault condition occurs. 

m. Optional Features: 

1) Analog output for field-selectable assignment of motor operating 

characteristics; 4 to 20-mA dc. 

2) Additional field-assignable Form C contacts for alarm outputs. 

3) Surge suppressors in solid-state power circuits providing three-phase 

protection against damage from supply voltage surges 10 percent or more 

above nominal line voltage. 

4) Full-voltage bypass contactor operating manually, with NORMAL/BYPASS 

selector switch.  Power contacts shall be totally enclosed, double break, and 

silver-cadmium oxide; and assembled to allow inspection and replacement 

without disturbing line or load wiring. 

C. Disconnecting Means and OCPDs: 

1. Fusible Disconnecting Means: 

a. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips or bolt pads 

to accommodate Class L fuses. 

b. Lockable Handle:  Accepts three padlocks and interlocks with cover in closed 

position. 

c. Auxiliary Contacts:  NO/NC, arranged to activate before switch blades open. 
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2. MCP Disconnecting Means: 

a. UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply 

with available fault currents, instantaneous-only circuit breaker with front-

mounted, field-adjustable, short-circuit trip coordinated with motor locked-rotor 

amperes. 

b. Lockable Handle:  Accepts three padlocks and interlocks with cover in closed 

position. 

c. Auxiliary contacts "a" and "b" arranged to activate with MCP handle. 

d. NO alarm contact that operates only when MCP has tripped. 

e. Current-limiting module to increase controller short-circuit current (withstand) 

rating to 100 kA. 

3. MCCB Disconnecting Means: 

a. UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply 

with available fault currents; thermal-magnetic MCCB, with inverse time-current 

element for low-level overloads and instantaneous magnetic trip element for short 

circuits. 

b. Front-mounted, adjustable magnetic trip setting for circuit-breaker frame sizes 

250 A and larger. 

c. Lockable Handle:  Accepts three padlocks and interlocks with cover in closed 

position. 

d. Auxiliary contacts "a" and "b" arranged to activate with MCCB handle. 

e. NO alarm contact that operates only when MCCB has tripped. 

4. Molded-Case Switch Disconnecting Means: 

a. UL 489, NEMA AB 1, and NEMA AB 3, with in-line fuse block for Class J or L 

power fuses (depending on ampere rating), providing an interrupting capacity to 

comply with available fault currents; MCCB with fixed, high-set instantaneous trip 

only. 

b. Lockable Handle:  Accepts three padlocks and interlocks with cover in closed 

position. 

c. Auxiliary contacts "a" and "b" arranged to activate with molded-case switch 

handle. 

d. NO alarm contact that operates only when molded-case switch has tripped. 

D. Control Power: 

1. Control Circuits:  120-V ac; obtained from integral CPT, with primary and secondary 

fuses, with [CPT] [control power source] of sufficient capacity to operate integral 

devices and remotely located pilot, indicating, and control devices. 

a. CPT Spare Capacity:  200 VA. 

2.5 FEEDER-TAP UNITS 

A. MCCB:  Comply with UL 489, with interrupting capacity to meet available fault currents. 
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1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level 

overloads, and instantaneous magnetic trip element for short circuits.  Adjustable 

magnetic trip setting for circuit-breaker frame sizes 250 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-

mounted, field-adjustable trip setting. 

3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-

replicable electronic trip; and the following field-adjustable settings: 

a. Instantaneous trip. 

b. Long- and short-time pickup levels. 

c. Long- and short-time time adjustments. 

d. Ground-fault pickup level, time delay, and I
2
t response. 

4. MCCB Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 

b. Lugs:  Compression style, suitable for number, size, trip ratings, and conductor 

material. 

c. Application Listing:  Appropriate for application; Type SWD for switching 

fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity 

discharge (HID) lighting circuits. 

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 

pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 

e. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at [55] [75] 

percent of rated voltage. 

f. Auxiliary Contacts: Two SPDT switches with "a" and "b" contacts; "a" contacts 

mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker 

contacts. 

B. Fusible Switch:  NEMA KS 1, Type HD, clips to accommodate specified fuses with lockable 

handle. 

C. Fuses are specified in Section 262813 "Fuses." 

2.6 INSTRUMENTATION 

A. Instrument Transformers:  IEEE C57.13, NEMA EI 21.1, and the following: 

1. Current Transformers:  IEEE C57.13; 5 A, 60 Hz, secondary; bar or window type; double 

secondary winding and secondary shorting device.  Burden and accuracy shall be 

consistent with connected metering and relay devices. 

2. CPTs:  Dry type, mounted in separate compartments for units larger than 3 kVA. 

B. Multifunction Digital-Metering Monitor:  Microprocessor-based unit suitable for three- or four-

wire systems and with the following features: 

1. Listed or recognized by a nationally recognized testing laboratory. 

2. Inputs from sensors or 5-A current-transformer secondaries, and potential terminals rated 

to 600 V. 
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3. Switch-selectable digital display of the following values with the indicated maximum 

accuracy tolerances: 

a. Phase Currents, Each Phase:  Plus or minus 1 percent. 

b. Phase-to-Phase Voltages, Three Phase:  Plus or minus 1 percent. 

c. Phase-to-Neutral Voltages, Three Phase:  Plus or minus 1 percent. 

d. Three-Phase Real Power (Megawatts):  Plus or minus 2 percent. 

e. Three-Phase Reactive Power (Megavars):  Plus or minus 2 percent. 

f. Power Factor:  Plus or minus 2 percent. 

g. Frequency:  Plus or minus 0.5 percent. 

h. Accumulated Energy, Megawatt Hours:  Plus or minus 2 percent; accumulated 

values unaffected by power outages up to 72 hours. 

4. Mounting:  Display and control unit flush or semiflush mounted in instrument 

compartment door. 

C. Ammeters, Voltmeters, and Power-Factor Meters:  ANSI C39.1. 

1. Meters:  4-inch (100-mm) diameter or 6 inches (150 mm) square, flush or semiflush, with 

antiparallax 250-degree scale and external zero adjustment. 

2. Voltmeters:  Cover an expanded-scale range of nominal voltage plus 10 percent. 

D. Instrument Switches:  Rotary type with off position. 

1. Voltmeter Switches:  Permit reading of all phase-to-phase voltages and phase-to-neutral 

voltages where a neutral is included. 

2. Ammeter Switches:  Permit reading of current in each phase and maintain current-

transformer secondaries in a closed-circuit condition at all times. 

2.7 MCC CONTROL POWER 

A. Control Circuits:  120-V ac, supplied through secondary disconnecting devices from CPT. 

2.8 ENCLOSURES 

A. Enclosures:  Freestanding steel cabinets unless otherwise indicated.  NEMA 250, Type 3R 

gasketed unless otherwise indicated to comply with environmental conditions at installed 

location. 

B. Space Heaters:  Factory-installed electric space heaters of sufficient wattage in each vertical 

section to maintain enclosure temperature above expected dew point. 

1. Space-Heater Control:  Thermostats to maintain temperature of each section above 

expected dew point. 

2. Space-Heater Power Source:  Transformer, factory installed in MCC. 

C. Enclosure Finish:  Factory-applied finish in manufacturer's standard gray finish over a rust-

inhibiting primer on treated metal surface. 
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D. Compartments:  Modular; individual lift-off doors with concealed hinges and quick-captive 

screw fasteners.  Interlocks on units requiring disconnecting means in off position before door 

can be opened or closed, except by operating a permissive release device. 

E. Interchangeability:  Compartments constructed to allow for removal of units without opening 

adjacent doors, disconnecting adjacent compartments, or disturbing operation of other units in 

MCC; same size compartments to permit interchangeability and ready rearrangement of units, 

such as replacing three single units with a unit requiring three spaces, without cutting or 

welding. 

F. Wiring Spaces: 

1. Vertical wireways in each vertical section for vertical wiring to each unit compartment; 

supports to hold wiring in place. 

2. Horizontal wireways in bottom and top of each vertical section for horizontal wiring 

between vertical sections; supports to hold wiring in place. 

2.9 AUXILIARY DEVICES 

A. General Requirements for Control-Circuit and Pilot Devices:  NEMA ICS 5; factory installed in 

controller enclosure cover unless otherwise indicated. 

1. Push Buttons, Pilot Lights, and Selector Switches:  Heavy-duty, oiltight type. 

a. Push Buttons:  Lockable types; momentary contact unless otherwise indicated. 

b. Pilot Lights:  LED Resistor Transformer types; push to test. 

c. Selector Switches:  Rotary type. 

2. Elapsed Time Meters:  Heavy duty with digital readout in hours; resettable. 

3. Meters:  Panel type, 2-1/2-inch (64-mm) minimum size with 90- or 120-degree scale and 

plus or minus 2 percent accuracy with selector switches having an off position. 

B. Reversible NC/NO contactor auxiliary contact(s). 

C. Control Relays:  Auxiliary and adjustable solid-state time-delay relays. 

D. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays:  Solid-state sensing 

circuit with isolated output contacts for hard-wired connections.  Provide adjustable 

undervoltage, overvoltage, and time-delay settings. 

E. Space heaters, with NC auxiliary contacts, to mitigate condensation in enclosures installed 

outdoors or in unconditioned interior spaces subject to humidity and temperature swings. 

F. Terminals for connecting power factor correction capacitors to the [line] [load] side of overload 

relays. 

G. Spare-Fuse Cabinet:  Identified cabinet with hinged lockable door. 
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2.10 CHARACTERISTICS AND RATINGS 

A. Wiring:  NEMA ICS 18, Class I, Type B, for starters above Size 3 Type B-T, for starter Size 3 

and below. 

B. Control and Load Wiring:  Factory installed, with bundling, lacing, and protection included.  

Provide flexible conductors for No. 8 AWG and smaller, for conductors across hinges, and for 

conductors for interconnections between shipping units. 

C. Nominal System Voltage:  480 V, three phase, three wire. 

D. Nominal System Voltage:  <Insert voltage and phasing>. 

E. Short-Circuit Current Rating for Each Unit:  Fully rated; 65 kA. 

F. Short-Circuit Current Rating of MCC:  Fully rated with its main overcurrent device; 65 kA. 

G. Environmental Ratings: 

1. Ambient Temperature Rating:  Not less than 0 deg F (minus 18 deg C) and not exceeding 

104 deg F (40 deg C), with an average value not exceeding 95 deg F (35 deg C) over a 

24-hour period. 

2. Ambient Storage Temperature Rating:  Not less than minus 4 deg F (minus 20 deg C) and 

not exceeding 140 deg F (60 deg C) 

3. Humidity Rating:  Less than 95 percent (noncondensing). 

4. Altitude Rating:  Not exceeding 6600 feet (2000 m), or 3300 feet (1000 m) if MCC 

includes solid-state devices. 

H. Main-Bus Continuous Rating:  1600 A. 

I. Horizontal and Vertical Bus Bracing (Short-Circuit Current Rating):  Match MCC short-circuit 

current rating. 

J. Main Horizontal and Equipment Ground Buses:  Uniform capacity for entire length of MCC's 

main and vertical sections.  Provide for future extensions from both ends. 

K. Vertical Phase and Equipment Ground Buses:  Uniform capacity for entire usable height of 

vertical sections, except for sections incorporating single units. 

L. Phase-Bus Material:  Hard-drawn copper of 98 percent conductivity, tin plated. 

M. Ground Bus:  Minimum size required by UL 845, hard-drawn copper of 98 percent 

conductivity, equipped with compression connectors for feeder and branch-circuit equipment 

grounding conductors. 

N. Front-Connected, Front-Accessible MCCs: 

1. Main Devices:  Drawout mounted. 

2. Controller Units:  Drawout mounted. 

3. Feeder-Tap Units:  Drawout mounted. 

4. Sections front and rear aligned. 
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O. Pull Box on Top of MCC: 

1. Adequate ventilation to maintain temperature in pull box within same limits as MCC. 

2. Set back from front to clear circuit-breaker removal mechanism. 

3. Removable covers forming top, front, and sides.  Top covers at rear easily removable for 

drilling and cutting. 

4. Insulated bottom of fire-resistive material with separate holes for cable drops into MCC. 

5. Cable supports arranged to facilitate cabling and adequate to support cables, including 

those for future installation. 

P. Future Devices:  Equip compartments with mounting brackets, supports, bus connections, and 

appurtenances at full rating of unit. 

2.11 SOURCE QUALITY CONTROL 

A. MCC Testing:  Inspect and test MCCs according to requirements in NEMA ICS 18. 

B. MCCs will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Floor-Mounting Controllers:  Install MCCs on 4-inch (100-mm) nominal thickness concrete 

base.  Comply with requirements for concrete base specified in Section 033000 "Cast-in-Place 

Concrete." 

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 

install dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete 

base. 

2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 

base and anchor into structural concrete floor. 

3. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, 

instructions, and directions furnished with items to be embedded. 

4. Install anchor bolts to elevations required for proper attachment to supported equipment. 

B. Seismic Bracing:  Comply with requirements specified in Section 260548 "Vibration and 

Seismic Controls for Electrical Systems." 

C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from enclosures and components. 

D. Install fuses in each fusible switch. 

E. Install fuses in control circuits if not factory installed.  Comply with requirements in 

Section 262813 "Fuses." 
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F. Install heaters in thermal-overload relays.  Select heaters based on actual nameplate full-load 

amperes after motors have been installed. 

G. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven 

equipment. 

H. Install power factor correction capacitors.  Connect to the line side of overload relays.  If 

connected to the load side of overload relays, adjust overload heater sizes to accommodate the 

reduced motor full-load currents. 

I. Comply with NECA 1. 

3.2 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for 

identification of MCC, MCC components, and control wiring. 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 

2. Label MCC and each cubicle with engraved nameplate. 

3. Label each enclosure-mounted control and pilot device. 

3.3 CONTROL WIRING INSTALLATION 

A. Install wiring between enclosed controllers and remote devices.  Comply with requirements in 

Section 260523 "Control-Voltage Electrical Power Cables." 

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

C. Connect selector switches and other automatic-control selection devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic-control devices 

that have no safety functions when switch is in manual-control position. 

2. Connect selector switches within enclosed controller circuit in both manual and 

automatic positions for safety-type control devices such as low- and high-pressure 

cutouts, high-temperature cutouts, and motor overload protectors. 

3.4 CONNECTIONS 

A. Comply with requirements for installation of conduit in Section 260533 "Raceways and Boxes 

for Electrical Systems." Drawings indicate general arrangement of conduit, fittings, and 

specialties. 

B. Comply with requirements in Section 260526 "Grounding and Bonding for Electrical Systems." 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 
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B. Perform tests and inspections. 

C. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed controller, component, connecting supply, 

feeder, and control circuit. 

2. Test continuity of each circuit. 

D. Tests and Inspections: 

1. Inspect controllers, wiring, components, connections, and equipment installation. 

2. Test insulation resistance for each enclosed controller element, component, connecting 

motor supply, feeder, and control circuits. 

3. Test continuity of each circuit. 

4. Verify that voltages at controller locations are within 10 percent of motor nameplate rated 

voltages.  If outside this range for any motor, notify Owner before starting the motor(s). 

5. Test each motor for proper phase rotation. 

6. Perform each electrical test and visual and mechanical inspection stated in 

NETA Acceptance Testing Specification.  Certify compliance with test parameters. 

7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

8. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and 

malfunctioning controls and equipment. 

E. Enclosed controllers will be considered defective if they do not pass tests and inspections. 

F. Prepare test and inspection reports, including a certified report that identifies enclosed 

controllers and that describes scanning results.  Include notation of deficiencies detected, 

remedial action taken, and observations after remedial action. 

3.6 ADJUSTING 

A. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay 

pickup and trip ranges. 

B. Adjust overload relay heaters or settings if power factor correction capacitors are connected to 

the load side of the overload relays. 

C. Adjust the trip settings of MCPs and thermal-magnetic circuit breakers with adjustable, 

instantaneous trip elements.  Initially adjust to six times the motor nameplate full-load amperes 

and attempt to start motors several times, allowing for motor cool-down between starts.  If 

tripping occurs on motor inrush, adjust settings in increments until motors start without tripping.  

Do not exceed eight times the motor full-load amperes (or 11 times for NEMA Premium 

Efficient motors if required).  Where these maximum settings do not allow starting of a motor, 

notify Owner before increasing settings. 

D. Set field-adjustable switches and program microprocessors for required start and stop sequences 

in reduced-voltage, solid-state controllers. 
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E. Set field-adjustable circuit-breaker trip ranges as specified per Design Engineer 

recommendations. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain enclosed controllers. 

END OF SECTION 262419 
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Fusible switches. 

2. Nonfusible switches. 

3. Molded-case circuit breakers (MCCBs). 

4. Enclosures. 

1.2 DEFINITIONS 

A. NC:  Normally closed. 

B. NO:  Normally open. 

C. SPDT:  Single pole, double throw. 

1.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Enclosed switches and circuit breakers shall withstand the effects of 

earthquake motions determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and the unit will be fully 

operational after the seismic event." 

1.4 SUBMITTALS 

A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component 

indicated. 

B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, 

details, and attachments to other work. 

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

C. Seismic Qualification Certificates:  For enclosed switches and circuit breakers, accessories, and 

components, from manufacturer. 

D. Field quality-control reports. 

E. Operation and maintenance data. 



   

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 262816 - 2 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 FUSIBLE SWITCHES 

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

following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Square D; a brand of Schneider Electric. 

B. Type GD, General Duty, Single Throw, 240-V ac, 800 A and Smaller:  UL 98 and 

NEMA KS 1, horsepower rated, with cartridge fuse interiors to accommodate indicated fuses, 

lockable handle with capability to accept two padlocks, and interlocked with cover in closed 

position. 

C. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, 

horsepower rated, with clips or bolt pads to accommodate indicated fuses, lockable handle with 

capability to accept three padlocks, and interlocked with cover in closed position. 

D. Accessories: 

1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground 

conductors. 

2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; 

labeled for copper and aluminum neutral conductors. 

3. Class R Fuse Kit:  Provides rejection of other fuse types when Class R fuses are 

specified. 

4. Lugs:  Suitable for number, size, and conductor material. 

2.2 NONFUSIBLE SWITCHES 

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

following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 
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B. Type GD, General Duty, Single Throw, 240-V ac, 600 A and Smaller:  UL 98 and 

NEMA KS 1, horsepower rated, lockable handle with capability to accept two padlocks, and 

interlocked with cover in closed position. 

C. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, 

horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with 

cover in closed position. 

D. Accessories: 

1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground 

conductors. 

2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; 

labeled for copper and aluminum neutral conductors. 

3. Lugs:  Suitable for number, size, and conductor material. 

2.3 MOLDED-CASE CIRCUIT BREAKERS 

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

following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Square D; a brand of Schneider Electric. 

B. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with 

interrupting capacity to comply with available fault currents. 

C. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads and 

instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for 

circuit-breaker frame sizes 250 A and larger. 

D. Electronic Trip Circuit Breakers:  Field-replaceable rating plug, rms sensing, with the following 

field-adjustable settings: 

1. Instantaneous trip. 

2. Long- and short-time pickup levels. 

3. Long- and short-time time adjustments. 

4. Ground-fault pickup level, time delay, and I
2
t response. 

E. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller, and let-through ratings less 

than NEMA FU 1, RK-5. 

F. Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 

2. Lugs:  Suitable for number, size, trip ratings, and conductor material. 

3. Application Listing:  Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting 

circuits. 
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4. Ground-Fault Protection:  Comply with UL 1053; integrally mounted, self-powered type 

with mechanical ground-fault indicator; relay with adjustable pickup and time-delay 

settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-

sequence current transformer/sensor. 

5. Shunt Trip:  Trip coil energized from separate circuit, with coil-clearing contact. 

6. Auxiliary Contacts:  One SPDT switch with "a" and "b" contacts; "a" contacts mimic 

circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts. 

7. Alarm Switch:  One NO contact that operates only when circuit breaker has tripped. 

2.4 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, 

to comply with environmental conditions at installed location. 

1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1. 

2. Outdoor Locations:  NEMA 250, Type 3R. 

3. Other Wet or Damp, Indoor Locations:  NEMA 250, Type 4. 

4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  

NEMA 250, Type 12. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 

otherwise indicated. 

B. Comply with mounting and anchoring requirements specified in Division 26 Section "Vibration 

and Seismic Controls for Electrical Systems." 

C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from enclosures and components. 

D. Install fuses in fusible devices. 

E. Comply with NECA 1. 

3.2 IDENTIFICATION 

A. Comply with requirements in Division 26 Section "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 
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3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed switch and circuit breaker, component, 

connecting supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and 

inspections. 

E. Prepare test and inspection reports, including a certified report that identifies enclosed switches 

and circuit breakers and that describes scanning results.  Include notation of deficiencies 

detected, remedial action taken, and observations after remedial action. 

END OF SECTION 262816 
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SECTION 262923 - VARIABLE-FREQUENCY MOTOR CONTROLLERS 

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 separately enclosed, preassembled, combination VFCs, rated 600 V and less, 

for speed control of three-phase, squirrel-cage induction motors. 

B. Related Requirements: 

1. Section 262419 "Motor-Control Centers" for VFCs installed in motor-control centers. 

1.3 DEFINITIONS 

A. BAS: Building automation system. 

B. CE: Conformite Europeene (European Compliance). 

C. CPT: Control power transformer. 

D. EMI: Electromagnetic interference. 

E. LED: Light-emitting diode. 

F. NC: Normally closed. 

G. NO: Normally open. 

H. OCPD: Overcurrent protective device. 

I. PID: Control action, proportional plus integral plus derivative. 

J. RFI: Radio-frequency interference. 

K. VFC: Variable-frequency motor controller. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type and rating of VFC indicated. 

1. Include dimensions and finishes for VFCs. 
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2. Include rated capacities, operating characteristics, electrical characteristics, and furnished 

specialties and accessories. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For VFCs to include in emergency, operation, and 

maintenance manuals. 

1. Include the following: 

a. Manufacturer's written instructions for testing and adjusting thermal-magnetic 

circuit breaker and motor-circuit protector trip settings. 

b. Manufacturer's written instructions for setting field-adjustable overload relays. 

c. Manufacturer's written instructions for testing, adjusting, and reprogramming 

microprocessor control modules. 

d. Manufacturer's written instructions for setting field-adjustable timers, controls, and 

status and alarm points. 

e. Load-Current and Overload-Relay Heater List: Compile after motors have been 

installed, and arrange to demonstrate that selection of heaters suits actual motor 

nameplate, full-load currents. 

f. Load-Current and List of Settings of Adjustable Overload Relays: Compile after 

motors have been installed, and arrange to demonstrate that switch settings for 

motor-running overload protection suit actual motors to be protected. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site 

testing. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. If stored in space that is not permanently enclosed and air conditioned, remove loose packing 

and flammable materials from inside controllers and install temporary electric heating, with at 

least 250 W per controller. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for VFCs, 

including clearances between VFCs, and adjacent surfaces and other items. 

1.8 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace VFCs that fail in materials or 

workmanship within specified warranty period. 

1. Warranty Period:  Five years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Eaton Cutler-Hammer 

2. Allen Bradley 

3. Square D 

2.2 SYSTEM DESCRIPTION 

A. General Requirements for VFCs: 

1. VFCs and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing 

agency, and marked for intended location and application. 

2. Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508A. 

B. Application:  variable torque. 

C. VFC Description: Variable-frequency motor controller, consisting of power converter that 

employs pulse-width-modulated inverter, factory built and tested in an enclosure, with integral 

disconnecting means and overcurrent and overload protection; listed and labeled by an NRTL as 

a complete unit; arranged to provide self-protection, protection, and variable-speed control of 

one or more three-phase induction motors by adjusting output voltage and frequency. 

1. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1, Section 

IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors." 

2. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL 

acceptable to authorities having jurisdiction. 

D. Design and Rating: Match load type, such as fans, blowers, and pumps; and type of connection 

used between motor and load such as direct or through a power-transmission connection. 

E. Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency throughout 

voltage range; maximum voltage equals input voltage. 

F. Unit Operating Requirements: 

1. Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFC input voltage rating. 

2. Input AC Voltage Unbalance: Not exceeding 3 percent. 

3. Input Frequency Tolerance: Plus or minus 3 percent of VFC frequency rating. 

4. Minimum Efficiency:  96 percent at 60 Hz, full load. 

5. Minimum Displacement Primary-Side Power Factor:  96 percent under any load or speed 

condition. 

6. Minimum Short-Circuit Current (Withstand) Rating:  100 kA. 

7. Ambient Temperature Rating: Not less than 32 deg F and not exceeding 104 deg F . 

8. Humidity Rating: Less than 95 percent (noncondensing). 

9. Altitude Rating: Not exceeding 3300 feet . 
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10. Vibration Withstand: Comply with NEMA ICS 61800-2. 

11. Overload Capability: 1.1 times the base load current for 60 seconds; minimum of 1.8 

times the base load current for three seconds. 

12. Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz. 

13. Speed Regulation: Plus or minus 5 percent. 

14. Output Carrier Frequency: Selectable; 0.5 to 15 kHz. 

15. Stop Modes: Programmable; includes fast, free-wheel, and dc injection braking. 

G. Inverter Logic: Microprocessor based, 16 bit, isolated from all power circuits. 

H. Isolated Control Interface: Allows VFCs to follow remote-control signal over a minimum 40:1 

speed range. 

1. Signal:  Electrical. 

I. Internal Adjustability Capabilities: 

1. Minimum Speed: 5 to 25 percent of maximum rpm. 

2. Maximum Speed: 80 to 100 percent of maximum rpm. 

3. Acceleration: 0.1 to 999.9 seconds. 

4. Deceleration: 0.1 to 999.9 seconds. 

5. Current Limit: 30 to minimum of 150 percent of maximum rating. 

J. Self-Protection and Reliability Features: 

1. Surge Suppression: Field-mounted surge suppressors complying with Section 264313 

"Surge Protection for Low-Voltage Electrical Power Circuits," UL 1449 SPD, Type 2. 

2. Under- and overvoltage trips. 

3. Inverter overcurrent trips. 

4. VFC and Motor-Overload/Overtemperature Protection: Microprocessor-based thermal 

protection system for monitoring VFCs and motor thermal characteristics, and for 

providing VFC overtemperature and motor-overload alarm and trip; settings selectable 

via the keypad. 

5. Instantaneous line-to-line and line-to-ground overcurrent trips. 

6. Loss-of-phase protection. 

7. Reverse-phase protection. 

8. Short-circuit protection. 

9. Motor-overtemperature fault. 

K. Integral Input Disconnecting Means and OCPD: UL 489, instantaneous-trip circuit breaker with 

pad-lockable, door-mounted handle mechanism. 

1. Disconnect Rating: Not less than 115 percent of VFC input current rating. 

2. Disconnect Rating: Not less than 115 percent of NFPA 70 motor full-load current rating 

or VFC input current rating, whichever is larger. 

3. Auxiliary Contacts: NO or NC, arranged to activate before switch blades open. 

4. Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle. 
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2.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: VFCs shall withstand the effects of earthquake motions determined 

according to ASCE/SEI 7. The designated VFCs shall be tested and certified by an NRTL as 

meeting the ICC-ES AC 156 test procedure requirements. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 

when subjected to the seismic forces specified." 

2.4 CONTROLS AND INDICATION 

A. Status Lights: Door-mounted LED indicators displaying the following conditions: 

1. Power on. 

2. Run. 

3. Overvoltage. 

4. Line fault. 

5. Overcurrent. 

6. External fault. 

B. Panel-Mounted Operator Station: Manufacturer's standard front-accessible, sealed keypad and 

plain-English-language digital display; allows complete programming, program copying, 

operating, monitoring, and diagnostic capability. 

1. Keypad: In addition to required programming and control keys, include keys for HAND, 

OFF, and AUTO modes. 

2. Security Access: Provide electronic security access to controls through identification and 

password with at least three levels of access: View only; view and operate; and view, 

operate, and service. 

a. Control Authority: Supports at least four conditions: Off, local manual control at 

VFC, local automatic control at VFC, and automatic control through a remote 

source. 

