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ADVERTISEMENT FOR BIDS 

Sealed bids for DEARNG Contract No. 05-2016 – National Guard/Reserve Center 
New Boiler Plant, will be received by the Delaware Army National Guard at the 
Security Officers desk in the Main Lobby of the National Guard/Reserve Center, 250 
Airport Road, New Castle, Delaware, 19720 until 2:00 PM local time on September 8, 
2016, at which time they will be publicly opened and read aloud in the Multi-Purpose 
Room.   

Bidders are required to show identification at the Guard Booth when entering the site and 
must sign in at the Security Officers desk once inside.  Please allow sufficient time to 
comply with these requirements.  No exceptions.  Bidder bears the risk of late delivery.  
Any bids received after the stated time will be returned unopened. 

Project involves installation of two new boilers and all associated piping, equipment and 
controls. 

Attention is called to the construction schedule as detailed in the Contract Documents. 

A MANDATORY Pre-Bid Meeting will be held on August 18, 2016 at 10:00 AM at the 
National Guard/Reserve Center, 250 Airport Road, New Castle, Delaware, 19720, for the 
purpose of establishing the listing of subcontractors and to answer questions.      
Representatives of each party to any Joint Venture must attend this meeting.  
ATTENDANCE OF THIS MEETING IS A PREREQUISITE FOR BIDDING ON 
THIS CONTRACT. 

Sealed bids shall be addressed to the Delaware Army National Guard, National 
Guard/Reserve Center, 250 Airport Road, New Castle, Delaware, 19720, ATTN:  
William R. Davis.  The outer envelope should clearly indicate:  DEARNG CONTRACT 
NO. 05-2016 – National Guard/Reserve Center New Boiler Plant - SEALED BID – 
DO NOT OPEN. 

A CD of the Contract Documents will be available, free of charge, for pickup Monday 
thru Friday, from 9:00 AM to 5:00 PM at the office of Concord Engineering, 520 South 
Burnt Mill Road, Voorhees, NJ, 08043.  Upon receipt of a valid UPS or FedEx shipping 
number, the CD can be mailed to the contractor.  All shipping charges will be billed to 
the Contractor.  Please contact Cathy Daddario at cdaddario@concord-engineering.com, 
(856)427-0200, ext. 119 to arrange pickup or delivery.  CDs will also be available at the 
Pre-Bid Meeting.  

Construction documents will be available for review at the office of Concord 
Engineering, 3020 Market Street, Philadelphia, PA, 19104.  Contact Cathy Daddario to 
arrange an appointment. 

mailto:cdaddario@concord-engineering.com


Minority Business Enterprises (MBE), Disadvantaged Business Enterprises (DBE), 
Women-Owned Business Enterprises (WBE) and Veteran-Owned Business Enterprises 
(VBE) will be afforded full opportunity to submit bids on this contract and will not be 
subject to discrimination on the basis of race, color, national origin or sex in consideration of 
this award.   
 
Each bid must be accompanied by a bid security equivalent to ten percent of the bid amount 
and all additive alternates.  The successful bidder must post a performance bond and 
payment bond in a sum equal to 100 percent of the contract price upon execution of the 
contract.  The Owner reserves the right to reject any or all bids and to waive any 
informalities therein.  The Owner may extend the time and place for the opening of the bids 
from that described in the advertisement, with not less than two calendar days notice by 
certified delivery, facsimile machine or other electronic means to those bidders receiving 
plans. 
 
 

END OF ADVERTISEMENT FOR BIDS 
  
 
 



Client Name: Delaware Army National Guard Revision:    0 
Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 
Concord No.: 1C15580.00 

Concord Engineering  Page 1 of 14 

INSTRUCTIONS TO BIDDERS             00 21 13 

SECTION 00 21 13 – INSTRUCTIONS TO BIDDERS 

TABLE OF ARTICLES 

1. DEFINITIONS

2. BIDDER’S REPRESENTATION

3. BIDDING DOCUMENTS

4. BIDDING PROCEDURES

5. CONSIDERATION OF BIDS

6. POST-BID INFORMATION

7. PERFORMANCE BOND AND PAYMENT BOND

8. FORM OF AGREEMENT BETWEEN OWNER AND CONTRACTOR



Client Name: Delaware Army National Guard Revision:    0 
Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 
Concord No.: 1C15580.00  
 

 
 
Concord Engineering  Page 2 of 14 
 
INSTRUCTIONS TO BIDDERS              00 21 13 

 
ARTICLE 1: GENERAL 
 
1.1  DEFINITIONS 
 
1.1.1 Whenever the following terms are used, their intent and meaning shall be interpreted as  

follows: 
 
1.2   STATE:  The State of Delaware. 
 
1.3  AGENCY:  Contracting State Agency as noted on cover sheet. 
 
1.4  DESIGNATED OFFICIAL:  The agent authorized to act for the Agency. 
 
1.5 BIDDING DOCUMENTS:  Bidding Documents include the Bidding Requirements and the 

proposed Contract Documents.  The Bidding Requirements consist of the Advertisement 
for Bid, Invitation to Bid, Instructions to Bidders, Supplementary Instructions to Bidders (if 
any), General Conditions, Supplementary General Conditions, General Requirements, 
Special Provisions (if any), the Bid Form (including the Non-collusion Statement), and 
other sample bidding and contract forms.  The proposed Contract Documents consist of the 
form of Agreement between the Owner and Contractor, as well as the Drawings, 
Specifications (Project Manual) and all Addenda issued prior to execution of the Contract. 

 
1.6 CONTRACT DOCUMENTS:  The Contract Documents consist of the, Instructions to 

Bidders, Supplementary Instructions to Bidders (if any), General Conditions, 
Supplementary General Conditions, General Requirements, Special Provisions (if any), the 
form of agreement between the Owner and the Contractor, Drawings (if any), 
Specifications (Project Manual), and all addenda. 

 
1.7 AGREEMENT:  The form of the Agreement shall be AIA Document A101, Standard Form 

of Agreement between Owner and Contractor where the basis of payment is a 
STIPULATED SUM.  In the case of conflict between the instructions contained therein and 
the General Requirements herein, these General Requirements shall prevail. 

 
1.8 GENERAL REQUIREMENTS (or CONDITIONS):  General Requirements (or conditions) 

are instructions pertaining to the Bidding Documents and to contracts in general.  They 
contain, in summary, requirements of laws of the State; policies of the Agency and 
instructions to bidders. 

 
1.9 SPECIAL PROVISIONS:  Special Provisions are specific conditions or requirements 

peculiar to the bidding documents and to the contract under consideration and are 
supplemental to the General Requirements.  Should the Special Provisions conflict with the 
General Requirements, the Special Provisions shall prevail. 
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1.10 ADDENDA:  Written or graphic instruments issued by the Owner/Architect prior to the 
execution of the contract which modify or interpret the Bidding Documents by additions, 
deletions, clarifications or corrections. 

 
1.11 BIDDER OR VENDOR:  A person or entity who formally submits a Bid for the material or 

Work contemplated, acting directly or through a duly authorized representative who meets 
the requirements set forth in the Bidding Documents. 

 
1.12 SUB-BIDDER:  A person or entity who submits a Bid to a Bidder for materials or labor, or 

both for a portion of the Work. 
 
1.13 BID:  A complete and properly executed proposal to do the Work for the sums stipulated 

therein, submitted in accordance with the Bidding Documents. 
 
 
INSTRUCTIONS TO BIDDERS                 00 21 13-2 
 
1.14 BASE BID:  The sum stated in the Bid for which the Bidder offers to perform the Work 

described in the Bidding Documents as the base, to which Work may be added or from 
which Work may be deleted for sums stated in Alternate Bids (if any are required to be 
stated in the bid). 

 
1.15 ALTERNATE BID (or ALTERNATE):  An amount stated in the Bid, where applicable, to 

be added to or deducted from the amount of the Base Bid if the corresponding change in the 
Work, as described in the Bidding Documents is accepted. 

 
1.16 UNIT PRICE:  An amount stated in the Bid, where applicable, as a price per unit of 

measurement for materials, equipment or services or a portion of the Work as described in 
the Bidding Documents. 

 
1.17 SURETY:  The corporate body which is bound with and for the Contract, or which is 

liable, and which engages to be responsible for the Contractor's payments of all debts 
pertaining to and for his acceptable performance of the Work for which he has contracted. 

 
1.18 BIDDER'S DEPOSIT:  The security designated in the Bid to be furnished by the Bidder as 

a guaranty of good faith to enter into a contract with the Agency if the Work to be 
performed or the material or equipment to be furnished is awarded to him. 

 
1.19 CONTRACT:  The written agreement covering the furnishing and delivery of material or 

work to be performed. 
 
1.20 CONTRACTOR:  Any individual, firm or corporation with whom a contract is made by the 

Agency. 
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1.21 SUBCONTRACTOR:  An individual, partnership or corporation which has a direct 
contract with a contractor to furnish labor and materials at the job site, or to perform 
construction labor and furnish material in connection with such labor at the job site. 

 
1.22 CONTRACT BOND:  The approved form of security furnished by the contractor and his 

surety as a guaranty of good faith on the part of the contractor to execute the work in 
accordance with the terms of the contract. 

 
ARTICLE 2: BIDDER'S REPRESENTATIONS 
 
2.1  PRE-BID MEETING 
 
2.1.1 A pre-bid meeting for this project will be held at the time and place designated.  Attendance 

at this meeting is a pre-requisite for submitting a Bid, unless this requirement is specifically 
waived elsewhere in the Bid Documents. 

 
2.2  By submitting a Bid, the Bidder represents that: 
 
2.2.1  The Bidder has read and understands the Bidding Documents and that the Bid is made in 

accordance therewith. 
 
2.2.2 The Bidder has visited the site, become familiar with existing conditions under which the 

Work is to be performed, and has correlated the Bidder’s his personal observations with the 
requirements of the proposed Contract Documents. 

 
2.2.3 The Bid is based upon the materials, equipment, and systems required by the Bidding 

Documents without exception. 
 
2.3  JOINT VENTURE REQUIREMENTS 
 
2.3.1 For Public Works Contracts, each Joint Venturer shall be qualified and capable to complete 

the Work with their own forces. 
 
2.3.2 Included with the Bid submission, and as a requirement to bid, a copy of the executed Joint 

Venture Agreement shall be submitted and signed by all Joint Venturers involved. 
 
2.3.3 All required Bid Bonds, Performance Bonds, Material and Labor Payment Bonds must be 

executed by both Joint Venturers and be placed in both of their names.  
 
2.3.4  All required insurance certificates shall name both Joint Venturers. 
 
2.3.5 Both Joint Venturers shall sign the Bid Form and shall submit a copy of a valid Delaware 

Business License with their Bid. 
 
2.3.6  Both Joint Venturers shall include their Federal E.I. Number with the Bid. 
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2.3.7 In the event of a mandatory Pre-bid Meeting, each Joint Venturer shall have a 
representative in attendance. 

  
2.3.8 Due to exceptional circumstances and for good cause shown, one or more of these 

provisions may be waived at the discretion of the State. 
 
2.4  ASSIGNMENT OF ANTITRUST CLAIMS 
 
2.4.1 As consideration for the award and execution by the Owner of this contract, the Contractor 

hereby grants, conveys, sells, assigns and transfers to the State of Delaware all of its right, 
title and interests in and to all known or unknown causes of action it presently has or may 
now or hereafter acquire under the antitrust laws of the United States and the State of 
Delaware, relating to the particular goods or services purchased or acquired by the Owner 
pursuant to this contract. 

 
ARTICLE 3: BIDDING DOCUMENTS 
 
3.1  COPIES OF BID DOCUMENTS 
 
3.1.1 Bidders may obtain complete sets of the Bidding Documents from the 

Architectural/Engineering firm designated in the Advertisement or Invitation to Bid in the 
number and for the deposit sum, if any, stated therein. 

 
3.1.2 Bidders shall use complete sets of Bidding Documents for preparation of Bids.  The issuing 

Agency nor the Architect assumes no responsibility for errors or misinterpretations 
resulting from the use of incomplete sets of Bidding Documents. 

 
3.1.3 Any errors, inconsistencies or omissions discovered shall be reported to the Architect 

immediately. 
 
3.1.4 The Agency and Architect may make copies of the Bidding Documents available on the 

above terms for the purpose of obtaining Bids on the Work.  No license or grant of use is 
conferred by issuance of copies of the Bidding Documents. 

 
3.2  INTERPRETATION OR CORRECTION OF BIDDING DOCUMENTS 
 
3.2.1 The Bidder shall carefully study and compare the Bidding Documents with each other, and 

with other work being bid concurrently or presently under construction to the extent that it 
relates to the Work for which the Bid is submitted, shall examine the site and local 
conditions, and shall report any errors, inconsistencies, or ambiguities discovered to the 
Architect. 

 
3.2.2 Bidders or Sub-bidders requiring clarification or interpretation of the Bidding Documents 

shall make a written request to the Architect at least seven days prior to the date for receipt 
of Bids.  Interpretations, corrections and changes to the Bidding Documents will be made 



Client Name: Delaware Army National Guard Revision:    0 
Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 
Concord No.: 1C15580.00  
 

 
 
Concord Engineering  Page 6 of 14 
 
INSTRUCTIONS TO BIDDERS              00 21 13 

by written Addendum.  Interpretations, corrections, or changes to the Bidding Documents 
made in any other manner shall not be binding. 

 
3.2.3 The apparent silence of the specifications as to any detail, or the apparent omission from it 

of detailed description concerning any point, shall be regarded as meaning that only the 
best commercial practice is to prevail and only material and workmanship of the first 
quality are to be used.  Proof of specification compliance will be the responsibility of the 
Bidder. 

 
3.2.4 Unless otherwise provided in the Contract Documents, the Contractor shall provide and pay 

for all permits, labor, materials, equipment, tools, construction equipment and machinery, 
water, heat, utilities, transportation, and other facilities and services necessary for the 
proper execution and completion of the Work. 

 
3.2.5 The Owner will bear the costs for all impact and user fees associated with the project. 
 
3.3  SUBSTITUTIONS  
 
3.3.1 The materials, products and equipment described in the Bidding Documents establish a 

standard of quality, required function, dimension, and appearance to be met by any 
proposed substitution.  The specification of a particular manufacturer or model number is 
not intended to be proprietary in any way.  Substitutions of products for those named will 
be considered, providing that the Vendor certifies that the function, quality, and 
performance characteristics of the material offered is equal or superior to that specified.  It 
shall be the Bidder's responsibility to assure that the proposed substitution will not affect 
the intent of the design, and to make any installation modifications required to 
accommodate the substitution. 

 
3.3.2 Requests for substitutions shall be made in writing to the Architect at least ten days prior to 

the date of the Bid Opening.  Such requests shall include a complete description of the 
proposed substitution, drawings, performance and test data, explanation of required 
installation modifications due the substitution, and any other information necessary for an 
evaluation.  The burden of proof of the merit of the proposed substitution is upon the 
proposer.  The Architect’s decision of approval or disapproval shall be final.  The Architect 
is to notify Owner prior to any approvals. 

 
3.3.3 If the Architect approves a substitution prior to the receipt of Bids, such approval shall be 

set forth in an Addendum.  Approvals made in any other manner shall not be binding. 
 
3.3.4 The Architect shall have no obligation to consider any substitutions after the Contract 

award. 
 
3.4   ADDENDA 
 
3.4.1 Addenda will be mailed or delivered to all who are known by the Architect to have 

received a complete set of the Bidding Documents. 
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3.4.2 Copies of Addenda will be made available for inspection wherever Bidding Documents are 
on file for that purpose. 

 
3.4.3 No Addenda will be issued later than 4 days prior to the date for receipt of Bids except an 

Addendum withdrawing the request for Bids or one which extends the time or changes the 
location for the opening of bids. 

 
3.4.4 Each bidder shall ascertain prior to submitting his Bid that they have received all Addenda 

issued, and shall acknowledge their receipt in their Bid in the appropriate space.  Not 
acknowledging an issued Addenda could be grounds for determining a bid to be non-
responsive. 

 
ARTICLE 4: BIDDING PROCEDURES 
 
4.1  PREPARATION OF BIDS 
 
4.1.1 Submit the bids on the Bid Forms included with the Bidding Documents. 
 
4.1.2 Submit the original Bid Form for each bid.  Bid Forms may be removed from the project 

manual for this purpose. 
 
4.1.3  Execute all blanks on the Bid Form in a non-erasable medium (typewriter or manually in 

ink). 
 
4.1.4 Where so indicated by the makeup on the Bid Form, express sums in both words and 

figures, in case of discrepancy between the two, the written amount shall govern. 
 
4.1.5 Interlineations, alterations or erasures must be initialed by the signer of the Bid. 
 
4.1.6 BID ALL REQUESTED ALTERNATES AND UNIT PRICES, IF ANY.  If there is no 

change in the Base Bid for an Alternate, enter “No Change”.  The Contractor is responsible 
for verifying that they have received all addenda issued during the bidding period.  Work 
required by Addenda shall automatically become part of the Contract. 

 
4.1.7 Make no additional stipulations on the Bid Form and do not qualify the Bid in any other 

manner. 
 
4.1.8 Each copy of the Bid shall include the legal name of the Bidder and a statement whether the 

Bidder is a sole proprietor, a partnership, a corporation, or any legal entity, and each copy 
shall be signed by the person or persons legally authorized to bind the Bidder to a contract.  
A Bid by a corporation shall further give the state of incorporation and have the corporate 
seal affixed.  A Bid submitted by an agent shall have a current Power of Attorney attached, 
certifying agent's authority to bind the Bidder. 

 
4.1.9 Bidder shall complete the Non-Collusion Statement form included with the Bid Forms and 

include it with their Bid.  
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4.1.10 In the construction of all Public Works projects for the State of Delaware or any agency 

thereof, preference in employment of laborers, workers or mechanics shall be given to bona 
fide legal citizens of the State who have established citizenship by residence of at least 90 
days in the State. 

 
4.1.11 Each bidder shall include in their bid a copy of a valid Delaware Business License.’ 
 
4.1.12 Each bidder shall include signed Affidavit(s) for the Bidder and each listed Subcontractor 

certifying compliance with OMB Regulation 4104- “Regulations for the Drug Testing of 
Contractor and Subcontractor Employees Working on “Large Public Works Projects.”  
“Large Public Works” is based upon the current threshold required for bidding Public 
Works as set by the Purchasing and Contracting Advisory Council. 

 
4.2  BID SECURITY 
 
4.2.1 All bids shall be accompanied by a deposit of either a good and sufficient bond to the 

agency for the benefit of the agency, with corporate surety authorized to do business in this 
State, the form of the bond and the surety to be approved by the agency, or a security of the 
bidder assigned to the agency, for a sum equal to at least 10% of the bid plus all add 
alternates, or in lieu of the bid bond a security deposit in the form of a certified check, bank 
treasurer’s check, cashier’s check, money order, or other prior approved secured deposit 
assigned to the State.  The bid bond need not be for a specific sum, but may be stated to be 
for a sum equal to 10% of the bid plus all add alternates to which it relates and not to 
exceed a certain stated sum, if said sum is equal to at least 10% of the bid.  The Bid Bond 
form used shall be the standard OMB form (attached). 

 
4.2.2 The Agency has the right to retain the bid security of Bidders to whom an award is being 

considered until either a formal contract has been executed and bonds have been furnished 
or the specified time has elapsed so the Bids may be withdrawn or all Bids have been 
rejected. 

 
4.2.3 In the event of any successful Bidder refusing or neglecting to execute a formal contract 

and bond within 20 days of the awarding of the contract, the bid bond or security deposited 
by the successful bidder shall be forfeited. 

 
4.3  SUBCONTRACTOR LIST 
 
4.3.1 As required by Delaware Code, Title 29, section 6962(d)(10)b, each Bidder shall submit 

with their Bid a completed List of Sub-Contractors included with the Bid Form.  NAME 
ONLY ONE SUBCONTRACTOR FOR EACH TRADE.  A Bid will be considered non-
responsive unless the completed list is included. 

 
4.3.2 Provide the Name and Address for each listed subcontractor.  Addresses by City, Town or 

Locality, plus State, will be acceptable. 
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4.3.3 It is the responsibility of the Contractor to ensure that their Subcontractors are in 
compliance with the provisions of this law.  Also, if a Contractor elects to list themselves as 
a Subcontractor for any category, they must specifically name themselves on the Bid Form 
and be able to document their capability to act as Subcontractor in that category in 
accordance with this law. 

 
4.4 EQUALITY OF EMPLOYMENT OPPORTUNITY ON PUBLIC WORKS   
 
4.4.1 During the performance of this contract, the contractor agrees as follows: 
 

A. The Contractor will not discriminate against any employee or applicant for 
employment because of race, creed, sex, color, sexual orientation, gender identity 
or national origin.  The Contractor will take affirmative action to ensure the 
applicants are employed, and that employees are treated during employment, 
without regard to their race, creed, sex, color, sexual orientation, gender identity or 
national origin.  Such action shall include, but not be limited to, the following:  
Employment, upgrading, demotion or transfer; recruitment or recruitment 
advertising; layoff or termination; rates of pay or other forms of compensation; and 
selection for training, including apprenticeship.  The Contractor agrees to post in 
conspicuous places available to employees and applicants for employment notices 
to be provided by the contracting agency setting forth this nondiscrimination 
clause. 

 
B. The Contractor will, in all solicitations or advertisements for employees placed by 

or on behalf of the Contractor, state that all qualified applicants will receive 
consideration for employment without regard to race, creed, sex, color, sexual 
orientation, gender identity or national origin."  

 
4.5  PREVAILING WAGE REQUIREMENT 
  
4.5.1 Wage Provisions: For renovation and new construction projects whose costs exceed the 

thresholds contained in Delaware Code, Title 29, Section 6960, the minimum wage rates 
for various classes of laborers and mechanics shall be as determined by the Department of 
Labor, Division of Industrial Affairs of the State of Delaware. 

 
4.5.2 The employer shall pay all mechanics and labors employed directly upon the site of work, 

unconditionally and not less often than once a week and without subsequent deduction or 
rebate on any account, the full amounts accrued at time of payment, computed at wage rates 
not less than those stated in the specifications, regardless of any contractual relationship 
which may be alleged to exist between the employer and such laborers and mechanics. 

 
4.5.3 The scale of the wages to be paid shall be posted by the employer in a prominent and easily 

accessible place at the site of the work. 
 
4.5.4 Every contract based upon these specifications shall contain a stipulation that sworn payroll 

information, as required by the Department of Labor, be furnished weekly.  The 
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Department of Labor shall keep and maintain the sworn payroll information for a period of 
6 months from the last day of the work week covered by the payroll. 

 
4.6  SUBMISSION OF BIDS 
 
4.6.1 Enclose the Bid, the Bid Security, and any other documents required to be submitted with 

the Bid in a sealed opaque envelope.  Address the envelope to the party receiving the Bids.  
Identify with the project name, project number, and the Bidder's name and address.  If the 
Bid is sent by mail, enclose the sealed envelope in a separate mailing envelope with the 
notation "BID ENCLOSED" on the face thereof.  The State is not responsible for the 
opening of bids prior to bid opening date and time that are not properly marked. 

 
4.6.2 Deposit Bids at the designated location prior to the time and date for receipt of bids 

indicated in the Advertisement for Bids.  Bids received after the time and date for receipt of 
bids will be marked “LATE BID” and returned. 

 
4.6.3 Bidder assumes full responsibility for timely delivery at location designated for receipt of 

bids. 
 
4.6.4 Oral, telephonic or telegraphic bids are invalid and will not receive consideration. 
 
4.6.5 Withdrawn Bids may be resubmitted up to the date and time designated for the receipt of 

Bids, provided that they are then fully in compliance with these Instructions to Bidders. 
 
4.7  MODIFICATION OR WITHDRAW OF BIDS 
 
4.7.1 Prior to the closing date for receipt of Bids, a Bidder may withdraw a Bid by personal 

request and by showing proper identification to the Architect.  A request for withdraw by 
letter or fax, if the Architect is notified in writing prior to receipt of fax, is acceptable.  A 
fax directing a modification in the bid price will render the Bid informal, causing it to be 
ineligible for consideration of award.  Telephone directives for modification of the bid 
price shall not be permitted and will have no bearing on the submitted proposal in any 
manner. 

 
4.7.2 Bidders submitting Bids that are late shall be notified as soon as practicable and the bid 

shall be returned. 
 
4.7.3   A Bid may not be modified, withdrawn or canceled by the Bidder during a thirty (30) day 

period following the time and date designated for the receipt and opening of Bids, and 
Bidder so agrees in submitting their Bid.  Bids shall be binding for 30 days after the date of 
the Bid opening.   

 
ARTICLE 5: CONSIDERATION OF BIDS 
 
5.1  OPENING/REJECTION OF BIDS 
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5.1.1 Unless otherwise stated, Bids received on time will be publicly opened and will be read 
aloud.  An abstract of the Bids will be made available to Bidders. 

 
5.1.2 The Agency shall have the right to reject any and all Bids.  A Bid not accompanied by a 

required Bid Security or by other data required by the Bidding Documents, or a Bid which 
is in any way incomplete or irregular is subject to rejection. 

 
5.1.3 If the Bids are rejected, it will be done within thirty (30) calendar day of the Bid opening.  
 
5.2  COMPARISON OF BIDS 
 
5.2.1 After the Bids have been opened and read, the bid prices will be compared and the result of 

such comparisons will be made available to the public.  Comparisons of the Bids may be 
based on the Base Bid plus desired Alternates.  The Agency shall have the right to accept 
Alternates in any order or combination.   

 
5.2.2 The Agency reserves the right to waive technicalities, to reject any or all Bids, or any 

portion thereof, to advertise for new Bids, to proceed to do the Work otherwise, or to 
abandon the Work, if in the judgment of the Agency or its agent(s), it is in the best interest 
of the State. 

 
5.2.3 An increase or decrease in the quantity for any item is not sufficient grounds for an increase 

or decrease in the Unit Price. 
 
5.2.4 The prices quoted are to be those for which the material will be furnished F.O.B. Job Site 

and include all charges that may be imposed during the period of the Contract. 
 
5.2.5 No qualifying letter or statements in or attached to the Bid, or separate discounts will be 

considered in determining the low Bid except as may be otherwise herein noted.  Cash or 
separate discounts should be computed and incorporated into Unit Bid Price(s). 

 
5.3 DISQUALIFICATION OF BIDDERS 
 
5.3.1 An agency shall determine that each Bidder on any Public Works Contract is responsible 

before awarding the Contract.  Factors to be considered in determining the responsibility 
of a Bidder include: 

 
A. The Bidder’s financial, physical, personnel or other resources including 

Subcontracts; 
 

B. The Bidder’s record of performance on past public or private construction 
projects, including, but not limited to, defaults and/or final adjudication or 
admission of violations of the Prevailing Wage Laws in Delaware or any other 
state; 

 
C. The Bidder’s written safety plan; 
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D. Whether the Bidder is qualified legally to contract with the State; 

 
 

INSTRUCTIONS TO BIDDERS                 00 21 13-9 
 

E. Whether the Bidder supplied all necessary information concerning its 
responsibility; and, 

 
F. Any other specific criteria for a particular procurement, which an agency may 

establish;  provided however, that, the criteria be set forth in the Invitation to Bid 
and is otherwise in conformity with State and/or Federal law. 

 
5.3.2 If an agency determines that a Bidder is nonresponsive and/or nonresponsible, the 

determination shall be in writing and set forth the basis for the determination.  A copy of 
the determination shall be sent to the affected Bidder within five (5) working days of 
said determination. 

 
5.3.3 In addition, any one or more of the following causes may be considered as sufficient for the 

disqualification of a Bidder and the rejection of their Bid or Bids. 
 
5.3.3.1 More than one Bid for the same Contract from an individual, firm or corporation under the 

same or different names.  
  
5.3.3.2  Evidence of collusion among Bidders. 
 
5.3.3.3  Unsatisfactory performance record as evidenced by past experience. 
 
5.3.3.4 If the Unit Prices are obviously unbalanced either in excess or below reasonable cost 

analysis values. 
 
5.3.3.5 If there are any unauthorized additions, interlineation, conditional or alternate bids or 

irregularities of any kind which may tend to make the Bid incomplete, indefinite or 
ambiguous as to its meaning. 

 
5.3.3.6 If the Bid is not accompanied by the required Bid Security and other data required by the 

Bidding Documents. 
 
5.3.3.7  If any exceptions or qualifications of the Bid are noted on the Bid Form. 
 
5.4  ACCEPTANCE OF BID AND AWARD OF CONTRACT 
 
5.4.1 A formal Contract shall be executed with the successful Bidder within twenty (20) calendar 

days after the award of the Contract. 
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5.4.2 Per Section 6962(d)(13) a., Title 29, Delaware Code, “The contracting agency shall 
award any public works contract within thirty (30) days of the bid opening to the lowest 
responsive and responsible Bidder, unless the Agency elects to award on the basis of best 
value, in which case the election to award on the basis of best value shall be stated in the 
Invitation To Bid.” 

 
5.4.3 Each Bid on any Public Works Contract must be deemed responsive by the Agency to be 

considered for award.  A responsive Bid shall conform in all material respects to the 
requirements and criteria set forth in the Contract Documents and specifications. 

 
5.4.4 The Agency shall have the right to accept Alternates in any order or combination, and to 

determine the low Bidder on the basis of the sum of the Base Bid, plus accepted Alternates. 
 
5.4.5 The successful Bidder shall execute a formal contract, submit the required Insurance 

Certificate, and furnish good and sufficient bonds, unless specifically waived in the General 
Requirements, in accordance with the General Requirement, within twenty (20) days of 
official notice of contract award.  The successful Bidder shall provide two business days 
prior to contract execution, copies of the Employee Drug Testing Program for the Bidder 
and all listed Subcontractors.  Bonds shall be for the benefit of the Agency with surety in 
the amount of 100% of the total contract award.  Said Bonds shall be conditioned upon the 
faithful performance of the contract.  Bonds shall remain in affect for period of one year 
after the date of substantial completion. 

 
5.4.6 If the successful Bidder fails to execute the required Contract,Bond and all required 

information, as aforesaid, within twenty (20) calendar days after the date of official Notice 
of the Award of the Contract, their Bid guaranty shall immediately be taken and become the 
property of the State for the benefit of the Agency as liquidated damages, and not as a 
forfeiture or as a penalty.  Award will then be made to the next lowest qualified Bidder of 
the Work or readvertised, as the Agency may decide. 

 
5.4.7 Each bidder shall supply with its bid its taxpayer identification number (i.e., federal 

employer identification number or social security number) and a copy of its Delaware 
business license, and should the vendor be awarded a contract, such vendor shall provide to 
the agency the taxpayer identification license numbers of such subcontractors.  
Such numbers shall be provided on the later of the date on which such subcontractor is 
required to be identified or the time the contract is executed.  The successful Bidder shall 
provide to the agency to which it is contracting, within 30 days of entering into such public 
works contract, copies of all Delaware Business licenses of subcontractors and/or 
independent contractors that will perform work for such public works contract.  However, 
if a subcontractor or independent contractor is hired or contracted more than 20 days after 
the Bidder entered the public works contract the Delaware Business license of such 
subcontractor or independent contractor shall be provided to the agency within 10 days of 
being contracted or hired. 
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5.4.8 The Bid Security shall be returned to the successful Bidder upon the execution of the 
formal contract.  The Bid Securities of unsuccessful bidders shall be returned within thirty 
(30) calendar days after the opening of the Bids. 

 
ARTICLE 6:  POST-BID INFORMATION 
 
6.1 CONTRACTOR’S QUALIFICATION STATEMENT 
 
6.1.1 Bidders to whom award of a Contract is under consideration shall, if requested by the 

Agency, submit a properly executed AIA Document A305, Contractor’s Qualification 
Statement, unless such a statement has been previously required and submitted. 

 
6.2 BUSINESS DESIGNATION FORM 
 
6.2.1 Successful bidder shall be required to accurately complete an Office of Management and 

Budget Business Designation Form for Subcontractors. 
 
ARTICLE 7:  PERFORMANCE BOND AND PAYMENT BOND 
 
7.1 BOND REQUIREMENTS 
 
7.1.1 The cost of furnishing the required Bonds, that are stipulated in the Bidding Documents, 

shall be included in the Bid. 
 
7.1.2 If the Bidder is required by the Agency to secure a bond from other than the Bidder’s usual 

sources, changes in cost will be adjusted as provide in the Contract Documents. 
 
7.1.3 The Performance and Payment Bond forms used shall be the standard OMB forms 

(attached). 
 
7.2 TIME OF DELIVERY AND FORM OF BONDS 
 
7.2.1 The bonds shall be dated on or after the date of the Contract. 
 
 
7.2.2 The Bidder shall require the attorney-in-fact who executes the required bonds on behalf of 

the surety to affix a certified and current copy of the power of attorney. 
 
ARTICLE 8:  FORM OF AGREEMENT BETWEEN AGENCY AND CONTRACTOR 
 
8.1 Unless otherwise required in the Bidding Documents, the Agreement for the Work will be 

written on AIA Document A101, Standard Form of Agreement Between Owner and 
Contractor Where the Basis of Payment is a Stipulated Sum. 

 
 END OF INSTRUCTIONS TO BIDDERS 
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NEW BOILER INSTALLATION 
NATIONAL GUARD / RESERVE CENTER 
DEARNG CONTRACT NUMBER 05-2016 

BID FORM 

For Bids Due:       (DATE) To: Delaware Army National Guard  
National Guard / Reserve Center 

  250 Airport Road  
     New Castle, DE  19720 

Name of Bidder:  

Delaware Business License No.:   Taxpayer ID No.: 
(A copy of Bidder’s Delaware Business License must be attached to this form.) 

(Other License Nos.): 

Phone No.:  (  )  -    Fax No.:  (  )  - 

The undersigned, representing that he has read and understands the Bidding Documents and that this bid is made in accordance 
therewith, that he has visited the site and has familiarized himself with the local conditions under which the Work is to be performed, 
and that his bid is based upon the materials, systems and equipment described in the Bidding Documents without exception, hereby 
proposes and agrees to provide all labor, materials, plant, equipment, supplies, transport and other facilities required to execute the 
work described by the aforesaid documents for the lump sum itemized  below: 

$ 
($  ) 

ALTERNATES 

Alternate prices conform to applicable project specification section.  Refer to specifications for a complete description of the 
following Alternates. An “ADD” or “DEDUCT” amount is indicated by the crossed out part that does not apply. 

ALTERNATE No. 1:       (BRIEF DESCRIPTION)  

Add/Deduct:   
($  ) 

ALTERNATE No. 2: (BRIEF DESCRIPTION) 

Add/Deduct:   
($  ) 
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NEW BOILER INSTALLATION 
NATIONAL GUARD / RESERVE CENTER 
DEARNG CONTRACT NUMBER 05-2016 

 

BID FORM 
 
 
ALTERNATE No. 3:      (BRIEF DESCRIPTION)       
 
Add/Deduct:                 

($                                                               ) 
 
 

UNIT PRICES 
 
Unit prices conform to applicable project specification section. Refer to the specifications for a complete description of the following 
Unit Prices: 

                
      ADD       DEDUCT 

             
UNIT PRICE No. 1:    (BRIEF DESCRIPTION)      $    $                    
 
 
UNIT PRICE No. 2:    (BRIEF DESCRIPTION)      $    $                    
 
 
UNIT PRICE No. 3:    (BRIEF DESCRIPTION)      $    $                    
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NEW BOILER INSTALLATION 
NATIONAL GUARD / RESERVE CENTER 
DEARNG CONTRACT NUMBER 05-2016 

BID FORM 
 
 
I/We acknowledge Addendums numbered    and the price(s) submitted include any cost/schedule impact they may have. 
 
This bid shall remain valid and cannot be withdrawn for thirty (30) days from the date of opening of bids (60 days for School Districts 
and Department of Education), and the undersigned shall abide by the Bid Security forfeiture provisions.  Bid Security is attached to 
this Bid. 
 
The Owner shall have the right to reject any or all bids, and to waive any informality or irregularity in any bid received. 
 
This bid is based upon work being accomplished by the Sub-Contractors named on the list attached to this bid. 
 
Should I/We be awarded this contract, I/We pledge to achieve substantial completion of all the work within   calendar days of 
the Notice to Proceed. 
 
The undersigned represents and warrants that he has complied and shall comply with all requirements of local, state, and national 
laws; that no legal requirement has been or shall be violated in making or accepting this bid, in awarding the contract to him or in the 
prosecution of the work required; that the bid is legal and firm; that he has not, directly or indirectly, entered into any agreement, 
participated in any collusion, or otherwise taken action in restraint of free competitive bidding. 
 