C. Historical Logging Information and Displays: 

1. Real-time clock with current time and date. 

2. Running log of total power versus time. 

3. Total run time. 

4. Fault log, maintaining last four faults with time and date stamp for each. 

D. Indicating Devices: Digital display  mounted flush in VFC door and connected to display VFC 

parameters including, but not limited to: 

1. Output frequency (Hz). 

2. Motor speed (rpm). 

3. Motor status (running, stop, fault). 

4. Motor current (amperes). 

5. Motor torque (percent). 

6. Fault or alarming status (code). 

7. PID feedback signal (percent). 
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8. DC-link voltage (V dc). 

9. Set point frequency (Hz). 

10. Motor output voltage (V ac). 

E. Control Signal Interfaces: 

1. Electric Input Signal Interface: 

a. A minimum of two programmable analog inputs: Operator-selectable "x"- to "y"-

mA dc. 

b. A minimum of six multifunction programmable digital inputs. 

2. Remote Signal Inputs: Capability to accept any of the following speed-setting input 

signals from the BAS or other control systems: 

a. 0- to 10-V dc. 

b. 4- to 20-mA dc. 

c. Potentiometer using up/down digital inputs. 

d. Fixed frequencies using digital inputs. 

3. Output Signal Interface: A minimum of one programmable analog output signal(s) ( 

operator-selectable "x"- to "y"-mA dc), which can be configured for any of the following: 

a. Output frequency (Hz). 

b. Output current (load). 

c. DC-link voltage (V dc). 

d. Motor torque (percent). 

e. Motor speed (rpm). 

f. Set point frequency (Hz). 

4. Remote Indication Interface: A minimum of two programmable dry-circuit relay outputs 

(120-V ac, 1 A) for remote indication of the following: 

a. Motor running. 

b. Set point speed reached. 

c. Fault and warning indication (overtemperature or overcurrent). 

d. PID high- or low-speed limits reached. 

2.5 LINE CONDITIONING AND FILTERING 

A. Input Line Conditioning: Based on the manufacturer's harmonic analysis study and report, 

provide input filtering, as required, to limit total demand (harmonic current) distortion and total 

harmonic voltage demand at the defined point of common coupling to meet IEEE 519 

recommendations. 

B. EMI/RFI Filtering: CE marked; certify compliance with IEC 61800-3 for Category C2. 
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2.6 BYPASS SYSTEMS 

A. Bypass Operation: Safely transfers motor between power converter output and bypass circuit, 

manually, automatically, or both. Selector switches set modes and indicator lights indicate mode 

selected. Unit is capable of stable operation (starting, stopping, and running) with motor 

completely disconnected from power converter. 

B. Bypass Mode: Manual operation only; requires local operator selection at VFC. Transfer 

between power converter and bypass contactor, and retransfer shall only be allowed with the 

motor at zero speed. 

C. Bypass Controller: Three-contactor-style bypass allows motor operation via the power converter 

or the bypass controller arranged to isolate the power converter input and output and permit safe 

testing and troubleshooting of the power converter, both energized and de-energized, while 

motor is operating in bypass mode. 

1. Bypass Contactor: Load-break, NEMA-rated contactor. 

2. Input and Output Isolating Contactors: Non-load-break, NEMA-rated contactors. 

3. Isolating Switch: Non-load-break switch arranged to isolate power converter and permit 

safe troubleshooting and testing of the power converter, both energized and de-energized, 

while motor is operating in bypass mode; pad-lockable, door-mounted handle 

mechanism. 

D. Bypass Contactor Configuration: Full-voltage (across-the-line) type. 

1. NORMAL/BYPASS selector switch. 

2. NORMAL/TEST Selector Switch: Allows testing and adjusting of VFC while the motor 

is running in the bypass mode. 

3. Control Circuits: 120-V ac; obtained from integral CPT, with primary and secondary 

fuses, with CPT of sufficient capacity to operate all integral devices and remotely located 

pilot, indicating, and control devices. 

a. CPT Spare Capacity: 50 VA. 

4. Overload Relays: NEMA ICS 2. 

a. Solid-State Overload Relays: 

1) Switch or dial selectable for motor-running overload protection. 

2) Sensors in each phase. 

3) Class 10 tripping characteristic selected to protect motor against voltage and 

current unbalance and single phasing. 

4) Class II ground-fault protection, with start and run delays to prevent 

nuisance trip on starting. 

5) Analog communication module. 

b. NO isolated overload alarm contact. 

c. External overload, reset push button. 
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2.7 OPTIONAL FEATURES 

A. Communication Port: RS-232 port, USB 2.0 port, or equivalent connection capable of 

connecting a printer and a notebook computer. 

2.8 ENCLOSURES 

A. VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location. 

1. Dry and Clean Indoor Locations: Type 1. 

B. Plenum Rating: UL 1995; NRTL certification label on enclosure, clearly identifying VFC as 

"Plenum Rated." 

2.9 ACCESSORIES 

A. General Requirements for Control-Circuit and Pilot Devices: NEMA ICS 5; factory installed in 

VFC enclosure cover unless otherwise indicated. 

1. Push Buttons: Unguarded. 

2. Pilot Lights: Push to test. 

3. Selector Switches: Rotary type. 

4. Stop and Lockout Push-Button Station: Momentary-break, push-button station with a 

factory-applied hasp arranged so padlock can be used to lock push button in depressed 

position with control circuit open. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for compliance 

with requirements for installation tolerances, and other conditions affecting performance of the 

Work. 

B. Examine VFC before installation. Reject VFCs that are wet, moisture damaged, or mold 

damaged. 

C. Examine roughing-in for conduit systems to verify actual locations of conduit connections 

before VFC installation. 

D. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of 

the Work 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 



 

 

VARIABLE-FREQUENCY MOTOR CONTROLLERS                                                        262923 - 9 
 

 

3.2 INSTALLATION 

A. Wall-Mounting Controllers: Install with tops at uniform height and with disconnect operating 

handles not higher than 79 inches above finished floor, unless otherwise indicated, and by 

bolting units to wall or mounting on lightweight structural-steel channels bolted to wall. For 

controllers not on walls, provide freestanding racks complying with Section 260529 "Hangers 

and Supports for Electrical Systems." 

B. Seismic Bracing: Comply with requirements specified in Section 260548 "Vibration and 

Seismic Controls for Electrical Systems." 

C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from enclosures and components. 

D. Install fuses in each fusible-switch VFC. 

E. Install fuses in control circuits if not factory installed. Comply with requirements in Section 

262813 "Fuses." 

F. Install heaters in thermal-overload relays. Select heaters based on actual nameplate full-load 

amperes after motors are installed. 

G. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven 

equipment. 

H. Comply with NECA 1. 

3.3 CONTROL WIRING INSTALLATION 

A. Install wiring between VFCs and remote devices. Comply with requirements in Section 260523 

"Control-Voltage Electrical Power Cables." 

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

C. Connect selector switches and other automatic-control devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic-control devices 

that have no safety functions when switches are in manual-control position. 

2. Connect selector switches with control circuit in both manual and automatic positions for 

safety-type control devices such as low- and high-pressure cutouts, high-temperature 

cutouts, and motor-overload protectors. 

3.4 IDENTIFICATION 

A. Identify VFCs, components, and control wiring. Comply with requirements for identification 

specified in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 

2. Label each VFC with engraved nameplate. 
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3. Label each enclosure-mounted control and pilot device. 

B. Operating Instructions: Frame printed operating instructions for VFCs, including control 

sequences and emergency procedures. Fabricate frame of finished metal, and cover instructions 

with clear acrylic plastic. Mount on front of VFC units. 

3.5 ADJUSTING 

A. Program microprocessors for required operational sequences, status indications, alarms, event 

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

Substantial Completion. 

B. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay 

pickup and trip ranges. 

C. Adjust the trip settings of instantaneous-only circuit breakers and thermal-magnetic circuit 

breakers with adjustable, instantaneous trip elements. Initially adjust to 6 times the motor 

nameplate full-load amperes and attempt to start motors several times, allowing for motor cool-

down between starts. If tripping occurs on motor inrush, adjust settings in increments until 

motors start without tripping. Do not exceed 8 times the motor full-load amperes (or 11 times 

for NEMA Premium Efficient motors if required). Where these maximum settings do not allow 

starting of a motor, notify Engineer before increasing settings. 

D. Set the taps on reduced-voltage autotransformer controllers. 

E. Set field-adjustable circuit-breaker trip ranges 

F. Set field-adjustable pressure switches. 

3.6 PROTECTION 

A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer's 

written instructions until controllers are ready to be energized and placed into service. 

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

Completion. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, reprogram, and maintain VFCs. 

END OF SECTION 262923 
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SECTION 265600 - EXTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Exterior luminaires with lamps and ballasts. 

2. Luminaire-mounted photoelectric relays. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each luminaire, pole, and support component, arranged in order of lighting 

unit designation.  Include data on features, accessories, and finishes. 

B. Shop Drawings:  Anchor-bolt templates keyed to specific poles and certified by manufacturer. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. Comply with IEEE C2, "National Electrical Safety Code." 

C. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, product(s) indicated on Drawings. 

2.2 GENERAL REQUIREMENTS FOR LUMINAIRES 

A. Luminaires shall comply with UL 1598 and be listed and labeled for installation in wet 

locations by an NRTL acceptable to authorities having jurisdiction. 

1. LER Tests Incandescent Fixtures:  Where LER is specified, test according to 

NEMA LE 5A. 

2. LER Tests HID Fixtures:  Where LER is specified, test according to NEMA LE 5B. 
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B. Lateral Light Distribution Patterns:  Comply with IESNA RP-8 for parameters of lateral light 

distribution patterns indicated for luminaires. 

C. Metal Parts:  Free of burrs and sharp corners and edges. 

D. Sheet Metal Components:  Corrosion-resistant aluminum unless otherwise indicated.  Form and 

support to prevent warping and sagging. 

E. Housings:  Rigidly formed, weather- and light-tight enclosures that will not warp, sag, or 

deform in use.  Provide filter/breather for enclosed luminaires. 

F. Doors, Frames, and Other Internal Access:  Smooth operating, free of light leakage under 

operating conditions, and designed to permit relamping without use of tools.  Designed to 

prevent doors, frames, lenses, diffusers, and other components from falling accidentally during 

relamping and when secured in operating position.  Doors shall be removable for cleaning or 

replacing lenses.  Designed to disconnect ballast when door opens. 

G. Exposed Hardware Material:  Stainless steel. 

H. Plastic Parts:  High resistance to yellowing and other changes due to aging, exposure to heat, 

and UV radiation. 

I. Light Shields:  Metal baffles, factory installed and field adjustable, arranged to block light 

distribution to indicated portion of normally illuminated area or field. 

J. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated: 

1. White Surfaces:  85 percent. 

2. Specular Surfaces:  83 percent. 

3. Diffusing Specular Surfaces:  75 percent. 

K. Lenses and Refractors Gaskets:  Use heat- and aging-resistant resilient gaskets to seal and 

cushion lenses and refractors in luminaire doors. 

L. Luminaire Finish:  Manufacturer's standard paint applied to factory-assembled and -tested 

luminaire before shipping.  Where indicated, match finish process and color of pole or support 

materials. 

M. Factory-Applied Finish for Steel Luminaires:  Comply with NAAMM's "Metal Finishes Manual 

for Architectural and Metal Products" for recommendations for applying and designating 

finishes. 

1. Surface Preparation:  Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," to 

remove dirt, oil, grease, and other contaminants that could impair paint bond.  Grind 

welds and polish surfaces to a smooth, even finish.  Remove mill scale and rust, if 

present, from uncoated steel, complying with SSPC-SP 5/NACE No. 1, "White Metal 

Blast Cleaning," or SSPC-SP 8, "Pickling." 

2. Exterior Surfaces:  Manufacturer's standard finish consisting of one or more coats of 

primer and two finish coats of high-gloss, high-build polyurethane enamel. 

a. Color:  As selected from manufacturer's standard catalog of colors. 
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b. Color:  Match Architect's sample of manufacturer's standard color. 

c. Color:  As selected by Architect from manufacturer's full range. 

N. Factory-Applied Finish for Aluminum Luminaires:  Comply with NAAMM's "Metal Finishes 

Manual for Architectural and Metal Products" for recommendations for applying and 

designating finishes. 

1. Finish designations prefixed by AA comply with the system established by the 

Aluminum Association for designating aluminum finishes. 

2. Natural Satin Finish:  Provide fine, directional, medium satin polish (AA-M32); buff 

complying with AA-M20; and seal aluminum surfaces with clear, hard-coat wax. 

3. Class I, Clear Anodic Finish:  AA-M32C22A41 (Mechanical Finish:  medium satin; 

Chemical Finish:  etched, medium matte; Anodic Coating:  Architectural Class I, clear 

coating 0.018 mm or thicker) complying with AAMA 611. 

4. Class I, Color Anodic Finish:  AA-M32C22A42/A44 (Mechanical Finish:  medium satin; 

Chemical Finish:  etched, medium matte; Anodic Coating:  Architectural Class I, 

integrally colored or electrolytically deposited color coating 0.018 mm or thicker) 

complying with AAMA 611. 

a. Color:  Light bronze. 

O. Factory-Applied Labels:  Comply with UL 1598.  Include recommended lamps and ballasts.  

Labels shall be located where they will be readily visible to service personnel, but not seen from 

normal viewing angles when lamps are in place. 

1. Label shall include the following lamp and ballast characteristics: 

a. "USES ONLY" and include specific lamp type. 

b. Lamp tube configuration (twin, quad, triple), base type, and nominal wattage for 

compact fluorescent luminaires. 

c. Lamp type, wattage, bulb type (ED17, BD56, etc.) and coating (clear or coated) for 

HID luminaires. 

d. Start type (preheat, rapid start, instant start) compact fluorescent luminaires. 

e. ANSI ballast type (M98, M57, etc.) for HID luminaires. 

f. CCT and CRI for all luminaires. 

2.3 LUMINAIRE-MOUNTED PHOTOELECTRIC RELAYS 

A. Comply with UL 773 or UL 773A. 

B. Contact Relays:  Factory mounted, single throw, designed to fail in the on position, and factory 

set to turn light unit on at 1.5 to 3 fc (16 to 32 lx) and off at 4.5 to 10 fc (48 to 108 lx) with 15-

second minimum time delay. 

1. Relay with locking-type receptacle shall comply with ANSI C136.10. 

2. Adjustable window slide for adjusting on-off set points. 
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2.4 FLUORESCENT BALLASTS AND LAMPS 

A. Ballasts for Low-Temperature Environments: 

1. Temperatures 0 Deg F (Minus 17 Deg C) and Higher:  Electronic type rated for 0 deg F 

(minus 17 deg C) starting and operating temperature with indicated lamp types. 

2. Temperatures Minus 20 Deg F (Minus 29 Deg C) and Higher:  Electromagnetic type 

designed for use with indicated lamp types. 

B. Ballast Characteristics: 

1. Power Factor:  90 percent, minimum. 

2. Sound Rating:  Class A. 

3. Total Harmonic Distortion Rating:  Less than 10 percent. 

4. Electromagnetic Ballasts:  Comply with ANSI C82.1, energy-saving, high power factor, 

Class P, automatic-reset thermal protection. 

5. Case Temperature for Compact Lamp Ballasts:  65 deg C, maximum. 

6. Transient-Voltage Protection:  Comply with IEEE C62.41.1 and IEEE C62.41.2, 

Category A or better. 

C. Low-Temperature Lamp Capability:  Rated for reliable starting and operation with ballast 

provided at temperatures minus 20 deg F (minus 29 deg C) and higher. 

2.5 BALLASTS FOR HID LAMPS 

A. Comply with ANSI C82.4 and UL 1029 and capable of open-circuit operation without reduction 

of average lamp life.  Include the following features unless otherwise indicated: 

1. Ballast Circuit:  Constant-wattage autotransformer or regulating high-power-factor type. 

2. Minimum Starting Temperature:  Minus 22 deg F (Minus 30 deg C). 

3. Normal Ambient Operating Temperature:  104 deg F (40 deg C). 

4. Ballast Fuses:  One in each ungrounded power supply conductor.  Voltage and current 

ratings as recommended by ballast manufacturer. 

B. High-Pressure Sodium Ballasts:  Electromagnetic type with solid-state igniter/starter and 

capable of open-circuit operation without reduction of average lamp life.  Igniter/starter shall 

have an average life in pulsing mode of 10,000 hours at an igniter/starter-case temperature of 90 

deg C. 

2.6 HID LAMPS 

A. High-Pressure Sodium Lamps:  ANSI C78.42, CRI 21 (minimum), CCT color temperature 

[1900] <Insert value> K, and average rated life of 24,000 hours, minimum. 

1. Dual-Arc Tube Lamp:  Arranged so only one of two arc tubes is lighted at one time and, 

when power is restored after an outage, the cooler arc tube, with lower internal pressure, 

lights instantly, providing an immediate 8 to 15 percent of normal light output. 

B. Low-Pressure Sodium Lamps:  ANSI C78.43. 
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C. Metal-Halide Lamps:  ANSI C78.43, with minimum CRI 65, and CCT color temperature 

4000 K. 

D. Pulse-Start, Metal-Halide Lamps:  Minimum CRI 65, and CCT color temperature 4000 K. 

E. Ceramic, Pulse-Start, Metal-Halide Lamps:  Minimum CRI 80, and CCT color temperature 

4000 K. 

PART 3 - EXECUTION 

3.1 LUMINAIRE INSTALLATION 

A. Install lamps in each luminaire. 

B. Fasten luminaire to indicated structural supports. 

1. Use fastening methods and materials selected to resist seismic forces defined for the 

application and approved by manufacturer. 

C. Adjust luminaires that require field adjustment or aiming. 

3.2 CORROSION PREVENTION 

A. Aluminum:  Do not use in contact with earth or concrete.  When in direct contact with a 

dissimilar metal, protect aluminum by insulating fittings or treatment. 

B. Steel Conduits:  Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In 

concrete foundations, wrap conduit with 0.010-inch- (0.254-mm-) thick, pipe-wrapping plastic 

tape applied with a 50 percent overlap. 

3.3 GROUNDING 

A. Ground metal poles and support structures according to Section 260526 "Grounding and 

Bonding for Electrical Systems." 

1. Install grounding electrode for each pole unless otherwise indicated. 

2. Install grounding conductor pigtail in the base for connecting luminaire to grounding 

system. 

B. Ground nonmetallic poles and support structures according to Section 260526 "Grounding and 

Bonding for Electrical Systems." 

1. Install grounding electrode for each pole. 

2. Install grounding conductor and conductor protector. 

3. Ground metallic components of pole accessories and foundations. 

END OF SECTION 265600 
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SECTION 310100 - SITE PREPARATION AND CLEARING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Field locate and stake out all construction. 

2. Location of Underground piping, utilities and other obstructions. 

3. Clearing, grubbing, removal, and disposal of vegetation, rocks, roots, and debris within 

the limits of the Work except objects designated on the drawings to remain without 

unnecessary excavation of topsoil and subsoil. 

4. Preserve from injury or defacement all vegetation and objects to remain. 

5. Removal of paving, curbs, and walks. 

6. Disposal of excess materials, trash, and debris. 

7. Topsoil excavation and stockpile reusable topsoil for later use. 

B. Related documents: 
 

1. Section 312000 – Protection of Existing Facilities 

2. Section 315000 – Excavation, Trenching and Grading 

3. Section 321212 – Bedding, Backfilling and Compaction 

1.2 LIMITS OF WORK 

A. Rights-of-way area established by Designer. 

B. Construction area including those areas outside the construction lines established by Designer. 

C. Approved borrow pit areas. 

D. Designated stockpiles of construction material other than borrow material. 

1.3 LAYOUT WORK 

A. Contractor to perform required field work and establish building lines, hubs, grade stakes, etc. 

1.4 LOCATION OF UNDERGROUND OBSTRUCTIONS 

A. Contract Drawings show approximate location of known obstructions. 

B. Contractor shall locate, identify, ascertain size, and protect all underground pipelines, utilities, 
and other obstructions within construction area, including those that are to remain as well as 
those to be demolished. 

C. Contractor shall provide proper notification prior to commencing any construction activities to 
owner and local utilities. 

D. Coordinate with facility and ITS Directors for known/assumed locations of utilities/lines.  
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1.5 REGULATORY AND DISPOSAL REQUIREMENTS 

A. Coordinate clearing Work with utility companies. 

B. Conform to applicable local, state and federal codes for environmental requirements, disposal 
of debris, stockpiling, and use of herbicides. 

C. On-site disposal of surplus materials, if permitted by the Owner, shall be as approved by the 
Designer.   

D. Contractor shall make all arrangements for disposal sites.  All expenses for disposal shall be 
borne by the Contractor.  Bidders shall carefully investigate all aspects of surplus material 
disposing operations. 

E. Prior to depositing surplus material at any off-site location, obtain a written agreement 
between Contractor and the owner of the property on which the disposal of the material is 
proposed.  The agreement shall state that the Owner of the property gives permission for the 
Contractor to enter and deposit material of a particular classification on the owner’s property 
at no expense to the project Owner, and shall include any other conditions pertinent to the 
situation as agreed upon by each party.  A copy of said agreement shall be furnished to the 
Owner. 

F. Follow standard horticultural practice for cutting and/or pruning of trees, brush, and shrubs. 

G. Consider sustainable guidance for recycling. 

1.6 PAYMENT 

A. All costs associated with surplus or spoil disposal shall be Contractor’s expense and shall be 
included in applicable payment items, and no separate or additional payment will be made 
therefore. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Herbicides – Provide product data on herbicides to Designer for review prior to use on site, if 
any herbicides are intended to be used. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Verify that existing plant life designated to remain, is tagged or identified. 

B. Mark limits of clearing by flagging, fencing or other approved methods. 

C. Vehicles used to haul soft or wet material over streets or pavements shall be sufficiently 
watertight to prevent deposits on the streets or pavements.  In all cases where any materials are 
dropped from the vehicles of the Contractor, he shall clean up the same, and keep the 
crosswalks, street and pavements clean and free from debris. 
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D. Identify on-site waste or salvage areas for placing removed materials. 

E. Maintain bench marks, monuments, and other reference points.  Re-establish if disturbed or 
destroyed at no cost to Owner. 

3.2 PROTECTION 

A. Locate, identify, and protect existing utilities that are to remain, including notification of 
Owner. 

B. Protect bench marks, survey control points, existing structures, roads, sidewalks, paving, and 
curbs from damage or displacement from vehicular or foot traffic. 

C. Where trees are to be protected or preserved, no excavation and grubbing, except as directly 
required for construction, shall be performed within the radius of spread of tree branches. 

D. No storage of topsoil materials or construction equipment will be permitted within the radius 
of spread of such tree branches. 

E. Treat cut or scarred surfaces of trees or shrubs with a paint prepared especially for tree surgery 
which is waterproof, antiseptic, elastic and free of kerosene, coal, tar, creosote, and other 
harmful substances. 

F. Maintain designated temporary roadways, walkways, and detours for vehicular and pedestrian 
traffic. 

3.3 CLEARING AND GRUBBING 

A. Clear rights-of-way, borrow pit and other stockpile areas of objectionable material to the 
ground surface except for trees and stumps. 

B. Clear the construction area, as necessary to access and accomplish work, of all weeds, brush, 
briars, bushes, trees, stumps, and other protruding obstructions not designated to remain, 
except within any areas which the Designer may designate to remain undisturbed. 

C. Partially remove paving, curbs, and walks as necessary to accomplish work.  Neatly saw cut 
edges at right angles to surface. 

D. Apply herbicide to remaining stumps to inhibit growth. 

E. Remove debris, extracted rock, and plant life. 

F. Prune branches and/or roots of trees to be preserved or where they interfere with or obstruct 
construction operations. 

 

1. If exposed, bend and relocate main lateral roots and tap roots. 

2. Engage a state-certified arborist who shall cut roots and/or branches with sharp pruning 

instruments without breaking or chopping. 

3. State-certified arborist shall paint all cuts with standard tree paint or equivalent which is 

waterproof, antiseptic, elastic and free of kerosene, coal, tar, creosote, and other harmful 

substances. 

4. Where required, extend pruning procedures to restore the natural shape of the entire tree 

or shrub. 
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G. Perform clearing and grubbing well in advance of construction or material removal activities. 

H. Stumps and roots shall be grubbed and removed to a depth not less than 2 feet below grade.  
All holes or cavities which extend below the subgrade elevation of the proposed work shall be 
filled with compacted layers of crushed rock or earth backfill conforming to the requirements 
specified for backfill. 

I. Damaged Trees - Vegetation which has been damaged by site clearing activities and deemed 
non-functional by the Owner or Designer shall be replaced by the Contractor with vegetation 
of the same genus and species at Contractor’s expense. 

3.4 BACKFILLING AND SUBSURFACE PREPARATION 

A. Backfill and compact all depressions resulting from clearing and grubbing with suitable 
materials in accordance with Section 315000, 321210, and 321212. 
 

1. Backfill embankment areas to natural ground elevation. 

2. Backfill excavation areas below finished subgrade to finished subgrade. 

B. Perform backfilling a satisfactory distance ahead of construction operations. 

C. Prepare areas designated on the drawings to receive erosion control matting to smooth 
surfaces that have been shaped, fertilized, and seeded. 

3.5 DEBRIS REMOVAL AND DISPOSAL 

A. All material shall be treated as surplus material and disposed of promptly off-site in a legal 
manner in accordance with Part 1 of this specification and at Contractor’s expense. 

B. On-site disposal of material, if allowed, will be allowed only at disposal locations designated 
by Owner and approved by Designer.  Bidders shall assume off-site disposal is required in 
preparation of bid and shall provide a credit to Owner should on-site disposal be subsequently 
deemed acceptable. 

C. Contractor shall be responsible for locating and providing access to approved disposal sites 
and for obtaining required approvals from applicable agencies. 

D. There shall be no open burning without specific approval of the Owner and local authorities.  
If burning is approved, a pit burner or similar device must be used. 

E. No material shall be disposed of in a flood way or flood plain. 

F. All disposal activity shall be in accordance with the regulations of the local governing 
authority. 

3.6 TOPSOIL EXCAVATION 

A. Excavate topsoil from areas to be further excavated, re-landscaped, or re-graded without 
mixing with foreign materials. 

B. All topsoil, loam, or other natural organic materials covering such areas shall be removed; and 
when suitable for reuse as topsoil shall be stockpiled.  Stockpiles shall be established only at 
approved locations and shall be maintained to prevent erosion and contamination until reuse.  
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To prevent intermixing, topsoil shall not be stockpiled immediately adjacent to other 
stockpiled materials.  All excavated materials shall be stockpiled at locations which will not 
create public endangerment or inconvenience.  Stockpiles shall be kept clear of Fire 
Department and police facilities and equipment and, where possible, clear of driveways, 
sidewalks, and crossings. 

C. Stockpile in area designated on site to depth not exceeding 8 feet.  Protect from erosion. 
Remove excess topsoil not being reused to a location designated by Owner. 

D. No topsoil shall be removed from the site without Owner’s permission. 

END OF SECTION 310100 
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SECTION 311000 - PAVEMENT CUTTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Pavement cutting. 

2. Pavement scoring. 

3. Pavement (concrete) breaking. 

4. Pavement grinding. 

5. Pavement removal and disposal. 

B. Related documents: 
 

1. Section 015000 – Temporary Facilities and Controls 

2. Section 315000 – Excavation, Trenching and Grading 

3. Section 321212 – Bedding, Backfilling and Compaction 

4. Section 321216 – Asphalt Concrete Paving 

5. Section 321220 – Pavement Patching 

1.2 REFERENCES 

A. Tennessee Department of Transportation Standard Specifications for Road and Bridge 
Construction, latest edition. 

B. Federal Highway Administration Manual on Uniform Traffic Control Devices 

1.3 REGULATORY REQUIREMENTS 

A. Coordinate pavement cutting with utility companies. 

B. Conform to applicable local, state, and federal codes for legal disposal of pavement materials. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Notify Owner of streets to be blocked off, detours or restrictions to maintaining of traffic on a 
daily basis. 

B. Set up barricades, warning signs and traffic direction information prior to start of pavement 
cutting. 

3.2 PAVEMENT CUTTING AND BREAKING 

A. Pavements covering those areas to be excavated shall be broken up, removed, and then 
disposed of properly.  All paved areas shall be first cut or scored continuously along a straight 
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line, parallel to and on each side of the centerline of the trench or excavation, at a width 
sufficient for the trench excavation or structure excavation. 