Upon receipt of written notice of the acceptance of this Bid, the Bidder shall, within twenty (20) calendar days, execute the agreement 
in the required form and deliver the Contract Bonds, and Insurance Certificates, required by the Contract Documents. 
 
I am / We are an Individual / a Partnership / a Corporation 
 
By           Trading as         
           (Individual’s / General Partner’s / Corporate Name) 
               
           (State of Corporation) 
 
Business Address:        
          
          
          
 
  
Witness:         By:         
                 ( Authorized Signature ) 
 (SEAL)                         
                 ( Title ) 
                   Date:          
 
ATTACHMENTS 

Sub-Contractor List Non-Collusion Statement 
Affidavit(s) of Employee Drug Testing Program Bid Security 
(Others as Required by Project Manuals)  
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NEW BOILER INSTALLATION 
NATIONAL GUARD / RESERVE CENTER 
DEARNG CONTRACT  NUMBER 05-2016 

BID FORM 

SUBCONTRACTOR LIST 
 
In accordance with Title 29, Chapter 6962 (d)(10)b Delaware Code, the following sub-contractor listing must accompany the bid 
submittal. The name and address of the sub-contractor must be listed for each category where the bidder intends to use a sub-
contractor to perform that category of work. In order to provide full disclosure and acceptance of the bid by the Owner, it is 
required that bidders list themselves as being the sub-contractor for all categories where he/she is qualified and intends to 
perform such work.  This form must be filled out completely with no additions or deletions.  Note that all subcontractors listed 
below must have a signed Affidavit of Employee Drug Testing Program included with this bid. 
 
Subcontractor Category  Subcontractor         Address (City & State)   

 Subcontractors tax payer ID # 
  or Delaware Business license # 
 
1. MECHANICAL                 
            
 
2. ELECTRICAL                  
            
 
3. CONTROLS                  
             
 
4. PLUMBING                  
             
 
5. MASONRY                  
      
    
6.                   
            
 
7.                   
      
      
8.                   
      
      
9.                   
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NEW BOILER INSTALLATION 
NATIONAL GUARD / RESERVE CENTER 
DEARNG CONTRACT NUMBER 05-2016 

BID FORM 

NON-COLLUSION  

SUSPENSION/DEBARMENT DISCLOSURE 
STATEMENT 

 
This is to certify that the undersigned bidder has neither directly nor indirectly, entered into any agreement, participated in any 
collusion or otherwise taken any action in restraint of free competitive bidding in connection with this proposal submitted this date to 
the State of Delaware, Delaware Army National Guard. 
 
AFFIRMATION:  Within the past five years, has your firm, any affiliate, any predecessor company or entity, owner, Director, 
officer, partner or proprietor been the subject of a Federal, State, Local government suspension or debarment? 
 
YES ______________   NO ______________   If yes, please explain (use separate page and include with Bid Form.) 
 
All the terms and conditions of DEARNG Contract Number 05-2016 have been thoroughly examined and are understood. 
 
NAME OF BIDDER:             
 
AUTHORIZED REPRESENTATIVE 
(TYPED):              
 
AUTHORIZED REPRESENTATIVE 
(SIGNATURE):              
 
 
TITLE:               
 
ADDRESS OF BIDDER:             
 
               
 
               
 
E-MAIL:    ______________________________________________________________  
 
PHONE NUMBER:             
 
 
 
 
Sworn to and Subscribed before me this       day of       20 . 
 
My Commission expires       .   NOTARY PUBLIC       . 
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THIS PAGE MUST BE SIGNED AND NOTARIZED FOR YOUR BID TO BE CONSIDERED. 

 
 
 

NEW BOILER INSTALLATION 
NATIONAL GUARD / RESERVE CENTER 
DEARNG CONTRACT NUMBER 05-2-16 

 
 

 
AFFIDAVIT 

OF 
EMPLOYEE DRUG TESTING PROGRAM 

 
4104 Regulations for the Drug Testing of Contractor and Subcontractor Employees Working on Large Public Works Projects requires 
that Contractors and Subcontractors implement a program of mandatory drug testing for Employees who work on Large Public Works 
Contracts funded all or in part with public funds. 
 
 
 
We hereby certify that we have in place or will implement during the entire term of the contract a Mandatory Drug Testing Program 
for our employees on the jobsite that complies with this regulation: 
 
 
Contractor/Subcontractor Name:           
 
Contractor/Subcontractor Address:          
 
              
 
              
 
Authorized Representative (typed or printed):         
 
Authorized Representative (signature):          
 
Title:              
 
 
 
 
Sworn to and Subscribed before me this    day of       20 . 
 
My Commission expires      .   NOTARY PUBLIC       . 
 
 
 
 
 
 

THIS PAGE MUST BE SIGNED AND NOTARIZED FOR YOUR BID TO BE CONSIDERED. 
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STATE OF DELAWARE 
OFFICE OF MANAGEMENT AND BUDGET 

BID BOND 

TO ACCOMPANY PROPOSAL 
(Not necessary if security is used) 

KNOW ALL MEN BY THESE PRESENTS That:  
 of  in the County of 

 and State of       as Principal, and 
 of      in the County of  

and State of     as Surety, legally authorized to do business in the State of Delaware 
(“State”), are held and firmly unto the State in the sum of  

 Dollars ($   ), or  percent not to exceed 
 Dollars ($   ) 

of amount of bid on DEARNG Contract No. 05-2016 to be paid to the State for the use and benefit of 
Delaware Army National Guard for which payment well and truly to be made, we do bind ourselves, our and 
each of our heirs, executors, administrators, and successors, jointly and severally for and in the whole firmly 
by these presents. 

NOW THE CONDITION OF THIS OBLIGATION IS SUCH That if the above bonded Principal 
who has submitted to the Delaware Army National Guard a certain proposal to enter into this contract for the 
furnishing of certain material and/or services within the State, shall be awarded this Contract, and if said 
Principal shall well and truly enter into and execute this Contract as may be required by the terms of this 
Contract and approved by the  Delaware Army National Guard this Contract to be entered into within 
twenty days after the date of official notice of the award thereof in accordance with the terms of said 
proposal, then this obligation shall be void or else to be and remain in full force and virtue.  

Sealed with    seal and dated this   day of     in the year of our 
Lord two thousand and      (20 ). 

SEALED, AND DELIVERED IN THE 
Presence of 

Name of Bidder (Organization) 

Corporate By: 
    Seal        Authorized Signature 

Attest 
        Title 

Name of Surety 

Witness: By: 

        Title 
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STANDARD FORM OF AGREEMENT 

BETWEEN OWNER AND CONTRACTOR 
      00 52 13 

STANDARD FORM OF AGREEMENT BETWEEN OWNER AND CONTRACTOR A101-
2007 

The contract to be utilized on this project shall be the “Standard Form of Agreement Between Owner and 
Contractor” AIA Document A101-2007. 
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SUPPLELMENT TO AGRRMENT BETWEEN 

OWNER AND CONTRACTOR
      00 54 13 

SUPPLEMENT TO AGREEMENT BETWEEN OWNER AND CONTRACTOR A101-2007 

The following supplements modify the “Standard Form of Agreement Between Owner and Contractor,” AIA 
Document A101-2007.  Where a portion of the Standard Form of Agreement is modified or deleted by the 
following, the unaltered portions of the Standard Form of Agreement shall remain in effect. 

ARTICLE 5:  PAYMENTS 

5.1 PROGRESS PAYMENTS 

5.1.3 Delete paragraph 5.1.3 in its entirety and replace with the following: 

“Provided that a valid Application for Payment is received by the Architect that meets all 
requirements of the Contract, payment shall be made by the Owner not later than 30 days 
after the Owner receives the valid Application for Payment.” 

ARTICLE 6:  DISPUTE RESOLUTION 

6.2 BINDING DISPUTE RESOLUTION 

Check Other – and add the following sentence: 

"Any remedies available in law or in equity." 

ARTICLE 8:  MISCELLANEOUS PROVISIONS 

8.2 Insert the following: 

"Payments are due 30 days after receipt of a valid Application for Payment.  After that 30 
 day period, interest may be charged at the rate of 1% per month not to exceed 12% per 
 annum." 

8.5 Delete paragraph 8.5 in its entirety and replace with the following: 

“The Contractor’s representative shall not be changed without ten days written notice to the 
Owner.” 

END OF SUPPLEMENT TO AGREEMENT BETWEEN OWNER AND CONTRACTOR 
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STATE OF DELAWARE 
OFFICE OF MANAGEMENT AND BUDGET 

PERFORMANCE BOND 

Bond Number:  ___________________ 

KNOW ALL PERSONS BY THESE PRESENTS, that we, ______________________, as principal 
(“Principal”), and ______________________, a ______________________ corporation, legally authorized 
to do business in the State of Delaware, as surety (“Surety”), are held and firmly bound unto the  Delaware 
Army National Guard (“Owner”), in the amount of _________________ ($___________), to be paid to 
Owner, for which payment well and truly to be made, we do bind ourselves, our and each and every of our 
heirs, executors, administrations, successors and assigns, jointly and severally, for and in the whole, firmly 
by these presents. 

Sealed with our seals and dated this __________ day of ____________, 20__. 

NOW THE CONDITION OF THIS OBLIGATION IS SUCH, that if Principal, who has been awarded by 
Owner that certain contract known as DEARNG Contract No. 05-2016 dated the __________ day of 
____________, 20__ (the “Contract”), which Contract is incorporated herein by reference, shall well and 
truly provide and furnish all materials, appliances and tools and perform all the work required under and 
pursuant to the terms and conditions of the Contract and the Contract Documents (as defined in the Contract) 
or any changes or modifications thereto made as therein provided, shall make good and reimburse Owner 
sufficient funds to pay the costs of completing the Contract that Owner may sustain by reason of any failure 
or default on the part of Principal, and shall also indemnify and save harmless Owner from all costs, 
damages and expenses arising out of or by reason of the performance of the Contract and for as long as 
provided by the Contract; then this obligation shall be void, otherwise to be and remain in full force and 
effect. 

Surety, for value received, hereby stipulates and agrees, if requested to do so by Owner, to fully perform 
and complete the work to be performed under the Contract pursuant to the terms, conditions and covenants 
thereof, if for any cause Principal fails or neglects to so fully perform and complete such work. 

Surety, for value received, for itself and its successors and assigns, hereby stipulates and agrees that the 
obligation of Surety and its bond shall be in no way impaired or affected by any extension of time, 
modification, omission, addition or change in or to the Contract or the work to be performed thereunder, or 
by any payment thereunder before the time required therein, or by any waiver of any provisions thereof, or 
by any assignment, subletting or other transfer thereof or of any work to be performed or any monies due or 
to become due thereunder; and Surety hereby waives notice of any and all such extensions, modifications, 
omissions, additions, changes, payments, waivers, assignments, subcontracts and transfers and hereby 
expressly stipulates and agrees that any and all things done and omitted to be done by and in relation to 
assignees, subcontractors, and other transferees shall have the same effect as to Surety as though done or 
omitted to be done by or in relation to Principal. 
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Surety hereby stipulates and agrees that no modifications, omissions or additions in or to the terms of the 
Contract shall in any way whatsoever affect the obligation of Surety and its bond. 
 
Any proceeding, legal or equitable, under this Bond may be brought in any court of competent jurisdiction in 
the State of Delaware.  Notices to Surety or Contractor may be mailed or delivered to them at their 
respective addresses shown below. 
 
IN WITNESS WHEREOF, Principal and Surety have hereunto set their hand and seals, and such of them as 
are corporations have caused their corporate seal to be hereto affixed and these presents to be signed by their 
duly authorized officers, the day and year first above written. 
 

PRINCIPAL 
 

     Name:         
 
Witness or Attest:  Address:         
 
      By:         (SEAL) 
Name:      Name: 
      Title: 
 (Corporate Seal) 
 
 

SURETY 
 
      Name:         
 
Witness or Attest:  Address:         
 
      By:         (SEAL) 
Name:      Name: 
      Title: 
 (Corporate Seal) 
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STATE OF DELAWARE 
OFFICE OF MANAGEMENT AND BUDGET 

PAYMENT BOND 

Bond Number:  ___________________ 

KNOW ALL PERSONS BY THESE PRESENTS, that we, ____________________, as principal 
(“Principal”), and __________________, a ____________________ corporation, legally authorized to do 
business in the State of Delaware, as surety (“Surety”), are held and firmly bound unto the Delaware Army 
National Guard (“Owner”), in the amount of _________________ ($___________), to be paid to Owner, 
for which payment well and truly to be made, we do bind ourselves, our and each and every of our heirs, 
executors, administrations, successors and assigns, jointly and severally, for and in the whole firmly by these 
presents. 

Sealed with our seals and dated this _____________ day of____________, 20__. 

NOW THE CONDITION OF THIS OBLIGATION IS SUCH, that if Principal, who has been awarded by 
Owner that certain contract known as DEARNG Contract No. 05-2016 dated the _______ day of 
_____________, 20__ (the “Contract”), which Contract is incorporated herein by reference, shall well and 
truly pay all and every person furnishing materials or performing labor or service in and about the 
performance of the work under the Contract, all and every sums of money due him, her, them or any of them, 
for all such materials, labor and service for which Principal is liable, shall make good and reimburse Owner 
sufficient funds to pay such costs in the completion of the Contract as Owner may sustain by reason of any 
failure or default on the part of Principal, and shall also indemnify and save harmless Owner from all costs, 
damages and expenses arising out of or by reason of the performance of the Contract and for as long as 
provided by the Contract; then this obligation shall be void, otherwise to be and remain in full force and 
effect. 

Surety, for value received, for itself and its successors and assigns, hereby stipulates and agrees that the 
obligation of Surety and its bond shall be in no way impaired or affected by any extension of time, 
modification, omission, addition or change in or to the Contract or the work to be performed thereunder, or 
by any payment thereunder before the time required therein, or by any waiver of any provisions thereof, or 
by any assignment, subletting or other transfer thereof or of any work to be performed or any monies due or 
to become due thereunder; and Surety hereby waives notice of any and all such extensions, modifications, 
omissions, additions, changes, payments, waivers, assignments, subcontracts and transfers and hereby 
expressly stipulates and agrees that any and all things done and omitted to be done by and in relation to 
assignees, subcontractors, and other transferees shall have the same effect as to Surety as though done or 
omitted to be done by or in relation to Principal. 

Surety hereby stipulates and agrees that no modifications, omission or additions in or to the terms of the 
Contract shall in any way whatsoever affect the obligation of Surety and its bond. 
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Any proceeding, legal or equitable, under this Bond may be brought in any court of competent jurisdiction in 
the State of Delaware.  Notices to Surety or Contractor may be mailed or delivered to them at their 
respective addresses shown below. 
 
IN WITNESS WHEREOF, Principal and Surety have hereunto set their hand and seals, and such of them as 
are corporations have caused their corporate seal to be hereto affixed and these presents to be signed by their 
duly authorized officers, the day and year first above written. 
 
 

PRINCIPAL 
 
      Name:         
 
Witness or Attest:  Address:         
 
 
      By:        (SEAL) 
Name:       Name: 
      Title: 
 (Corporate Seal) 
 
 

SURETY 
 
 

      Name:         
 
Witness or Attest:  Address:         
 
 
      By:        (SEAL) 
Name:      Name: 
      Title: 
 (Corporate Seal) 
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APPLICATION AND CERTIFICATE FOR PAYMENT FORMS 

The application and certificate for payment forms to be utilized on this project shall be the AIA G702  
“Application and Certificate for Payment” and AIA 703 “Continuation Sheet”. 
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GENERAL CONDITIONS TO THE CONTRACT 00 72 13  

GENERAL CONDITIONS 

TO THE 

CONTRACT 

The General Conditions of this Contract are as stated in the American Institute of Architects Document AIA 

A201 (2007 Edition) entitled General Conditions of the Contract for Construction and is part of this project 

manual as if herein written in full. 
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SECTION 00 73 13 - SUPPLEMENTARY GENERAL CONDITIONS A201-2007 

The following supplements modify the “General Conditions of the Contract for Construction,” AIA 
Document A201-2007.  Where a portion of the General Conditions is modified or deleted by the 
Supplementary Conditions, the unaltered portions of the General Conditions shall remain in effect. 

TABLE OF ARTICLES 

1. GENERAL PROVISIONS

2. OWNER

3. CONTRACTOR

4. ADMINISTRATION OF THE CONTRACT

5. SUBCONTRACTORS

6. CONSTRUCTION BY OWNER OR BY SEPARATE CONTRACTORS

7. CHANGES IN THE WORK

8. TIME

9. PAYMENTS AND COMPLETION

10. PROTECTION OF PERSONS AND PROPERTY

11. INSURANCE AND BONDS

12. UNCOVERING AND CORRECTION OF WORK

13. MISCELLANEOUS PROVISIONS

14. TERMINATION OR SUSPENSION OF THE CONTRACT
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ARTICLE 1:  GENERAL PROVISIONS 

 
 
1.1 BASIC DEFINITIONS 
 
1.1.1       THE CONTRACT DOCUMENTS 
 

Delete the last sentence in its entirety and replace with the following: 
 

   “The Contract Documents also include Advertisement for Bid, Instructions to Bidder, sample 
forms, the Bid Form, the Contractor’s completed Bid and the Award Letter.” 

 
 Add the following Paragraph: 
 
1.1.2  In the event of conflict or discrepancies among the Contract Documents, the Documents 

prepared by the State of Delaware, Division of Facilities Management shall take precedence 
over all other documents.  

 
1.2 CORRELATION AND INTENT OF THE CONTRACT DOCUMENTS 
 
 Add the following Paragraphs: 
 
1.2.4 In the case of an inconsistency between the Drawings and the Specifications, or within either 

document not clarified by addendum, the better quality or greater quantity of work shall be 
provided in accordance with the Architect’s interpretation. 

 
1.2.5 The word “PROVIDE” as used in the Contract Documents shall mean “FURNISH AND 

INSTALL” and shall include, without limitation, all labor, materials, equipment, 
transportation, services and other items required to complete the Work. 

 
1.2.6 The word “PRODUCT” as used in the Contract Documents means all materials, systems and 

equipment. 
 