B. Pavement cuts in concrete pavement or pavement with a concrete base shall be made by 
scoring or cutting the concrete with a concrete saw.  The depth of the saw cut shall be to the 
full depth of the concrete pavement thickness.  Before excavation, the concrete pavement shall 
then be broken up with hand operated, pneumatic paving breakers, or mechanical drop 
hammers designed for such purpose, providing they may be used without endangering existing 
utilities or causing undesirable vibrations.  Hoe-rams or “Headache balls” will not be 
permitted for breaking up concrete pavement. 

C. Pavements cuts in asphalt pavement shall be made by scoring or cutting the pavement with a 
concrete saw, wheel cutter, pneumatic paving breaker or drop hammer type pavement cutter.  
The pavement cut must be continuous, and made for the full depth of the pavement. 

D. Pavement cuts for final pavement replacement shall be made as outlined above.  Pavement 
cuts shall be made parallel to the centerline of the trench shall be located at a minimum of 12 
inches outside the backfilled trench on undisturbed subgrade and shall be in a straight line for 
minimum length of 100 feet between manholes or between those stations where changes in 
direction of the installed piping were made.  Where a full street width overlay is to be installed 
the cutbacks may follow the backfilled trench alignment.  Loose, torn, cut, marked up or 
damaged pavement outside the cutback areas shall be removed and replaced at the 
Contractor’s expense and match the proposed permanent paving. 

E. Pavement cuts in driveways shall be made in a straight alignment perpendicular or parallel to 
the driveway and for its full width. 

F. Pavement cuts in parking areas shall be made in a straight alignment parallel to the centerline 
of trench. 

G. Material removed by these processes shall be removed and disposed of off-site at Contractor’s 
expense. 

H. Return road use by end of day. 

 

END OF SECTION 311000 
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SECTION 311015 - SHEETING AND BRACING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Sheeting and bracing installation, removal, and left in place. 

2. Design requirements. 

3. Regulatory codes and requirements. 

4. Materials. 

B. Related documents: 
 

1. Section 015000 – Temporary Facilities and Controls 

2. Section 310100 – Site Preparation and Clearing 

3. Section 311000 – Pavement Cutting 

4. Section 312000 – Protection of Existing Facilities 

5. Section 315000 – Excavation, Trenching and Grading 

6. Section 321210 – Base and Subgrade Treatment Under Pavement 

7. Section 321212 – Bedding, Backfill, and Compaction 

1.2 REGULATORY REQUIREMENTS 

A. All sheeting and bracing including the use of mobile shields shall conform to Public Law 91-
596 (Williams Steiger Act); the Occupational Safety and Health Administration Act (OSHA) 
of 1970 and its amendments and regulations and to the Tennessee State OSHA (TOSHA) 
requirements, whichever are the most stringent. 

1.3 REFERENCES 

 

Reference Title 

ASTM A6/A6M General Requirements 

ASTM A328 Steel Sheet Piles 

NFPA National Forest Products Association 

1.4 SUBMITTALS 

A. None. 

1.5 BIDDING 

A. If Contractor determines that sheeting, shoring, bracing, or trench boxes are required to 
accomplish work, Contractor shall at his expense have the necessary equipment designed, 
installed, and if necessary removed, in accordance with this Section. 
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PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Wood – Tongue and groove, No. 3 Common Douglas Fir or Hemlock or Utility grade 
Southern Pine; NFPA grading or equal, meeting the requirements of the NFPA. 

B. Steel – ASTM A36 as required by ASTM A328. 

C. Trench Boxes – Fabricated Steel or Aluminum. 

PART 3 - EXECUTION 

3.1 PROTECTION 

A. When so designated on the drawings or stated in the Specifications or to comply with Local, 
State, or Federal (OSHA) regulations, or when sloped excavations are not feasible, not 
possible or allowed or if excavations endanger adjacent facilities, sheeting, shoring, bracing, 
or trench boxes shall be installed by the Contractor. 

B. Rebar is restricted unless embedded at the end of the day for security purposes.  

3.2 DESIGN REQUIREMENTS 

A. Contractor shall be solely responsible for when, where, and manner to utilize sheeting, 
shoring, bracing, and trench boxes to protect life and property. 

B. All sheeting and bracing shall be designed and monitored by a professional Engineer, licensed 
in Tennessee. 

C. Design shall include all loading conditions to which the sheeting and bracing will be subjected 
during construction. 

D. Design sheeting and bracing systems against failure from the maximum loads that will occur 
during construction, including surcharge loads and additional loading due to construction 
equipment. 

E. Design sheeting and bracing systems to enable safe construction of structures, utilities and 
appurtenances, and prevent excessive ground loss, settlement, displacement, or undermining 
of adjacent foundations, structures, buildings, pavement, or bottom of excavation.  Contractor 
shall decide when there is a necessity to underpin adjacent structures or features, with the 
approval of the Owner and Designer. 

F. Sides of all excavations shall be sufficiently sheeted, shored and braced whenever necessary to 
prevent slides, cave-ins, settlement or movement of the banks and to maintain the excavation 
clear of all obstructions.  Wood or steel sheeting of adequate design and type shall be used in 
wet, saturated or flowing ground.  All sheeting, shoring and bracing shall have sufficient 
strength and rigidity to withstand the pressure exerted. 

3.3 INSTALLATION 

A. Provide all materials, equipment and labor necessary to construct and maintain all required 
excavation support systems. 
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B. Sheeting and bracing support systems shall include, but shall not be limited to, wall support 
such as wood sheeting, ringwales, lagging, soldier piles, steel sheeting, trench boxes and 
bracing members such as stringers, wales, struts, rakers, shores, tieback anchors, etc. 
necessary to prevent damage to the work and for the safety of workers, the general public or 
adjacent property. 

C. No excavation shall be performed below a line drawn down and away at a slope of two 
horizontal and one vertical from the nearest footing or grade beam of the existing building or 
as shown on the drawings without providing sheeting, shoring and bracing to provide lateral 
support for soils beneath the foundations of the building and to prevent damage to the 
building.   

D. Design of bracing shall be such as to permit proper construction of the walls and footings and 
proper installation of the utilities as shown on the drawings. 

E. Sheeting shall not be driven while concrete is being placed, or within 24 hours after 
placement. 

F. Do not brace to concrete without written approval of the Designer. 

G. Install sheeting and bracing systems in a logical sequence as excavation operations are 
performed.   

 

1. If a prefabricated mobile shield is used, the bottom of the shield shall be maintained as 

high as possible (preferably above the spring line of the pipe, maximum 2 feet) to prevent 

disturbance of the bedding material and tension forces on pipe joints. 

2. Openings or troughs created by the use of a shield shall be filled and compacted in 

accordance with Sections 315000, 321210 and 321212. 

3.4 MAINTENANCE 

A. Contractor shall maintain on a continuous basis, until removed, all sheeting and bracing 
systems installed as part of the Work. 

1. If sheet and bracing systems are to be left in place after completion of Work, Contractor 

shall maintain these systems on a continuous basis until they are permanently buried. 

B. Take care to avoid voids on the outside of the sheeting.  If voids are formed, immediately fill 
them with suitable material and ram/compact fill to the approval of the Designer. 

C. Provide a means of determining movement of excavation walls, and adjacent soil, buildings 
and structures and utilities. 

 

1. If movement or damage occurs, immediately cease all construction activities, install 

temporary measures to prevent further movement or damage and notify the Designer. 

2. Movement or damage due to failure of sheeting and bracing systems shall be permanently 

repaired as soon as possible, at no cost to the Owner and at no additional cost for time. 

D. Contractor is solely responsible for the effectiveness of any sheeting, shoring, bracing, and 
trench box installation and for the safety of all persons and property in and adjacent to the 
work area, and for all injuries and damages arising from the use of the sheeting, shoring, 
bracing, and trench boxes. 
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3.5 REMOVAL 

A. Remove sheeting and bracing as the work progresses in a manner which shall prevent damage 
to finished work, adjacent structures and property whether public or private, and so that cave-
ins or slides will not occur.  Sheeting shall not be removed for pipeline work until there is at 
least 18 inches of fill above the pipe unless this will result in damage to work or adjacent 
facilities, in which case the Contractor shall inform the Designer of the conditions and receive 
approval from Designer prior to removal of the sheeting.  No sheeting shall be removed until 
work has been installed, checked, and backfilled to a level necessary to prevent damage to 
newly installed work and existing property. 

 

1. All voids created by removal of sheeting and bracing shall be filled and compacted in 

accordance to the guidelines of Sections 315000, 321210 and 321212. 

B. Sheeting and bracing materials shall not be left in place unless otherwise shown by the 
Drawings or ordered by the Designer in writing.  Sheeting to be left in place shall be new and 
unused material.  Where shown on drawings, specified or approved, sheeting shall be cut off 
as specified, or a minimum of 2 1/2 feet below proposed final grade.  For pipelines, sheeting 
shall be shall be cut off at the depth corresponding to the top of the pipe unless this will result 
in damage to the work or adjacent facilities. 

 

1. Contractor may elect to leave sheeting and bracing in place (cut off as described above) if 

he elects to do so at his own expense and with Designer’s approval. 

2. Provide to the Designer a drawing of cut-off sheeting locations.  Drawing should show 

site plan with dimensioned locations of sheeting, type of material remaining, and depths 

or elevations to top and bottom of remaining sheet. 

END OF SECTION 311015 
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SECTION 312000 - PROTECTION OF EXISTING FACILITIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Location of facilities. 

2. Notification of owners and authorities. 

3. Coordination and preparation. 

4. Protection of facilities. 

5. Relocation of facilities. 

B. Related documents: 
 

1. Section 315000 – Excavation, Trenching and Grading 

2. Section 321212 – Bedding, Backfill and Compaction 

1.2 GENERAL 

A. Contractor shall, at his own cost and expense, sustain in their places and permanently protect 
from direct or indirect injury any and all utilities, structures and property in the vicinity of his 
work, whether over or underground, or which appear within the trench or excavations, and 
Contractor shall assume all costs and expenses for direct or indirect damage which may be 
occasioned by injury to any of them. 

B. All trees, shrubs and the like at the construction site shall be preserved and protected by 
Contractor, except those that are specifically indicated to be removed at no additional cost to 
Owner. 

C. Contractor shall protect adjacent and other property from damage and shall repair and restore 
to satisfaction of Owner and other property owners any and all existing facilities, structures, 
equipment, surfaces, finishes or other features which may become damaged or disturbed as a 
result of work of this Contract or the activity of his personnel. 

D. Contractor shall replace all culverts, pavement, driveways, fences, shrubs, lawns, trees, and 
any other public or private property damaged as a result of work performed under this 
Contract.  All such replacement shall be done in accordance with the applicable specifications 
and no separate or extra payment shall be made.  In all cases, said replacement shall be at least 
equal to original conditions. 

E. Contractor shall excavate, locate and verify existing utilities in advance of his operations. 

F. Contractor shall be responsible for removal of any materials necessary to gain access to 
sanitary and storm sewer manholes. Any pavement or soil removed from manhole covers shall 
be replaced unless otherwise directed by Designer. 

G. Contractor shall take precautions to prevent materials and/or debris from entering the existing 
sanitary and storm sewer systems. Any damage to existing pipes or manholes caused by or 
resulting from Contractor's operations shall be repaired at no additional cost to Owner. 
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H. Contractor shall restore all surfaces, including fine grading and the restoration of all physical 
features, within the completion date of Contract. If weather conditions do not permit 
permanent restoration of surfaces within this time period, Contractor shall complete 
permanent restoration of surfaces at the earliest date weather conditions permit completion of 
this work. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 LOCATION OF FACILITIES 

A. Locations of all utilities shown on Contract Drawings are approximate only. 

B. Prior to construction, verify size and location of existing underground facilities near or 
adjacent to project. 
 

1. Consult with Owners of facilities and arrange for field stake-out or other markings to 

show locations. 

2. Perform exploratory excavation at key junctures and other critical points to aid in 

ascertaining locations. No additional compensation will be provided for exploratory 

excavations. 

 
C. Report field stake-out findings and results of exploratory excavations to Designer if possible 

changes in project location or design are indicated because of suspected interferences with 
existing facilities.  Allow Designer sufficient time to determine magnitude of changes and to 
formulate instructions in that regard. 

D. If location of an existing underground facility is uncertain, apply careful excavation and 
probing techniques during construction to locate and avoid damage to same. 

E. In the event Contractor fails to consult with Owners of facilities, or fails to provide reasonable 
and sufficient time for owners to research and identify possible conflicts, or fails to observe 
and protect identified underground facilities, and such facilities are damaged or destroyed by 
Contractor's operations, Contractor shall be responsible for any and all direct, indirect or 
consequential costs incurred by Owner and other owners as a result of such failure. 

F. Ground Penetrating Radar should be used locate all existing and new underground utilities.  
At project close out, complete As-Built plans should be provided indicating location, type, and 
size of all existing and new underground utilities within the project limits. 

3.2 NOTIFICATION OF OWNERS AND AUTHORITIES 

A. Prior to construction, notify owners of existing facilities, including local Police and Fire 
Departments, of general scope, nature and planned progress schedule of the Work. 

B. Contractor shall coordinate with proper utility companies whenever utility protection is 
needed to be performed by utility company. Agreement shall be made between Contractor and 
utility company concerning scheduling of protection work and payment for such work. All 
costs for protection of existing utilities performed by utility company shall be paid by 
Contractor at no additional expense of Owner. Contractor shall not perform the utility 
protection work unless permissions are received in writing, from the utility company, and filed 
with Designer. 
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C. When existing utilities, such as sewer, water, gas, telephone or electric power are damaged or 
disturbed during construction, immediately notify affected utility owner, Owner, and 
Designer. 
 

1. Contractor shall not at any time operate or repair the facilities of the respective utility 

companies unless permission is received in writing from the utility company and filed 

with the Designer. 

D. Notify Police and Fire Departments, including affected owners, immediately if hazardous 
conditions are created or have the potential for occurring, as a result of damage to an existing 
facility or as a result of other activities at project site.  Hazardous conditions could be created 
from: fire, explosion, escape of gas, escape of fuel oil, gasoline or industrial fluids, downed 
electrical wires, and disrupted underground electrical cables. 

3.3 COORDINATION AND PREPARATION 

A. Discuss anticipated work schedule with local authorities and owners of utilities at 
preconstruction meeting, including procedures to be followed if one or more utilities are 
damaged or disrupted.  Develop contingency plans to address Contractor’s role in repair of 
damaged utilities. 

B. Make preparations beforehand to repair and restore damaged utilities, including arrangements 
for standby materials and equipment to be promptly assembled at site and utilized 
immediately. 

C. Adjust work schedules and personnel assignments as necessary to conform to requirements of 
utility owner whose utility is to be temporarily interrupted during construction.  Cooperate 
with utility owner in this regard to minimize the time of interruption. 

3.4 PROTECTION OF FACILITIES 

A. Plan and conduct construction operations so that operation of existing facilities near or 
adjacent to the Work, including electric, telephone, sewer, water, gas or drainage utilities, are 
sustained insofar as the requirements of the project will permit. 

B. Protect existing facilities from damage or movement through installation of adequate support 
systems and use of proper equipment, including application of careful excavation and 
backfilling techniques in sensitive areas. 

C. Existing utilities and other facilities which are damaged by the Contractor’s construction 
operations shall be promptly repaired by Contractor to the satisfaction of the affected owner 
or, if he so elects, that owner will perform the repairs with his own forces.  Under either 
arrangement, such repair work shall be done at Contractor's expense. 

D. When aboveground visible facilities such as poles, wires, cables, fences, signs or structures 
constitute an unavoidable interference, notify Designer and consult with affected owner 
regarding temporary removal and later restoration of the interfering item.  Arrange with that 
owner to remove and later restore the interfering item to the satisfaction of the owner, subject 
to approval of the project Owner; or, allow affected owner to perform such work with his own 
forces.  Under either arrangement, such work shall be done at Contractor’s expense. 
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E. Take all necessary precautions to prevent fires at or adjacent to the work, buildings, and other 
facilities.  No burning of trash or debris is permitted.  If permanent fire extinguishers are used, 
they shall be recharged and in “new” condition when turned over to Owner. 

F. Utilize equipment mats or other protective devices over existing underground utilities to 
prevent damage. 

3.5 WORK IN VICINITY OF NATURAL GAS MAINS 

A. Contractor shall contact, in writing, gas main owner no less than 7 days prior to exposing 
these facilities.  Contractor shall not expose any listed or located gas main unless a 
representative of gas main owner is contacted and has opportunity to be present during Work. 

B. No work shall take place in proximity of gas mains until facilities are located and marked.  
These locations and markings shall be protected and maintained by Contractor throughout 
construction duration in affected area. 

C. When working in the general vicinity of gas mains, extreme care shall be taken.  All 
excavation within 3 feet of the mains shall be done by hand in order to protect pipe and its 
corrosion control wrapping. 

D. All state and local rules and regulations for the safety and protection of personnel and gas 
mains shall be adhered to while work is being performed in vicinity of gas mains. 

E. Gas main owner may provide their own special protection for exposed gas mains. Contractor 
shall cooperate with and provide safe access for gas main owner's personnel in installation of 
such protection. 

F. Contractor shall notify Designer of his contacts of gas main owner prior to exposing mains 
and shall schedule for gas main owner's personnel to be on site not less than 48 hours prior to 
exposing gas mains. 

3.6 ABANDONMENT OF UTILITIES 

A. Remove existing utilities to be abandoned within limits of trench excavation, or impinging on 
trench limits. 

B. Open ends of abandoned utilities, or those scheduled for abandonment, shall be bulkheaded by 
Mix “D” concrete; or by ductile iron plugs or caps in small diameter water mains. 

C. Abandoned pipes 8-inch diameter or larger shall be completely filled with flowable fill or 
other approved material prior to bulkheading the open end(s). 

D. Abandoned manholes and water valve casings shall be backfilled to grade with approved 
trench backfill material. 

E. Frames, covers, grates, water valve casing, sections of water piping, hydrants (including 
standpipe and boot) valves and other items to be abandoned shall, if ordered by Owner, be 
salvaged for re-use and be delivered to Owner’s property yard. 

F. END OF SECTION 312000 
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SECTION 315000 - EXCAVATION, TRENCHING AND GRADING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Removing and stockpiling topsoil for finish grading. 

2. Excavating trenches for utilities. 

3. Rough and finish grading on site. 

4. Layout work. 

5. Testing. 

6. Protection of Work. 

7. Removal or reuse of excavated material. 

B. Related documents: 
 

1. Section 310100 – Site Preparation and Clearing 

2. Section 311015 – Sheeting and Bracing 

3. Section 312000 – Protection of Existing Facilities 

4. Section 321212 – Bedding, Backfill, and Compaction 

1.2 REFERENCES 

 

Reference Title 

Standard Specifications for 

Road and Bridge 

Construction 

Standard Material Specifications for gravel, sand, crushed stone 

and gravel-cement mixtures published by the Tennessee 

Department of Transportation. 

Federal Highway 

Administration 

Manual on Uniform Traffic Control Devices 

ASTM C136 Sieve Analysis of Fine and Course Aggregates 

ASTM D1556 Density of Soil in Place by Sand-Cone Method 

ASTM D1557 Laboratory Compaction of Soil Using Modified Effort 

ASTM D2922 Density of Soil in Place by Nuclear Methods 

ASTM D3017 Water Content of Soil in Place by Nuclear Methods  

OSHA Occupational Safety and Health Administration 

TOSHA Tennessee Occupational Safety and Health Administration 

1.3 SPECIAL INSTRUCTIONS 

A. No open trenches overnight unless secured per details on drawing. 
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B. Contractor shall obtain all required local permits, including street cut permits, prior to 
commencement of work.  Contractor shall contact local utilities to locate existing utilities in 
accordance with Section 312000. 

C. Contractor shall take all required measures for adequate control of dust during performance of 
Contract. 

D. Contractor shall erect suitable silt and erosion control barriers to prevent siltation of the 
drainage areas during the performance of the contract. 

E. Contractor shall take all required steps to protect existing roads and drives during the 
performance of Contract, both from physical damage and deposition of mud or rock in 
accordance with Section 312000. 

F. Contractor shall comply with all governing authorities’ regulations in regard to dust control, 
erosion control, and prevention of pollution of bodies of water and streams. 

1.4 GENERAL REQUIREMENTS 

A. Protection of Property and Persons: 
 

1. Protect existing building structures, curbs, walks, utilities and paving from damage by 

construction or equipment.  Bring back to original condition any damaged in course of 

construction.  Notify utility companies prior to commencement of intended work. 

2. Protect all bench marks and survey points. 

3. Protect all vegetation and other features to remain. 

4. Provide adequate protection to persons and property throughout the progress of work. 

5. Provide and install construction barriers to protect persons from excavation as required. 

6. Current Federal OSHA and Tennessee TOSHA regulations shall be adhered to by the 

Contractor throughout this work.  Excavated cuts and slopes shall be laid back, benched 

and/or sheeted as required to meet the OSHA and TOSHA regulations. 

7. Contractor shall verify with owner the minimum notice to property occupant and Owner 

before any driveway is cut or blocked.  Contractor shall schedule any cutting or blocking 

of driveways to suit property occupant’s convenience.  Except in an emergency, 

Contractor shall not block any driveway without first providing an alternate access to the 

property. 

B. Utilities: 
 

1. Disconnections:  Before starting clearing of the site, disconnect, or arrange for the 

disconnection of utility service connections, such as water, gas, electricity, and telephone, 

in accordance with the regulations of the utility concerned. 

2. Protection:  Preserve in operating condition all active utilities transversing the project 

site; protect all property, including but not limited to mains, manholes, catch basins, 

valve boxes, poles, guys, and other appurtenances. Repair damage to any such utility due 

to work under this contract to the satisfaction of the Local Authority. 

C. Site Examination – Drawings, Specifications, and the project site shall be carefully examined 
for thorough familiarization with all existing conditions and limitations and their relationship 
to and effect upon the work included under this section of the Specifications. No extra 
allowances will be made for failure to do so. 
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D. Layout Work – Excavating and grading contractor shall have the drives, walks, and parking 
areas staked by a competent surveyor to establish curvatures and grades. 

E. Basis of Bid: 
 

1. Excavation shall be bid as unclassified.  Excavation contractor is advised to study the site 

carefully to determine the amount and type of excavation necessary to conform to grades 

called for on the Drawings.  All costs of earth and/or rock excavation shall be included in 

the Total Base Bid price. 

2. Excavation shall be to the required depth, in all cases down to firm subgrade or bearing.  

If soft spots are encountered, the soft material shall be removed and replaced with 

compacted fill, as specified herein and Section 321212.  Subgrade surface shall be proof 

rolled with a loaded dump truck to determine if any soft spots exist.  The Designer shall 

be notified when this is to be done.   

PART 2 - EXECUTION 

2.1 GENERAL 

A. Planning – Contractor's personnel shall familiarize themselves with the requirements for 
preservation of topsoil, excavation, backfill, grading, borrow, wasting, and erosion control 
before beginning work under this section. 

2.2 PREPARATION 

A. Identify required lines, levels, contours, and datum.  Review subsurface report and other 
available site information. 

B. Identify known underground, above ground, and aerial utilities by marking, staking, or 
flagging locations.  Contact organizations identified in Section 312000.  Utilities include 
water, reclaimed water, gas, electrical, telephone, cable, fiber optic, storm sewers, sanitary 
sewers, laterals, and services.  In the event such locations indicate a possible interference, or 
when needed to locate points of connection to existing facilities, perform exploratory 
excavations to determine the utilities’ location and elevation.  Provide the Designer with the 
results of the exploratory excavations for his review.  Allow the Designer sufficient time to 
determine any changes required as a result of such exploratory excavations prior to start of 
construction. 

C. Notify utility company to remove and/or relocate utilities. 

D. Abandoned pipes and laterals shall be plugged in with 12 inches of concrete or grout or for 
large pipes with solid brick masonry. 

E. Conduct the operations such that no interruptions to the existing utility system shall occur.   

F. Existing sanitary sewer laterals damaged in the work or temporarily disconnected shall be 
restored to operation by the end of each work day.  Existing sanitary sewer laterals where 
crossing over new pipelines to be restored in accordance with details shown on the drawings. 

G. Maintain existing manholes, catch basins, and other utility structures above and below grade 
which are to remain in their pre-work condition.  Any material or debris entering same due to 
the operation shall be promptly removed.   
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H. Protect above and below grade utilities which are to remain. 

I. Protect plant life, lawns, rock outcropping and other features remaining as a portion of final 
landscaping. 

J. Protect benchmarks, existing structures, fences, sidewalks, paving, and curbs from excavation 
equipment and vehicular traffic.  Preserve the control points provided by the Designer 
throughout the life of the project, and accurately replace any such point, which is damaged or 
moved, at Contractor’s expense. 

K. Excavations shall be in complete accordance with all details of applicable codes, rules, and 
regulations including all local, state, and federal regulations including the Occupational Safety 
and Health Administration (OSHA) Title 29 Code of Federal Regulations Part 1926, Subpart P 
- Excavations and Trenching Standards.  Contractor shall designate a “Competent Person” 29 
CFR 1926.32(f) who shall be responsible for inspections of excavations on a daily basis and 
document and maintain daily trenching and excavation logs per OSHA 29 CFR 1926. 

L. Cut out soft areas of subgrade not capable of insitu compaction.  Refer to Section 321212 for 
details. 

M. Brace walls and slabs of structures to support surcharge loads and construction loads imposed 
by backfilling operations. 

N. Maintain a stable, dry backfill area. 

O. Remove all water, snow, ice and debris from surfaces to accept fill materials and from the 
backfill material. 

P. Areas to receive compacted fill shall be graded to prevent surface runoff and ponding in 
accordance with this Section. 

Q. No fill or backfill material may be used without approval of the Designer.  See Section 
321212. 

R. No geotextile fabric may be used without approval of the Designer. 

S. Backfill operations shall be started at the lowest elevation in the area to be backfilled, and 
continue, in horizontal layers, upward to the limits specified.  See Section 321212. 

T. Backfill material shall be within 2 percent of the optimum moisture content for that material.  
See Section 321212. 

2.3 REMOVAL AND STOCKPILING OF TOPSOIL 

A. Strip all topsoil to its entire depth, a minimum of 12 inches from all areas to be cut or filled.  
Contractor may select any method but shall comply with the following: 

 

1. Scrape areas to be stripped clean of brush, woods, and grass, roots over 1/2 inch 

diameter, and other foreign materials. 

2. Do not strip topsoil in a muddy condition. 

3. Do not strip areas indicated not to be disturbed. 

4. Avoid including subsoil, debris, stones over 2 inches, and other extraneous matter in 

topsoil. 



EXCAVATION, TRENCHING AND GRADING 315000 - 5 

5. Leave areas free of trash, debris, and foreign materials. 

6. Remove all topsoil from areas over which any construction is to be placed, such as 

buildings, walks, drives, roads, parking areas, etc. 

7. Store topsoil in an approved location for use in finish grading and protect it against loss 

and from admixture of debris. 

B. If borrow topsoil material is required, the Contractor will include in his Proposal the cost of 
obtaining and placing same. 

2.4 EXCAVATION – GENERAL 

A. All excavation shall be unclassified. 

B. Excavate to lines and elevations as indicated on the Drawings and as necessary for the proper 
construction of the work.  

C. Equipment and methods shall be suitable for the work at hand.  Blasting and shooting shall not 
be permitted without prior approval from Designer and Owner. 

D. Side slopes shall be as vertical as possible with Contractor employing necessary sheeting, 
shoring, or bracing to comply with OSHA and TOSHA regulations.  Contractor shall 
minimize excavation of native material as much as possible except that necessary to 
accomplish work. Unnecessary excavation shall be backfilled at no additional cost to the 
Owner. 

E. Underpin adjacent structures which may be damaged by excavation work, including utilities 
and pipe chases.  If required to protect existing structures and improvements or to prevent 
cave-ins or other unstable soil conditions, Contractor shall utilize sheeting, bracing, shoring, 
or other acceptable methods.  Need for such protection and the design of that product and the 
cost of that protection shall be borne by the Contractor. 

F. Excavate subsoil required to accommodate building foundations, slabs-on-grade, paving, site 
structures, and construction operations. 

G. Excavate to working elevations for piling work.  Coordinate special requirements for piling. 

H. Machine-slope banks to angle of repose or less, until shored. 

I. Excavation cut not to interfere with normal 45-degree bearing splay of foundation.  
Undercutting of excavation faces will not be permitted. 

J. Hand trim excavation to required undisturbed subgrade.  Remove loose matter. 

K. Remove lumped subsoil, boulders, and rock under 1 cubic yard, measured by volume.  Refill 
voids with Fill Concrete or compacted gravel/crushed stone. 

L. Stockpile excavated material in area designated on-site.  Reusable fill or topsoil in excess of 
that required or materials unsuitable for fills and backfills shall be disposed of off-site in 
compliance with all provisions of Section 310100. 

M. Rock and shale removed from the excavations shall be disposed of off-site unless deemed 
suitable for use as backfill by Designer, in which case Contractor shall be permitted to use the 
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material.  Contractor shall at his expense pay for any testing necessary to ascertain the 
suitability of the material prior to use being approved. 

N. Caved-in excavation materials and other debris shall be removed promptly from the 
excavation. 

O. Excavations shall be kept free from water at all times.  Provide drainage openings through 
foundation walls and flexible plastic drainage piping when required.  Grade top perimeter of 
excavation to prevent surface water from draining into excavation.   

P. Pumps or other equipment shall be provided and operated to drain excavated areas and the 
Contractor shall be responsible for all damages resulting from water in excavated areas or 
pumping operations.   

Q. Ponding which would allow water to percolate to lower strata will not be allowed. 

R. Frozen subsoil, ice, or free water shall be removed prior to placement of concrete. 

S. Excavation for footings and trenches may be cut to accurate sizes and side forms omitted if 
concrete is poured in clean cut trenches without cave-ins. 

T. Notify Designer of unexpected subsurface conditions, or of questionable soils encountered at 
required subgrade elevations, and discontinue work in area until notified to resume operations. 

U. Contractor shall be responsible for and shall save the Owner harmless from any loss on 
account of any damage incurred in this work. 

V. Rock, in areas to be finished grade, shall be removed and backfilled with good material 
thoroughly compacted. 

W. Footings are to have firm bearing on material as noted on Contract Drawings and with the 
minimum bearing capacity as notes on the Drawings. 

X. For base slabs on bearing rock, excavation for structure base slabs shall be a minimum of 6 
inches below the bottom of slab elevation to allow for placement of a minimum of 6 inches of 
pug mix base stone on top of the rock bearing. 

Y. Contractor shall not cut or block any driveway unless property notice has been provided to the 
property occupant and Owner.  Verify with Owner minimum notice required.  

Z. Excavation in sound bedrock shall be performed in such a manner as to provide safe and 
stable side slopes, per OSHA requirements and with a maximum height between benches of 
20 ft. and at transitions from sound bedrock to weathered rock or earth.  Benches are to be a 
minimum of 5 ft. wide.  Base of rock excavations shall be at footing edge typical. Excavation 
for footing shall be with vertical cut.   

2.5 TRENCH EXCAVATION 

A. All excavation shall be unclassified. 

B. Contractor shall adhere to applicable requirements of general excavation described above that 
do not conflict with the specific requirements of trench excavation. 
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C. Trenches for underground piping, ductwork, drains, and similar utilities shall be excavated and 
maintained as shown on the Drawings and specified in this Section and in such a manner as to 
form a neat and suitable trench in which to place the bedding, pipe, and appurtenances and so 
as to cause the least inconvenience to the public. 

D. All trench excavations shall be open cut unless otherwise shown on the Drawings or specified 
herein.  No tunneling shall be done without approval of Designer of the tunnel cross section 
and details of construction provided by Contractor. 

E. The sides of all trenches shall be vertical to a minimum of 1 foot above the top of the pipe.  
Unless otherwise indicated on the drawings, the trench width shall be equal to the sum of the 
outside diameter of the pipe plus 2 feet, within a tolerance of plus or minus 3 inches. This 
distance will be measured at an elevation in trench which is 12 inches above the top of the 
pipe when laid to grade. 

F. Cut pavement along neat, straight lines with either a pavement breaker or pavement saw in 
accordance with Section 311000. 

G. Contractor shall excavate by hand wherever necessary to protect existing structures or utilities 
from damage or to prevent over-depth excavation in the trench subgrade. 

H. Trench depths shall be sufficient to provide minimum cover of 36 inches over the top of all 
pipes or to provide cover as otherwise specified in these Contract Documents or as shown on 
the Contract Drawings, whichever is greater.  Minimum cover specified shall be maintained at 
all times after installation without exception. 

I. Align trench as shown on the Drawings unless a change is necessary to miss an unforeseen 
obstruction.  Alignment changes shall be documented on the record drawings in accordance 
with Division 01. 

J. Excavation shall be such that a flat bottom trench of allowable width is established at the 
required subgrade elevation for subsequent installation of pipe foundation material or shape 
the bottom of the trench provides uniform bearing of the pipe on undisturbed earth throughout 
its entire length.  Bottom of trenches, whether in dirt or crushed stone bedding, or Gilsulate 
must be shaped by hand, and bell holes must be dug so that the full length of pipe is resting on 
trench bottom.  Blocking shall not be used, and neither shall the pipe be laid on a trench 
bottom that has not been leveled to provide support throughout the full length of the pipe.  
Pipe foundation material shall be as specified in Section 321212. 

K. Remove rock encountered in trench excavation to a depth of 6 inches below the bottom of the 
pipe barrel, backfill with an approved material, and compact to uniformly support the pipe.  In 
no case shall solid rock exist within six (6) inches of the finished pipeline.   

L. When rock borings or soundings are provided, they are for information only and do not 
guarantee existing conditions.  Make such investigations as deemed necessary to determine 
existing conditions. 

M. If a prefabricated, mobile shield is utilized in lieu of conventional sheeting and bracing in pipe 
trenches, the bottom of the shield shall be maintained as high as possible (preferably above the 
spring line of the pipe) so as to prevent disturbance of the pipe foundation material and to 
avoid forces which would tend to pull pipe joints apart when the shield is dragged forward.  
Gouged openings or troughs left by the shield shall be filled with additional pipe foundation 
material and thoroughly compacted.  Installation of sheeting and bracing and use of mobile 
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shields shall be in complete accordance with all details of applicable safety codes, rules and 
regulations including all applicable local, State, Federal, and OSHA regulations. 

N. Trenches shall be opened up far enough ahead of pipe placement to reveal obstructions, but in 
general shall not be opened for more than 200 feet in advance of installed pipe.  Excavation of 
the trench shall be fully completed at least 5 feet in advance of pipe laying operations.   

O. Contractor shall install equipment in trench, backfill when an inspector is present, and provide 
rough cleanup promptly after excavation of trench.  Failure of Contractor to promptly 
complete work in trench may result in Contractor being prohibited from excavating additional 
trench. 

P. Contractor shall gradually increase the depth of trench when approaching cuts, banks, or other 
changes in grade to avoid the use of fittings wherever practical and at no additional cost to the 
Owner. 

Q. Trenching required for new connections to existing utilities shall not commence until existing 
utilities are located and uncovered. 

2.6 MAINTENANCE OF EXCAVATIONS 

A. All excavations shall be properly and legally maintained while they are open and exposed.  
Sufficient and suitable barricades, warning lights, flood lights, signs, etc., to protect life and 
property shall be installed and maintained at all times until the excavation has been backfilled 
and graded to a safe and satisfactory condition.  All signs, markers, barricades shall conform 
to the requirements of the Tennessee Department of Transportation and the Federal Highway 
Administration Manual on Uniform Traffic Control Devices.  All barricades, signs and 
markers shall be reflectorized. 

B. To maintain vehicular and pedestrian traffic and safety, temporary plating over trenches 
consisting of steel plates shall be used to temporarily bridge trench excavations.  Plates shall 
be of size and positioned to provide adequate bearing at plate edges, shall be securely 
anchored, and shall be fitted in place in a manner to minimize noise when crossed by traffic.  
Plates shall be of sufficient thickness to safely carry heavy traffic without detrimental 
deflection; however, unless otherwise specified, the minimum thickness of plates shall be 1-
inch. 

C. Plate edges exposed to traffic shall be feathered with asphalt mix as part of trench excavation 
work.  Work includes surveillance and adjustment of plating over trenches which shall be 
provided by the Contractor during non-working hours, weekends, and holidays. 

D. Contractor shall maintain all excavations in a dry condition until work is complete.  Contractor 
shall be responsible for controlling groundwater, storm water, and sewage in the excavated 
areas.  Equipment and facilities shall not be installed in water.  Water shall not be allowed to 
submerge concrete or mortar until concrete and mortar have been set for at least 48 hours.   

2.7 DISPOSAL OF EXCAVATED MATERIALS 

A. Excavated materials shall be stored safely away from the edge of the excavation area and shall 
avoid encroachment on private property. 
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B. Storage of excavated materials shall be accomplished in a manner to avoid danger to workers, 
utilities, and vehicular and pedestrian traffic, avoid encroachment on private property, and 
avoid or minimize blockage of driveways, sidewalks, natural drains, etc. 

C. Material shall be stockpiled for future use only if prior approval for material reuse has been 
approved by Designer otherwise material shall be considered unsuitable or surplus material 
and disposed of promptly.  Stockpiling shall be in locations approved by Owner and Designer 
prior to stockpiling activities. 
 

D. Excess and unsuitable excavated material shall be disposed of off-site in accordance with 
Section 310100.  No on-site material shall be used for backfilling unless testing confirms the 
suitability of the material and then only with approval of Designer. 

2.8 OBSTRUCTIONS 

A. Obstructions shown on the Drawings are for information only and do not guarantee their exact 
locations nor that other obstructions are not present. 

B. When utilities or obstructions are not shown on the Drawings but are present within the work 
area, the Contractor may request to relocate proposed work if necessary to avoid disturbing the 
utility or obstructions. 

 

1. If the relocation is approved by Owner and Designer, Contractor shall receive 

compensation for additional granular backfill, pavement replacement, and other work as 

may be necessary to accomplish the modified work. 

2. If the relocation is not approved by Owner and Designer, Contractor and Designer shall 

work together to resolve the conflict with the obstruction. 

C. Exercise due care in excavating adjacent to existing obstructions and do not disturb these 
obstructions unless absolutely necessary and then only with the written approval of the Owner 
of the obstruction. 

D. In the event obstructions are disturbed, repair or replace as quickly as possible to the condition 
existing prior to their disturbance and in accordance with requirements of the Owner of the 
obstruction.  Such repair or replacement work shall be at the expense of the Contractor.  If 
Owner of obstruction desires to perform repair or replacement work themselves, Contractor 
shall pay the Owner of the obstruction for their repair or replacement work. 

E. If replacement or repair of disturbed obstructions is not performed after a reasonable period of 
time, the Owner may have the necessary work done and deduct the cost of same from 
payments to the Contractor. 

2.9 GRADING 

A. Finish Grading: 
 

1. All finish earth surfaces in area of the site disturbed for the new construction shall receive 

topsoil.   

2. Topsoil shall not be placed when the subgrade is frozen, excessively wet, extremely dry, 

excessively compacted, or in a condition detrimental to the proposed planting. 

3. Topsoil shall be removed from the stockpile on the site or brought in off the site if 

quantity of existing is not sufficient, and distributed uniformly and spread evenly to a 

thickness of 8 inches.  Topsoil shall be rock free.  Specified thickness shall be after soil 

has been compacted in accordance with the Contract Documents. 
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4. Finished surfaces shall be fine graded, neat, and uniform with no visible clumps or 

particles of soil exceeding 1-1/2 inches in longest dimension. 

5. Grade uniformly with rounded surfaces at tops and bottoms of abrupt changes of plane. 

6. Finish surfaces properly for seeding.  Variation from a plane shall not exceed 1 inch in 10 

feet. 

7. Protect graded areas from erosion, or repair and regrade.  Refill where noticeable 

settlement occurs.  Refilling of settled areas is included in project's warranty period. 

8. Remove rocks, roots, and other foreign materials and leave surface smooth and well-

drained. 

2.10 TESTING 

A. Contractor shall employ an independent testing laboratory with prior experience in monitoring 
and backfill testing to perform testing of all compacted fill to certify that the fill and backfill is 
placed in conformance with the Drawings and Specifications.  The testing laboratory shall 
inspect all bearing and subgrade levels for compliance with the bearing conditions required.  If 
laboratory employed by Contractor, laboratory shall be acceptable to Owner and Designer. 

B. Contractor shall cooperate fully with the testing laboratory performing sampling and testing 
required herein.  The Contractor shall notify the testing laboratory and Designer a minimum of 
48 hours in advance of when work is to be in progress. 

C. Testing shall consist of all required laboratory tests of the fill material including moisture-
density relationships (Proctor), Atterburg limits and continuous inspection and field density 
testing of the fill when it is being placed. 

D. Testing laboratory shall submit 2 copies of laboratory report to Designer and 1 copy to the 
Contractor. 

E. Suitability of the proposed material for use as fill and backfill shall be verified by the testing 
lab, and their report shall so state its suitability. 

2.11 PERIODIC CLEANUP AND BASIC RESTORATION 

A. When work involves installation of sewers, drains, water mains, manholes, underground 
structures, or other disturbances of existing features in or across streets, rights-of-way, 
easements or private property, the Contractor shall (as the work progresses) promptly backfill, 
compact, grade and otherwise restore the disturbed area to a basic condition which will permit 
resumption of pedestrian or vehicular traffic and any other critical activity or function 
consistent with the original use of the land.  The requirements for temporary paving of streets, 
walks, and driveways are specified elsewhere.  Unsightly mounds of earth, large stones, 
boulders and debris shall be removed so that the site presents a neat appearance. 

B. Contractor shall perform the clean-up work on a regular basis and as frequently as required.  
Basic site restoration in a particular area shall be accomplished immediately following the 
installation or completion of the required facilities in that area.  Furthermore, such work shall 
also be accomplished if partially completed facilities must remain incomplete for some time 
period due to unforeseen circumstances. 

2.12 PROTECTION 

A. Protect excavations by methods required to prevent cave-in or loose soil from falling into 
excavation.. 
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B. Protect bottom of excavations and soil adjacent to and beneath foundation, from freezing. 

C. Exposed subgrade surfaces shall remain undisturbed, drained, and maintained as uniform, 
plane areas, shaped to receive the foundation components of the building or structure. 

D. Protect all completed work in accordance with Section 312000. 

E. Regrade and recompact fills subjected to vehicular traffic. 

2.13 BACKFILLING AND COMPACTION 

A. All backfilling and compaction shall be in accordance with Section 321212. 

END OF SECTION 315000 
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SECTION 321210 - BASE AND SUBGRADE TREATMENT UNDER PAVEMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Preparing and stabilizing subgrade to receive a base or pavement. 

2. Placing and compacting base material. 

3. Placing and compacting stabilized base. 

B. Related documents: 
 

1. Section 013300 – Submittals 

2. Section 015000 – Temporary Facilities and Controls 

3. Section 311000 – Pavement Cutting 

4. Section 312000 – Protection of Existing Facilities 

5. Section 315000 – Excavation, Trenching and Grading 

6. Section 321212 – Bedding, Backfilling and Compaction 

1.2 REFERENCE STANDARDS 

A. Compact all subgrade materials to 100 percent of maximum density unless otherwise 
specified. 

 

1. Determine maximum density and optimum moisture in accordance with the "Standard 

Method of Test for Moisture Density Relationship of Soils Using a 5.5 Pound Rammer 

and a 12-inch Drop," AASHTO Designation T-99, Method A. 

B. Compact Type A Base materials to an average dry density of at least 100 percent of theoretical 
density based upon 83 percent of a solid volume, unless otherwise specified. 

 

1. No individual test shall be less than 97 percent of theoretical density. 

2. Theoretical density of limestone aggregates shall be based on bulk specific gravity 

AASHTO T-85. 

3. Theoretical density of all other aggregates shall be based on bulk specific gravity 

AASHTO T-84 and T-85. 

C. Compact Type B base materials to at least 95 percent of maximum density, unless otherwise 
specified. 

 

1. No individual test shall be less than 92 percent of maximum density. 

2. Determine maximum density and optimum moisture in accordance with the "Standard 

Method of Test for Moisture Density Relationship of Soils Using a 5.5 Pound Rammer 

and a 12-inch Drop," AASHTO Designation T-99, Method D. 

1.3 TESTING 

A. All test shall be performed by an independent lab and reports shall be provided to the designer. 
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PART 2 - PRODUCTS 

2.1 MINERAL AGGREGATE MATERIALS – GENERAL 

A. Mineral aggregate: sound, tough, and durable fragments of crushed stone, crushed slag, 
crushed or uncrushed gravel or chert. 

B. Fine aggregate: natural sand, silt-clay, or other inert materials with similar characteristics 
conforming to AASHTO M-6, M-29, and M-45 requirements except as specified herein. 

C. Coarse aggregate: AASHTO M-43, except as specified herein, consisting of crushed stone, 
crushed slag, crushed or uncrushed gravel, crushed or uncrushed chert, or a combination 
thereof, or other inert materials with similar characteristics, having hard, strong, durable 
pieces free from adherent coatings. 

D. Coarse aggregates: graded to standard sizes between the limits specified and to the gradation 
requirements set forth in the following table: 
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SIZES OF COARSE AGGREGATE: AASHTO M-43 

Size 

No. 

Nominal 

Size 

Square 

Openings 

(1) 

Amounts Finer Than Each Laboratory Sieve (Square Openings), Percentage by Weight 

4 3-1/2 3 2-1/2 2 
1-

1/2 
1 3/4 1/2 3/8 No. 4 

No. 

8 

No. 

16 

No. 

50 

No. 

100 

1 3-1/2 to 1-
1/2 

10
0 

90-
100 

 25-60  0-15  0-5        

2 
2-1/2 to 1-

1/2 
  

10
0 

90-
100 

35-
70 

0-15  0-5        

24 2-1/2 to 3/4   
10
0 

90-
100 

 
25-
60 

 0-10 0-5       

3 2 to 1    100 
90-
100 

35-
70 0-15  0-5       

357 2 to No. 4    100 
95-
100  35-70  10-30  0-5     

4 1-1/2 to 3/4     100 90-
100 

20-55 0-15  0-5      

467 1-1/2 to No. 
4 

    100 95-
100 

 35-70  10-
30 

0-5     

5 1 to 1-1/2      100 
90-
100 

20-55 0-10 0-5      

56 1 to 3/8      100 
90-
100 

40-75 15-35 0-15 0-5     

57 1 to No. 4      100 
95-
100  25-60  0-10 0-5    

6 3/4 to 3/8       100 
90-
100 20-55 0-15 0-5     

67 3/4 to No. 4       100 90-
100 

 20-
55 

0-10 0-5    

68 3/4 to No. 8       100 90-
100 

 30-
65 

5-25 0-10 0-5   

7 1/2 to No. 4        100 
90-
100 

40-
70 

0-15 0-5    

78 1/2 to No. 8        100 
90-
100 

40-
75 

5-25 0-10 0-5   

8 3/8 to No. 8         100 
85-
100 10-30 0-10 0-5   

89 3/8 to No.         100 90- 20-55 5-30 0-10 0-5  
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16 100 

9 
No. 4 to No. 

16          100 
85-
100 

10-
40 0-10 0-5 10-30 

10 
No. 4 to 0 

(2)          100 
85-
100     

 

(1) In inches, except where otherwise indicated.  Numbered sieves are those of the United States Standard Sieve Series. 

(2) Where Size No. 10 (Screenings) is specified in asphalt pavement design the percent passing the No. 4 sieve shall be 90-100 and the percent 

passing the No. 200 sieve shall be from 5-16. 
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2.2 SUBGRADE STABILIZATION MATERIAL 

A. Thoroughly pulverize and mix all subgrade and aggregate material until not more than five 
percent of the material exclusive of gravel or stone is retained on a 2-inch sieve. 

B. Add sufficient water during the mixing and compacting operation to provide optimum 
moisture content, as determined by AASHTO t-99, plus or minus three percentage points. 

2.3 MINERAL AGGREGATE BASE MATERIALS 

A. Base aggregates shall conform to the requirements of article 2.01 and shall be Type A.  Type 
B aggregates shall be used only with permission of Owner and Designer. 

B. Base aggregate gradations: 
 

 SIEVE SIZE PERCENT PASSING BY WEIGHT 

1-1/2 inches 100 

1 inch 85 – 100 

3/4 inch 60 – 95 

3/8 inch 50 – 80 

No. 4 40 – 65 

No. 16 20 – 40 

No. 100 9 – 18 

C. Type A aggregate: crushed stone, crushed slag, crushed gravel, or crushed chert, and other 
fine grained mineral matter. 

 

1. Crushed stone: free from adherent coatings, clay, or other soils with wear not exceeding 

50 percent and sodium sulfate soundness loss not exceeding 15 percent. 

2. Crushed slag: quality as for crushed stone having a uniform density. 

3. Crushed gravel and chert: screened and all oversize material crushed and fed back over 

the screen in a uniform manner. 

4. Coarse aggregate retained on the No. 4 sieve shall not have a percentage of wear 

exceeding 30 percent. 

5. Material passing the No. 40 sieve: non-plastic, or with a liquid limit not exceeding 25 and 

a plasticity index not exceeding 6. 

6. Only aggregate meeting base aggregate gradations described above shall be used. 

D. Type B aggregate: crushed stone, crushed slag, crushed or uncrushed gravel, crushed or 
uncrushed chert, or a combination of these materials, and other fine grained material.  The 
quality of Type B aggregate shall be the same as for Type A aggregate except as follows: 

 

1. Gravel or chert: screened and the oversize material wasted or crushed and blended in a 

uniform manner with the remainder of the material. 
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2. Gravel or chert: no more than 12 percent clay. 

3. Coarse aggregate retained on the No. 4 sieve shall not have a percentage of wear 

exceeding 40 percent. 

4. Additional binder or mineral aggregate may be incorporated into the material to meet 

gradation, density, or bonding requirements.  

5. Only aggregate meeting base aggregate gradations described above shall be used. 

E. Furnish test reports on quality of all aggregates for approval by the Designer prior to blending 
or mixing.  If requested by the Designer, furnish samples for testing by an independent 
laboratory.  Test methods for aggregate base quality shall be by the following AASHTO 
methods: 

 

Test Method 

Sampling T-2 

Percentage of Wear T-96 

Soundness T-104 

Unit Weight T-19 

Sieve Analysis T-27 

2.4 CEMENT STABILIZED BASE MATERIALS 

A. Designer will determine the proportions of materials to be used that will produce a workable 
lean concrete. 

 

1. Maximum design slump of 1-1/2 inches, AASHTO T-119. 

2. Minimum compressive strength of 500 psi in seven (7) days. 

3. Cement content of 200 pounds per cubic yard of concrete. 

4. Maximum entrained air of 5 percent. 

5. Water reducer quantity as recommended by the manufacturer. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clear construction areas as stipulated in Section 310100. 

B. Maintain bench marks, monuments, and other reference points. 

3.2 SUBGRADE PREPARATION 

A. Prepare subgrade in reasonably close conformity with the lines and grades as shown on the 
drawings or as designated by Designer. 

B. Haul, spread, and compact suitable material in sufficient quantity when the roadbed is below 
grade. 
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C. Prepare subgrade across the entire sub-base section when sub-bases are to be constructed on 
the subgrade. 

D. Construct subgrade 12 inches wider on each side of the base or pavement when forms are 
required for the base or pavement. 

E. Clear subgrades, as stipulated in Section 310100, required reworking to the limits described 
above. 

F. Grade subgrade in such a manner as to provide ready drainage of water from subgrade.  
Maintain ditches and drains during construction. 

3.3 SUBGRADE COMPACTION 

A. Compact the finished subgrade to not less than 100 percent of the maximum density. 

B. When the density requirement is not met, loosen the subgrade by discing, harrowing, or other 
approved methods to a depth of not less than six inches, then reshape and re-compact. 

C. Moisten and aerate the subgrade material as necessary during mixing and compacting to 
provide optimum moisture content. 

D. Rework or remove, replace, and re-compact all soft, yielding material which will not compact 
readily. 

E. Protect subgrade from damage and limit hauling over the finished subgrade to, that which is 
essential for construction, purposes. 

F. Smooth and re-compact all ruts or rough places that develop in a completed subgrade. 

G. Check the lines, cross sections, and grades of the subgrade as completed for reasonably close 
conformity with those shown on the drawings for the bottom of the sub-base, or pavement, or 
with those established by Designer. 

3.4 SUBGRADE STABILIZATION 

A. Add and incorporate granular stabilizing material, with or without additives as required, into 
existing subgrade. 

B. Replace unsuitable subgrade material with stabilizing material in reasonably close conformity 
to the widths and depths shown on the drawings, specified herein, or as directed by the 
Designer. 

C. Spread the quantity of aggregate for subgrade treatment, as designated on the drawings or as 
directed, by means of a mechanical spreader and thoroughly mix with the subgrade material 
by means of a mechanical mixer.  Spreading and mixing may be performed by other approved 
methods on short sections to be established, when permitted by the Designer. 
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D. Spread material uniformly by motor grader to the required cross section and compact.  
Accompany compaction operations with sufficient blading by motor graders to assure a 
smooth, uniform surface. 

E. Maintain the complete subgrade until covered by the following stage of construction or until 
the project has been completed and accepted. 

3.5 PLACING AGGREGATE BASE 

A. Place one or more courses of aggregates, and additives if required, on a prepared subgrade in 
reasonably close conformity with the lines, grades, thickness, and typical cross sections shown 
on the drawings or established by the Designer. 

B. Construct mineral aggregate base in one or more layers with a compacted thickness as shown 
on the drawings. 

C. Mineral aggregate bases shall not be spread on a subgrade that is frozen or contains frost. 

D. Hauling over material already placed will not be permitted until it has been spread, mixed, 
shaped, and compacted to the required density. 

3.6 MIXING AND SPREADING AGGREGATE BASE 

A. Unless otherwise specified, mix and spread base course materials, including additives if 
required on the drawings.  Furnish sieve analyses of mix gradations for all materials for 
approval by Designer prior to beginning work.  Methods of sampling and testing shall be in 
accordance with current AASHTO requirements. 

B. Stationary Plant Method – For Type A or B base materials. 
 

1. Mix and add water in an approved stationary mixing plant capable of producing a well-

graded mix. 

2. Add water and calcium or sodium chloride, if specified, during the mixing operation in 

the amount necessary to provide a moisture content satisfactory for compacting. 

3. If combining of materials is required to meet the grading requirements, blend prior to 

mixing by uniformly adding the material.  Blending of materials in stockpiles will not be 

permitted. 

4. All material fed into the plant shall travel the full length of the pugmill. 

5. After mixing, transport the material for each layer of base to the job site while it contains 

the proper moisture content, and spread to the required thickness and cross section by 

means of an approved mechanical spreader. 

6. Test samples may be taken from the conveyor feeding the mixer or from the mixer 

output. 

C. Road Mix Method (Mechanical Mixer) – For Type B base materials. 
 

1. Place the material for each layer of base course through an aggregate spreader or 

window-sizing device capable of being adjusted to spread the materials in the proper 

proportions. 



BASE AND SUBGRADE TREATMENT UNDER PAVEMENT           321210 - 9 

 

2. After placing, mix the material with an approved mechanical mixing machine of rotary or 

pugmill type capable of producing a uniform blend. 

3. During mixing, add water in the amount sufficient to provide a moisture content 

satisfactory for compacting. 

4. If two or more materials are to be blended on the road, spread each material separately in 

the necessary proportions prior to blending and mixing, unless moisture control additives 

are specified. 

5. If two or more materials are blended, test samples shall be taken after mixing and before 

compaction.  If blending is not required, test samples may be taken from plant production 

or stockpiles. 

D. Road Mix Method (Motor Grader) – For Type B base materials. 
 

1. After depositing and uniformly spreading the material for each layer of base course, 

sprinkle it with water in sufficient quantity to moisten all particles, but not in such 

quantity that segregation of sizes or softening of the subgrade will occur. 