1.5 OWNERSHIP AND USE OF DRAWINGS, SPECIFICATIONS AND OTHER 

INSTRUMENTS OF SERVICE 
 
 Delete Paragraph 1.5.1 in its entirety and replace with the following: 
 
 “All pre-design studies, drawings, specifications and other documents, including those in 

electronic form, prepared by the Architect under this Agreement are, and shall remain, the 
property of the Owner whether the Project for which they are made is executed or not.  
Such documents may be used by the Owner to construct one or more like Projects without the 
approval of, or additional compensation to, the Architect.  The Contractor, Subcontractors, Sub-
subcontractors and Material or Equipment Suppliers are authorized to use and reproduce 
applicable portions of the Drawings, Specifications and other documents prepared by the 
Architect and the Architect’s consultants appropriate to and for use in the execution of their 
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Work under the Contract Documents.  They are not to be used by the Contractor or any 
Subcontractor, Sub-subcontractor or Material and Equipment Supplier on other Projects or for 
additions to this Project outside the scope of the Work without the specific written consent of the 
Owner, Architect and Architect’s consultants. 

 
 The Architect shall not be liable for injury or damage resulting from the re-use of drawings and 

specifications if the Architect is not involved in the re-use Project.  Prior to re-use of construction 
documents for a Project in which the Architect is not also involved, the Owner will remove from 
such documents all identification of the original Architect, including name, address and 
professional seal or stamp.” 

 
 Delete Paragraph 1.5.2 in its entirety.  
 
 
ARTICLE 2:  OWNER 

 
 
2.2 INFORMATION AND SERVICES REQUIRED OF THE OWNER 
 
 To Subparagraph 2.2.3 – Add the following sentence: 
 

“The Contractor, at their expense shall bear the costs to accurately identify the location of all 
underground utilities in the area of their excavation and shall bear all cost for any repairs 
required, out of failure to accurately identify said utilities.” 

 
 Delete Subparagraph 2.2.5 in its entirety and substitute the following: 
 
2.2.5 The Contractor shall be furnished free of charge up to five (5) sets of the Drawings and 

Project Manuals.  Additional sets will be furnished at the cost of reproduction, postage and 
handling. 

 
 
ARTICLE 3:  CONTRACTOR 

 
 
3.2        REVIEW OF CONTRACT DOCUMENTS AND FIELD CONDITIONS BY 

CONTRACTOR 
 

Amend Paragraph 3.2.2 to state that any errors, inconsistencies or omissions discovered shall 
be reported to the Architect and Owner immediately. 

  
 Delete the third sentence in Paragraph 3.2.3. 
 
3.3 SUPERVISION AND CONSTRUCTION PROCEDURES 
 
 Add the following Paragraphs: 
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3.3.2.1 The Contractor shall immediately remove from the Work, whenever requested to do so by the 

Owner, any person who is considered by the Owner or Architect to be incompetent or disposed 
to be so disorderly, or who for any reason is not satisfactory to the Owner, and that person shall 
not again be employed on the Work without the consent of the Owner or the Architect. 

 
3.3.4 The Contractor must provide suitable storage facilities at the Site for the proper protection and 

safe storage of their materials.  Consult the Owner and the Architect before storing any materials. 
 
3.3.5 When any room is used as a shop, storeroom, office, etc., by the Contractor or Subcontractor(s) 

during the construction of the Work, the Contractor making use of these areas will be held 
responsible for any repairs, patching or cleaning arising from such use. 

 
3.4 LABOR AND MATERIALS 
 
 Add the Following Paragraphs: 
 
3.4.4     Before starting the Work, each Contractor shall carefully examine all preparatory Work that has 

been executed to receive their Work.  Check carefully, by whatever means are required, to insure 
that its Work and adjacent, related Work, will finish to proper contours, planes and levels.  
Promptly notify the General Contractor/Construction Manager of any defects or imperfections in 
preparatory Work which will in any way affect satisfactory completion of its Work.  Absence of 
such notification will be construed as an acceptance of preparatory Work and later claims of 
defects will not be recognized. 

 
3.4.5     Under no circumstances shall the Contractor’s Work proceed prior to preparatory Work proceed 

prior to preparatory Work having been completely cured, dried and/or otherwise made 
satisfactory to receive this Work.  Responsibility for timely installation of all materials rests 
solely with the Contractor responsible for that Work, who shall maintain coordination at all 
times. 

 
3.5 WARRANTY 
 
 Add the following Paragraphs: 
  
3.5.1 The Contractor will guarantee all materials and workmanship against original defects, except 

injury from proper and usual wear when used for the purpose intended, for two years after 
Acceptance by the Owner, and will maintain all items in perfect condition during the period of 
guarantee. 

 
3.5.2 Defects appearing during the period of guarantee will be made good by the Contractor at his 

expense upon demand of the Owner, it being required that all work will be in perfect condition 
when the period of guarantee will have elapsed. 

 
3.5.3 In addition to the General Guarantee there are other guarantees required for certain items for 

different periods of time than the two years as above, and are particularly so stated in that part of 
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the specifications referring to same.  The said guarantees will commence at the same time as the 
General Guarantee. 

 
3.5.4 If the Contractor fails to remedy any failure, defect or damage within a reasonable time after 

receipt of notice, the Owner will have the right to replace, repair, or otherwise remedy the 
failure, defect or damage at the Contractor’s expense. 

 
3.11 DOCUMENTS AND SAMPLES AT THE SITE 
 
 Add the following Paragraphs: 
 
3.11.1    During the course of the Work, the Contractor shall maintain a record set of drawings on which 

the Contractor shall mark the actual physical location of all piping, valves, equipment, conduit, 
outlets, access panels, controls, actuators, including all appurtenances that will be concealed once 
construction is complete, etc., including all invert elevations. 

 
3.11.2     At the completion of the project, the Contractor shall obtain a set of reproducible drawings from 

the Architect, and neatly transfer all information outlined in 3.11.1 to provide a complete record 
of the as-built conditions. 

 
 
SUPPLEMENTARY GENERAL CONDITIONS               00 73 13-4 
 
3.11.3 The Contractor shall provide two (2) prints of the as-built conditions, along with the reproducible 

drawings themselves, to the Owner and one (1) set to the Architect.  In addition, attach one 
complete set to each of the Operating and Maintenance Instructions/Manuals. 

 
3.17 In the first sentence of the paragraph, insert “indemnify” between “shall” and “hold”.  
 
 
ARTICLE 4:  ADMINISTRATION OF THE CONTRACT 

 
 
4.2 ADMINISTRATION OF THE CONTRACT 
 
 Delete the first sentence of Paragraph 4.2.7 and replace with the following:   
 
 The Architect will review and approve or take other appropriate action upon the Contractor’s 

submittals such as Shop Drawings, Product Data and Samples for the purpose of checking for 
conformance with the Contract Documents. 

 
 Delete the second sentence of Paragraph 4.2.7 and replace with the following:   
 
 The Architect’s action will be taken with such reasonable promptness as to cause no delay in the 

Work in the activities of the Owner, Contractor or separate Contractors, while allowing sufficient 
time in the Owner’s professional judgment to permit adequate review. 
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 Add the following Paragraph: 
  
4.2.10.1 There will be no full-time project representative provided by the Owner or Architect on this 

project. 
 
 Add to Paragraph 4.2.13 “and in compliance with all local requirements.” to the end of the 

sentence 
 
 
ARTICLE 5:  SUBCONTRACTORS 

 
 
5.2     AWARD OF SUBCONTRACTS AND OTHER CONTRACTS FOR PORTIONS OF THE 

WORK 
 
 Delete Paragraph 5.2.3 in its entirety and replace with the following:   
 
5.2.3 If the Owner or Architect has reasonable objection to a person or entity proposed by the 

Contractor, the Contractor shall propose another to whom the Owner or Architect has no 
reasonable objection, subject to the statutory requirements of 29 Delaware Code § 
6962(d)(10)b.3 and 4. 

 
 
ARTICLE 6:  CONSTRUCTION BY OWNER OR BY SEPARATE CONTRACTORS 

 
 
6.1 OWNER’S RIGHT TO PERFORM CONSTRUCTION AND TO AWARD SEPARATE 

CONTRACTS 
 
 Delete Paragraph 6.1.4 in its entirety. 
 
6.2 MUTUAL RESPONSIBILITY 
 
6.2.3 In the second sentence, strike the word “shall” and insert the word “may”.  
 
 
ARTICLE 7:  CHANGES IN THE WORK 

  
 
(SEE ARTICLE 7: CHANGES IN WORK IN THE GENERAL REQUIREMENTS) 
 
 
ARTICLE 8:  TIME 
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8.2 PROGRESS AND COMPLETION 
 
 Add the following Paragraphs: 
 
8.2.1.1     Refer to Specification Section SUMMARY OF WORK for Contract time requirements. 
 
8.2.4 If the Work falls behind the Progress Schedule as submitted by the Contractor, the Contractor 

shall employ additional labor and/or equipment necessary to bring the Work into compliance 
with the Progress Schedule at no additional cost to the Owner. 

 
8.3     DELAYS AND EXTENSION OF TIME 
 
8.3.1 Strike “arbitration” and insert “remedies at law or in equity”.  
 
 Add the following Paragraph: 
 
8.3.2.1 The Contractor shall update the status of the suspension, delay, or interruption of the Work with 

each Application for Payment.  (The Contractor shall report the termination of such cause 
immediately upon the termination thereof.)  Failure to comply with this procedure shall 
constitute a waiver for any claim for adjustment of time or price based upon said cause. 

 
 Delete Paragraph 8.3.3 in its entirety and replace with the following: 
 
8.3.3     Except in the case of a suspension of the Work directed by the Owner, an extension of time 

under the provisions of Paragraph 8.3.1 shall be the Contractor’s sole remedy in the progress of 
the Work and there shall be no payment or compensation to the Contractor for any expense or 
damage resulting from the delay. 

 
 Add the following Paragraph: 
 
8.3.4 By permitting the Contractor to work after the expired time for completion of the project, the 

Owner does not waive their rights under the Contract. 
 
 
ARTICLE 9:  PAYMENTS AND COMPLETION 

 
 
9.2     SCHEDULE OF VALUES 
 
 Add the following Paragraphs: 
  
9.2.1 The Schedule of Values shall be submitted using AIA Document G702, Continuation Sheet to 

G703. 
 
9.2.2  The Schedule of Values is to include a line item for Project Closeout Document Submittal.  The 

value of this item is to be no less than 1% of the initial contract amount. 
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9.3 APPLICATIONS FOR PAYMENT 
 
 Add the following Paragraph: 
  
9.3.1.3 Application for Payment shall be submitted on AIA Document G702 “Application and 

Certificate for Payment”, supported by AIA Document G703 “Continuation Sheet”.  Said 
Applications shall be fully executed and notarized. 

 
 Add the following Paragraphs: 
 
9.3.4     Until Closeout Documents have been received and outstanding items completed the Owner will 

pay 95% (ninety-five percent) of the amount due the Contractor on account of progress 
payments. 

 
9.3.5 The Contractor shall provide a current and updated Progress Schedule to the Architect with each 

Application for Payment.  Failure to provide Schedule will be just cause for rejection of 
Application for Payment. 

 
9.5 DECISIONS TO WITHHOLD CERTIFICATION 
 
 Add the following to 9.5.1: 
 
 .8 failure to provide a current Progress Schedule; 
 .9 a lien or attachment is filed; 
 .10 failure to comply with mandatory requirements for maintaining Record Documents. 
 
9.6 PROGRESS PAYMENTS 
 
 Delete Paragraph 9.6.1 in its entirety and replace with the following:   
 
9.6.1 After the Architect has approved and issued a Certificate for Payment, payment shall be made by 

the Owner within 30 days after Owner’s receipt of the Certificate for Payment. 
 
9.7 FAILURE OF PAYMENT 
 
 In first sentence, strike “seven” and insert “thirty (30)”. Also strike “binding dispute resolution” 

and insert “remedies at law or in equity”.  
 
9.8 SUBSTANTIAL COMPLETION 
 
 To Subparagraph 9.8.3- Add the following sentence: 
 
 “If the Architect is required to make more than 2 inspections of the same portion of work, the  

Contractor shall responsible for all costs associated with subsequent inspections including  
 but not limited to any Architect’s fees.” 
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9.8.5 In the second sentence, strike “shall” and insert “may”.  
 
 
ARTICLE 10:  PROTECTION OF PERSONS AND PROPERTY 

 
 
10.1    SAFETY PRECAUTIONS AND PROGRAMS 
 
 Add the following Paragraphs: 
 
10.1.1 Each Contractor shall develop a safety program in accordance with the Occupational Safety and 

Health Act of 1970.  A copy of said plan shall be furnished to the Owner and Architect prior to 
the commencement of that Contractor’s Work. 

 
10.1.2  Each Contractor shall appoint a Safety Representative.  Safety Representatives shall be someone 

who is on site on a full time basis.  If deemed necessary by the Owner or Architect, Contractor 
Safety meetings will be scheduled.  The attendance of all Safety Representatives will be 
required.  Minutes will be recorded of said meetings by the Contractor and will be distributed to 
all parties as well as posted in all job offices/trailers etc. 

 
10.2 SAFETY OF PERSONS AND PROPERTY 
 
 Add the following Paragraph: 
 
10.2.4.1 As required in the Hazardous Chemical Act of June 1984, all vendors supplying any material 

that may be defined as hazardous must provide Material Safety Data Sheets for those products.  
Any chemical product should be considered hazardous if it has a caution warning on the label 
relating to a potential physical or health hazard, if it is known to be present in the work place, 
and if employees may be exposed under normal conditions or in foreseeable emergency 
situations.  Material Safety Data Sheets shall be provided directly to the Owner, along with the 
shipping slips that include those products. 

 
10.3 HAZARDOUS MATERIALS 
 
 Delete Paragraph 10.3.3 in its entirety. 
 
10.5 Delete Paragraphs 10.3.6 in its entirety. 
 
 
ARTICLE 11:  INSURANCE AND BONDS 

 
 
11.1 CONTRACTOR’S LIABILITY INSURANCE 
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11.1.4 Strike “the Owner” immediately following “(1)” and strike “and (2) the Owner as an additional 
insured for claims caused in whole or in part by the Contractor’s negligent acts or omissions 
during the Contractor’s completed operations.” 

 
11.2     OWNER’S LIABILITY INSURANCE 
 
 Delete Paragraph 11.2 in its entirety. 
 
11.3 PROPERTY INSURANCE 
  
 Delete Paragraph 11.3 in its entirety and replace with the following:   
 
11.3 The State will not provide Builder’s All Risk Insurance for the Project.  The Contractor and all 

Subcontractors shall provide property coverage for their tools and equipment, as necessary.  Any 
mandatory deductible required by the Contractor’s Insurance shall be the responsibility of the 
Contractor. 

 
11.4   PERFORMANCE BOND AND PAYMENT BOND 
 
 Add the following sentence:  “The bonds will conform to those forms approved by the Office of 

Management and Budget.”  
 
 
ARTICLE 12:  UNCOVERING AND CORRECTION OF WORK 

 
 
12.2.2 AFTER SUBSTANTIAL COMPLETION 
 
 Add the following Paragraph: 
 
12.2.2.1.1 At any time during the progress of the Work, or in any case where the nature of the defects will 

be such that it is not expedient to have corrected, the Owner, at its option, will have the right to 
deduct such sum, or sums, of money from the amount of the Contract as it considers justified to 
adjust the difference in value between the defective work and that required under contract 
including any damage to the structure. 

 
12.2.2.1 Strike “one” and insert “two”. 
 
12.2.2.2 Strike “one” and insert “two”. 
 
12.2.2.3 Strike “one” and insert “two”. 
 
12.2.5 In second sentence, strike “one” and insert “two”. 
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ARTICLE 13:  MISCELLANEOUS PROVISIONS 

 
 
13.1 GOVERNING LAW 
 
 Strike “except that, if the parties have selected arbitration as the method of binding dispute 

resolution, the Federal Arbitration Act shall govern Section 15.4.”  
 
13.6 INTEREST 
 
 Strike “the date payment is due at such rate as the parties may agree upon in writing or, in the 

absence thereof, at the legal rate prevailing from time to time at the place where the Project is 
located.”  Insert “30 days of presentment of the authorized Certificate of Payment at the annual 
rate of 12% or 1% per month. 

 
13.7 TIME LIMITS ON CLAIMS 
 
 Strike the last sentence. 
  
 Add the following Paragraph: 
 
13.8     CONFLICTS WITH FEDERAL STATUTES OR REGULATIONS 
 
13.8.1 If any provision, specifications or requirement of the Contract Documents conflict or is 

inconsistent with any statute, law or regulation of the government of the United State of 
America, the Contractor shall notify the Architect and Owner immediately upon discovery. 

 
 
ARTICLE 14: TERMINATION OR SUSPENSION OF THE CONTRACT  

 
 
14.4     TERMINATION BY THE OWNER FOR  CONVENIENCE 
 
 Delete Paragraph 14.4.3 in its entirety and replace with the following:   
 
14.4.3 In case of such termination for the Owner’s convenience, the Contractor shall be entitled to 

receive payment for Work executed, and cost incurred by reason of such termination along with 
reasonable overhead. 

 

 

ARTICLE 15: CLAIMS AND DISPUTES 

 

 

15.1.2 Throughout the Paragraph strike “21” and insert “45”. 
 

15.1.6 CLAIMS FOR CONSEQUENTIAL DAMAGES 
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Delete Paragraph 15.1.6 in its entirety. 

15.2 INITIAL DECISION 

Delete Paragraph 15.2.5 in its entirety and replace with the following: 

15.2.5 The Architect will approve or reject Claims by written decision, which shall state the reasons 
therefore and shall notify the parties of any change in the Contract Sum or Contract Time or 
both.  The approval or rejection of a Claim by the Architect shall be subject to mediation and 
other remedies at law or in equity. 

Delete Paragraph 15.2.6 and its subparagraphs in their entirety. 

15.3 MEDIATION 

15.3.1 Strike “binding dispute resolution” and insert “any or all remedies at law or in equity”. 

15.3.2 In the first sentence, delete “administered by the American Arbitration Association in accordance 
with its Construction Industry Mediation Procedure in effect on the date of the Agreement,” 
Strike “binding dispute resolution” and insert “remedies at law and in equity”.  

15.4 ARBITRATION 

Delete Paragraph 15.4 and its sub-sections in its entirety. 

END OF SUPPLEMENTARY GENERAL CONDITIONS 
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ARTICLE 1: GENERAL 

 
 
1.1   CONTRACT DOCUMENTS 
 
1.1.1 The intent of the Contract Documents is to include all items necessary for the proper execution 

and completion of the Work by the Contractor.  The Contract Documents are complementary and 
what is required by one shall be as binding as if required by all.  Performance by the Contractor 
shall be required to an extent consistent with the Contract Documents and reasonably inferable 
from them as being necessary to produce the intended results. 

 
1.1.2 Work including material purchases shall not begin until the Contractor is in receipt of a bonafide 

State of Delaware Purchase Order.  Any work performed or material purchases prior to the 
issuance of the Purchase Order is done at the Contractor’s own risk and cost. 

 
1.2  EQUALITY OF EMPLOYMENT OPPORTUNITY ON PUBLIC WORKS 
 
1.2.1 For Public Works Projects financed in whole or in part by state appropriation the Contractor 

agrees that during the performance of this contract: 
 
1. The Contractor will not discriminate against any employee or applicant for employment 

because of race, creed, sex, color, sexual orientation, gender identity or national origin.  The 
Contractor will take positive steps to ensure that applicants are employed and that employees 
are treated during employment without regard to their race, creed, sex, color, sexual orientation, 
gender identity or national origin.  Such action shall include, but not be limited to, the 
following: employment, upgrading, demotion or transfer; recruitment or recruitment 
advertising; layoff or termination; rates of pay or other forms of compensation; and selection 
for training, including apprenticeship.  The Contractor agrees to post in conspicuous places 
available to employees and applicants for employment notices to be provided by the 
contracting agency setting forth this nondiscrimination clause. 

 
2. The Contractor will, in all solicitations or advertisements for employees placed by or on behalf 

of the Contractor, state that all qualified applicants will receive consideration for employment 
without regard to race, creed, sex, color, sexual orientation, gender identity or national origin.” 

 
 
ARTICLE 2: OWNER 

 
 
(NO ADDITIONAL GENERAL REQUIREMENTS – SEE SUPPLEMENTARY GENERAL 
CONDITIONS) 
 

 

ARTICLE 3: CONTRACTOR 
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3.1 Schedule of Values:  The successful Bidder shall within twenty (20) days after receiving notice to 

proceed with the work, furnish to the Owner a complete schedule of values on the various items 
comprising the work. 

 
3.2 Subcontracts:  Upon approval of Subcontractors, the Contractor shall award their Subcontracts as 

soon as possible after the signing of their own contract and see that all material, their own and 
those of their Subcontractors, are promptly ordered so that the work will not be delayed by failure 
of materials to arrive on time. 

 
3.3 Before commencing any work or construction, the General Contractor is to consult with the 

Owner as to matters in connection with access to the site and the allocation of Ground Areas for 
the various features of hauling, storage, etc. 

 
3.4 The Contractor shall supervise and direct the Work, using the Contractor's best skill and attention.  

The Contractor shall be solely responsible for and have control over construction means, 
methods, techniques, sequences and procedures and for coordinating all portions of the Work 
under the Contract, unless the Contract Documents give other specific instructions. 

 
3.5 The Contractor shall enforce strict discipline and good order among the Contractor's employees 

and other persons carrying out the Contract.  The Contractor shall not permit employment of unfit 
persons or persons not skilled in tasks assigned to them. 

 
3.6 The Contractor warrants to the Owner that materials and equipment furnished will be new and of 

good quality, unless otherwise permitted, and that the work will be free from defects and in 
conformance with the Contract Documents.  Work not conforming to these requirements, 
including substitutions not properly approved, may be considered defective.  If required by the 
Owner, the Contractor shall furnish evidence as to the kind and quality of materials and 
equipment provided. 

 
3.7 Unless otherwise provided, the Contractor shall pay all sales, consumer, use and other similar 

taxes, and shall secure and pay for required permits, fees, licenses, and inspections necessary for 
proper execution of the Work. 

 
3.8 The Contractor shall comply with and give notices required by laws, ordinances, rules, 

regulations, and lawful orders of public authorities bearing on performance of the Work.  The 
Contractor shall promptly notify the Owner if the Drawings and Specifications are observed to be 
at variance therewith. 

 
3.9 The Contractor shall be responsible to the Owner for the acts and omissions of the Contractor's 

employees, Subcontractors and their agents and employees, and other persons performing 
portions of the Work under contract with the Contractor. 

 
3.10 The Contractor shall keep the premises and surrounding area free from accumulation of waste 

materials or rubbish caused by operations under the Contract.  At completion of the Work the 
Contractor shall remove from and about the Project all waste materials, rubbish, the Contractor's 
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tools, construction equipment, machinery and surplus materials.  The Contractor shall be 
responsible for returning all damaged areas to their original conditions. 

 
3.11 STATE LICENSE AND TAX REQUIREMENTS   
 
3.11.1 Each Contractor and Subcontractor shall be licensed to do business in the State of Delaware 

and shall pay all fees and taxes due under State laws.  In conformance with Section 2503, 
Chapter 25, Title 30, Delaware Code, "the Contractor shall furnish the Delaware Department 
of Finance within ten (10) days after entering into any contract with a contractor or 
subcontractor not a resident of this State, a statement of total value of such contract or 
contracts together with the names and addresses of the contracting parties.” 

 
3.12 The Contractor shall comply with all requirements set forth in Section 6962, Chapter 69, Title 

29 of the Delaware Code. 
 
3.13 During the contract Work, the Contractor and each listed Subcontractor, shall implement an 

Employee Drug Testing Program in accordance with OMB Regulation 4104- “Regulations for 
the Drug Testing of Contractor and Subcontractor Employees Working on “Large Public 
Works Projects”.  “Large Public Works” is based upon the current threshold required for bidding 
Public Works as set by the Purchasing and Contracting Advisory Council.   

 
 
ARTICLE 4: ADMINISTRATION OF THE CONTRACT 

 
 
4.1 CONTRACT SURETY 
 
4.1.1 PERFORMANCE BOND AND LABOR AND MATERIAL PAYMENT BOND 
 
4.1.2 All bonds will be required as follows unless specifically waived elsewhere in the Bidding 

Documents. 
 
4.1.3 Contents of Performance Bonds – The bond shall be in the form approved by the Office of 

Management and Budget.  The bond shall be conditioned upon the faithful compliance and 
performance by the successful bidder of each and every term and condition of the contract and 
the proposal, plans, specifications, and bid documents thereof.  Each term and condition shall 
be met at the time and in the manner prescribed by the Contract, Bid documents and the 
specifications, including the payment in full to every person furnishing materiel or performing 
labor in the performance of the Contract, of all sums of money due the person for such labor 
and materiel.  (The bond shall also contain the successful bidder’s guarantee to indemnify and 
save harmless the State and the agency from all costs, damages and expenses growing out of or 
by reason of the Contract in accordance with the Contract.) 

 
4.1.4 Invoking a Performance Bond – The agency may, when it considers that the interest of the 

State so require, cause judgement to be confessed upon the bond.  
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4.1.5 Within twenty (20) days after the date of notice of award of contract, the Bidder to whom the 
award is made shall furnish a Performance Bond and Labor and Material Payment Bond, each 
equal to the full amount of the Contract price to guarantee the faithful performance of all terms, 
covenants and conditions of the same.  The bonds are to be issued by an acceptable Bonding 
Company licensed to do business in the State of Delaware and shall be issued in duplicate. 

 
4.1.6 Performance and Payment Bonds shall be maintained in full force (warranty bond) for a period of 

two (2) years after the date of the Certificate for Final Payment.  The Performance Bond shall 
guarantee the satisfactory completion of the Project and that the Contractor will make good any 
faults or defects in his work which may develop during the period of said guarantees as a result of 
improper or defective workmanship, material or apparatus, whether furnished by themselves or 
their Sub-Contractors.  The Payment Bond shall guarantee that the Contractor shall pay in full all 
persons, firms or corporations who furnish labor or material or both labor and material for, or on 
account of, the work included herein.  The bonds shall be paid for by this Contractor.  The Owner 
shall have the right to demand that the proof parties signing the bonds are duly authorized to 
do so. 

 
4.2 FAILURE TO COMPLY WITH CONTRACT 
 
4.2.1 If any firm entering into a contract with the State, or Agency that neglects or refuses to perform 

or fails to comply with the terms thereof, the Agency which signed the Contract may terminate 
the Contract and proceed to award a new contract in accordance with this Chapter 69, Title 29 
of the Delaware Code or may require the Surety on the Performance Bond to complete the 
Contract in accordance with the terms of the Performance Bond.  Nothing herein shall preclude 
the Agency from pursing additional remedies as otherwise provided by law. 

 
4.3 CONTRACT INSURANCE AND CONTRACT LIABILITY 
 
4.3.1 In addition to the bond requirements stated in the Bid Documents, each successful Bidder shall 

purchase adequate insurance for the performance of the Contract and, by submission of a Bid, 
agrees to indemnify and save harmless and to defend all legal or equitable actions brought 
against the State, any Agency, officer and/or employee of the State, for and from all claims of 
liability which is or may be the result of the successful Bidder’s actions during the 
performance of the Contract.   

 
4.3.2 The purchase or nonpurchase of such insurance or the involvement of the successful Bidder in 

any legal or equitable defense of any action brought against the successful Bidder based upon 
work performed pursuant to the Contract will not waive any defense which the State, its 
agencies and their respective officers, employees and agents might otherwise have against such 
claims, specifically including the defense of sovereign immunity, where applicable, and by the 
terms of this section, the State and all agencies, officers and employees thereof shall not be 
financially responsible for the consequences of work performed, pursuant to said contract. 

 
4.4 RIGHT TO AUDIT RECORDS 
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4.4.1 The Owner shall have the right to audit the books and records of a Contractor or any 
Subcontractor under any Contract or Subcontract to the extent that the books and records relate 
to the performance of the Contract or Subcontract. 

   
4.4.2 Said books and records shall be maintained by the Contractor for a period of seven (7) years 

from the date of final payment under the Prime Contract and by the Subcontractor for a period 
of seven (7) years from the date of final payment under the Subcontract. 

 
 
ARTICLE 5: SUBCONTRACTORS 

 

 

5.1 SUBCONTRACTING REQUIREMENTS 
 
5.1.1 All contracts for the construction, reconstruction, alteration or repair of any public building 

(not a road, street or highway) shall be subject to the following provisions: 
 
1. A contract shall be awarded only to a Bidder whose Bid is accompanied by a statement 

containing, for each Subcontractor category, the name and address (city or town and State only 
– street number and P.O. Box addresses not required) of the subcontractor whose services the 
Bidder intends to use in performing the Work and providing the material for such 
Subcontractor category. 

 
2. A Bid will not be accepted nor will an award of  any Contract be made to any Bidder which, as 

the Prime Contractor, has listed itself as the Subcontractor for any Subcontractor unless: 
 
A. It has been established to the satisfaction of the awarding Agency that the Bidder has 

customarily performed the specialty work of such Subcontractor category by artisans regularly 
employed by the Bidder’s firm; 

 
B. That the Bidder is duly licensed by the State to engage in such specialty work, if the State 

requires licenses; and 
 
C. That the Bidder is recognized in the industry as a bona fide Subcontractor or Contractor in 

such specialty work and Subcontractor category. 
 
5.1.2 The decision of the awarding Agency as to whether a Bidder who list itself as the 

Subcontractor for a Subcontractor category shall be final and binding upon all Bidders, and no 
action of any nature shall lie against any awarding agency or its employees or officers because 
of its decision in this regard. 

 
5.1.3 After such a Contract has been awarded, the successful Bidder shall not substitute another 

Subcontractor for any Subcontractor whose name was set forth in the statement which 
accompanied the Bid without the written consent of the awarding Agency.   
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5.1.4 No Agency shall consent to any substitution of Subcontractors unless the Agency is satisfied 
that the Subcontractor whose name is on the Bidders accompanying statement: 

 
A. Is unqualified to perform the work required; 
 
B. Has failed to execute a timely reasonable Subcontract; 
 
C. Has defaulted in the performance on the portion of the work covered by the Subcontract; or 
 
D. Is no longer engaged in such business. 
 
5.1.5 Should a Bidder be awarded a contract, such successful Bidder shall provide to the agency the 

taxpayer identification license numbers of such subcontractors.  Such numbers shall be provided 
on the later of the date on which such subcontractor is required to be identified or the time the 
contract is executed.    The successful Bidder shall provide to the agency to which it is 
contracting, within 30 days of entering into such public works contract, copies of all Delaware 
Business licenses of subcontractors and/or independent contractors that will perform work for 
such public works contract.  However, if a subcontractor or independent contractor is hired or 
contracted more than 20 days after the Bidder entered the public works contract the Delaware 
Business license of such subcontractor or independent contractor shall be provided to the agency 
within 10 days of being contracted or hired. 

 
5.2 PENALTY FOR SUBSTITUTION OF SUBCONTRACTORS 
 
5.2.1 Should the Contractor fail to utilize any or all of the Subcontractors in the Contractor’s Bid 

statement in the performance of the Work on the public bidding, the Contractor shall be penalized 
in the amount of (project specific amount*).  The Agency may determine to deduct payments of 
the penalty from the Contractor or have the amount paid directly to the Agency.  Any penalty 
amount assessed against the Contractor may be remitted or refunded, in whole or in part, by the 
Agency awarding the Contract, only if it is established to the satisfaction of the Agency that the 
Subcontractor in question has defaulted or is no longer engaged in such business.  No claim for 
the remission or refund of any penalty shall be granted unless an application is filed within one 
year after the liability of the successful Bidder accrues.  All penalty amounts assessed and not 
refunded or remitted to the contractor shall be reverted to the State. 

 
 *one (1) percent of contract amount not to exceed $10,000 
 

5.3 ASBESTOS ABATEMENT 
 
5.3.1 The selection of any Contractor to perform asbestos abatement for State-funded projects shall be 

approved by the Office of Management and Budget, Division of Facilities Management pursuant 
to Chapter 78 of Title 16. 

 
5.4 STANDARDS OF CONSTRUCTION FOR THE PROTECTION OF THE PHYSICALLY 

HANDICAPPED 
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5.4.1 All Contracts shall conform with the standard established by the Delaware Architectural 
Accessibility Board unless otherwise exempted by the Board. 

 
5.5 CONTRACT PERFORMANCE 
 
5.5.1 Any firm entering into a Public Works Contract that neglects or refuses to perform or fails to 

comply with its terms, the Agency may terminate the Contract and proceed to award a new 
Contract or may require the Surety on the Performance Bond to complete the Contract in 
accordance with the terms of the Performance Bond. 

 

 

ARTICLE 6:  CONSTRUCTION BY OWNER OR SEPARATE CONTRACTORS 

 
 
6.1 The Owner reserves the right to simultaneously perform other construction or operations related 

to the Project with the Owner's own forces, and to award separate contracts in connection with 
other portions of the Project or other Projects at the same site. 

 
6.2 The Contractor shall afford the Owner and other Contractors reasonable opportunity for access 

and storage of materials and equipment, and for the performance of their activities, and shall 
connect and coordinate their activities with other forces as required by the Contract Documents. 

 
 
ARTICLE 7: CHANGES IN THE WORK 

 
 
7.1 The Owner, without invalidating the Contract, may order changes in the Work consisting of 

Additions, Deletions, Modifications or Substitutions, with the Contract Sum and Contract 
completion date being adjusted accordingly.   Such changes in the Work shall be authorized by 
written Change Order signed by the Professional, as the duly authorized agent, the Contractor and 
the Owner. 

 
7.2 The Contract Sum and Contract Completion Date shall be adjusted only by a fully executed 

Change Order. 
 
7.3 The additional cost, or credit to the Owner resulting from a change in the Work shall be by 

mutual agreement of the Owner, Contractor and the Architect.  In all cases, this cost or credit 
shall be based on the ‘DPE’ wages required and the “invoice price” of the materials/equipment 
needed. 

 
7.3.1 “DPE” shall be defined to mean “direct personnel expense”.  Direct payroll expense includes 

direct salary plus customary fringe benefits (prevailing wage rates) and documented statutory 
costs such as workman’s compensation insurance, Social Security/Medicare, and unemployment 
insurance (a maximum multiplier of 1.35 times DPE). 
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7.3.2 “Invoice price” of materials/equipment shall be defined to mean the actual cost of materials 
and/or equipment that is paid by the Contractor, (or subcontractor), to a material distributor, 
direct factory vendor, store, material provider, or equipment leasing entity.  Rates for equipment 
that is leased and/or owned by the Contractor or subcontractor(s) shall not exceed those listed in 
the latest version of the “Means Building Construction Cost Data” publication. 

 
7.3.3 In addition to the above, the General Contractor is allowed a fifteen percent (15%) markup for 

overhead and profit for additional work performed by the General Contractor’s own forces.  
For additional subcontractor work, the Subcontractor is allowed a fifteen (15) percent overhead 
and profit on change order work above and beyond the direct costs stated previously.  To this 
amount, the General Contractor will be allowed a mark-up not exceeding seven and one half 
percent (7.5%) on the subcontractors work.  These mark-ups shall include all costs including, 
but not limited to:  overhead, profit, bonds, insurance, supervision, etc.  No markup is 
permitted on the work of the subcontractors subcontractor. No additional costs shall be allowed 
for changes related to the Contractor’s onsite superintendent/staff, or project manager, unless a 
change in the work changes the project duration and is identified by the CPM schedule.  There 
will be no other costs associated with the change order. 

 
 
ARTICLE 8: TIME 

 
 
8.1 Time limits, if any, are as stated in the Project Manual.  By executing the Agreement, the 

Contractor confirms that the stipulated limits are reasonable, and that the Work will be completed 
within the anticipated time frame. 

 
8.2 If progress of the Work is delayed at any time by changes ordered by the Owner, by labor 

disputes, fire, unusual delay in deliveries, abnormal adverse weather conditions, unavoidable 
casualties or other causes beyond the Contractor's control, the Contract Time shall be extended 
for such reasonable time as the Owner may determine. 

 
8.3 Any extension of time beyond the date fixed for completion of the construction and acceptance of 

any part of the Work called for by the Contract, or the occupancy of the building by the Owner, in 
whole or in part, previous to the completion shall not be deemed a waiver by the Owner of his 
right to annul or terminate the Contract for abandonment or delay in the matter provided for, nor 
relieve the Contractor of full responsibility. 