2. Immediately following the application of water, thoroughly mix the material by 

windrowing and spreading with motor graders until the mixture is uniform throughout, 

unless moisture control additives are specified or if two or more materials are to be 

blended. 

3. Spread the base material while at optimum moisture content in layers of specific 

thickness and cross-section by means of approved motor graders. 

4. If the required compacted depth of the base course exceeds 6 inches, construct the base in 

two or more layers of approximate equal thickness.  The maximum compacted thickness 

of any one layer shall not exceed 6 inches except when vibrating or other approved types 

of special compacting equipment are used.  The compacted depth of a single layer of the 

base course may be increased to 8 inches upon approval of Designer. 

5. Immediately following spreading, shape the base material to the required degree of 

uniformity and smoothness. 

6. Compact to the required density prior to any appreciable evaporation of surface moisture.  

Continuously compact each layer until the minimum density requirement is achieved. 

7. Test samples may be taken from stockpiles or plant production. 

 

END OF SECTION 321210 
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SECTION 321212 - BEDDING, BACKFILL AND COMPACTION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Materials authorized for use for backfilling. 

2. Pipe foundations and bedding. 

3. Trench backfilling. 

4. Filling and backfilling around and under structures. 

5. Compaction for piping, foundations and other structures. 

6. Compaction test methods. 

7. Removal or reuse of excavated materials. 

B. Related documents: 
 

1. Section 310100 – Site Preparation and Clearing 

2. Section 312000 – Protection of Existing Facilities 

3. Section 315000 – Excavation, Trenching and Grading 

4. Section 329200 – Site Restoration 

1.2 REFERENCES 

A. The publications listed below form a part of this specification. The publications are referred to 
in the text by the basic designation only. In the event of conflict between the requirements of 
this section and those of the listed documents, the stricter of the two shall apply as determined 
by the Designer. 

 

Reference Title 

Standard Specifications 

for Road and Bridge 

Construction 

Standard Material Specifications for gravel, sand, crushed stone and 

gravel-cement mixtures published by the Tennessee Department of 

Transportation. 

ASTM C136 Method for Sieve Analysis of Fine and Coarse Aggregates 

ASTM D698 Laboratory Compaction of Soil Using Standard Effort  

ASTM D1556 Density of Soil in Place by Sand-Cone Method 

ASTM D1557 Laboratory Compaction of Soil Using Modified Effort 

ASTM D2922 Density of Soil in Place by Nuclear Methods 

ASTM D3017 Water Content of Soil in Place by Nuclear Methods  

OSHA Occupational Safety and Health Administration 

TOSHA Tennessee Occupational Safety and Health Administration 
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1.3 PRECAUTIONS 

A. Contractor shall take all necessary steps and precautions, including those outlined in these 
Contract Documents, to notify owners of utilities and identify utilities within the construction 
area or those that might be disturbed by work activities, protect all features of the site that are 
to remain, and protect bench marks and survey points. 

B. Refer to Sections 312000 and 315000 for more specific details on precautions to be taken to 
protect life and property. 

1.4 QUALITY ASSURANCE 

A. Contractor shall adopt compaction methods which will produce the degree of compaction 
specified herein, prevent subsequent settlement, and provide adequate support for the surface 
treatment, pavement, structure and piping to be placed thereon, or therein, without damage to 
the new or existing facilities. 

B. Natural subgrade for all footing, mats, slabs-on-grade for structures or pipes shall consist of 
firm undisturbed natural soil. 

C. After excavation to subgrade is completed, the subgrade shall be compacted if it consists of 
loose granular soil or if its surface is disturbed by the teeth of excavating equipment. 

 

1. This compaction shall be limited to that required to compact loose surface material and 

shall be terminated in the event that it causes disturbance to underlying fine-grained soils, 

as revealed by weaving or deflection of the subgrade under the compaction equipment. 

2. If the subgrade soils consist of saturated fine or silty sands, silts, or clay or varved clays, 

no compaction shall be applied. 

1.5 ADJUSTMENT PRICE - MEASUREMENT AND PAYMENT 

A. Additional excavating and backfilling performed at the written direction of Designer below or 
beyond the lines and grades shown or specified will be paid for at the appropriate adjustment 
prices included in the Contract or if not included, at a price mutually agreed upon by Owner 
and Contractor, and the Contract Price will be adjusted by Change Order. 

1.6 SUBMITTALS 

A. Materials required for filling, backfilling, subbase and other purposes shall be as shown on 
Contract Drawings, specified herein, or as ordered by Designer. Prior to bidding, Contractor 
shall familiarize himself with available quantities of acceptable on-site and off-site materials. 

B. For all materials proposed, notify Designer of source of material (whether on-site or off-site) 
and if required by Designer, furnish a certified gradation analysis clearly describing particle 
sizes and other testing data necessary to demonstrate full compliance with Contract 
Documents.  Analysis shall be provided to Designer at least 10 calendar days prior to 
anticipated use of proposed material. Only off-site approved materials shall be utilized unless 
Contractor demonstrates to satisfaction of Designer that on-site material meets specified 
requirements. Contractor shall, at his own expense, engage an approved testing laboratory to 
perform such testing, and submit certified test results to the Designer. If similar tests of 
material from a particular source were performed previously, submit results of these tests to 
Designer for consideration (test data must be dated within one year of anticipated use). Should 
any on-site material fail to compact to required levels, on-site material shall be re-excavated, 
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disposed of properly, and replaced with approved off-site material at no additional cost to 
Owner. 

C. Designer reserves right to inspect proposed source of all materials and to order such tests of 
materials as he deems necessary to ascertain its quality and gradation of particle size. Any 
additional testing required for approval of material by Designer shall be at Contractor’s 
expense. 

PART 2 - PRODUCTS 

2.1 BEDDING AND BACKFILL MATERIALS 

A. Materials shall be hard and durable. 

B. Materials shall be free from organic matter, asphalt, trash, shale, debris, snow, ice and other 
frozen or mechanically deleterious material. 

C. Materials shall meet the specified gradation requirements. 

D. Unless otherwise specified, crushed stone shall be composed of limestone pieces, chips, and 
fines. 

E. Materials shall meet the most recent specified Tennessee Department of Transportation 
(TDOT) Standard Specifications for Road and Bridge Construction requirements. 

F. For Structures 

 

1. Topsoil 

 

a. Earth containing minimum 6 percent organic material which is capable of supporting 

vegetation planned for this project and in accordance with Section 329200. 

 

2. Dense-Graded Aggregate Fill 

 

a. Dense-graded aggregate fill is required for remediation of the subgrade to the 

weathered shale layer under any structural foundation. 

b. Crushed stone conforming to Tennessee Department of Transportation Standard 

Specification, Type A, Class A and Grading E. 

 

3. Granular Fill 

 

a. Crushed stone conforming to ASTM D448 Size No. 57, Type A. 

b. Selected shot rock shall be reasonably well graded and free of fines with maximum 

fragment size of 6 inches.  

 

4. Earth Fill 

 

a. Clean earth, free from organic material, rubbish, cinders, ice, and rocks over 2 

inches in their longest dimension, consisting of either low plasticity clay having a 

plasticity index of less than 25, or a cohesionless soil with less than 15 percent 

passing a No. 200 sieve.  Existing on-site allurial soils consisting of silty clay or 
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clayey silt with liquid limit less than 50 and P.I. less than 25 may be used.  

Contractor, at his cost, shall provide to Designer for review and acceptance 

necessary test results showing compliance with these requirements and others 

stipulated in the Contract Documents prior to use of on-site materials. 

b. Alternate earth fill shall be "Crusher Run" conforming to Tennessee Department of 

Transportation Standard Specification for mineral aggregate base, "C" or "D" 

grading. 

c. On-site earth removed during cutting operations or off-site borrow material may be 

used, subject to meeting the specifications noted above and approval of the Owner 

and Designer. 

 

5. Off-Site Borrow 

a. Off-site borrow material to be used for fill and backfill shall meet the requirements 

of this Section.  Contractor, at his cost, shall provide necessary test results showing 

compliance prior to use to Designer for approval. 

G. For Underground Piping 
 

1. Install insulation per underground Piping Details. 

 

2. Outside Roadway 

 

a. Bedding 

 

1) Dry earth trench excavation –  

 

a) Plastic Pressure Pipe and Gravity Sewers – TDOT Section 903 Type "A" 

aggregate No. 67 aggregate. 

b) Ductile Iron Pressure Pipe – Select Earth: sound, loose earth containing 

optimum moisture content for compaction as specified herein, free from all 

wood, vegetable matter, debris, and other objectionable material, and 

having scattered clods, stones, or broken concrete less than 2 inches in 

maximum dimension. TDOT Section 903 Type "A" aggregate No. 67 

aggregate. 

 

2) Wet trench excavation – TDOT Section 903 Type "A" No. 57 aggregate 

3) Rock trench excavation – TDOT Section 903 Type "A" aggregate No. 57 or 67 

aggregate. 

 

b. Backfill 

 

1) General Earth – Sound, loose earth containing optimum moisture content for 

compaction as indicated herein, free from all wood, vegetable matter, debris, 

and other objectionable material, and having scattered clods, stones, or broken 

concrete and pavement less than 6 inches in maximum dimension. 

 

3. Inside Roadway 

 

a. Bedding and Backfill – TDOT Section 903 Type "A" No. 57 aggregate. 
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4. Unstable Soils 

 

a. Bedding and Backfill – TDOT Section 903 Type “A” No. 67 aggregate. 

H. For Asphalt and Concrete Pavement – Granular Fill 
 

1. See Section 321210. 

I. Fill Concrete 
 

1. TDOT Class “B”. 

2. Minimum 28-day compressive strength shall be 3,000 psi. 

3. Concrete shall not contain less than 550 pounds of cement per cubic yard. 

4. Use when over-excavation has occurred due to error or because soft spots were 

encountered. 

J. Pug Mix Base Stone – Mineral aggregate base per the requirements of TDOT Section 303, 
Grading D, for Type A base and Class A aggregate. 

K. Other Materials – All other materials not specifically described but required for a complete 
and proper installation, shall be as selected by the Contractor subject to the approval of the 
Designer. 

L. Unsuitable Material – Shale, weathered shale, and other unsuitable materials shall not be used 
for fill and/or backfill material, and shall be disposed of off-site in accordance with Section 
310100. 

M. Geotextile Fabric: 
 

1. Piping Applications – Woven – Mirafi 500X, Tencate, or approved equal. 

2. Structural Applications – Non-Woven – Geotex 451 by Propex, Mirafi 140N, Tencate, or 

equal. 

PART 3 - EXECUTION 

3.1 EXAMINATION BEFORE BACKFILLING 

A. Verify fill materials to be used are acceptable and approved by Designer. 

B. Verify that all subsurface installations for the project have been inspected and are ready for 
backfilling. 

C. Verify that foundation walls are properly shored and braced to withstand lateral soil pressures 
created when backfilled material is placed against such walls. 

D. Verify that underground tanks are anchored to their own foundation to avoid flotation after 
backfilling. 

3.2 PREPARATION BEFORE BACKFILLING 

A. Install barriers and other devices to protect areas adjacent to construction. 
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B. Protect and maintain all benchmarks and other survey points. 

C. Perform excavations and trenching in conformance with Section 315000. 

D. Generally, compact subgrade to density requirements for subsequent backfill materials. 

E. Cut out soft areas of subgrade not capable of in situ compaction.  Backfill these areas with 1 to 
2 inch stone except that the last 6 to 12 inches (refer to Drawing details for thickness) shall be 
No. 67 crushed stone as defined in Section 903 of the latest Tennessee Department of 
Transportation Standard Specifications for Road and Bridge Construction.  Compact these 
areas to density equal to or greater than requirements for subsequent backfill material. 

1. When unstable soil conditions are caused by Contractor’s failure or neglect to properly 

handle groundwater or protect against entrance of water into excavation, Contractor shall 

remove and replace unstable material at no additional cost to Owner. 

F. Inspect spaces to be backfilled and remove all unsuitable materials including sheeting, 
bracing, forms and debris prior to commencing backfilling operations as required. 

G. Method of backfilling shall not disturb or damage adjacent walls, drainage systems, damp-
proofing, waterproofing, protective coverings, utilities in trenches, underground conduits or 
tanks. 

3.3 BACKFILLING – GENERAL 

A. Backfilling shall be started as soon as practicable and after structures or pipe installations have 
been completed and inspected, concrete has acquired a suitable degree of strength, and 
subgrade waterproofing materials have been in place for at least 48 hours.  Backfilling shall be 
carried on expeditiously thereafter.  Backfill shall be started at the lowest section of the area to 
be backfilled.  Natural drainage shall not be obstructed at any time. 

B. Backfill spaces shall be inspected prior to backfilling operations and all unsuitable materials, 
including sheeting, bracing forms and debris, shall be removed.  No backfill shall be placed 
against foundation walls on structural members unless they are properly shored and braced or 
of sufficient strengths to withstand lateral soil pressures. 

C. If sufficient materials are not available from excavations, or the excavated material is 
unsuitable for backfill, Contractor shall bring in off-site materials.  All fill material shall be 
subject to the approval of Designer. 

D. Backfill material shall be inspected prior to placement and all roots, vegetation, organic 
matter, or other foreign debris shall be removed.  Stones larger than 2 inches in any dimension 
shall be removed or broken.  Stones shall not be allowed to form clusters with voids. 

E. Backfill material shall not be placed when moisture content is more than two percent above 
optimum or is otherwise too high to allow proper compaction.  When material is too dry for 
adequate compaction, water shall be added to the extent necessary. 

F. Before compacted fill is placed, the excavated areas shall be proof rolled with a 20-ton 
pneumatic tire roller or loaded dump truck to determine if any soft spots exist.  If soft spots are 
found, they shall be excavated and be replaced with compacted fill as necessary to comply 
with the Contract Documents. 
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G. Contractor shall fill all voids or holes in the trench wall that later could lead to trench 
settlement. 

H. Backfill all areas to required contours, grades and elevations with unfrozen materials. 
Systematically backfill to allow maximum time for natural settlement.  Do not backfill over 
porous, wet, frozen or spongy subgrade surfaces.  No calcium chloride or other chemicals 
shall be added to prevent freezing. 

I. Backfill behind walls and around structures shall be granular fill as specified below: 
 

1. Granular fill material, Size No. 57 crushed stone per ASTM D448 to the dimensions 

indicated on the Contract Drawings or at a minimum width at base of footing or bottom 

of wall plus 1 foot and proceeding upwards at a slope of 2 vertical for every 1 horizontal 

to within 1 foot below final grade; remaining 1 foot of fill to final grade shall be earth fill 

or other materials as may be required given final grade conditions.  Backfill beyond the 

specified envelope of No. 57 stone shall be earth fill.   

2. Fill material shall be placed in maximum 8 inches thick loose lifts and consolidated until 

material is densified and stable using bulldozer, roller, vibratory tamping using a 

vibratory plate or sled, or equivalent equipment.  Fill and backfill in other areas shall be 

earth fill material unless otherwise specified in the Contract Documents compacted as 

specified herein. 

J. Before placing compacted fills, the existing subgrade, after removal of topsoil, shall be 
benched so that the slope of the subgrade does not exceed five (5) feet per 100 feet unless 
sheeting, shoring, and bracing is utilized. 

K. Loosen top two inches of existing soil just before placing earth fills. 

L. Do not place fill in water, on muddy, frozen, or frost areas or other debris, wood, or foreign 
material. 

M. Place all earth fills and backfills in 8-inch maximum when compacted, horizontal layers.  
Perform this work when soil moisture will permit proper compaction or when the addition of 
water by spraying will approach optimum conditions. 

N. Compact earth fills and backfills as required by this Section. 

O. Crusher run used for fill or backfill is to be compacted in layers to the minimum densities 
required by this Section.  Crusher run fill is to be treated same as for earth fill. 

P. Install geotextile fabric prior to placing backfill and at completion of backfill as indicated on 
the Contract Drawings and as required herein. 

Q. Ruts or holes from construction equipment shall be graded smooth. 

R. Fills shall be shaped to provide natural drainage and shall be sealed at the end of each day's 
work or when precipitation is likely. 

S. Surfaces of new subgrades shall be left clean. 

T. Sealed fills shall be scarified before placing the next layer of fill. 
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U. Backfill operations adjacent to concrete walls shall not commence until all forms and debris 
have been removed and footing drains, waterproofing, damp-proofing, and exterior wall 
construction have been examined and approved by the Designer and successful hydrostatic 
testing of watertight structures has been completed. 

V. Contractor shall use precaution in backfilling against walls to prevent damage to 
waterproofing. 

W. Backfill or fill to be placed against concrete walls shall not be started until the concrete has 
been cured as per Division 3.  Motorized equipment shall not be used closer to the structure 
than the lesser of the structures depth below grade or 8 feet.  In these areas, hand operated 
motorized equipment shall be used.  Backfill around tanks shall not commence until tanks 
have been hydrostatically tested, tanks are structurally sound to receive such backfill, and 
Designer has approved commencement of backfilling. 

X. Where fill is to be placed on both sides of a grade wall, the fill shall be placed in layers 
alternating on each side of the wall.  The concrete shall have been cured for at least 7 days 
during which the average air temperature has been above 50 degrees Fahrenheit or when test 
cylinders show a compressive strength of seventy-five (75) percent 28-day strength. 

Y. Where fill is to be placed on one side of a wall only, the fill shall not be placed until the 
concrete has obtained full design strength.  When temporary shores are required to support the 
wall until the permanent structural support has been constructed, they shall be provided by 
Contractor at no additional cost to Owner. 

Z. Backfilling around pipes shall be carried out simultaneously on both side of pipe in such a 
manner that prevents damage to the pipe. 

AA. Backfill against supported foundation walls. Do not backfill against unsupported foundation 
walls. 

BB. Backfill simultaneously on each side of unsupported foundation walls until supports are in 
place. 

CC. Slope grade away from building minimum 2 inches in 10 feet unless noted otherwise. 

DD. Rough grade all backfilled and filled areas to meet subsequent topsoiling or paving 
requirements.  Make grade changes gradual.  Blend slopes into level areas. 

EE. Remove surplus backfill materials from site in compliance with Section 310100. 

FF. Leave fill material stockpile areas completely free of excess fill materials. 

GG. Material incorporated in the backfilling operation which is not in satisfactory condition shall 
be subject to rejection and removal at the Contractor’s expense. 

HH. If the Contractor fails to stockpile and protect on-site excavated material acceptable for 
backfill, then the Contractor shall provide an equal quantity of acceptable off-site material at 
no expense to the Owner. 

II. Crevices and void slots in bedrock at subgrade levels shall be filled with grout or Fill 
Concrete.  Soil seams in bedrock at subgrade level shall be over-excavated and backfilled with 
Fill Concrete. 
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JJ. If pipe, conduit, duct bank, or cable is to be laid within fill or backfill: 
 

1. Fill or backfill to an elevation 2 feet above top of item to be laid. 

2. Excavate trench for installation of item. 

3. Install bedding, if applicable. 

4. Install item. 

5. Backfill remaining trench, as specified herein before resuming filling or backfilling area. 

3.4 PIPE BEDDING 

A. All pipes, fittings or specials which are to be installed in open trench excavations shall be 
properly bedded in, and uniformly supported on pipe foundations of the various types 
specified herein and shown on the Drawings.  Flat-bottom trenches of required width shall be 
excavated to the necessary depth and maintained in accordance with this section prior to 
installing the foundation.  Trenches shall be dewatered and all work performed in a dry trench. 

 

1. Required depth of trench below pipe shall be as shown in the following table: 

  

 

Nominal Pipe 

Diameter (inches) 

Depth Between Bottom of Pipe 

and Bottom of Normal Pipe 

Foundation 

(inches) 

4 12 

6 12 

8 12 

10 12 

12 12 

14 12 

15 12 

18 12 

20 12 

21 12 

24 12 

27 12 

30 12 

36 12 

42 12 

48 12 

54 12 

60 12 
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B. Bedding material shall be spread in maximum of 8-inch layers until the minimum required 
total depth of the bedding has been built up above the pipe.  Compaction shall be in 
accordance with this Section.  The Contractor shall perform his bedding operations with care 
to maintain line and grade.  When PVC, plastic or polyethylene pipe is used, do not compact 
directly over pipe until the depth of backfill has reached 2 feet above the top of the pipe. 

C. Type I – Normal Soil Conditions - Unless shown otherwise in the Drawings, all pipe shall be 
supported on Type I foundation.  The trench shall be excavated below the depth of the pipe, 
depending on the diameter of the pipe.  No. 57 or No. 67 aggregate, depending on the location 
of the pipe as described above, shall be furnished, placed and compacted in the trench for its 
full width such that, after the pipe has been uniformly bedded in this material, the required 
minimum depth of aggregate remains between pipe and undisturbed trench bottom.  Suitable 
holes shall be provided in the trench bottom to permit adequate bedding of bells, couplings, or 
similar projections.  The aggregate shall extend upward to a point 12 inches over the top of the 
pipe.  Width of pipe foundation shall be outside diameter of pipe plus 2-3 feet as shown on 
Drawings. 

D. Type II - Moderately Unstable Soil Conditions - When ordered by the Designer, the pipe shall 
be supported on Type II foundation.  The foundation shall be installed where a suitable 
supporting soil or rock stratum occurs within two feet, more or less of the bottom of the pipe.  
The trench shall be excavated to the depth necessary to reach the suitable supporting stratum.  
No. 57 or No. 67 aggregate, depending on the location of the pipe as described above, shall 
then be furnished and placed in the trench for its full width.  The material shall be spread in 8-
inch layers, and each layer shall be compacted.  The pipe foundation material to be supported 
on Type VII foundation, geotextile fabric foundation.  Suitable holes shall be provided in the 
trench bottom to permit adequate bedding of bells, couplings, or similar projections.  The 
aggregate shall extend upward to a point 12 inches over the top of the pipe.  Width of pipe 
foundation shall be outside diameter of pipe plus 2-3 feet as shown on Drawings. 

E. Type III - Unstable Soil Conditions - When ordered by the Designer, or required by the 
governing authority having jurisdiction over the work the pipe shall be supported on Type III 
foundation.  The foundation shall be installed where no suitable supporting soil or rock 
stratum exists within two feet of the bottom of the pipe.  The trench shall be excavated two 
feet deeper then the bottom of the pipe.  Each side of the trench shall be supported and 
maintained by a permanent system of tight, continuous sheeting (and bracing) which shall be 
driven below the trench bottom a minimum of 12 inches and shall extend to an elevation of at 
least 12 inches above the top of the pipe.  Minimum plank size to be 2-inch x 12-inch tongue 
and groove per Section 311015.  No. 57 aggregate shall then be furnished and placed in the 
trench for its full width, and to a depth of 8 inches.  The pipe foundation material to be 
supported on a Type VII Foundation, Geotextile Fabric Foundation.  No. 3 aggregate meeting 
TDOT specifications shall then be furnished and placed in the trench for its full width.  All 
material shall be spread in layers and each layer shall be compacted until their respective total 
depths have been built up as required.  No. 3 aggregate depth shall extend a distance of 12 
inches from the top of the No. 57 aggregate up to an elevation 6 or 12 inches below the bottom 
of the pipe, depending upon the pipe diameter.   No. 57 or No. 67 aggregate, depending on the 
location of the pipe as described above, shall then be furnished, placed in 8-inch layers and 
compacted on top of the No. 3 aggregate in the trench for its full width such that, after the pipe 
has been uniformly bedded in this material, the required minimum depth of aggregate remains 
between pipe and No. 3 aggregate.  Suitable holes shall be provided in the trench bottom to 
permit adequate bedding of bells, couplings, or similar projections.  The aggregate shall 
extend upward to a point 12 inches over the top of the pipe.  Width of pipe foundation shall be 
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outside diameter of pipe plus 2 feet.  All installed sheeting below an elevation established at 
12 inches above the top of the pipe shall be left in place and undisturbed.  Only the cross struts 
and whalers shall be gradually removed as construction proceeds. 

F. Type IV - Reinforced Concrete Encasement - When specifically called for on the Drawings or 
the Specifications, or when ordered by the Designer or required by the governing authority 
having jurisdiction over the work, the pipe shall be supported on Type IV foundation.  The 
trench shall be excavated to a depth below the bottom of the pipe equal to one-quarter of the 
inside diameter of the pipe or 6 inches, whichever is greater.  The excavated space shall then 
be completely filled with, and the entire pipe encased in, concrete such that the minimum 
concrete encasement at any point around the outside barrel of the pipe measures 6 inches 
thick.  The total minimum width of the concrete encasement shall equal the outside diameter 
of the pipe plus 12 inches and such minimum width shall be constant for the entire length of 
the encasement. Concrete mix, formwork, reinforcing, curing, etc., shall be in accordance with 
the requirements of Division 3.  Freshly placed concrete shall be maintained free from 
groundwater and no backfilling of the trench shall begin until initial set has taken place, but 
not less than 3 hours has elapsed after the encasement has been cast.  Backfill a depth of 12 
inches over top of concrete before beginning compaction with mechanical equipment. 

G. In the event an underground pipe is shown under a base slab, the pipe shall be encased in 
concrete for its entire length under the slab in accordance with details shown on the Drawings 
and the Type IV foundation described above.  Where no detail is shown, encasement shall be 
formed to provide a minimum of 8 inches of concrete cover reinforced with #5 reinforcing 
bars spaced 12 inches each way.  When the top of the pipe is within 12 inches of the bottom of 
the slab, the encasement shall be tied to the base slab with reinforcing.  The General 
Contractor shall be responsible for encasement of all pipes under slabs. 

H. Type V - Concrete Cradle - When specifically called for on the Drawings or when ordered by 
the Designer or required by the governing authority having jurisdiction over the work, the pipe 
shall be supported on Type V foundation.  The foundation shall be furnished and installed 
equal to the Type IV foundation, “Concrete Encasement,” except that only that portion of the 
encasement at and below the horizontal diameter of the pipe shall be encased, forming a true 
cradle under the bottom half of the pipe.  Maintain cradle free from groundwater for a period 
of 3 hours or until initial set has taken place.  No. 57 or No. 67 aggregate, depending on the 
location of the pipe as described above, shall then be furnished, placed in 8-inch layers and 
compacted on top of the concrete cradle until the depth of the aggregate is 12 inches over the 
top of the pipe. 

I. Type VI - Plain Concrete Encasement - When specifically called for on the Drawings, or when 
ordered by the Designer or required by the governing authority having jurisdiction over the 
work, the pipe shall be supported on Type VI foundation.  The foundation shall be furnished 
and installed equal to the Type IV foundation, “Reinforced Concrete Encasement,” except that 
no steel reinforcing is required.  Maintain encasement free of groundwater for a period of 3 
hours or until initial set has taken place. 

J. Type VII - Geotextile Fabric Foundation - When specifically called for on the Drawings of 
these Specifications, or when ordered by the Designer or required by the governing authority 
having jurisdiction over the work, the pipe foundation shall be supported on a geotextile fabric 
foundation.  The fabric to be placed on the bottom of the excavated foundation and extend 
upwards to 12 inches above the pipe or the top of the aggregate bedding whichever is greater 
where it can then be placed flat with a minimum overlap of 6 inches.  Longitudinal overlaps to 
be a minimum of 2 feet.  Fabrics to be installed and stretched tight and have no wrinkles so 
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that the fabric will be in tension when placing the pipe foundation material.  Geotextile 
material shall be Mirafi Type 500X by Tencate; Geosynthetics, or approved equal. 

K. Type VIII - Pressure Pipe Foundation 
 

1. Pressure pipe foundations for rock trenches shall be Type I.  All PVC pressure pipe shall 

be have a Type I bedding regardless of whether the trench is in earth or rock. 

2. Ductile iron pressure pipe foundations in earth shall conform to Type VIII requirements 

and shall be used only if specifically called for on Drawings or ordered by Designer.  

Otherwise, Contractor shall install ductile iron pipe in a Type I bedding as specified 

herein unless site conditions require otherwise.  

3. Pipe and fittings shall be laid on stable foundations, free from standing water, and 

trimmed to shape.  Approved earth backfill material as described above, shall be used for 

pipe foundation unless otherwise shown on the Drawings.  At the joints, enough depth 

and width shall be provided to permit the pipe layer to reach entirely around the pipe so 

that the joints may be made in a proper manner.  Pipes shall have full bearing throughout 

their entire length, which shall be accomplished by shaping the bottom of the ditch so that 

suitable holes are provided to permit adequate bedding of bells, couplings, or similar 

projections or adequately tamping the backfill under the pipe in accordance with 

Minimum Compaction Requirements of this Section.  When laid in tunnels, pipes shall be 

blocked in such a manner as to take the weight off the bells.  Pipe laid in normal trench 

excavation shall not be laid on wood blocking.  Mechanical type joints shall be tightened 

within the AWWA recommended torque range. 

4. The following sources shall be reviewed by the Contractor for installation guidelines and 

requirements: 

  

Pipe Material Sources 

Ductile Iron AWWA Standard C600; Project Specification, Sections 223436 

and 232000 Project Drawings; manufacturer’s recommendations. 

Gray Cast Iron AWWA Standard C600; Project Specification, Sections 223436 

and 232000; Project Drawings; manufacturer’s recommendations. 

PVC Pipe ASTM Standard D2321; Project Specification, Sections 223436 

and 232000; Project Drawings; manufacturer’s recommendations. 

PE Pipe AWWA Standard C901, including Appendix A; ASTM D2774; 

Project Specification, Sections 223436 and 232000; Project 

Drawings; manufacturer’s recommendations. 

Prestressed  

Concrete Pipe 

Project Specification, Sections 223436 and 232000; Project 

Drawings; manufacturer’s recommendations. 

Copper Project Specification, Sections 223436 and 232000; Project 

Drawings; manufacturer’s recommendations. 

5. Unless otherwise shown on the Drawings, as a minimum, all pipe shall be backfilled to 

the springline, including hand tamping with T-bars, shovel slicing, and flatheads, and 

mechanically compacted and the remaining backfill placed in 8-inch lifts to 18 inches 

above the crown of the pipe in accordance with Minimum Compaction Requirements of 

this Section.  Backfill material within 12 inches of the pipe shall be free of stones greater 
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than 2 inches in any dimension.  Unless otherwise shown on the Drawings, the minimum 

total finished cover over the top of the pipe barrel of all pressure pipes shall be 36 inches. 

L. Bedding requiring compaction shall be compacted as defined in this section. 

M. Conform to Article 3.3 as applicable in bedding installation. 

N. Always maintain proper grade and alignment during the bedding and tamping process. Any 
pipe dislodged during this process shall be replaced by the Contractor at his expense. 

3.5 INITIAL BACKFILLING OF PIPING 

A. Conform to Article 3.3 as applicable. 

B. Do not begin backfilling before the Designer or Owner’s Representative has inspected the 
grade and alignment of the pipe, the bedding of the pipe, and the joints between the pipe.  If 
backfill material is placed over the pipe before an inspection is made, reopen the trench in 
order for an inspection to be made. 

C. Perform backfilling by hand, together with tamping, until fill has progressed to 18 inches 
above the top of the pipe. 

 

1. Deposit backfill material in layers approximately 8 inches thick. 

2. Compact by hand, or with manually operated machine tampers actuated by compressed 

air or other suitable means. 

3. Use tamps and machines of a suitable type which do not crush or otherwise damage the 

pipe. 

3.6 FINAL BACKFILLING OF PIPING 

A. Conform to Article 3.3 as applicable. 

B. After the backfill has reached a point 18 inches or more above the top of the pipe, perform 
final backfilling depending upon the location of the work and danger from subsequent 
settlement. 

C. Place all earth fills and backfills in 8-inch maximum when compacted, horizontal layers 

D. Backfilling in unimproved areas. 
 

1. Dispose of and replace all soft or yielding material which is unsuitable for trench 

backfilling with suitable material. 

2. Deposit backfill to the surface of the ground by dragline, bulldozer, or other suitable 

equipment in such a manner so as not to disturb the pipe. 

3. Compact soil as required in this Section. 

4. Neatly round sufficient surplus excavated material over the trench to compensate for after 

settlement. 

5. Dispose of all surplus excavated material in accordance with Section 310100. 

6. Maintain trench surface until completion of contract. 

7. Prior to final acceptance, remove all mounds to the elevation of the surrounding terrain. 
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E. Backfilling beneath driveways, streets, alleys, and sidewalks where non-rigid and rigid type 
surfacing is to be replaced. 

 

1. Conform to Section 321210 where applicable and where requirements are more stringent 

than those indicated in this Section. 

2. Carefully deposit backfill in uniform layers, not to exceed 8 inches thick. 

3. Compact each layer thoroughly by rolling, ramming, and tamping with tools suitable for 

that purpose in such a manner so as to not disturb the pipe. 

4. Flowable fill material shall be used only where indicated on the Drawings. 

F. Backfilling of shoulders along streets and highways. 
 

1. Conform to Section 321210 where applicable and where requirements are more stringent 

than those indicated in this Section. 

2. Backfilling methods and materials for shoulders along streets and highways shall be in 

accordance with this Section or the requirements of governing local, county, or state 

departments maintaining the particular roadway or highway, whichever is more stringent. 

3. Replace with similar materials, all shoulders which may be damaged or destroyed as a 

result of pipe trenching. 

4. Backfilling of shoulders shall not be directly measured for payment unless traffic 

dislodges the shoulder material rather than settling it, then any additional crushed stone 

placed shall be paid for as crushed stone for shoulder replacement. 

5. Where shoulders along state highways have seal coat surfaces, replace with double 

bituminous seal in accordance with Section 321216. 

6. Where the State Highway Department or local authority requires trenches to be backfilled 

entirely with granular material in the shoulder of roads, granular material so placed shall 

not be a pay item, but included in the prices per linear foot of pipe. 

7. Compaction shall be as described in this Section or as required by the governing local, 

county, or state departments maintaining the particular roadway or highway, whichever is 

more stringent. 

G. Crushed stone for pavement maintenance and shoulder replacement. 
 

1. Conform to Section 321210 where applicable and where requirements are more stringent 

than those indicated in this Section. 

2. Where possible, salvage and reuse all base material that is removed during construction. 

3. Wet and thoroughly compact crushed stone and blade to tie into the existing surface prior 

to final acceptance. 

4. Base material placed as a portion of pavement replacing items will not be directly 

measured for payment unless traffic whips out the base material rather than settling it, 

then any additional base material placed shall be paid for as crushed stone for pavement 

maintenance. 

3.7 EXAMINATION BEFORE COMPACTION 

A. Examine spaces to be filled beforehand and remove all unsuitable materials and debris 
including sheeting, forms, trash, stumps, plant life, etc. 

B. Inspect backfill and fill materials beforehand and remove all roots, vegetation, organic matter, 
or other foreign debris. Stones larger than 2 inches in any dimension shall also be removed or 
broken into smaller pieces. 
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C. No backfill or fill material shall be placed on frozen ground nor shall the material itself be 
frozen or contain frozen soil fragments. 

D. Spaces to be filled shall be free from standing water so that placement and compaction of the 
fill materials can be accomplished in “dry” conditions. 

3.8 COMPACTING 

A. Method of compaction shall not disturb or damage adjacent walls, drainage systems, damp-
proofing, waterproofing, protective coverings, utilities in trenches, underground conduits or 
tanks. 

B. Brace walls and slabs of structures to support surcharge loads and construction loads imposed 
by compaction operations. 

C. Proof-roll all subgrade surfaces to accept fill material in accordance with this Section, and in 
accordance with Sections 321210 and 321216 under asphalt and concrete pavement. 

D. Each layer of fill shall be compacted to the specified density the same day it is placed. 
 

1. Moisture content of backfill or fill material shall be adjusted, if necessary to achieve the 

required degree of compaction. 

E. Compact each lift in accordance with Table 1 and in accordance with Section 321210 for 
asphalt and concrete pavement.  Compactions are expressed as percentages of maximum 
densities as determined by ASTM D698, Method D or AASHO T-99-74, Method D. 

F. Match compaction equipment and methods to the material and location being compacted in 
order to obtain specified compaction, with consideration of the following guidelines: 

 

1. Rubber-tired rollers are preferred for most areas to prevent bridging of softer materials. 

2. Double smooth drum rollers may be used provided that careful inspection can prevent 

bridging. 

3. Compaction roller should be lighter in weight than proof-rolling equipment, with a 

minimum compaction force of 350 pounds per linear inch (PLI). 

4. Vibratory compaction is preferred for dry, granular materials. 

5. Hand compaction equipment such as impact rammers, plate or small drum vibrators, or 

pneumatic buttonhead compactors should be used in confined areas. 

6. Hydraulic compaction by pounding or jetting will not be permitted except in unusual 

conditions, and then only upon written approval by the Designer and after a 

demonstration of effectiveness by the Contractor and written acceptance by Designer. 

7. Backhoe mounted hydraulic or vibratory tampers are preferred for compaction of backfill 

in trenches under pavements over 4 feet in depth.  The upper 4 feet shall be compacted as 

detailed above or with hand-guided or self propelled vibratory compactors or static roller.  

Do not use until depth of backfill over crown of pipe is more than 4 feet. 

8. For plastic pipelines (PVC or PE) do not compact directly over center of pipe until 

backfill has reached 2 feet above top of pipe. 

 

 

TABLE 1: COMPACTION REQUIREMENTS 
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Construction Element ASTM 
Minimum 

Compaction 

I. STRUCTURES 

a) Fill beneath foundation elements and under slabs-on-grade 

– hand-guided compaction 
D1557 98 percent 

b) Fill beneath foundation elements and under slabs-on-grade 

- self-propelled or tractor-drawn compaction 
D1557 98 percent 

c) Fill around structures and above footings D1557 98 percent 

II.  TRENCHES 

a) Fill under pipelines and pipe bedding D1557 98 percent 

b) Pipe sidefills and top 2 feet of pipe backfill under 

pavements 
D1557 100 percent 

c) Backfill below 2 feet under pavement D1557 95 percent 

d) Backfill under lawns, gardens and cultivated fields D1557 90 percent 

e) All other trenches D698 90 percent 

III. EMBANKMENTS AND FILLS 

a) Fill under streets, parking lots, and other paved areas* D1557 100 percent 

b) Embankments not supporting pavement or structures D1557 95 percent 

c) Rough site grading D698 90 percent 

 

* Top 2 feet below subgrade shall be compacted to this standard; below this may be compacted to 

95 percent. 

3.9 TOLERANCES 

A. Top Surface of Backfilling Under Pavement Subgrade – plus or minus 1 inch from required 
elevations. 

B. Top Surface of Backfilling Under Paved Areas – plus or minus 1/2 inch from required 
elevations. 

C. Top Surface of General Backfilling – plus or minus 1 inch from required elevations. 

3.10 FIELD QUALITY CONTROL 

A. Compaction Testing. 
 

1. Contractor shall verify that compaction requirements in the Contract Documents are met 

using one of the following methods listed below. 

2. Contractor shall dig test holes and provide access to all backfill areas at no additional 

compensation when requested by the Designer. 
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3. For each test which does not meet specifications, Contractor replace all material included 

in that lift or section, replace with acceptable material, and compact to specifications at 

no additional compensation. 

4. Contractor shall anticipate these tests and incorporate the time and effort into procedures.  

All re-testing costs shall be borne by Contractor. 

5. Nuclear moisture density testing by “probe” methods will be acceptable for compacted 

layers not exceeding 8 inches in thickness. 

 

a. Nuclear “backscatter” methods will be acceptable only for testing asphalt paving 

layers not in excess of 3 inches in thickness. 

b. Only certified personnel will conduct nuclear testing. 

c. If the nuclear method is utilized, the results shall be checked by at least one in-place 

density test method described above. 

 

6. Compaction testing will be performed in accordance with ASTM D1556, ASTM D2922, 

and these Contract Documents.  

7. Proof roll compacted fill surfaces under slabs-on-grade pavers, paving, and foundations. 

B. Unacceptable Stockpiled Material - Stockpiled material may be tested according to Material 
Testing Materials. 

C. Alternate Methods of Compaction - Contractor may employ alternate methods of compaction 
if the desired degree of compaction can be successfully demonstrated to the Designer’s 
satisfaction. 

D. Systematic Compaction - Compaction shall be done systematically, and no consideration shall 
be given to incidental coverage due to construction vehicle traffic. 

3.11 PROTECTION OF FINISHED WORK 

A. Protect all Finished Work. 

B. Re-grade and re-compact fills subjected to vehicular traffic. 

C. Prior to terminating work for the day, the final layer of compacted fill, after compaction, shall 
be rolled with a smooth-wheel roller if necessary to eliminate ridges of soil left by tractors or 
equipment used for compaction or installing the material. 

D. As backfill progresses, the surface shall be graded so as to drain off during incidence of rain 
such that no ponding of water shall occur on the surface of the fill. 

E. Contractor shall not place a layer of fill on snow, ice or soil that was permitted to freeze prior 
to compaction.  These unsatisfactory materials shall be removed prior to fill placement. 

F. Settlement of backfilled areas as well as any damage caused by said settlement shall be 
repaired at cost to Contractor.  Repair shall consist of removal of backfill, and re-backfill and 
re-compaction as well as any repairs to all equipment and structures.  Repair work shall 
conform to these Contract Documents. 

 

END OF SECTION 321212 
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SECTION 321214 - TEMPORARY PAVING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Temporary paving of roads, streets, driveways, parking areas, and walks. 

2. Schedule. 

3. Compaction. 

4. Maintenance. 

5. Tolerances. 

B. Related documents: 
 

1. Section 015000 –Temporary Facilities and Controls 

2. Section 315000 – Excavation, Trenching and Grading 

3. Section 321210 – Base and Subgrade Treatment under Pavement 

4. Section 321212 – Bedding, Backfill and Compaction 

5. Section 321216 – Asphalt Concrete Paving 

1.2 REFERENCES 

A. Tennessee Department of Transportation (TDOT) Standards and Specifications for Road and 
Bridge Construction, latest edition. 

B. Federal Highway Administration Manual on Uniform Traffic Control Devices 

1.3 SUBMITTALS 

A. None. 

1.4 COORDINATION 

A. Provide temporary paving consisting of Type A No. 67 crushed stone in conformance with 
Section 321212 compacted to a minimum depth of 6 inches. 

PART 2 - PRODUCTS (NOT USED) 

 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that aggregate base has been compacted and graded in accordance with Section 
315000. 

B. Verify that traffic controls, as required, are in place in accordance with Section 015600. 
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3.2 EXAMINATION 

A. Install traffic control devices, as required, in accordance with the Federal Highway 
Administration Manual on Uniform Traffic Control Devices. 

B. Excavate, fill, grade and compact the aggregate base coarse surface to a smooth, stable 
condition prior to placing of the temporary paving. 

3.3 INSTALLATION 

A. Temporary paving to match the slope, grade and alignment of the original pavement, 
driveway, parking area, or walk. 

B. Temporary paving to match the elevation of the adjacent surface and to continue the existing 
drainage pattern. 

3.4 SCHEDULE 

A. Place temporary paving as directed by the Designer over all trenches, excavations in streets, 
driveways, parking areas, and walks as soon as the backfilling and compaction operations 
have been completed. 

 

1. In any event, required surfaces shall be temporarily paved by each Friday afternoon prior 

to the weekend shutdown of construction activity. 

2. Contractor shall replace painted traffic markings, as necessary, or provide alternative 

traffic markings in accordance with local, county, or state specifications (depending on 

jurisdiction). 

3.5 MAINTENANCE 

A. Temporary pavement to be maintained in a manner satisfactory to the Designer, Owner, and 
authorities who have jurisdiction over project. 

B. Contractor shall install additional material, as necessary throughout construction, to maintain a 
satisfactory surface at no additional cost to Owner. 

 

END OF SECTION 321214 
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SECTION 321216 - ASPHALT CONCRETE PAVING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Asphalt concrete paving. 

2. Driveways and parking areas. 

3. Road shoulders. 

4. Compaction 

5. Tolerances. 

6. Field Quality Control. 

B. Related documents: 
 

1. Section 013300 – Submittals 

2. Section 015000 – Temporary Facilities and Controls 

3. Section 310100 – Site Preparation and Clearing 

4. Section 311000 – Pavement Cutting 

5. Section 315000 – Excavation, Trenching and Grading 

6. Section 321210 – Base and Subgrade Treatment under Pavement 

7. Section 321212 – Bedding, Backfilling and Compaction 

8. Section 321220 – Pavement Patching 

9. Section 321222 – Pavement Marking 

1.2 REFERENCES 

A. Tennessee Department of Transportation (TDOT) Standards and Specifications for Road and 
Bridge Construction, latest edition. 

B. Federal Highway Administration Manual on Uniform Traffic Control Devices. 

1.3 PERFORMANCE REQUIREMENTS 

A. Paving and repaving performed under this contract shall meet the finished grades, elevations 
and profiles shown on the Drawings. 

 

1. Where pavement replacement is being accomplished, match the sectional profiles of the 

existing pavement unless otherwise stated herein or shown on the Drawings. 

B. All thicknesses of pavement courses described herein or shown on the Drawings are after 
completion of compaction. 

1.4 SUBMITTALS 

A. Contractor shall provide certification of TDOT approved job mix formulas for types to be 
used on this project.  TDOT approvals shall be less than 12 months old.  
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1. If TDOT approvals are not available, Contractor shall obtain independent verification of 

the asphalt mix design compliance with TDOT standards and these Contract Documents 

from a TDOT certified laboratory. 

1.5 QUALITY ASSURANCE 

A. Perform work in accordance with the latest edition of TDOT Standards and Specifications as 
they apply to the following: 

 

1. Materials and batch plant requirements. 

2. Construction procedures except as modified herein. 

3. Weather and seasonal limitations except as modified herein. 

B. Paving work shall be performed by a qualified paving contractor or subcontractor acceptable 
to the Owner and Designer. 

C. Obtain asphalt concrete materials from same source throughout project. 

1.6 COORDINATION 

A. Coordinate field work under provision of Section 015600 including maintenance of traffic, 
access to private driveways, and emergency vehicle access. 

1.7 SCHEDULING 

A. Schedule the paving operations such that all paving necessary to provide safe and adequate 
maintenance and protection of traffic or for protection of previously laid courses is completed 
within the weather limitations. 

 

1. Such scheduling shall include expediting construction operations to permit paving before 

the weather limitations or by limiting the length of work to that which can be completed 

before weather stops work. 

2. Cost of scheduling and sequencing of work to conform to the weather limitations shall be 

reflected in the bid prices for the related contract items. 

1.8 MAINTENANCE 

A. Contractor shall maintain driving surfaces, free of ruts and potholes, for maintenance of traffic 
until temporary paving or permanent paving is installed. 

 

1. All temporary paving and pavement replacement shall be maintained in a safe, drivable 

condition until the pavement wearing course is installed. 

2. All subgrade, subbase and base courses shall also be maintained in their specific finish 

condition prior to placement of the next course. 

B. If the Contractor fails to complete the necessary paving operations prior to weather 
limitations, all temporary materials and work which become necessary as a result of such 
failure, such as the lowering or shimming of castings and protrusions, drainage of the 
roadway, providing acceptable rideability, and other work needed for the adequate 
maintenance and protection of traffic until paving operations can resume, shall be at the 
Contractor’s expense. 



ASPHALT CONCRETE PAVING 321216 - 3 

 

C. For a period of one year after issuance of the Certificate of Substantial Completion, Contractor 
shall promptly patch, maintain, repair, and/or replace any pavement that settles or becomes 
damaged due to settlement or defective materials or workmanship. 

 

1. Areas to be repaired shall be cut out in a square or rectangular shape to the depth 

matching the top course. 

2. Vertical face of asphalt to be painted with asphalt emulsion prior to placing the asphalt 

concrete. 

3. If more than top course depth of 1-1/2 inch settlement has occurred, the pavement shall 

be removed to the subbase and subbase and/or binder and base course restored to proper 

grade before restoration of the wearing course. 

4. Centerline finished grade, in any case, shall be as shown on the Contract Drawings. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR ALL MIXES 

A. Mineral Aggregate shall meet the general requirements of Section 321210 and additional 
requirements specified for each type paving mixture. 

B. Contractor shall furnish test reports for aggregate and bituminous materials to be approved for 
quality by the Designer prior to incorporation into the mix. 

C. All methods of sampling and testing will be in accordance with current AASHTO methods for 
use on highway materials and TDOT standards and specifications. 

D. Submit a job-mix formula for approval by the Designer, for each mix to be used on the project 
to establish: 

 

1. Percentage of each size aggregate to be used in the mix. 

2. Percentage of bituminous material. 

3. Discharge temperature of the mix. 

E. Job-mix formula shall be within the range established for each type mix with allowable 
tolerances as follows (next page):  
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Parameter Tolerance 

Aggregate passing 3/8-inch sieve and 

larger 

plus or minus 5.7 

percent 

Aggregate passing No. 4 sieve and 

larger 

plus or minus 4 percent 

Aggregate passing No. 8 to No. 50 

sieves 

plus or minus 3.3 

percent 

Aggregate passing No. 100 to No. 200 

sieves 

plus or minus 1.6 

percent 

Bitumen plus or minus 0.25 

percent 

Temperature of mix plus or minus 20 

degrees F 

F. Submit a new job-mix formula if a change in materials is made or if an unsatisfactory mixture 
results. 

G. Bituminous mixing plants, either batch or continuous, sufficiently equipped and coordinated 
to provide paving mixes in an amount necessary for orderly prosecution of the work and to: 

 

1. Produce a uniform mixture having complete and uniform coating of all aggregate and a 

uniform distribution of the bituminous material in the mix. 

2. A canvas cover or cover of suitable material to protect the mix during transit. 

3. Insulation, if required, so that the mix can be delivered to the paving machine at the 

specified temperature or not more than 25 degrees F less than the discharge temperature 

at the plant. 

4. Do not produce bituminous mixed material when the surface on which the material to be 

placed is wet or otherwise unsuitable; the air temperature is below 40 degrees F or when 

other conditions would prevent the proper placing and compacting of the mix. 

2.2 GENERAL REQUIREMENTS – HOT MIX PAVEMENTS 

A. The following shall conform to Tennessee Department of Transportation Standards and 
Specifications for Road and Bridge Construction, latest edition.  Alternative mix designs may 
be submitted to the Designer for review and consideration. 

 

1. Hot mix pavements. 

2. Hot mix base. 

3. Hot mix binder. 

4. Hot leveling course. 

5. Hot mix asphaltic concrete (crushed limestone). 

6. Hot mix asphaltic concrete (crushed gravel, slag, or granite). 

7. Hot mix leveling course for wearing surface. 

8. Cold mix pavements. 

9. Cold mix base. 

10. Cold mix surface course. 

11. Prime coat. 
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12. Tack coat. 

13. Double bituminous surface treatment. 

2.3 GEOXTEXTILE FABRICS – REINFORCED ASPHALT CONCRETE OVERLAYS 

A. Geotextile fabric must be approved by designer. If approved geotextile fabric shall be woven 
polypropylene or polyester fabric especially manufactured and treated for this use.  Fabric 
shall be Mirafi MTK 700, Geosythetics, or approved equal.  Fabric shall be installed in 
accordance with the manufacturer’s directions and in accordance with TDOT specifications 
and standards. 

2.4 PAINTED TRAFFIC MARKINGS 

A. Contractor shall replace all markings in accordance with Section 321222 and local, county, 
state, or federal specifications (depending on jurisdiction) and whichever paint standard is 
more stringent and matches with existing markings. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Permanent restoration of pavements shall not begin until 30 days after trench or structure 
backfill has been completed in accordance with the applicable specifications or until testing of 
the installed utility has been completed in accordance with the specifications (whichever is the 
longest period of time after completion of trench or structural backfill). 

 

1. Completion of backfill shall include compaction tests to ascertain compliance with 

degree of compaction required as described in Sections 321210 and 321212. 

 

a. Verify base conditions per Sections 315000, 321210, and 321212. 

b. Verify that compacted subgrade granular base and existing bituminous surface is dry 

and ready to support paving. 

c. Verify gradients and elevations of base are correct. 

B. If painted traffic markings on the pavement are to be interrupted by the new pavement 
replacement, they are to be restored using an approved TDOT traffic paint.  

C. Driveway and Parking Areas 

 

1. Driveways and parking areas that are disturbed or damaged by the Contractor’s 

operations shall be restored equal to a new condition. 

2. Driveway or parking area aprons which do not meet the elevation of the edge of new road 

pavement installed under this project shall be adjusted to meet the new pavement at a 

slope not to exceed 1 inch per foot with top course material of the new pavement, so that 

the apron conforms to the elevation of the road pavement at each location. 

3. New driveways or parking areas shall be constructed as described herein and as shown on 

the Drawings. 

4. Contractor shall completely replace driveway apron from trench to the road edge of 

pavement if trench is within 10 feet of road edge. 

D. Road shoulders to be constructed or reconstructed as described herein and as shown on the 
Drawings. 
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1. Road shoulders that are disturbed or damaged by the Contractor's operations shall be 

restored equal to, or to conditions superior to that which existed prior to construction. 

2. Road shoulders that do not meet the elevation of the edge of new road pavement installed 

under this project shall be adjusted to meet the new pavement at a slope not to exceed 1-

1/2 inches per foot.  Paving materials shall match existing unless otherwise shown on the 

Drawings. 

3. New road shoulders shall be constructed as described herein and as shown on the 

Drawings. 

3.2 PREPARATION 

A. Construct bases and subgrades in conformance with Sections 315000, 321210, and 321212. 

B. Obtain approval of Designer for the mix and surface to be treated prior to placing any 
materials. 

C. Protect all adjacent trees, surfaces, and structures from the bituminous material during 
construction. 

D. Prepare all receiving surfaces in reasonably close conformity with the lines, grades, and cross 
sections shown on the drawings. 

E. Where project consists of reconstructing existing streets or driveways, lower valve boxes and 
existing manholes to subgrade level by removing frame and cover and brick masonry. 

 

1. Cover valve boxes and manholes with steel plates and locate with measured ties. 

2. After constructing the subbases and pavement courses, and prior to placing the final top 

course, recover valve boxes and manholes and raise to finished grade. 

F. All existing and new manholes, frames and covers, valve boxes, curb boxes, etc., shall be 
raised or lowered to be 1/2 inch below the new pavement grade. 

 

1. No manhole covers or valve box covers shall be covered with paving material, or be 

exposed in a depression in the pavement greater than 1/2 inch. 

G. Catch basin frames and grates shall be raised or lowered to be 1 inch below the new pavement 
finished grade. 

H. Pavement Cuts 
 

1. Pavement cuts for final pavement replacement shall be made as described herein and in 

Section 311000. 

2. Pavement cuts shall be made parallel to the centerline of the trench, shall be located a 

minimum of 12 inches outside the backfilled trench on undisturbed subgrade and shall be 

in a straight line for minimum length of 100 feet between manholes or between those 

stations where changes in direction of the installed piping were made. 

3. Where a full street width overlay is to be installed the cutbacks may follow the backfilled 

trench alignment. 

4. Loose, torn, cut, marked up or damaged pavement outside the cutback areas shall be 

removed and replaced at the Contractor’s expense and match the proposed permanent 

paving. 
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5. Pavement cuts in driveways shall be cut back 12 inches and made in a straight alignment 

perpendicular or parallel to the driveway and for its full width. 

6. Pavement cuts in parking areas shall be cut back 12 inches and made in a straight 

alignment parallel to the centerline of trench. 

I. Preparation of Existing Surfaces 
 

1. Prior to placing of asphalt concrete, the existing pavement surfaces shall be cleaned 

including brooming, mechanical sweeping, and flushing with water such that no dust or 

foreign material remains on the existing surface and in accordance with TDOT 

Specifications and Standards. 

2. After cleaning of surface, all unsealed or inadequately sealed cracks and joints shall be 

cleaned with compressed air and then sealed as required under TDOT Specifications and 

Standards. 

3. Prior to placing of asphalt concrete, vertical faces of existing pavement, structures, curbs 

and gutters shall receive a tack coat as described in TDOT Specification and Standards.  

Curbs and gutter faces to be sprayed only to the extent to be covered by the asphalt 

concrete. 

J. All new pavement where meeting existing pavement shall be butted up against a vertical face 
in the existing pavement. 