 
8.4 SUSPENSION AND DEBARMENT  
 

8.4.1 Per Section 6962(d)(14), Title 29, Delaware Code, “Any Contractor who fails to perform a public 
works contract or complete a public works project within the time schedule established by the 
Agency in the Invitation To Bid, may be subject to Suspension or Debarment for one or more of 
the following reasons:  a) failure to supply the adequate labor supply ratio for the project; b) 
inadequate financial resources; or, c) poor performance on the Project.” 
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8.4.2 “Upon such failure for any of the above stated reasons, the Agency that contracted for the 
public works project may petition the Director of the Office of Management and Budget for 
Suspension or Debarment of the Contractor.  The Agency shall send a copy of the petition to 
the Contractor within three (3) working days of filing with the Director.  If the Director 
concludes that the petition has merit, the Director shall schedule and hold a hearing to 
determine whether to suspend the Contractor, debar the Contractor or deny the petition.  The 
Agency shall have the burden of proving, by a preponderance of the evidence, that the 
Contractor failed to perform or complete the public works project within the time schedule 
established by the Agency and failed to do so for one or more of the following reasons:  a) 
failure to supply the adequate labor supply ratio for the project; b) inadequate financial 
resources; or, c) poor performance on the project.  Upon a finding in favor of the Agency, the 
Director may suspend a Contractor from Bidding on any project funded, in whole or in part, 
with public funds for up to 1 year for a first offense, up to 3 years for a second offense and 
permanently debar the Contractor for a third offense.  The Director shall issue a written 
decision and shall send a copy to the Contractor and the Agency.  Such decision may be 
appealed to the Superior Court within thirty (30) days for a review on the record.”  

 
8.5 RETAINAGE 
 

8.5.1 Per Section 6962(d)(5) a.3, Title 29, Delaware Code: The Agency may at the beginning of each 
public works project establish a time schedule for the completion of the project.  If the project 
is delayed beyond the completion date due to the Contractor’s failure to meet their 
responsibilities, the Agency may forfeit, at its discretion, all or part of the Contractor’s 
retainage. 

 
8.5.2 This forfeiture of retainage also applies to the timely completion of the punchlist.  A punchlist 

will only be prepared upon the mutual agreement of the Owner, Architect and Contractor.  
Once the punchlist is prepared, all three parties will by mutual agreement, establish a schedule 
for its completion.  Should completion of the punchlist be delayed beyond the established date 
due to the Contractor’s failure to meet their responsibilities, the Agency may hold permanently, 
at its discretion, all or part of the Contractor’s retainage. 

 
 
ARTICLE 9: PAYMENTS AND COMPLETION 

 

 
9.1 APPLICATION FOR PAYMENT 
 
9.1.1 Applications for payment shall be made upon AIA Document G702.  There will be a five percent 

(5%) retainage on all Contractor's monthly invoices until completion of the project.  This 
retainage may become payable upon receipt of all required closeout documentation, provided all 
other requirements of the Contract Documents have been met. 

 
9.1.2 A date will be fixed for the taking of the monthly account of work done.  Upon receipt of 

Contractor's itemized application for payment, such application will be audited, modified, if 
found necessary, and approved for the amount.  Statement shall be submitted to the Owner. 
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9.1.3 Section 6516, Title 29 of the Delaware Code annualized interest is not to exceed 12% per annum 

beginning thirty (30) days after the “presentment” (as opposed to the date) of the invoice.  
 
9.2 PARTIAL PAYMENTS  
 
9.2.1 Any public works Contract executed by any Agency may provide for partial payments at the 

option of the Owner with respect to materials placed along or upon the sites or stored at 
secured locations, which are suitable for use in the performance of the contract. 

 
9.2.2 When approved by the agency, partial payment may include the values of tested and acceptable 

materials of a nonperishable or noncontaminative nature which have been produced or 
furnished for incorporation as a permanent part of the work yet to be completed, provided 
acceptable provisions have been made for storage.   

 
9.2.2.1  Any allowance made for materials on hand will not exceed the delivered cost of the materials 

as verified by invoices furnished by the Contractor, nor will it exceed the contract bid price for 
the material complete in place. 

 
9.2.3 If requested by the Agency, receipted bills from all Contractors, Subcontractors, and material, 

men, etc., for the previous payment must accompany each application for payment.  Following 
such a request, no payment will be made until these receipted bills have been received by the 
Owner. 

 
9.3 SUBSTANTIAL COMPLETION 
 
9.3.1 When the building has been made suitable for occupancy, but still requires small items of 

miscellaneous work, the Owner will determine the date when the project has been substantially 
completed. 

 
9.3.2 If, after the Work has been substantially completed, full completion thereof is materially delayed 

through no fault of the Contractor, and without terminating the Contract, the Owner may make 
payment of the balance due for the portion of the Work fully completed and accepted.  Such 
payment shall be made under the terms and conditions governing final payment that it shall not 
constitute a waiver of claims. 

 
9.3.3 On projects where commissioning is included, the commissioning work as defined in the 

specifications must be complete prior to the issuance of substantial completion. 
 
9.4 FINAL PAYMENT 
 
9.4.1 Final payment, including the five percent (5%) retainage if determined appropriate, shall be made 

within thirty (30) days after the Work is fully completed and the Contract fully performed and 
provided that the Contractor has submitted the following closeout documentation (in addition to 
any other documentation required elsewhere in the Contract Documents): 
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9.4.1.1 Evidence satisfactory to the Owner that all payrolls, material bills, and other indebtedness 
connected with the work have been paid, 

 
9.4.1.2 An acceptable RELEASE OF LIENS, 
 
9.4.1.3 Copies of all applicable warranties, 
 
9.4.1.4 As-built drawings, 
 
9.4.1.5 Operations and Maintenance Manuals, 
 
9.4.1.6 Instruction Manuals, 
 
9.4.1.7 Consent of Surety to final payment. 
 
9.4.1.8 The Owner reserves the right to retain payments, or parts thereof, for its protection until the 

foregoing conditions have been complied with, defective work corrected and all unsatisfactory 
conditions remedied. 

 

 

ARTICLE 10:  PROTECTION OF PERSONS AND PROPERTY 

 
 
10.1 The Contractor shall be responsible for initiating, maintaining, and supervising all safety 

precautions and programs in connection with the performance of the Contract.  The Contractor 
shall take all reasonable precautions to prevent damage, injury or loss to: workers, persons nearby 
who may be affected, the Work, materials and equipment to be incorporated, and existing 
property at the site or adjacent thereto.  The Contractor shall give notices and comply with 
applicable laws ordinances, rules regulations, and lawful orders of public authorities bearing on 
the safety of persons and property and their protection from injury, damage, or loss.  The 
Contractor shall promptly remedy damage and loss to property at the site caused in whole or in 
part by the Contractor, a Subcontractor, or anyone directly or indirectly employed by any of them, 
or by anyone for whose acts they may be liable. 

 
10.2 The Contractor shall notify the Owner in the event any existing hazardous material such as lead, 

PCBs, asbestos, etc. is encountered on the project.  The Owner will arrange with a qualified 
specialist for the identification, testing, removal, handling and protection against exposure or 
environmental pollution, to comply with applicable regulation laws and ordinances.  The 
Contractor and Architect will not be required to participate in or to perform this operation.  Upon 
completion of this work, the Owner will notify the Contractor and Architect in writing the area 
has been cleared and approved by the authorities in order for the work to proceed.  The 
Contractor shall attach documentation from the authorities of said approval. 

 
10.3 As required in the Hazardous Chemical Information Act of June 1984, all vendors supplying any 

materials that may be defined as hazardous, must provide Material Safety Data Sheets for those 
products.  Any chemical product should be considered hazardous if it has a warning caution on 
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the label relating to a potential physical or health hazard, if it is known to be present in the work 
place, and if employees may be exposed under normal conditions or in any foreseeable 
emergency situation.  Material Safety Data Sheets must be provided directly to the Owner along 
with the shipping slips that include those products. 

 
10.4 The Contractor shall certify to the Owner that materials incorporated into the Work are free of all 

asbestos.  This certification may be in the form of Material Safety Data Sheet (MSDS) provided 
by the product manufacturer for the materials used in construction, as specified or as provided by 
the Contractor. 

 

ARTICLE 11:  INSURANCE AND BONDS 

 
11.1 The Contractor shall carry all insurance required by law, such as Unemployment Insurance, etc.  

The Contractor shall carry such insurance coverage as they desire on their own property such as a 
field office, storage sheds or other structures erected upon the project site that belong to them and 
for their own use.  The Subcontractors involved with this project shall carry whatever insurance 
protection they consider necessary to cover the loss of any of their personal property, etc. 

 
11.2 Upon being awarded the Contract, the Contractor shall obtain a minimum of two (2) copies of all 

required insurance certificates called for herein, and submit one (1) copy of each certificate, to the 
Owner, within 20 days of contract award. 

 
11.3 Bodily Injury Liability and Property Damage Liability Insurance shall, in addition to the coverage 

included herein, include coverage for injury to or destruction of any property arising out of the 
collapse of or structural injury to any building or structure due to demolition work and evidence 
of these coverages shall be filed with and approved by the Owner. 

 
11.4 The Contractor's Property Damage Liability Insurance shall, in addition to the coverage noted 

herein, include coverage on all real and personal property in their care, custody and control 
damaged in any way by the Contractor or their Subcontractors during the entire construction 
period on this project. 

 
11.5 Builders Risk (including Standard Extended Coverage Insurance) on the existing building during 

the entire construction period, shall not be provided by the Contractor under this contract.  The 
Owner shall insure the existing building and all of its contents and all this new alteration work 
under this contract during entire construction period for the full insurable value of the entire work 
at the site.  Note, however, that the Contractor and their Subcontractors shall be responsible for 
insuring building materials (installed and stored) and their tools and equipment whenever in use 
on the project, against fire damage, theft, vandalism, etc. 

 
11.6 Certificates of the insurance company or companies stating the amount and type of coverage, 

terms of policies, etc., shall be furnished to the Owner, within 20 days of contract award. 
 
11.7 The Contractor shall, at their own expense, (in addition to the above) carry the following forms of 

insurance: 
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11.7.1 Contractor's Contractual Liability Insurance 
 
  Minimum coverage to be: 
 

Bodily Injury $500,000  for each person 
 $1,000,000  for each occurrence 
 $1,000,000  aggregate 

 
Property Damage $500,000  for each occurrence 

 $1,000,000  aggregate 
  
11.7.2 Contractor's Protective Liability Insurance 
 
  Minimum coverage to be: 
 

Bodily Injury $500,000  for each person 
 $1,000,000  for each occurrence 
 $1,000,000  aggregate 

 
Property Damage $500,000  for each occurrence 

 $500,000  aggregate 
 
11.7.3 Automobile Liability Insurance 
 
  Minimum coverage to be: 
 

Bodily Injury $1,000,000  for each person 
 $1,000,000  for each occurrence 

Property Damage $500,000  per accident 
  
11.7.4 Prime Contractor's and Subcontractors' policies shall include contingent and contractual liability 

coverage in the same minimum amounts as 11.7.1 above. 
 
11.7.5 Workmen's Compensation (including Employer's Liability): 
 
11.7.5.1  Minimum Limit on employer's liability to be as required by law. 
 
11.7.5.2 Minimum Limit for all employees working at one site. 
 
11.7.6  Certificates of Insurance must be filed with the Owner guaranteeing fifteen (15) days prior notice 

of cancellation, non-renewal, or any change in coverages and limits of liability shown as included 
on certificates. 

 
11.7.7   Social Security Liability 
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11.7.7.1 With respect to all persons at any time employed by or on the payroll of the Contractor or 
performing any work for or on their behalf, or in connection  with or arising out of the 
Contractor’s business, the Contractor shall accept full and exclusive liability for the payment of 
any and all contributions or taxes or unemployment insurance, or old age retirement benefits, 
pensions or annuities now or hereafter imposed by the Government of the United States and the 
State or political subdivision thereof, whether the same be measured by wages, salaries or other 
remuneration paid to such persons or otherwise. 

 
11.7.7.2 Upon request, the Contractor shall furnish Owner such information on payrolls or employment 

records as may be necessary to enable it to fully comply with the law imposing the aforesaid 
contributions or taxes. 

 
11.7.7.3 If the Owner is required by law to and does pay any and/or all of the aforesaid contributions or 

taxes, the Contractor shall forthwith reimburse the Owner for the entire amount so paid by the 
Owner. 

 
 
ARTICLE 12:  UNCOVERING AND CORRECTION OF WORK 

 
 
12.1 The Contractor shall promptly correct Work rejected by the Owner or failing to conform to the 

requirements of the Contract Documents, whether observed before or after Substantial 
Completion and whether or not fabricated, installed or completed, and shall correct any Work 
found to be not in accordance with the requirements of the Contract Documents within a period of 
two years from the date of Substantial Completion, or by terms of an applicable special warranty 
required by the Contract Documents.  The provisions of this Article apply to work done by 
Subcontractors as well as to Work done by direct employees of the Contractor. 

 
12.2 At any time during the progress of the work, or in any case where the nature of the defects shall 

be such that it is not expedient to have them corrected, the Owner, at their option, shall have the 
right to deduct such sum, or sums, of money from the amount of the contract as they consider 
justified to adjust the difference in value between the defective work and that required under 
contract including any damage to the structure. 

 
 
ARTICLE 13:  MISCELLANEOUS PROVISIONS 

 
 
13.1 CUTTING AND PATCHING 
 
13.1.1 The Contractor shall be responsible for all cutting and patching.  The Contractor shall coordinate 

the work of the various trades involved. 
 
13.2 DIMENSIONS 
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13.2.1 All dimensions shown shall be verified by the Contractor by actual measurements at the project 
site.  Any discrepancies between the drawings and specifications and the existing conditions shall 
be referred to the Owner for adjustment before any work affected thereby has been performed. 

 
13.3 LABORATORY TESTS   
 
13.3.1 Any specified laboratory tests of material and finished articles to be incorporated in the work 

shall be made by bureaus, laboratories or agencies approved by the Owner and reports of such 
tests shall be submitted to the Owner.  The cost of the testing shall be paid for by the Contractor. 

 
13.3.2 The Contractor shall furnish all sample materials required for these tests and shall deliver same 

without charge to the testing laboratory or other designated agency when and where directed by 
the Owner. 

 
13.4 ARCHAEOLOGICAL EVIDENCE 
 
13.4.1 Whenever, in the course of construction, any archaeological evidence is encountered on the 

surface or below the surface of the ground, the Contractor shall notify the authorities of the 
Delaware Archaeological Board and suspend work in the immediate area for a reasonable time to 
permit those authorities, or persons designated by them, to examine the area and ensure the proper 
removal of the archaeological evidence for suitable preservation in the State Museum. 

 
13.5 GLASS REPLACEMENT AND CLEANING  
 
13.5.1 The General Contractor shall replace without expense to the Owner all glass broken during the 

construction of the project.  If job conditions warrant, at completion of the job the General 
Contractor shall have all glass cleaned and polished. 

 
13.6 WARRANTY  
 
13.6.1 For a period of two (2) years from the date of substantial completion, as evidenced by the date of 

final acceptance of the work, the contractor warrants that work performed under this contract 
conforms to the contract requirements and is free of any defect of equipment, material or 
workmanship performed by the contractor or any of his subcontractors or suppliers.  However, 
manufacturer's warranties and guarantees, if for a period longer than two (2) years, shall take 
precedence over the above warranties.  The contractor shall remedy, at his own expense, any such 
failure to conform or any such defect.  The protection of this warranty shall be included in the 
Contractor's Performance Bond. 

 

13.7 REPORTING 
 
13.7.1 Contractor who is awarded contract must report contract amounts awarded to all listed 

subcontractors.  Information to report is included in the chart below.  If subcontractor is 
considered a minority, women or veteran owned business, please identify if they are registered 
with the State of Delaware, Office of Supplier Diversity. 
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SUBCONTRACTOR 
CATEGORY 

SUBCONTRACTOR 
NAME 

SUBCONTRACTOR 
CONTRACT 
AMOUNT 

Is subcontractor minority,  
women or veteran owned? 

         
         
         
         
         
         

 
 
13.8 BUY AMERICAN ACT 
 
13.8.1 Section 810 of Article VIII (included elsewhere in this Project Manual) requires compliance with 

the Buy American Act (41 U.S.C. 10.)  The Buy American Act gives preference to domestic end 
products and domestic construction material.  To verify compliance with this Section, Contractor 
is required to provide proof, acceptable to the Owner, that all major equipment and material 
installed on the project was manufactured in the United States. 

 

 

ARTICLE 14:  TERMINATION OF CONTRACT 

 
 
14.1 If the Contractor defaults or persistently fails or neglects to carry out the Work in accordance with 

the Contract Documents or fails to perform a provision of the Contract, the Owner, after seven 
days written notice to the Contractor, may make good such deficiencies and may deduct the cost 
thereof from the payment then or thereafter due the Contractor.  Alternatively, at the Owner's 
option, and the Owner may terminate the Contract and take possession of the site and of all 
materials, equipment, tools, and machinery thereon owned by the Contractor and may finish the 
Work by whatever method the Owner may deem expedient.  If the costs of finishing the Work 
exceed any unpaid compensation due the Contractor, the Contractor shall pay the difference to 
the Owner. 

 
14.2 “If the continuation of this Agreement is contingent upon the appropriation of adequate state, 

or federal funds, this Agreement may be terminated on the date beginning on the first fiscal 
year for which funds are not appropriated or at the exhaustion of the appropriation.  The Owner 
may terminate this Agreement by providing written notice to the parties of such non-
appropriation.  All payment obligations of the Owner will cease upon the date of termination.  
Notwithstanding the foregoing, the Owner agrees that it will use its best efforts to obtain 
approval of necessary funds to continue the Agreement by taking appropriate action to request 
adequate funds to continue the Agreement.” 

 
END OF GENERAL REQUIREMENTS 
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EMPLOYEE DRUG TESTING REPORT FORM 
Period Ending:

4104 Regulations for the Drug Testing of Contractor and Subcontractor Employees Working on Large 

Public Works Projects requires that Contractors and Subcontractors who work on Large Public Works 

Contracts funded all or in part with public funds submit Testing Report Forms to the Owner no less than 

quarterly. 

Project Number: DEARNG Contract Number 05-2016 

Project Name: New Boiler Installation 

Contractor/Subcontractor Name:  

Contractor/Subcontractor Address: 

Number of employees who worked on the jobsite during the report period: 

Number of employees subject to random testing during the report period:  

Number of Negative Results    Number of Positive Results 

Action taken on employee(s) in response to a failed or positive random test: 

Authorized Representative of Contractor/Subcontractor: 

(typed or printed) 

Authorized Representative of Contractor/Subcontractor: 

       (signature) 

Date: _______________ 
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EMPLOYEE DRUG TESTING 
REPORT OF POSITIVE RESULTS 

 

4104 Regulations for the Drug Testing of Contractor and Subcontractor Employees Working on Large 

Public Works Projects requires that Contractors and Subcontractors who work on Large Public Works 

Contracts funded all or in part with public funds to notify the Owner in writing of a positive random drug 

test. 