 

1. This vertical face to be cut to the depth of the new pavement. 

2. Where the new pavement is an overlay, the beginning and end of the top course shall be 

similarly butted against a vertical face.   

3. The existing pavement shall be removed for a minimum length of 2 feet, as measured 

parallel to the direction of paving, or greater if required to eliminate any noticeable bump 

or to provide adequate drainage away from structures, and to the width of new pavement. 

K. Removal of Existing Pavement 
 

1. Where shown on the Contract Drawings, the Contractor shall remove a portion of an 

existing pavement including Portland Cement concrete paving, asphalt concrete 

pavement, or to remove an asphalt concrete overlay pavement from a Portland cement 

concrete pavement base course, to the limits and profile specified by grinding, milling, or 

planing methods. 

2. This process shall yield a base upon which a final pavement course will be applied. 

3. Contractor shall employ equipment especially designed and manufactured for the 

grinding, milling or planing of pavements. 

4. In general, grinding machines are designed for removing and profiling Portland Cement 

concrete pavement surfaces while milling and planing machines are designed for the 

removing of asphalt concrete pavement surfaces. 

L. The resulting ground, milled or planed surface shall be thoroughly cleaned and free from dust, 
loose pavement material or other material. 

 

1. The surface shall be free from gouges, large cracks and unsound, soft or broken-up areas. 

2. Gouges shall be made level and true by the use of a trueing and leveling course of asphalt 

concrete if allowed by the Designer. 

3. Cracks greater than 1/4-inch shall be cleaned and filled as described herein and in 

accordance with TDOT standards. 
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4. Unsound, soft or broken-up areas shall be excavated and repaired in accordance with 

Section 321220 of these Specifications. 

5. Asphalt concrete removed by these processes shall become the property of the Owner and 

be stockpiled at a location required by the Owner for subsequent recycling. 

3.3 PREPARATION – RESET MANHOLE FRAMES 

A. Prior to placing wearing (top) course, make final adjustments of manhole frames, catch basin 
frames, valve boxes and any other utility structures located in the pavement in relation to 
finished grade. 

 

1. Manhole frames, valve boxes, etc. to set 1/2 inch below finished grade and parallel to 

finished crown. 

2. Catch basin frames to set 1 inch below finished grade and parallel to finished crown. 

 

a. Bevel slope of wearing course (for 6-inch width) around catch basin frame. 

3.4 INSTALLATION – GENERAL 

A. Install Work in accordance with TDOT Standards and Specifications. 

B. Place asphalt within four hours of applying primer or tack coat. 

C. Compact pavement by rolling.  Do not displace or extrude pavement from position.  Hand 
compact with vibratory pans and hand tamps in area inaccessible to rolling equipment. 

D. Develop rolling with consecutive passes to achieve even and smooth finish, without roller 
marks. 

3.5 LIMITATIONS FOR HOT MIX PAVEMENT 

A. Place bituminous plant mix only on an accepted subgrade. 

B. Subgrade and the surface upon which the bituminous plant mix is placed shall not be wet nor 
shall it be raining. 

C. Place in accordance with the temperature limitations of the following table and only when 
weather conditions otherwise permit the pavement to be properly placed, compacted, and 
finished. 

 

Compacted Thickness 
Minimum Placement 

Temperature* 

Less than 1-1/2 inches 50 degrees F 

1-1/2 inches or more 40 degrees F 

* Minimum temperature is for both air and surface, whichever is less at the time of placement.  
All surface temperatures shall be measured by laying glass thermometer on surface and read 
after temperature has stabilized where the paving is to be placed and the controlling 
temperature shall be the average of three temperature readings taken at locations plus or minus 
25 feet apart. 
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3.6 MIXING HOT MIX PAVEMENT 

A. Measure and combine dried aggregates and the bituminous material within the mixer in the 
amount specified by the job-mix formula. 

B. After the required materials have been introduced into the mixer, mix until a complete and 
uniform coating of the particles and a thorough distribution of the bituminous material 
throughout the aggregate is secured. 

C. Wet-mixing time shall be determined by the Designer for each plant and type of aggregate 
used, but in no case less than 25 seconds for batch plants and 40 seconds for continuous mix 
plants. 

D. Temperature of the completed mixture (determined at the time it is dumped from the mixer) 
made with aggregates containing absorbed moisture which causes foaming or boiling shall be 
not less than 225 degrees F. 

E. Temperature for grading A-S mixtures shall be between 225 and 275 degrees F. 

3.7 SPREADING AND FINISHING HOT AND COLD MIX PAVEMENT 

A. Deliver and spread bituminous mixtures in ample time to secure thorough compaction during 
daylight hours. 

B. Deposit the mixture in the paver hopper within 25 degrees F of the temperature at which it was 
discharged from the mixer. 

C. Place the mixture upon an approved surface, spread, and strike-off to the established line, 
grade, and elevation by means of approved asphalt paving machines.  Surface and air 
temperatures shall meet the specified requirements prior to placement. 

D. Echelon paving will not be permitted on 2-lane projects where traffic is being maintained. 

E. Control alignment of the outside edge of the pavement using preset control string lines or 
other approved methods. 

F. For multi-course pavement, the longitudinal joint in one layer shall offset that in the layer 
immediately before by approximately one foot; for 2 lanes of width, the joint in the top layer 
shall be at the centerline or at lane lines if the roadway is more than two lanes in width. 

G. Coordinate plant production and paving operations so that a uniform continuity of operation is 
maintained. 

H. Use automatic screen controls of such as the string line or ski type grade reference system on 
all work regardless of the paver width. 

 

1. String line reference system may be required on new construction. 

2. If the base has been finished with equipment having automatic grade control or the 

contractor demonstrates that an alternate method of spreading and finishing will result in 

a satisfactory riding surface, the Designer may conditionally waive the string line 

requirement and authorize use of the ski type reference system. 

3. Designer may at any time require the use of a string line reference system, even if 

previously waived, if the string line system will result in a superior riding surface. 
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4. When the string line system is required on a multi-course pavement, use at least two 

courses exclusive of the surface course. 

5. For the ski type system, use the maximum practical length not less than 40 ft. 

6. Pavement lanes previously placed with automatic controls or to form grade may serve as 

longitudinal control reference for placing adjacent lanes by utilizing a ski or joint 

matching shoe. 

I. String line reference system:  suitable wire or twine supported by approved devices 
compatible with the automatic paver control system. 

 

1. String line and supports shall be capable of maintaining the line and grade designated by 

Drawings at the point of support while withstanding the tensioning necessary to prevent 

sag in excess of 1/4 inch between supports spaced 50 ft. apart. 

2. Install additional supports to provide a minimum spacing of 25 feet, or less as directed by 

the Designer, to remove the apparent deviation of the string line from theoretical grade. 

3. Establish the reference system from the control points shown on the Drawings. 

4. Maintain the reference system until its use is no longer required. 

5. String line reference system shall be complete in place at least 300 feet in advance of the 

point where the pavement is being placed. 

J. Automatic screen controls will not be required on sections where service connections or other 
conditions interfere with their efficient operation. 

K. On areas where irregularities or unavoidable obstacles make the use of mechanical spreading 
and finishing equipment impracticable, take the mixture from the hopper of the spreading 
machine and distribute immediately into place by means of suitable shovels and other tools 
and spread with rakes and lutes in a uniformly loose layer of such depth as will result in a 
completed course having the required thickness. 

3.8 COMPACTION OF HOT AND COLD MIX PAVEMENTS 

A. After the bituminous mixture has been spread, stuck off, and surface irregularities adjusted, it 
shall be thoroughly compacted in accordance with TDOT Standards and Specifications. 

B. Method employed must be approved by the Designer and be capable of compacting the 
mixture to the specified density while it is in a workable condition. 

C. When no density requirements are specified, employ a system of compaction for roadway 
pavement which has previously produced required densities.  A control strip and random 
density samples may be employed to aid the Designer in evaluating the system. 

D. Minimum roller requirements: 
 

1. For each paver 16 feet wide or less use two rollers. 

2. For each paver 16-26 feet wide, use three rollers. 

3. For each paver 26 feed wide or more, use four rollers. 

4. Increase the number of rollers if the required results are not being obtained. 

5. Alternative roller arrangements may be submitted to the Designer for consideration. 

E. Minimum number of rollers listed above may, with the approval of the Designer, be reduced 
to one roller of either the steel-wheel or vibratory type on the following types of construction: 
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1. On shoulder construction. 

2. On incidental construction such as bridge approaches, driveways, etc. 

3. On projects containing less than 10,000 square yards of bituminous pavement. 

F. Begin rolling at the low side and proceed longitudinally parallel to the road centerline. 
 

1. When paving in echelon or abutting a previously placed lane, roll the longitudinal joint 

first, followed by the regular rolling procedure. 

2. When paving in echelon, do not compact within six inches of an edge where an adjacent 

lane is to be placed. 

3. Roll at a slow, uniform speed with the drive wheels nearer the paver and keep as nearly 

as possible in continuous operation. 

4. Continue rolling until all roller marks are eliminated. 

G. To prevent adhesion of the mixture to the rollers, properly moisten with water or water mixed 
with very small quantities of detergent or other approved material.  An excess of liquid shall 
not be used.  If required to prevent pneumatic tire pickup, the pneumatic drive wheels may be 
coated with a fine mist spray of fuel oil or other similar material. In all instances, the surface 
of the pavement shall be protected from drippings of fuel oil or any other solvents used in 
pavings, compaction or cleaning operations.  Do not park or refuel rollers on the bituminous 
pavements. 

H. If Designer or Owner’s Representative determines that unsatisfactory compaction is being 
obtained or damage to highway components and/or adjacent property is occurring using 
vibratory compaction equipment, the Contractor shall immediately cease using this equipment 
and proceed with the work in accordance with the conventional static compaction procedures 
at no additional cost. 

3.9 REQUIRED DENSITY OF HOT MIX PAVEMENTS 

A. Bituminous plant mix base, Grading A and B (Black Base and Binder).  An average of 90 
percent of maximum theoretical density with no individual test less than 87 percent.  Density 
requirements for these mixes will be waived if placed in lifts of two inches or less. 

B. Bituminous plant mix base, Grading C (Leveling).  Same as for Grading A and B, except 
density requirements of this mix will be waived if placed in lifts of 1-1/4 inch or less. 

C. Bituminous plant mix base, Grading C-W (Leveling-Wearing).  An average density not less 
than 90 percent of maximum theoretical density with no individual test less than 87 percent.  
Density requirements on this mix will be waived if placed in lifts 1-1/4 inch or less. 

D. Bituminous plant mix base, Grading B, BM and BM-2 (Binder).  An average of 90 percent of 
maximum theoretical density with no individual density test less than 87 percent. 

E. Asphaltic concrete surface course, Grading D.  An average of 93 percent of laboratory density 
as determined by the Marshall Method, 75 blow with no individual test less than 90 percent.  
When these mixes are used for shoulder construction, the average density shall not be less 
than 90 percent of maximum theoretical density with no individual test below 87 percent.  
Density requirements for these mixes will be waived if placed in lifts of one inch or less. 
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3.10 JOINTS FOR HOT MIX PAVEMENTS 

A. Rollers shall not pass over the unprotected end of a freshly laid mixture unless authorized by 
the Designer. 

B. Form transverse joints by cutting back on the previous run to expose the full depth of the 
course. 

C. When directed by the Designer, use a brush coat of bituminous material on contact surfaces of 
transverse joints just before additional mixture is placed against the previously rolled material. 

3.11 SEPARATING COLD MIX AGGREGATES 

A. Produce the aggregate for the bituminous mixtures in two fractions: 
 

1. Separate Mix No. 1 on the 1-1/4-inch, 1-1/2-inch, or 1-3/4-inch screen. 

2. Separate Mix No. 2 on the 1-inch or 1-1/4-inch screen. 

3.12 MIXING COLD MIX PAVEMENTS 

A. Measure and combine the aggregate and the bituminous material within the mixer in the 
amount specified by the job-mix formula. 

B. Temperature of the bituminous material shall not exceed 180 degrees F. when combined with 
the mineral aggregate. 

C. Mix the materials until a complete and uniform coating of the aggregate particles and a 
thorough distribution of the bituminous material throughout the aggregate is secured. 

D. Mixing time will be determined by the Designer for each plant and type of aggregate used. 

E. The temperature of the completed mixture, determined at the time it is dumped from the 
mixer, shall not be less than 110 degrees F. nor more than 200 degrees F. 

3.13 PLACING PRIME COAT 

A. Seasonal and temperature limitations for applying bituminous prime coat shall conform to the 
same requirements as those specified for the succeeding stage of construction except the prime 
may be applied to a surface that is slightly damp, but not wet. 

B. If prime coat is specified, apply bituminous material to the width of the section to be primed 
with a pressure distributor at a uniform, continuous spread. 

C. Correct any areas containing an excess or deficiency of priming material by adding blotter 
material or bituminous material. 

D. If, after the bituminous material has been applied, it fails to penetrate before the time that the 
roadway must be used by traffic, spread dry cover material between 8 and 12 pounds per 
square yard to prevent damage to the primed surface.  Avoid an excess of cover material. 
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3.14 PLACING TACK COAT 

A. Immediately after cleaning the surface, apply bituminous material with a pressure distributor 
at a rate not exceeding 0.05 gallon of residual bitumen per square yard for all materials except 
asphalt cement. 

B. For asphalt cement AC-20, apply at the rate of 0.05 to 0.10 gallons per square yard. 

C. Allow the tacked surface to dry until it is in a proper condition to receive the next course. 

D. Apply only so far in advance of the paving operations as is necessary to obtain the proper 
condition of tackiness. 

E. Protect the tack coat from damage until the next course is placed. 

3.15 DOUBLE BITUMINOUS SURFACE TREATMENT 

A. Make the first application of bituminous material by pressure distributors at a uniform rate of 
between 0.38 and 0.42 gallons per square yard. 

B. Each width of spread shall not be less than one-half the surface to be treated. 

C. Before beginning each spread, lay building paper across roadway surfaces with the forward 
edge exactly coinciding with the end of the preceding covered spread. 

D. Start distributors on the paper, the width of which shall be such that the full-force of all 
nozzles shall be in effect before the forward edge of the paper is reached. 

E. Correct all defects in any application at once. 

F. Treat areas inaccessible to the distributor either with hand sprays or pouring pots. 

G. If less than the full width of roadway is being treated, do not spread aggregate on the inside 6 
inches of either the first or second application until the adjacent lane has been treated. 

H. Immediately after each application, cover uniformly with Size No. 6 mineral aggregate 
reasonably free of surface moisture. 

I. Spread the aggregate by self-propelled mechanical spreaders between 30 and 40 pounds per 
square yard.  Back the truck on the aggregate being spread and not on or over uncovered 
bituminous material. 

J. Length of spread of bituminous material shall not be in excess of that which trucks loaded 
with cover material can immediately cover. 

K. Apply the second application of bituminous material in the same manner as the first 
application, at a uniform rate between 0.30 and 0.35 gallon per square yard as established by 
the Designer. 

L. Spread mineral aggregate, Size No. 7, in the same manner as the first spread at a rate of 20 to 
25 pounds per square yard. 
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M. Hand-broom each spread of cover aggregate for uniform coverage.  Place additional aggregate 
by hand on thin or bare areas. 

N. Roll the entire surface, beginning at the edges and progressing to the center, within 30 minutes 
after spreading.  Initial rolling shall normally be done with a pneumatic tire roller, followed by 
steel-wheel rolling. 

O. Allow the first application to cure for such length of time as deemed necessary before the 
second application is begun.  Immediately before the second application of bituminous 
material, roll the surface with a steel-wheel roller. 

P. Repeat the same rolling and curing procedures required in making the first application for the 
second application. 

Q. Allow slow-moving traffic to use sections of the roadway where the bituminous material has 
been covered with mineral aggregate. 

3.16 DRIVEWAY AND PARKING AREAS 

A. Paving materials, type of paving, depth of various courses, etc., shall be as shown on the 
Drawings. 

 

1. Driveways and parking areas shall be cut back 12 inches from outside disturbed or 

damaged areas as described above and in Section 311000. 

2. Minimum depth of the subbase shall be 8 inches of No. 57 aggregate as defined by 

TDOT Standards and Specifications.  

3. Work shall include proper compaction of any necessary subbase, base course and paving 

courses, in accordance with Sections 321210 and 321212. 

B. Bituminous surfaces shall be restored with asphalt concrete matching existing, but in no case 
shall be less than 2 inches of binder and 1 inch of wearing (top) course as specified in the 
applicable Articles of this Section. 

3.17 TOLERANCES 

A. Surface Tolerance - The pavement surface shall be constructed to a 1/4-inch tolerance.  If, in 
the opinion of the Designer, the pavement surface is not being constructed or has not been 
constructed to this tolerance based upon visual observation or upon riding quality, he may test 
the surface with a 16-foot straight edge (furnished by the Contractor) or string line placed 
parallel to the centerline of the pavement and with a 10-foot straight edge or string line placed 
transversely to the centerline of the pavement on any portion of the pavement. 

 

1. Variations exceeding 1/4-inch shall be satisfactorily corrected or the pavement relayed at 

no additional cost as ordered by the Designer. 

B. Thickness Tolerance - The thickness indicated for each of the various courses of bituminous 
pavement is the nominal thickness.  The pavement shall be so constructed that the final 
compacted thickness is as near to the nominal thickness as is practical, and within the 
tolerances specified below. 

 

1. Material which is part of a trueing or leveling course or shim course will not be 

considered in pavement thickness determinations. 
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2. A tolerance not to exceed 1/4-inch from the nominal thickness required for the course 

specified under one pay item will be acceptable where the required nominal thickness is 4 

inches or less.  A tolerance not to exceed 1/2-inch from the nominal thickness required 

for the course or courses specified under one pay item will be acceptable where the 

required nominal thickness is over 4 inches.  In addition, the sum total thickness of all 

bituminous mixture courses shall not vary from the total of the nominal thickness 

indicated on the Drawings by more than 1/4 inch where the total nominal thickness is 4 

inches or less; or more than 1/2-inch where the total nominal thickness is over 4 inches 

but not more than 8 inches; and by not more than 5/8-inch where the total nominal 

thickness is more than 8 inches. 

3.18 PROTECTION 

A. Any pavement, constructed or reconstructed, which is subsequently damaged due to activity of 
work under this contract, shall be removed and replaced by the Contractor at no additional 
cost to the Owner. 

B. Protect pavement from vehicular traffic until compaction is completed. 

C. After installation of binder course, install asphalt patching materials as described in Section 
321220 around manhole covers or other facilities that may be damaged due to the top course 
not being installed. 

END OF SECTION 321216 
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SECTION 321218 - CONCRETE CURBS, GUTTERS AND SIDEWALKS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Concrete curbs, gutters, and sidewalks. 

2. Base preparation. 

3. Formwork including shoring, bracing, and anchorage. 

4. Reinforcement including required supports, spaces, and related accessories. 

5. Placing, finishing, and curing. 

6. Tolerances. 

7. Flatness test. 

8. Warranty. 

B. Related documents: 
 

1. Section 310100 – Site Preparation and Clearing 

2. Section 315000 – Excavation, Trenching and Grading 

3. Section 321210 – Base and Subgrade Treatment Under Pavement 

4. Section 321212 – Bedding, Backfilling and Compaction 

5. Section 329200 – Site Rehabilitation 

6. Division 3 – Concrete 

1.2 REFERENCES 

A. ASTM C-33 – Concrete Aggregates. 

B. ASTM C-309 – Liquid membrane forming compounds for curing concrete. 

C. ASTM D-1751 – Preformed Expansion Joint Filler. 

D. TDOT Standards and Specifications. 

1.3 PERFORMANCE REQUIREMENTS 

A. Contractor shall perform all work within the prescribed temperature, moisture and weather 
limitations imposed herein and by Section 033000. 

B. Competent, experienced concrete finishers shall be employed for this work. 

1.4 SUBMITTALS 

A. Per Division 3 specifications. 

B. Submit curing procedures and single-page catalog cuts of any proposed curing products. 
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1.5 QUALITY ASSURANCE 

A. Perform work as described herein and in accordance with Division 3 specifications. 

B. Obtain all concrete and its materials from the same source throughout construction. 

C. Wavy undulating, or ponding walks will not be acceptable and shall be replaced by the 
Contractor at no additional cost to the Owner. 

1.6 REGULATORY REQUIREMENTS 

A. Conform to TDOT Standards and Specifications for placement of sidewalks, curbs, and 
gutters and the requirements of this Section, whichever is more stringent. 

1.7 ENVIRONMENTAL REQUIREMENTS 

A. Do not place concrete when base surface is less than 40 degrees F or when surface is frozen. 

B. Do not place concrete when the air temperature is 40 degrees F and falling in the shade or 
away from artificial heat. 

C. Do not place concrete on saturated sub-grade. 

D. Protect surface of freshly placed concrete from adverse weather conditions, rain, freezing and 
damage or defacement from vandalism. 

1.8 WARRANTY 

A. For a period of one year after issuance of the Certificate of Substantial Completion, Contractor 
shall promptly maintain, repair, and/or replace any sidewalk, curb, or gutter which settles, 
cracks or becomes damaged due to settlement or defective materials or workmanship. 

 

1. If settlement or tilting of plus or minus 1/4 inch or more as measured length or width 

each square block has occurred, the sidewalk, curb, or gutter shall be removed and the 

subbase and/or base course restored to proper grade before restoration of the surface 

course. 

PART 2 - PRODUCTS 

2.1 FORM MATERIALS 

A. Wood or steel, free from warp with sufficient strength to resist the pressure of the concrete 
without springing, extending for the full depth of concrete. 

B. Use curbed forms of proper radius on all radial sections and of acceptable design to Designer. 

C. Use 1/8-inch thick metal templates between 10 foot section with: 
 

1. Width – same as curb, gutter, or sidewalk. 

2. Depth – at least 1/4-inch more than curb, gutter, or sidewalk depth. 

3. Lugs or other devices to hold templates in position and permit removal without causing 

damage to concrete. 
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D. Use a metal strike-off template to shape the top surface of gutters or sidewalks. 

2.2 AGGREGATE BASE 

A. Aggregate base course shall be a minimum of 4 inches of No. 57 aggregate as defined by 
TDOT Standards and Specifications for sidewalks, curbs, and gutters. 

2.3 REINFORCING 

A. Reinforcing steel shall comply with ASTM A615, Grade 60. 

B. Welded wire mesh reinforcement shall consist of 6-inch by 6-inch – 6/6 wire fabric in 
accordance with ASTM A185, Drawings, and Section 03200. 

C. Dowel bars shall comply with ASTM A36 or A307. 

2.4 CONCRETE 

A. Use Class "A" concrete as specified in Section 033000. 

2.5 JOINT MATERIALS 

A. 1/2-inch thick preformed filler, unless otherwise specified. 

B. Cut to full cross section of curb, gutter, and/or sidewalk. 

C. True, even, and of satisfactory appearance. 

D. Expansion joint material shall be bituminous joint filler in accordance with ASTM D-1751. 

E. Joint sealant to be a grey polyurethane sealant. 
 

1. Acceptable products are the following or equal: 

 

a. Sikaflex 1CSL by Sika Corporation 

b. Sonolastic SL2 by Sonneborn 

2.6  CURING 

A. Curing shall be in accordance with Section 033000. 

B. After the seven-day cure is complete, the concrete shall be sealed with a sealer membrane 
compound manufactured by Sika Corporation, “Sikagard 701W,” Anti-Hydro “Clear Cure,” or 
equal.  Apply sealer in accordance with the manufacturer’s recommendations.  Coordinate 
with the membrane curing compound in used. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that subgrade has been properly graded and compacted to receive aggregate base 
course. 
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B. Verify that aggregate base course is properly compacted and graded to receive concrete. 

C. Verify forms are correctly placed true to line and grade. 

D. Contractor shall construct all walks, curbs, and gutters in accordance with the spot elevations, 
details, and cross sections shown on the Drawings. 

E. Finished grade and alignment of sidewalk, curb, and gutter replacements to match existing 
conditions, jointing and shape that existed prior to removal, unless otherwise shown on the 
Drawings or specified herein. 

3.2 PREPARATION 

A. Clear construction area in accordance with Section 310100. 

B. Subgrade 
 

1. In accordance with Sections 321210 and 321212, the subgrade shall be free from all 

bumps, depressions, standing water, roots, organic material and all deleterious material. 

2. The subgrade shall be graded, leveled and compacted by tamping or rolling to a smooth 

surface, parallel to the final surface. 

3. Subgrade shall be compacted to a minimum depth of 10 inches below final grade for 

sidewalks. 

4. Thoroughly wet base or subgrade prior to placing concrete. 

C. Prior to the start of each day’s concrete placement, the sidewalk, curb, and gutter forms shall 
be placed and graded to the proper alignment and grade. 

D. Where new or replacement concrete sidewalk, curb, or gutter is to meet existing sidewalk, 
curb, or gutter, the existing sidewalk, curb, and gutter shall be removed back to the first 
expansion or contraction joint. 

 

1. In all cases the horizontal and vertical faces of the new sidewalk, curb, or gutter shall be 

flush with the face of the existing sidewalk, curb, and gutter. 

2. Grading of the new sidewalk, curb, or gutter shall be performed so as to continue 

drainage in its existing pattern. 

E. Tree roots which interrupt the proposed alignment and profile on the new sidewalk, curb, or 
gutter shall be removed to provide a 6 inch clearance between root and edge or bottom of 
sidewalk, curb, or gutter. 

F. Any valve boxes, curb boxes, manhole covers, etc., encountered or to be located in the 
sidewalk area shall be adjusted so that the cover is flush with the top surface of the sidewalk. 

 

1. All valve boxes, curb boxes, etc., shall be left in such a way that the covers are easily 

removed and the boxes shall function in the manner in which they were intended. 

2. All covers shall be cleaned and restored to their original condition, free from concrete 

and asphalt. 

G. Other obstacles such as power poles or street lights which interfere with sidewalk, curb, or 
gutter alignment shall remain in place and the alignment of the sidewalk, curb, or gutter 
adjusted as approved by the Designer. 
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3.3 FORMWORK 

A. Place forms so finished concrete will be true to line, grade, and cross section as shown on the 
Drawings. 

B. Uniform section lengths - Maximum of 10 feet and minimum of 6 feet. 

C. Place joints at locations shown on drawings or in line with joints of adjoining construction, 
unless otherwise shown on Drawings. 

D. Brace and stake forms to maintain vertical and horizontal alignment until their removal. 

E. Carefully set templates and leave in place until the concrete has set sufficiently to hold its 
shape.  Remove templates while forms are still in place. 

F. Provide construction joints between new construction and all adjoining construction and 
around all utility appurtenances extending into the sidewalks, unless otherwise specified. 

G. Clean and coat forms with light oil immediately before placing concrete. 

3.4 CONCRETE PLACING 

A. Concrete thickness shall be 6 inches for sidewalks, curbs, and gutters.  Curbing shall have a 
minimum height of 6 inches or per TDOT Standards.  Widths shall be per TDOT Standards. 

B. All curbs and gutters shall be installed to a straight alignment parallel to the centerline of the 
road, or along the required radius or curvature shown on the Drawings, or along the line which 
existed prior to construction. 

C. Deposit the concrete on the base: 
 

1. When central or transit mixed concrete is used, place the mixture where it will require as 

little rehandling as possible. 

2. Continuously place between transverse joints without the use of intermediate bulkheads. 

3. Perform necessary hand spreading with shovels, or other approved tools. 

4. Do not allow workmen to walk in the freshly mixed concrete with boots or shoes coated 

with foreign substances. 

D. Consolidate concrete against and along the faces of all forms and along the full length and on 
both sides of all joint assemblies, by means of vibrators inserted in the concrete. 

 

1. Fresh concrete shall be thoroughly vibrated without damaging or misaligning the forms. 

2. The vibrator shall be introduced into the concrete at 1 foot intervals for a period of at 

least 2 seconds for each immersion and shall vibrate at not less than 5,000 impulses per 

minute. 

3. Do not permit vibrators to come in contact with a joint assembly, the grade, or a side 

form. 

4. Do not operate the vibrator longer than 5 seconds in any one location. 

5. Operate vibrators mounted on a machine only while in motion. 
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E. Deposit concrete as near to expansion and contraction joints as possible without disturbing 
them, but do not dump from the discharge bucket or hopper onto a joint assembly unless the 
hopper is well-centered on the joint assembly. 

F. Curbs and gutters shall be cast in place in sections approximately 15 feet long, and provision 
made at each joint for expansion. 

 

1. Expansion joints 1/2 inch in width shall be located opposite each pavement or sidewalk 

expansion joint. 

2. Expansion joint material shall be premolded bituminous, cut to conform to the cross 

section of the curb and be set slightly indented. 

G. Final horizontal surface of sidewalks, curbs or gutters shall be leveled, floated and allowed to 
“set” slightly prior to the final finishing. 

H. New or replacement concrete sidewalks, curbs or gutters at crosswalks shall be constructed to 
the standards in accordance with the details shown on the Drawings and the Americans With 
Disabilities Act. 

I. Should any concrete materials fall on or be worked into the surface of a complete slab, remove 
immediately by approved methods. 

J. Provide between a one and two percent cross slope to drain sidewalks. 

3.5 FINISHING CONCRETE – GENERAL 

A. When necessary, strike-off concrete using transverse templates resting upon the side forms. 

B. Remove templates, then the forms when the concrete has set sufficiently to hold its shape. 

C. Tamp and screed concrete true to grade and section, bringing sufficient mortar to the surface 
for finishing. 

D. Finish surface with floats and straightedges, when required, to a smooth even finish. 

E. Round edges at templates and expansion joints with an edging tool of 1/4-inch radius. 

F. Remove all tool marks with a wetted brush or wooden float. 

G. Clean the top and ends of expansion joint materials and trim to slightly below the concrete 
surface. 

H. Remove forms, without exerting pressure on the concrete, at any time when such removal will 
not damage the concrete. 

I. Protect concrete work until finally accepted. 

J. Remedy damaged work that has not been accepted by removing and reconstructing each 
section that is damaged. 

3.6 FINISHED CURBS AND GUTTERS 

A. No plastering will be permitted. 
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B. Unless otherwise specified, the edges of the curb and gutter shall be rounded to a radius of 3/4 
inch. 

C. Finish the back of curbs not less than 3 inches below the top of backfill against the curb. 

D. Any exposed surface or surfaces against which some rigid type of construction is to be made 
shall be left smooth and uniform so as to permit free movement of the curb, gutter, or 
combined curb and gutter. 

E. When the use of curb machines is permitted, finish as specified above except that contraction 
joints may be sawed a minimum depth of 1/4 the thickness of the section at intervals not less 
than 6 feet nor more than 10 feet in lieu of construction the curbs in sections. 

F. Place weep holes or drainage openings through curbs as indicated on the Drawings or as 
directed by the Designer, with at least one-half cubic foot of coarse aggregate behind each 
opening. 

3.7 FINISHING SIDEWALKS 

A. When the surface of the concrete is free from water and just before the concrete obtains its 
initial set, finish and sweep lightly with a broom in order to produce a sandy texture (broom 
textured finish). 

B. Longitudinal surface variations shall be not more than 1/4 inch under a 12 foot straightedge, 
nor more than 1/8 inch on a 5 foot transverse section. 

C. Surface of the concrete shall be so finished as to drain completely at all times. 

D. Round the edges, including those along expansion joints and grooves, with an edging tool 
having a radius of 1/4 inch. 

E. Divide the surface of sidewalks into blocks by use of a grooving tool. 
 

1. Space the grooves approximately 5 feet apart with the blocks rectangular unless 

otherwise ordered by the Designer. 

2. Cut the grooves to a depth of not less than 1 inch. 

3. Edge the grooves with an edging tool having a radius of 1/4 inch. 

4. Place grooves in median pavement in line with corresponding joints in adjoining 

construction or as directed by the Designer. 

F. Unless otherwise indicated on the Drawings, place marks or grooves at right angles to the 
centerline of driveways and approximately 8 inches apart. 

 

1. These markings shall be between 1/8 inch and 1/4 inch in depth and shall be made with a 

suitable marking tool. 

2. A grooving tool, 6 to 8 inches in width, with multiple grooves for grooving alternate 

strips 8 inches apart, may be used. 

3. All marking edges shall be rounded satisfactorily. 

G. Do not place grooves in the surface of sidewalks reinforced for beam action where the full 
thickness of concrete is required for strength. 
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3.8 CURING 

A. Reference Article 2.6 above and Section 033000. 

B. No forms shall be removed for at least 24 hours after placement of concrete.  Forms shall not 
be removed beyond 24 hours until concrete can hold its form and shape. 

C. Edges and faces of concrete exposed by the removal of forms shall be protected immediately 
to provide these surfaces with continuous curing treatment equal to the method selected for 
curing the walk surface. 

D. Selection of materials and methods shall provide protection from freezing temperatures. 

E. Concrete shall be kept cured and free of vehicles for at least seven days.  Where necessary to 
provide vehicular access, provide suitable bridging or plates (not supported by the fresh 
concrete) during the curing process. 

F. After curing, the exposed concrete surfaces shall be sealed with a liquid-applied sealing 
membrane as specified above.  

3.9 TOLERANCES 

A. Finished subgrade shall be plus or minus 1/2-inch of its proposed grades. 

B. Finished aggregate base course shall be plus or minus 1/4-inch of its proposed grade. 

C. Finished sidewalk surfaces shall be plus or minus 1/4-inch of its proposed grade. 
 

1. Joints having more than 1/4-inch differential between one side or the other shall be 

corrected to the same elevation. 

D. Finished curbs and gutters shall present a neat, uniform and continuous line with no apparent 
dips, high spots or bulges, or variations in line or grade greater than 1/8-inch as measured by a 
10-foot straight edge. 

3.10 FLATNESS TEST 

A. After the concrete has hardened sufficiently to avoid marking the surface, Designer shall test 
the surface, longitudinally and transversely, with a straight edge or string line 6 to 10 feet long 
(two walk blocks long). 

 

1. Areas with high spots of more than 1/4-inch but not exceeding 1/2-inch shall be marked 

and ground down with an approved grinding tool such that the surface deviations shall 

not exceed 1/4-inch in 6 to 10 feet. 

 

a. Grinding shall be accomplished in such a manner as to match the texture of the 

adjacent walk surfaces. 

2. Where surface is concaved and exceeds 1/2-inch in 6 to 10 feet, the sidewalk shall be 

removed to the nearest joints and replaced at the Contractor’s expense. 
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3.11 PROTECTION 

A. Protect concrete from pedestrian and vehicular traffic and other loads for at least three (3) days 
after placement, or until the Designer has determined that the concrete has attained sufficient 
strength for such loads. 

B. Any sidewalk, constructed or reconstructed, which is subsequently damaged due to negligence 
or activity of work or failure to protect surfaces from vandalism or becoming marked by 
vehicular or pedestrian traffic shall be removed and replaced by the Contractor at no 
additional cost to the Owner. 

3.12 GRADING FOR CURBS AND GUTTERS 

A. Grading in back of curbing, either new or reset, shall conform to the details shown on the 
Drawings. 

 

1. When no specific details are shown, Contractor shall backfill with compacted screened 

(maximum 2 inch size) gravel to driveway or walk subbase or to within 2 inches of top of 

curb if in lawn areas. 

2. The remaining depth to be backfilled with topsoil and lawn restored per Section 329200.  

Slope backfilled area to drain from sidewalk to curb. 

3.13 EXTRUDING/SLIP-FORMING OF CURBS, GUTTERS, AND SIDEWALKS 

A. Construction of curbs, gutters, and sidewalks using extrusion and/or slip-forming techniques 
may be approved by the Owner and Designer.  Equipment and methodology proposed for use 
shall be submitted for review.  Additional finishing in accordance with Articles 3.4, 3.5, 3.6, 
and 3.7 may be required. 

END OF SECTION 321218 
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SECTION 321220 - PAVEMENT PATCHING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Bituminous pavement patching. 

2. Compaction. 

B. Related documents: 
 

1. Section 311000 – Pavement Cutting 

2. Section 315000 – Excavation, Trenching and Grading 

3. Section 321210 – Base and Subgrade Treatment under Pavement 

4. Section 321212 – Bedding, Backfilling and Compaction 

5. Section 321216 – Asphalt Concrete Paving 

1.2 REFERENCES 

A. Tennessee Department of Transportation (TDOT) Standard Specifications for Road and 
Bridge Construction, latest edition. 

B. Other applicable TDOT requirements and standards. 

C. Federal Highway Administration Manual on Uniform Traffic Control Devices 

1.3 SCHEDULING 

A. Schedule patching work in coordination with local authorities having jurisdiction over the site. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Refer to Sections 321210 and 321212 aggregate for description of screened gravel or crushed 
stone for base course. 

B. Refer to Section 321216 for description of bituminous material for patching. 
 

1. Patches up to 2 inches deep install wearing course asphalt concrete. 

2. Patches over 2 inches deep use a combination of courses of base, binder and wearing 

course as approved by the Engineer. 

C. Provide asphalt emulsion for tack coating of existing edges of patch. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. All bituminous pavement patching shall be done with asphalt concrete material matching 
existing pavement. 

3.2 PREPARATION 

A. Prior to all patching, the effected area shall be cut out as per Section 311000 in a rectangular 
or square shaped manner. 

 

1. Cutting and removal of existing material to extend 12 inches outside the effected area. 

2. Two sides of the area shall be at right angles to the direction of traffic. 

3. All material within the cut-out area to be removed down to a firm subgrade and disposed 

off site as surplus material. 

4. The surface area to be cleaned of all partially weathered or disturbed material and 

compacted to provide a clean hard foundation and clean interface between patch and 

existing pavement. 

3.3 INSTALLATION 

A. Subbase shall be brought to grade with No. 57 aggregate defined by TDOT Standards. 
 

1. For bituminous patching a tack coat shall be applied to the vertical faces of the existing 

pavement prior to placing asphalt material.  Refer to Section 321216. 

B. A bituminous (asphalt concrete) patch shall then be applied to a depth equal to the original 
bituminous material, but not less than two courses of 1-1/2 inches each (material to be placed 
against the edges of the hole first). 

 

1. Avoid pulling material from center of patch to the edges, instead if more material is 

needed at the edge, it should be deposited there, and the excess raked away. 

2. Sufficient material should be used to ensure that after compaction, the patched surface 

will be at the correct grade and slope, slightly higher than the adjacent pavement, and not 

below the adjacent pavement. 

3. Each course shall be thoroughly compacted by the use of mechanical tampers, vibratory 

plate compactors and hand tampers for small areas and roller for large areas. 

3.4 TOLERANCES 

A. After completion of patching, the Contractor shall check smoothness with straight edge or 
stringline.  Deviations of 1/8 inch or more shall be corrected. 

END OF SECTION 321220 
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SECTION 321222 -PAVEMENT MARKING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Surface Preparation. 

2. Pavement Marking. 

B. Related documents: 
 

1. Section 311000 – Pavement Cutting 

2. Section 321216 – Asphalt Concrete Paving 

3. Section 321220 – Pavement Patching 

1.2 REFERENCES 

A. Tennessee Department of Transportation (TDOT) Standard Specifications for Road and 
Bridge Construction, latest edition. 

B. Federal Highway Administration Manual on Uniform Traffic Control Devices 

1.3 SUBMITTALS 

A. Certification that paint and thermoplastics meet specified requirements. 

PART 2 - PRODUCTS 

2.1 PAINT 

A. Shall meet TDOT Standards and Specifications. 

B. White on asphalt cement pavement or Yellow on Portland cement concrete pavement, or as 
shown on drawings. Match existing striping color in areas of pavement repair or replacement. 

C. Paint shall be quick dry traffic marking.  Drying time shall be 3 to 5 minutes when heated to 
application temperature. 

D. Application temperature shall be in accordance with manufacturer’s recommendations. 

E. Each paint container shall be labeled showing details of paint, application procedure, and date 
of manufacture. 

2.2 DROP ON GLASS BEADS 

A. Shall met TDOT standards and specifications. 

B. Glass beads shall meet the requirements of AASHTO M-247, Type I moisture resistant beads, 
with the following gradation: 
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Sieve Size 
Percent Passing By 

Weight 

No. 20 100 

No. 30 75-95 

No. 50 15-35 

No. 100 0-5 

2.3 THERMOPLASTIC PAVEMENT MARKINGS 

A. Shall meet TDOT Standards and Specifications. 

B. White on asphalt cement pavement or Yellow on Portland cement concrete pavement, or as 
shown on drawings.  Match existing striping color in areas of pavement repair or replacement. 

C. Application temperature shall be in accordance with manufacturer’s recommendations. 

D. Each container shall be labeled showing details of material, application procedure, and date of 
manufacture. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Perform pavement marking in accordance with Federal Highway Administration Manual on 
Uniform Traffic Control Devices and TDOT Specifications and Standards. 

B. Apply marking in strict accordance with the manufacturer's recommendations, but with a 
minimum wet film thickness of 15 plus or minus 1 mil with 6 pounds of glass beads per 
gallon. 

C. Mark pavement in close conformity to the lines, dimensions, patterns, locations, and details 
shown on the drawings or established by the Designer. 

END OF SECTION 321222 
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SECTION 329200 - SITE REHABILITATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 
 

1. Preparation of landscape area including loosening, pulverizing, and fertilizing. 

2. Placement of seed, sprigging, sod, and topsoil including mulch, where required. 

3. Watering of landscaping. 

4. Site rehabilitation of disturbed areas. 

5. Restoration of uncultivated lands. 

6. Site modifications and development to meet new conditions. 

7. Removal and disposal of all excess materials, equipment, trash and debris used for, or 

resulting from, the work included in this Section. 

B. Related documents: 
 

1. Section 310100 – Site Preparation and Clearing 

1.2 REFERENCES 

A. The American Association of Nurserymen Standards - ANSI Standard 2-60.1, “Nursery 
Stock.” 

B. Soil Conservation District of the Department of Agriculture. 

1.3 QUALITY ASSURANCE 

A. Areas and Features to be Restored 
 

1. All areas, including natural features occurring thereon, which are damaged or disturbed 

by the Contractor’s operations, shall be restored, repaired or replaced to the same or 

superior condition which existed prior to construction or as modified herein or as shown 

on the Drawings. 

2. Artificial features shall be restored equal to a new condition or as modified herein or as 

shown on the Drawings. 

1.4 SUBMITTALS 

A. Submit under provisions of Section 013300. 

B. Submit the source nursery for all plantings. 

C. Topsoil - Submit sieve analysis and characteristics of topsoil as listed in PART 2 - 
MATERIALS. 

D. Seed mixture data. 
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1.5 QUALIFICATIONS 

A. All planting material to be furnished from a nursery which meets the requirements of the 
American Association of Nurserymen. 

1.6 PACKING AND SHIPPING 

A. All seed furnished for this project shall be delivered in standard size unopened bags of the 
vendor, showing weight, mixture, vendor’s name and guaranteed analysis. 

1.7 STORAGE 

A. Seed shall be properly stored in dry conditions at the site of the work. 
 

1.  Any seed damaged or spoiled during storage shall be replaced by the Contractor. 

1.8 ENVIRONMENTAL CONDITIONS 

A. Topsoil shall not be delivered or placed in a frozen or muddy condition. 

B. Seeding is to be done on dry or moderately dry soil. 
 

1. Seeding is to be done when the wind velocity does not exceed 5 miles per hour. 

1.9 GUARANTEE 

A. Any new, reestablished, replaced or disturbed plant material that fails to respond properly 
within the one-year guarantee period shall be replaced as specified above at the Contractor’s 
expense. 

B. Provide a uniform stand of grass by watering, moving, and maintaining seed and sod areas 
until Substantial completion and subsequently, until the end of the Contractor’s required 
maintenance period. Re-sod and re-seed areas, with specified materials, which fail to provide a 
uniform stand of grass until all affected areas are accepted by the Owner. 

C. Acceptance of all site rehabilitation work shall be at sole discretion of Owner who shall make 
final determination regarding whether work provided is acceptable. Any additional work 
required to meet Owner’s requirements shall be at sole cost of Contractor. 

PART 2 - PRODUCTS 

2.1 MULCH MATERIAL 

A. Hay composed of approved stalks from grasses, sedges, or legumes; or straw composed of 
stalks from rye, oats, wheat, or other approved grains. 

B. Air dried and reasonably free from noxious weeds, weed seeds, and other detrimental plant 
growth. 

C. Suitable for spreading with mulch blower machinery. 

D. Hardwood fiber mulch, when used, shall meet the following specifications. 
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1. Moisture Content – 10.0 percent plus or minus 2.0 percent 

2. Organic Matter – 99.4 percent plus or minus 0.2 percent 

3. Ash Content – 0.6 percent plus or minus 0.2 

4. Water Hold Capacity – 1,050 grams minimum (per 150 grams of oven dry fiber) 

E. Mulch binders. 
 

1. Cut back asphalt, Grade RC-70 or RC-250 conforming to AASHTO M-81, M-82, or M-

141, for the type and grade specified. 

2. Emulsified asphalt, Type SS-1 conforming to AASHTO M-140.  In addition to Type SS-

1, a special mixing material AE-3 or a special priming material AE-P may be specified. 

2.2 EROSION MATTING 

A. Excelsior Matting: 
 

1. Machine-produced mat of curled wood excelsior fibers, 80 percent of which are 6 inches 

or longer in length, evenly distributed over the entire area of the mat, with one side of 

mat covered with a maximum 1 inch by 1 inch photodegradable extruded plastic mesh; 

mats minimum 47-inch width and weigh 0.975 pounds per square yard plus or minus 10 

percent. 

2. Wire staples machine made of No. 11 gauge new steel wire “U” shaped, not less than 6 

inches in length with not less than a 1-inch wide throat. 

B. Straw Matting: 
 

1. Manufacturers:  

 

a. Propex, Inc. (formerly SI Geosolutions), Chattanooga, Tennessee 37416 USA, 

Phone (423) 899-0444,  

b. LandLOK S2 Erosion Control Blanket, North American Green, S150 Blanket  

c. approved equal. 

 

2. Description:  Machine-produced mat of straw fibers, evenly distributed throughout the 

blanket, with a photodegradable, extruded plastic netting covering the top and bottom of 

each blanket. 

3. Netting shall be photodegradable polypropylene with mesh openings of approximately 

0.4 in by 0.4 in. 

4. Ground Anchoring Devices: 

 

a. Length: 8 to 18 inches; sufficient ground penetration to resist pullout. Use longer 

anchors for loose soils. 

b. U-shaped wire staples, or metal pins. 

c. Metal pins: Steel, minimum 0.20 inches in diameter with 1.5-inch steel washer. 

2.3 JUTE MESH 

A. Open plain weave of single jute yarn and non-toxic to vegetation. 
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B. Tag jute rolls for identification with 58 warp ends per yard, 41 weft ends per yard and 
weighing approximately 0.9 pounds per square yard with an acceptable tolerance of 5 percent. 

2.4 SOD MATERIAL 

A. Live dense, well-rooted growth of permanent grasses, free from Johnson grass, nutgrass, and 
other undesirable grasses or weeds and well-suited for the proposed application to particular 
soils. 

B. Cleanly cut in strips having a reasonably uniform thickness of not less than 2 1/2 inches, a 
uniform width of approximately 8 inches, and a minimum length of 12 inches. 

2.5 COMMERCIAL FERTILIZERS 

A. Unless otherwise specified, inorganic 10-20-10 nitrogen, phosphoric acid, and potash for 
seeding and 10-10-10 or 1-1-1 for sodding. 

B. Furnish in standard containers with the brand name, weight and guaranteed analysis of the 
contents clearly marked. 

C. Comply with Federal, State, and local laws. 

D. Ammonium nitrate shall be a standard commercial product, having a minimum of 33.5 percent 
nitrogen. 

E. Agricultural limestone shall contain a minimum of 85% of calcium carbonate and magnesium 
carbonate combined, and be of particular size that 85% will pass a No. 10 mess sieve. 

F. Not withstanding the above, fertilizer shall be as recommended by the local Soil Conservation 
District of the Department of Agriculture for the type(s) of soil(s) and plant(s). 

2.6 WATER 

A. Free from harmful organisms or other objectionable materials. 

2.7 TOPSOIL 

A. Natural, friable, fertile, fine, sandy loam possessing characteristics of representative topsoil in 
the vicinity which produces heavy growths of vegetation. 

B. Free from subsoil, noxious weeds, stones larger that one inch in diameter, lime, cement, ashes, 
slag, or other deleterious matter. 

C. Well-drained in its original position and free from toxic quantities of acid or alkaline elements.  
The pH of topsoil shall be between 5.0 and 7.0. 

D. Topsoil shall contain no less than 6.0 percent organic matter. 

E. Topsoil shall contain less than 52 percent sand. 

F. Topsoil may be from previously excavated, stockpiled and protected materials, provided the 
materials meet the requirements for topsoil. 
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G. Topsoil shall meet the following gradation requirements free of stones, roots, sticks and other 
foreign substances: 

 

Grain Diameter Sieve Size 
Percent Passing By 

Weight 

6.3 mm 6.3 mm 100 

4.75 mm No. 4 60-85 

0.075 mm No. 200 20-45 

0.002 mm -- 7-27 

2.8 GEOSYNTHETIC MATERIALS 

A. Geosynthetic materials may be submitted for consideration by the Designer.  Such material 
shall be installed and maintained in accordance with the manufacturer’s recommendations. 

2.9 PLANTINGS 

A. Trees, shrubs, vines, ground cover and other vegetation to be replaced or installed new as 
specified which meet the requirements of the American Association of Nurserymen.  
Classifications of plants, dimensions, planting procedures, etc., shall conform to ANSI 
Standard Z 60.1, “Nursery Stock.” 

2.10 PEAT MOSS 

A. As recommended by the supplier of nursery stock. 

2.11 TREE WRAPPING 

A. Tree wrapping for trees shall be 8 ounce first quality burlap. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Determine that surface area is ready for fine grading and/or to receive topsoil and seeding or 
plantings. 

 

1. Remove trash, debris, large stones and other foreign materials from surface areas to be 

restored or rehabilitated. 

2. Topsoil shall be free of frozen fragments, debris, large stones, and other foreign 

materials. 

3.2 PREPARATION 

A. Fine Grading - Areas requiring topsoil shall be fine graded to within 4 inches of finished grade 
to provide a minimum compacted thickness of 4 inches of topsoil at all locations. 
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1. All such areas, whether in cut or fill, shall be raked to a depth of 1 inch, be parallel to 

finished grade as shown on Drawings or required and shall be free of all stones, larger 

than 1 inch, roots, rubbish and other deleterious material. 

3.3 INSTALLATION 

A. Areas to be Developed 
 

1. When the project site is to be modified and developed to meet new conditions, the 

Contractor shall perform all required grading, topsoiling, fertilizing, seeding, planting, 

mulching and maintenance of areas, all in accordance with the Drawings and as specified 

herein. 

2. Unless shown otherwise on the Drawings, the entire unpaved area within the grading 

limits and within the overall areas excavated and backfilled shall be so developed. 

3. New landscaping work and artificial features, if any, are shown on the Drawings and 

specified elsewhere. 

B. Contractor shall reestablish all existing cultivated or landscape items, trees, shrubs, vines and 
ground covers as practicable. 

 

1. Contractor shall provide additional or modify existing vegetation, as shown on the 

Drawings. 

2. Existing trees, plants, shrubs, saplings, ground cover, vines, etc., which are disturbed or 

damaged by the Contractor’s operations shall be replaced with new plant materials. 

3.4 TOPSOIL 

A. Furnish and spread topsoil at depths and locations shown on the drawings, but no less than 4 
inches in depth and in all areas requiring rehabilitation unless otherwise shown on the 
Drawings. 

 

1. Stockpiled topsoil may be used if it is acceptable to the Designer. 

2. In the event this topsoil is not satisfactory, or is inadequate to cover the required areas, 

the Contractor shall furnish the required amount of satisfactory topsoil from approved 

sources off the site. 

B. Soil shall be uniformly compacted with a light hand roller to a final depth of not less than 4 
inches. 

 

1. When finished, the surface shall conform to the finished lines and grades shown on the 

Drawings or required and shall have a smooth pulverized surface at the time of seeding. 

2. Any irregularities shall be corrected before the fertilizer and seed are placed. 

3. Any subsequent settlement or displacement of the topsoil shall be restored to an 

acceptable condition at the Contractor’s expense. 

3.5 FERTILIZER 

A. Fertilizer shall be uniformly spread by a mechanical spreader at the rate of 25 pounds per 1000 
square feet for grade 10-20-10 or equivalent when seeding or 12 pounds per 1000 square feet 
for grade 10-10-10 or equivalent when sodding. 
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B. If sprigging, fertilizer shall be uniformly spread by a mechanical spreader at the rate of 12 
pounds per 1000 square feet for grade 0-20-20 or equivalent. 

C. Not less than 100 pounds per 1000 square feet for agricultural limestone. 

D. Fertilizer shall be incorporated into the upper 2 inches of topsoil immediately after spreading 
for seeding or upper 1/2-inch when sprigging. 

E. Fertilizer need not be incorporated in the soil as specified above when mixed with seed in 
water and applied with power sprayer equipment, also known as hydroseeding. 

3.6 MULCHING AND PROTECTION 

A. Contractor shall protect and maintain seeded areas to assure a full even stand of grass. 

B. Immediately after seeding and rolling, the Contractor shall apply oat, wheat or rye straw, free 
from noxious weeds, as a mulch, to a loose depth of about 1 inch. 

C. Contractor shall perform all watering and reseeding as necessary for a minimum of 30 days 
and until final acceptance of the Contract, to ensure the establishment of a uniform stand of 
specified grasses. 

D. For slopes 3:1 or greater or where shown on Drawings, provide erosion matting. Comply with 
manufacturer’s instructions for soil type, slope and, where applicable, channel flow; secure 
with staples. 

3.7 SODDING 

A. Place sod at all locations shown on the Drawings or where directed. 

B. Loosen the surface of the ground to be sodded to a depth of not less than one inch with a rake 
or other device. 

C. If necessary, sprinkle with water until saturated for a minimum depth of one inch and keep 
moist until the sod is placed. 

D. Place sod as soon as practical after removal from the point of origin, and keep in a moist 
condition during the interim. 

E. Carefully place, by hand, on the prepared ground surface with the edges in close contact and, 
as far as possible, in a position to break joints. 

F. Each strip of sod laid shall be fitted and pounded into place using 10 inch by 10 inch wood 
tramps, or other satisfactory implements. 

G. Immediately after placing, thoroughly wet and roll with an approved roller or hand-tamp as 
approved by the Designer. 

H. On slopes of 3:1 or steeper, pinning or pegging may be required to hold the sod in place. 

3.8 MAINTENANCE 

A. Sodded Areas:   
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1. Maintain sodded areas until Substantial Completion and for a period of at least 60 days 

after Substantial Completion and acceptance of sodding operations. 

2. Maintain sodded areas, including watering, spot weeding, mowing, applications of 

herbicides, fungicides, insecticides, and reseeding until a full, uniform stand of grass free 

of weeds, undesirable grass species, disease, and insects is achieved and accepted by the 

Owner. 

 

a. Water sodded areas thoroughly every 2 to 3 days to establish proper rooting. 

b. Repair, re-work, and re-sod all areas that have washed out or are eroded. Replace 

unacceptable or dead areas with new sod. 

c. Mow sodded areas as soon as top growth reaches a 3-inch height. Cut back to 2 

inches in height. Repeat mowing as required to maintain specified height. Do not 

remove more than 40 percent of grass leaf at any single mowing. 

d. Apply fertilizer to lawns approximately 30 days after sodding at recommended rate 

in soil test report. Apply with mechanical rotary or drop distribution. Thoroughly 

water into soil. 

e. Apply herbicides as required to control weed growth or undesirable grass species. 

f. Apply fungicides and insecticides as required to control diseases and insects. 

g. Remove sod pegs. 

B. Plantings:  Plantings to be maintained for 1 year. 

3.9 SPECIAL CONDITIONS 

A. Damaged Trees - Vegetation which has been damaged by site preparation activities and 
deemed non-functional by the Owner or Designer shall be replaced by the Contractor with 
vegetation of the same caliper, genus and species at no additional compensation to the 
Contractor. 

END OF SECTION 329200 
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