 

 

Project Number:           

 

Project Name:            

 

Contractor/Subcontractor Name:         

 

Contractor/Subcontractor Address:         

             

             

 

Name of employee with positive test result:       

 

Last 4 digits of employee SSN:    

 

Date test results received:     

 

Action taken on employee in response to a positive test result: 

              

              

              

 

 

Authorized Representative of Contractor/Subcontractor:        

(typed or printed) 

 

Authorized Representative of Contractor/Subcontractor:        

     (signature) 

 

Date: _______________ 

 

 

This form shall be sent by mail to the Owner within 24 hours of receipt of test results.    
 
Enclose this test results form in a sealed envelope with the notation "Drug Testing Form – DO NOT 
OPEN" on the face thereof and place in a separate mailing envelope. 



Client Name: Delaware Army National Guard Revision:    0 

Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 

Concord No.: 1C15580.00  

 

 

       

Concord Engineering                   Page 1 of 6 

 

MISCELLANEOUS CAST-IN-PLACE CONCRETE 033053 

SECTION 033053 - MISCELLANEOUS CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes cast-in-place concrete, including reinforcement, concrete materials, mixture 

design, placement procedures, and finishes. 

1.2 SUBMITTALS 

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

B. Other Action Submittal: 

1. Design Mixtures:  For each concrete mixture. 

1.3 QUALITY ASSURANCE 

A. Ready-Mix-Concrete 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. 

B. Comply with ACI 301 (ACI 301M). 

C. Comply with ACI 117, "Specifications for Tolerances for Concrete Construction and 

Materials." 

PART 2 - PRODUCTS 

2.1 FORMWORK 

A. Furnish formwork and formwork accessories according to ACI 301 (ACI 301M). 

2.2 STEEL REINFORCEMENT 

A. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed. 

B. Plain-Steel Wire:  ASTM A 82/A 82M, as drawn. 

C. Plain-Steel Welded Wire Reinforcement:  ASTM A 185/A 185M, fabricated from as-drawn 

steel wire into flat sheets. 
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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. 

a. Fly Ash:  ASTM C 618, Class C or F. 

b. Ground Granulated Blast-Furnace Slag:  ASTM C 989, Grade 100 or 120. 

B. Normal-Weight Aggregate:  ASTM C 33, graded, 1-1/2-inch (38-mm) nominal maximum 

aggregate size. 

C. Water:  ASTM C 94/C 94M. 

2.4 ADMIXTURES 

A. Air-Entraining Admixture:  ASTM C 260. 

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 RELATED MATERIALS 

A. Joint-Filler Strips:  ASTM D 1751, asphalt-saturated cellulosic fiber, or ASTM D 1752, cork or 

self-expanding cork. 

2.6 CURING MATERIALS 

A. Evaporation Retarder:  Waterborne, monomolecular film forming; manufactured for application 

to fresh concrete. 

B. Absorptive Cover:  AASHTO M 182, Class 3, burlap cloth or cotton mats. 

C. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene 

sheet. 



Client Name: Delaware Army National Guard Revision:    0 

Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 

Concord No.: 1C15580.00  

 

 

       

Concord Engineering                   Page 3 of 6 

 

MISCELLANEOUS CAST-IN-PLACE CONCRETE 033053 

D. Water:  Potable. 

E. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B. 

2.7 CONCRETE MIXTURES 

A. Normal-Weight Concrete:  Prepare design mixes, proportioned according to ACI 301 

(ACI 301M), as follows: 

1. Minimum Compressive Strength:   3000 psi (20.7 MPa) at 28 days. 

2. Maximum Water-Cementitious Materials Ratio: 0.45. 

3. 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 40 percent. 

4. Slump Limit:  4 inches (100 mm) for concrete with verified slump of 2 to 4 inches (50 to 

100 mm) before adding high-range water-reducing admixture or plasticizing admixture, 

plus or minus 1 inch (25 mm). 

5. Air Content:  Maintain within range permitted by ACI 301 (ACI 301M).  Do not allow 

air content of trowel-finished floor slabs to exceed 3 percent. 

2.8 CONCRETE MIXING 

A. Ready-Mixed Concrete:  Measure, batch, mix, and deliver concrete according to 

ASTM C 94/C 94M, and furnish batch ticket information. 

1. 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, construct, erect, brace, and maintain formwork according to ACI 301 (ACI 301M). 

3.2 EMBEDDED ITEMS 

A. Place and secure anchorage devices and other embedded items required for adjoining work 

attached to or supported by cast-in-place concrete.  Use setting drawings, templates, diagrams, 

instructions, and directions furnished with items to be embedded. 
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3.3 STEEL REINFORCEMENT 

A. Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and supporting 

reinforcement. 

1. Do not cut or puncture vapor retarder.  Repair damage and reseal vapor retarder before 

placing concrete. 

3.4 CONCRETE PLACEMENT 

A. Comply with ACI 301 (ACI 301M) for placing concrete. 

B. Before test sampling and placing concrete, water may be added at Project site, subject to 

limitations of ACI 301 (ACI 301M). 

C. Do not add water to concrete during delivery, at Project site, or during placement. 

D. Consolidate concrete with mechanical vibrating equipment. 

3.5 FINISHING FORMED SURFACES 

A. 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 

defective areas.  Remove fins and other projections exceeding 1/8 inch (3 mm). 

1. Apply to concrete surfaces exposed to public view. 

B. 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. 

3.6 FINISHING UNFORMED SURFACES 

A. General:  Comply with ACI 302.1R for screeding, restraightening, and finishing operations for 

concrete surfaces.  Do not wet concrete surfaces. 

B. Screed surfaces with a straightedge and strike off.  Begin initial floating using bull floats or 

darbies to form a uniform and open-textured surface plane before excess moisture or bleedwater 

appears on surface. 

1. Do not further disturb surfaces before starting finishing operations. 

C. Float Finish:  Apply float finish to surfaces indicated, to surfaces to receive trowel finish, and to 

floor and slab surfaces to be covered with fluid-applied or sheet waterproofing, fluid-applied or 

direct-to-deck-applied membrane roofing, or sand-bed terrazzo. 
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MISCELLANEOUS CAST-IN-PLACE CONCRETE 033053 

3.7 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 with ACI 301 

(ACI 301M) for hot-weather protection during curing. 

B. Evaporation Retarder:  Apply evaporation retarder to 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. Begin curing after finishing concrete but not before free water has disappeared from concrete 

surface. 

D. Curing Methods:  Cure formed and unformed concrete for at least seven days by one or a 

combination of the following methods: 

1. Moisture Curing:  Keep surfaces continuously moist for not less than seven days with the 

following materials: 

a. Water. 

b. Continuous water-fog spray. 

c. Absorptive cover, water saturated and kept continuously wet.  Cover concrete 

surfaces and edges with 12-inch (300-mm) lap over adjacent absorptive covers. 

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. 

3.8 FIELD QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections. 

B. Tests:  Perform according to ACI 301 (ACI 301M). 
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MISCELLANEOUS CAST-IN-PLACE CONCRETE 033053 

1. Testing Frequency:  One composite sample shall be obtained for each day's pour of each 

concrete mix exceeding 5 cu. yd. (4 cu. m) but less than 25 cu. yd. (19 cu. m), plus one 

set for each additional 50 cu. yd. (38 cu. m) or fraction thereof. 

2. Testing Frequency:  One composite sample shall be obtained for each 100 cu. yd. (76 cu. 

m) or fraction thereof of each concrete mix placed each day. 

3.9 REPAIRS 

A. Remove and replace concrete that does not comply with requirements in this Section. 

END OF SECTION 033053 
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SECTION 077200 - ROOF ACCESSORIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Roof curbs. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of roof accessory indicated. 

B. Shop Drawings:  For roof accessories and all roof penetrations. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Roof plans, drawn to scale, and coordinating penetrations and roof-
mounted items. 

B. Warranty:  Sample of special warranty. 

1.4 WARRANTY 

A. Special Warranty on Painted Finishes:  Manufacturer's standard form in which manufacturer 
agrees to repair finishes or replace roof accessories that show evidence of deterioration of 
factory-applied finishes within 20 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 METAL MATERIALS 

A. Zinc-Coated (Galvanized) Steel Sheet:  ASTM A 653/A 653M, G90 (Z275) coating 
designation. 

1. Mill-Phosphatized Finish:  Manufacturer's standard for field painting. 
2. Factory Prime Coating:  Where field painting is indicated, apply pretreatment and white 

or light-colored, factory-applied, baked-on epoxy primer coat, with a minimum dry film 
thickness of 0.2 mil (0.005 mm). 
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3. Exposed Coil-Coated Finish:  Two-coat fluoropolymer finish; AAMA 621; system 
consisting of primer and fluoropolymer color topcoat containing not less than 70 percent 
PVDF resin by weight. 

4. Baked-Enamel or Powder-Coat Finish:  Manufacturer's standard two-coat, baked-on 
finish consisting of prime coat and thermosetting topcoat, with a minimum dry film 
thickness of 1 mil (0.025 mm) for topcoat. 

B. Aluminum-Zinc Alloy-Coated Steel Sheet:  ASTM A 792/A 792M, AZ50 (AZM150) coated. 

1. Factory Prime Coating:  Where field painting is indicated, apply pretreatment and white 
or light-colored, factory-applied, baked-on epoxy primer coat, with a minimum dry film 
thickness of 0.2 mil (0.005 mm). 

2. Exposed Coil-Coated Finish:  Two-coat fluoropolymer finish; AAMA 621; system 
consisting of primer and fluoropolymer color topcoat containing not less than 70 percent 
PVDF resin by weight 

3. Baked-Enamel or Powder-Coat Finish:  Manufacturer's standard two-coat, baked-on 
finish consisting of prime coat and thermosetting topcoat, with a minimum dry film 
thickness of 1 mil (0.025 mm) for topcoat. 

C. Aluminum Sheet:  ASTM B 209 (ASTM B 209M), manufacturer's standard alloy for finish 
required, with temper to suit forming operations and performance required. 

1. Mill Finish:  As manufactured. 
2. Factory Prime Coating:  Where field painting is indicated, apply pretreatment and white 

or light-colored, factory-applied, baked-on epoxy primer coat, with a minimum dry film 
thickness of 0.2 mil (0.005 mm). 

3. Clear Anodic Finish:  AAMA 611, Class II, 0.010 mm or thicker. 
4. Color Anodic Finish:  AAMA 611, Class II, 0.010 mm or thicker. 
5. Exposed Coil-Coated Finish:  Two-coat fluoropolymer finish; AAMA 620; system 

consisting of primer and fluoropolymer color topcoat containing not less than 70 percent 
PVDF resin by weight. 

6. Baked-Enamel or Powder-Coat Finish:  AAMA 2603 except with a minimum dry film 
thickness of 1.5 mils (0.04 mm). 

D. Aluminum Extrusions and Tubes:  ASTM B 221 (ASTM B 221M), manufacturer's standard 
alloy and temper for type of use, finished to match assembly where used, otherwise mill 
finished. 

E. Stainless-Steel Sheet and Shapes:  ASTM A 240/A 240M or ASTM A 666, Type 304. 

F. Steel Shapes:  ASTM A 36/A 36M, hot-dip galvanized according to ASTM A 123/A 123M 
unless otherwise indicated. 

2.2 MISCELLANEOUS MATERIALS 

A. General:  Provide materials and types of fasteners, protective coatings, sealants, and other 
miscellaneous items required by manufacturer for a complete installation. 
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B. Wood Nailers:  Softwood lumber, pressure treated with waterborne preservatives for 
aboveground use, acceptable to authorities having jurisdiction, containing no arsenic or 
chromium, and complying with AWPA C2; not less than 1-1/2 inches (38 mm) thick. 

C. Fasteners:  Roof accessory manufacturer's recommended fasteners suitable for application and 
metals being fastened.  Match finish of exposed fasteners with finish of material being fastened.  
Provide nonremovable fastener heads to exterior exposed fasteners. 

D. Sealants:  As recommended by roof accessory manufacturer for installation indicated. 

2.3 ROOF CURBS 

A. Roof Curbs:  Internally reinforced roof-curb units capable of supporting superimposed live and 
dead loads, including equipment loads and other construction indicated on Drawings; with 
welded or mechanically fastened and sealed corner joints, integral metal cant, stepped integral 
metal cant raised the thickness of roof insulation, and integrally formed deck-mounting flange at 
perimeter bottom. 

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

a. Curbs Plus, Inc. 
b. Greenheck Fan Corporation. 
c. Milcor Inc.; Commercial Products Group of Hart & Cooley, Inc. 
d. Pate Company (The). 
e. Roof Products, Inc. 
f. Thybar Corporation. 
g. Or approved equal. 

B. Material:  Zinc-coated (galvanized) steel sheet,  0.079 inch thick. 

1. Finish:  Mill phosphatized  

C. Construction: 

1. Insulation:  Factory insulated with 1-1/2-inch- (38-mm) thick cellulosic or glass-fiber 
board insulation. 

2. Liner:  Same material as curb, of manufacturer's standard thickness and finish. 
3. Factory-installed wood nailer at top of curb, continuous around curb perimeter. 
4. On ribbed or fluted metal roofs, form deck-mounting flange at perimeter bottom to 

conform to roof profile. 
5. Fabricate curbs to minimum height of 18 inches (300 mm) unless otherwise indicated. 
6. Top Surface:  Level around perimeter with roof slope accommodated by sloping the 

deck-mounting flange. 
7. Sloping Roofs:  Where roof slope exceeds 1:48, fabricate curb with perimeter curb height 

tapered to accommodate roof slope so that top surface of perimeter curb is level.  Equip 
unit with water diverter or cricket on side that obstructs water flow. 

8. Security Grille:  Provide where indicated. 

http://www.specagent.com/LookUp/?ulid=1062&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456799129&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456799132&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456816589&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456799138&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456799140&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456799144&mf=04&src=wd
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General:  Verify dimensions of roof openings for roof accessories.  Install roof accessories 
according to manufacturer's written instructions. 

1. Install roof accessories level, plumb, true to line and elevation, and without warping, jogs 
in alignment, excessive oil canning, buckling, or tool marks. 

2. Anchor roof accessories securely in place so they are capable of resisting indicated loads. 
3. Use fasteners, separators, sealants, and other miscellaneous items as required to complete 

installation of roof accessories and fit them to substrates. 
4. Install roof accessories to resist exposure to weather without failing, rattling, leaking, or 

loosening of fasteners and seals. 

B. Metal Protection:  Protect metals against galvanic action by separating dissimilar metals from 
contact with each other or with corrosive substrates by painting contact surfaces with 
bituminous coating or by other permanent separation as recommended by manufacturer. 

1. Coat concealed side of uncoated aluminum roof accessories with bituminous coating 
where in contact with wood, ferrous metal, or cementitious construction. 

2. Underlayment:  Where installing roof accessories directly on cementitious or wood 
substrates, install a course of felt underlayment and cover with a slip sheet, or install a 
course of polyethylene sheet. 

C. Seal joints with sealant as required by roof accessory manufacturer. 

D. Warranty: Contractor shall provide notice to roofing material manufacturer prior to beginning 
work in order to maintain all existing warranties.  Contractor shall coordinate with County for 
information in regards to preferred roofing vendor and contractors. 

3.2 REPAIR AND CLEANING 

A. Galvanized Surfaces:  Clean field welds, bolted connections, and abraded areas and repair 
galvanizing according to ASTM A 780. 

B. Touch up factory-primed surfaces with compatible primer ready for field painting according to 
manufacturer’s instructions. 

C. Replace roof accessories that have been damaged or that cannot be successfully repaired by 
finish touchup or similar minor repair procedures. 

END OF SECTION 077200 
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SECTION 078413 - PENETRATION FIRESTOPPING 

 
 

PART 1 - GENERAL 

 
 

1.1 SUMMARY 
 

A. This Section includes through-penetration firestop systems for penetrations through fire- 

resistance-rated constructions, including both empty openings and openings containing 

penetrating items. 

 
 

1.2 PERFORMANCE REQUIREMENTS 
 

A. General: For penetrations through fire-resistance-rated constructions, including both empty 

openings and openings containing penetrating items, provide through-penetration firestop 

systems that are produced and installed to resist spread of fire according to requirements 

indicated, resist passage of smoke and other gases, and maintain original fire-resistance rating 

of construction penetrated. 
 

1. Fire-resistance-rated walls. 

2. Fire-resistance-rated horizontal assemblies including floors and floor/ceiling assemblies. 
 

B. Rated Systems:  Provide through-penetration firestop systems with the following ratings 

determined per ASTM E 814: 
 

1. F-Rated Systems:  Provide through-penetration firestop systems with F-ratings indicated, 

but not less than that equaling or exceeding fire-resistance rating of constructions 

penetrated. 

2. T-Rated Systems:  For the following conditions, provide through-penetration firestop 

systems with T-ratings indicated, as well as F-ratings, where systems protect penetrating 

items exposed to potential contact with adjacent materials in occupiable floor areas: 
 

a. Penetrations located outside wall cavities. 

b. Penetrations located outside fire-resistance-rated shaft enclosures. 
 

C. For through-penetration firestop systems exposed to view, traffic, moisture, and physical 

damage, provide products that, after curing, do not deteriorate when exposed to these conditions 

both during and after construction. 
 

1. For piping penetrations for plumbing and wet-pipe sprinkler systems, provide moisture- 

resistant through-penetration firestop systems. 

2. For floor penetrations with annular spaces exceeding 4 inches in width and exposed to 

possible loading and traffic, provide firestop systems capable of supporting floor loads 

involved, either by installing floor plates or by other means. 

3. For penetrations involving insulated piping, provide through-penetration firestop systems 

not requiring removal of insulation. 
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D. For through-penetration firestop systems exposed to view, provide products with flame-spread 

and smoke-developed indexes of less than 25 and 450, respectively, as determined per 

ASTM E 84. 
 
 

1.3 SUBMITTALS 
 

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

B. Shop Drawings:  For each through-penetration firestop system, show each type of construction 

condition penetrated, relationships to adjoining construction, and type of penetrating item. 

Include firestop design designation of qualified testing and inspecting agency that evidences 

compliance with requirements for each condition indicated. 
 

1. Submit documentation, including illustrations, from a qualified testing and inspecting 

agency that is applicable to each through-penetration firestop system configuration for 

construction and penetrating items. 

2. Where Project conditions require modification to a qualified testing and inspecting 

agency's illustration for a particular through-penetration firestop condition, submit 

illustration, with modifications marked, approved by through-penetration firestop system 

manufacturer's fire-protection engineer as an engineering judgment or equivalent fire- 

resistance-rated assembly. 
 

C. Through-Penetration Firestop System Schedule:  Indicate locations of each through-penetration 

firestop system, along with the following information: 
 

1. Types of penetrating items. 

2. Types of constructions penetrated, including fire-resistance ratings and, where applicable, 

thicknesses of construction penetrated. 

3. Through-penetration firestop systems for each location identified by firestop design 

designation of qualified testing and inspecting agency. 
 

D. Qualification Data:  For Installer. 
 

E. Product Certificates:  For through-penetration firestop system products, signed by product 

manufacturer. 
 

F. Product Test Reports: From a qualified testing agency indicating through-penetration firestop 

system complies with requirements, based on comprehensive testing of current products. 

 
 

1.4 QUALITY ASSURANCE 
 

A. Installer Qualifications:  A firm that has been approved by FMG according to FMG 4991, 

"Approval of Firestop Contractors." 
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B. Installer Qualifications:  A firm experienced in installing through-penetration firestop systems 

similar in material, design, and extent to that indicated for this Project, whose work has resulted 

in construction with a record of successful performance. 
 

C. Installation Responsibility: Assign installation of through-penetration firestop systems and fire- 

resistive joint systems in Project to a single qualified installer. 
 

D. Source Limitations: Obtain through-penetration firestop systems, for each kind of penetration 

and construction condition indicated, through one source from a single manufacturer. 
 

E. Fire-Test-Response Characteristics: Provide through-penetration firestop systems that comply 

with the following requirements and those specified in Part 1 "Performance Requirements" 

Article: 
 

1. Firestopping tests are performed by a qualified testing and inspecting agency.  A 

qualified testing and inspecting agency is UL, or another agency performing testing and 

follow-up inspection services for firestop systems acceptable to authorities having 

jurisdiction. 

2. Through-penetration firestop systems are identical to those tested per testing standard 

referenced in "Part 1 Performance Requirements" Article.  Provide rated systems 

complying with the following requirements: 
 

a. Through-penetration firestop system products bear classification marking of 

qualified testing and inspecting agency. 

b. Through-penetration firestop systems correspond to those indicated by reference to 

through-penetration firestop system designations listed by the following: 
 

1) UL in its "Fire Resistance Directory." 
 

 

1.5 DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver through-penetration firestop system products to Project site in original, unopened 

containers or packages with intact and legible manufacturers' labels identifying product and 

manufacturer, date of manufacture, lot number, shelf life if applicable, qualified testing and 

inspecting agency's classification marking applicable to Project, curing time, and mixing 

instructions for multicomponent materials. 
 

B. Store and handle materials for through-penetration firestop systems to prevent their 

deterioration or damage due to moisture, temperature changes, contaminants, or other causes. 
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1.6 PROJECT CONDITIONS 
 

A. Environmental Limitations: Do not install through-penetration firestop systems when ambient 

or substrate temperatures are outside limits permitted by through-penetration firestop system 

manufacturers or when substrates are wet due to rain, frost, condensation, or other causes. 
 

B. Ventilate through-penetration firestop systems per manufacturer's written instructions by natural 

means or, where this is inadequate, forced-air circulation. 

 
 

1.7 COORDINATION 
 

A. Coordinate construction of openings and penetrating items to ensure that through-penetration 

firestop systems are installed according to specified requirements. 
 

B. Coordinate sizing of sleeves, openings, core-drilled holes, or cut openings to accommodate 

through-penetration firestop systems. 
 

C. Notify Owner's inspecting agency at least seven days in advance of through-penetration firestop 

system installations; confirm dates and times on days preceding each series of installations. 
 

D. Do not cover up through-penetration firestop system installations that will become concealed 

behind other construction until each installation has been examined by building inspector, if 

required by authorities having jurisdiction. 

 
 

PART 2 - PRODUCTS 

 
 

2.1 MANUFACTURERS 
 

A. Available Products: Subject to compliance with requirements, through-penetration firestop 

systems that may be incorporated into the Work include, but are not limited to, those systems 

indicated on Drawings. 
 

B. Products:  Subject to compliance with requirements, provide one of the through-penetration 

firestop systems indicated for each application that are produced by one of the following 

manufacturers: 
 

1. Hilti, Inc. 

2. Nelson Firestop Products. 
3. 3M; Fire Protection Products Division. 
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2.2 FIRESTOPPING, GENERAL 
 

A. Compatibility:  Provide through-penetration firestop systems that are compatible with one 

another; with the substrates forming openings; and with the items, if any, penetrating through- 

penetration firestop systems, under conditions of service and application, as demonstrated by 

through-penetration firestop system manufacturer based on testing and field experience. 
 

B. Accessories:  Provide components for each through-penetration firestop system that are needed 

to install fill materials and to comply with Part 1 "Performance Requirements" Article.  Use 

only components specified by through-penetration firestop system manufacturer and approved 

by qualified testing and inspecting agency for firestop systems indicated. Accessories include, 

but are not limited to, the following items: 
 

1. Permanent forming/damming/backing materials, including the following: 
 

a. Slag-/rock-wool-fiber insulation. 
b. Sealants used in combination with other forming/damming/backing materials to 

prevent leakage of fill materials in liquid state. 

c. Fire-rated form board. 
d. Fillers for sealants. 

 

2. Temporary forming materials. 

3. Substrate primers. 

4. Collars. 

5. Steel sleeves. 
 
 

2.3 FILL MATERIALS 
 

A. General: Provide through-penetration firestop systems containing the types of fill materials 

indicated in the Through-Penetration Firestop System Schedule at the end of Part 3 by 

referencing the types of materials described in this Article.  Fill materials are those referred to in 

directories of referenced testing and inspecting agencies as "fill," "void," or "cavity" materials. 
 

B. Cast-in-Place Firestop Devices: Factory-assembled devices for use in cast-in-place concrete 

floors and consisting of an outer metallic sleeve lined with an intumescent strip, a radial 

extended flange attached to one end of the sleeve for fastening to concrete formwork, and a 

neoprene gasket. 
 

C. Latex Sealants: Single-component latex formulations that after cure do not re-emulsify during 

exposure to moisture. 
 

D. Firestop Devices:  Factory-assembled collars formed from galvanized steel and lined with 

intumescent material sized to fit specific diameter of penetrant. 
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E. Intumescent Composite Sheets:  Rigid panels consisting of aluminum-foil-faced elastomeric 

sheet bonded to galvanized steel sheet. 
 

F. Intumescent Putties:  Nonhardening dielectric, water-resistant putties containing no solvents, 

inorganic fibers, or silicone compounds. 
 

G. Intumescent Wrap Strips: Single-component intumescent elastomeric sheets with aluminum 

foil on one side. 
 

H. Mortars:  Prepackaged dry mixes consisting of a blend of inorganic binders, hydraulic cement, 

fillers, and lightweight aggregate formulated for mixing with water at Project site to form a 

nonshrinking, homogeneous mortar. 
 

I. Pillows/Bags:  Reusable heat-expanding pillows/bags consisting of glass-fiber cloth cases filled 

with a combination of mineral-fiber, water-insoluble expansion agents, and fire-retardant 

additives. 
 

J. Silicone Foams:  Multicomponent, silicone-based liquid elastomers that, when mixed, expand 

and cure in place to produce a flexible, nonshrinking foam. 
 

K. 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, and nonsag formulation for openings in vertical and other surfaces requiring a 

nonslumping, gunnable sealant, unless indicated firestop system limits use to nonsag 

grade for both opening conditions. 

2. Grade for Horizontal Surfaces: Pourable (self-leveling) formulation for openings in 

floors and other horizontal surfaces. 

3. Grade for Vertical Surfaces:  Nonsag formulation for openings in vertical and other 

surfaces. 

 
 

2.4 MIXING 
 

A. For those products requiring mixing before application, comply with through-penetration 

firestop system manufacturer's written instructions for accurate proportioning of materials, 

water (if required), type of mixing equipment, selection of mixer speeds, mixing containers, 

mixing time, and other items or procedures needed to produce products of uniform quality with 

optimum performance characteristics for application indicated. 
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PART 3 - EXECUTION 

 
 

3.1 EXAMINATION 
 

A. Examine substrates and conditions, with Installer present, for compliance with requirements for 

opening configurations, penetrating items, substrates, and other conditions affecting 

performance of work. 
 

1. Proceed with installation only after unsatisfactory conditions have been corrected. 

 
 

3.2 PREPARATION 
 

A. Surface Cleaning:  Clean out openings immediately before installing through-penetration 

firestop systems to comply with firestop system manufacturer's written instructions and with the 

following requirements: 
 

1. Remove from surfaces of opening substrates and from penetrating items foreign materials 

that could interfere with adhesion of through-penetration firestop systems. 

2. Clean opening substrates and penetrating items to produce clean, sound surfaces capable 

of developing optimum bond with through-penetration firestop systems.  Remove loose 

particles remaining from cleaning operation. 

3. Remove laitance and form-release agents from concrete. 
 

B. Priming:  Prime substrates where recommended in writing by through-penetration firestop 

system manufacturer using that manufacturer's recommended products and methods.  Confine 

primers to areas of bond; do not allow spillage and migration onto exposed surfaces. 
 

C. Masking Tape:  Use masking tape to prevent through-penetration firestop systems from 

contacting adjoining surfaces that will remain exposed on completion of Work and that would 

otherwise be permanently stained or damaged by such contact or by cleaning methods used to 

remove smears from firestop system materials.  Remove tape as soon as possible without 

disturbing firestop system's seal with substrates. 

 
 

3.3 THROUGH-PENETRATION FIRESTOP SYSTEM INSTALLATION 
 

A. General: Install through-penetration firestop systems to comply with Part 1 "Performance 

Requirements" Article and with firestop system manufacturer's written installation instructions 

and published drawings for products and applications indicated. 
 

B. Install forming/damming/backing materials and other accessories of types required to support 

fill materials during their application and in the position needed to produce cross-sectional 

shapes and depths required to achieve fire ratings indicated. 
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1. After installing fill materials and allowing them to fully cure, remove combustible 

forming materials and other accessories not indicated as permanent components of 

firestop systems. 
 

C. Install fill materials for firestop systems by proven techniques to produce the following results: 
 

1. Fill voids and cavities formed by openings, forming materials, accessories, and 

penetrating items as required to achieve fire-resistance ratings indicated. 

2. Apply materials so they contact and adhere to substrates formed by openings and 

penetrating items. 

3. For fill materials that will remain exposed after completing Work, finish to produce 

smooth, uniform surfaces that are flush with adjoining finishes. 

 
 

3.4 FIELD QUALITY CONTROL 
 

A. Inspecting Agency:  Owner will engage a qualified, independent inspecting agency to inspect 

through-penetration firestops.  Independent inspecting agency shall comply with ASTM E 2174 

requirements including those related to qualifications, conducting inspections, and preparing 

test reports. 
 

B. Where deficiencies are found, repair or replace through-penetration firestop systems so they 

comply with requirements. 
 

C. Proceed with enclosing through-penetration firestop systems with other construction only after 

inspection reports are issued and firestop installations comply with requirements. 
 

3.5 CLEANING AND PROTECTING 
 

A. Clean off excess fill materials adjacent to openings as Work progresses by methods and with 

cleaning materials that are approved in writing by through-penetration firestop system 

manufacturers and that do not damage materials in which openings occur. 
 

B. Provide final protection and maintain conditions during and after installation that ensure that 

through-penetration firestop systems are without damage or deterioration at time of Substantial 

Completion. If, despite such protection, damage or deterioration occurs, cut out and remove 

damaged or deteriorated through-penetration firestop systems immediately and install new 

materials to produce systems complying with specified requirements. 

 
 

END OF SECTION 078413 
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SECTION 220500 - COMMON WORK RESULTS FOR PLUMBING 

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. Piping materials and installation instructions common to most piping systems. 

2. Dielectric fittings. 

1.3 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, 

pipe chases, unheated spaces immediately below roof, spaces above ceilings, unexcavated 

spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 

spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient 

temperatures and weather conditions.  Examples include rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by 

building occupants.  Examples include above ceilings and in chases. 

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions 

and physical contact by building occupants but subject to outdoor ambient temperatures.  

Examples include installations within unheated shelters. 

F. The following are industry abbreviations for rubber materials: 

1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

2. NBR:  Acrylonitrile-butadiene rubber. 
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1.4 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 

storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 

moisture. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 

requirements apply for product selection: 

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 manufacturers specified. 

2. Manufacturers:  Subject to compliance with requirements, provide products by the 

manufacturers specified. 

2.2 PIPE, TUBE, AND FITTINGS 

A. Refer to individual Division 22 piping Sections for pipe, tube, and fitting materials and joining 

methods. 

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings. 

2.3 JOINING MATERIALS 

A. Refer to individual Division 22 piping Sections for special joining materials not listed below. 

B. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 

ASTM B 813. 

2.4 DIELECTRIC FITTINGS 

A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-

joint, plain, or weld-neck end connections that match piping system materials. 

B. Insulating Material:  Suitable for system fluid, pressure, and temperature. 

C. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig minimum working 

pressure at 180 deg F. 
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1. Manufacturers: 

a. Capitol Manufacturing Co. 

b. Central Plastics Company. 

c. Eclipse, Inc. 

d. Epco Sales, Inc. 

e. Hart Industries, International, Inc. 

f. Watts Industries, Inc.; Water Products Div. 

g. Zurn Industries, Inc.; Wilkins Div. 

h. Or approved equal. 

D. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; 

plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F. 

1. Manufacturers: 

a. Perfection Corp. 

b. Precision Plumbing Products, Inc. 

c. Sioux Chief Manufacturing Co., Inc. 

d. Victaulic Co. of America. 

e. Or approved equal. 

PART 3 - EXECUTION 

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. Install piping according to the following requirements and Division 22 Sections specifying 

piping systems. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems.  Indicated locations and arrangements were used to size pipe and calculate friction 

loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless 

deviations to layout are approved on Coordination Drawings. 

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 

and service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 

angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 

otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F. Install piping to permit valve servicing. 
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G. Install piping at indicated slopes. 

H. Install piping free of sags and bends. 

I. Install fittings for changes in direction and branch connections. 

J. Install piping to allow application of insulation. 

K. Select system components with pressure rating equal to or greater than system operating 

pressure. 

L. Verify final equipment locations for roughing-in. 

3.2 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 22 Sections 

specifying piping systems. 

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

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 

end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using 

lead-free solder alloy complying with ASTM B 32. 

E. 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. 

3.3 PIPING CONNECTIONS 

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

1. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping 

materials of dissimilar metals. 

END OF SECTION 220500 
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SECTION 221316 – SANITARY WASTE AND VENT 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 the following for soil, waste, and vent piping inside the building: 

1. Pipe, tube, and fittings. 

2. Special pipe fittings. 

3. Encasement for underground metal piping. 

1.3 DEFINITIONS 

A. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

B. LLDPE:  Linear, low-density polyethylene plastic. 

C. NBR:  Acrylonitrile-butadiene rubber. 

D. TPE:  Thermoplastic elastomer. 

1.4 PERFORMANCE REQUIREMENTS 

A. Components and installation shall be capable of withstanding the following minimum working 

pressure, unless otherwise indicated: 

1. Soil, Waste, and Vent Piping:  10-foot head of water. 

B. Seismic Performance:  Soil, waste, and vent piping and support and installation shall be capable 

of withstanding the effects of seismic events determined according to ASCE 7, "Minimum 

Design Loads for Buildings and Other Structures." 

1.5 SUBMITTALS 

A. Product Data:  For pipe, tube, fittings, and couplings. 
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B. Field quality-control inspection and test reports. 

1.6 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 

product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

manufacturers specified. 

2.2 PIPING MATERIALS 

A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and joining 

materials. 

2.3 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS 

A. Pipe and Fittings:  ASTM A 74, Service class. 

B. Gaskets:  ASTM C 564, rubber. 

C. Calking Materials:  ASTM B 29, pure lead and oakum or hemp fiber. 

2.4 HUBLESS CAST-IRON SOIL PIPE AND FITTINGS 

A. Pipe and Fittings:  ASTM A 888 or CISPI 301. 

B. Shielded Couplings:  ASTM C 1277 assembly of metal shield or housing, corrosion-resistant 

fasteners, and rubber sleeve with integral, center pipe stop. 

1. Heavy-Duty, Shielded, Stainless-Steel Couplings:  With stainless-steel shield, stainless-

steel bands and tightening devices, and ASTM C 564, rubber sleeve. 

a. Manufacturers: 

1) ANACO. 
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2) Clamp-All Corp. 

3) Ideal Div.; Stant Corp. 

4) Mission Rubber Co. 

5) Tyler Pipe; Soil Pipe Div. 

6) Or approved equal. 

2. Heavy-Duty, Shielded, Cast-Iron Couplings:  ASTM A 48/A 48M, two-piece, cast-iron 

housing; stainless-steel bolts and nuts; and ASTM C 564, rubber sleeve. 

a. Manufacturers: 

1) MG Piping Products Co. 

2) Uniseal. 

3) Mission Rubber Co. 

4) Or approved equal. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Special pipe fittings with pressure ratings at least equal to piping pressure ratings may be used 

in applications below, unless otherwise indicated. 

B. Underground, soil, waste, and vent piping NPS 4 and smaller shall be the following: 

1. Service class, hub-and-spigot, cast-iron soil pipe and fittings; gaskets; and compression 

joints. 

2. Hubless cast-iron soil pipe and fittings; heavy duty shielded, stainless-steel couplings; 

and hubless-coupling joints. 

C. Underground, soil and waste Piping NPS 5 and larger shall be any of the following: 

1. Service class, hub-and-spigot, cast-iron soil pipe and fittings; gaskets; and compression 

joints. 

2. Hubless cast-iron soil pipe and fittings; heavy-duty shielded, stainless-steel couplings; 

and hubless-coupling joints. 

3.2 PIPING INSTALLATION 

A. Basic piping installation requirements are specified in Division 22 Section "Common Work 

Results for Plumbing." 

B. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," 

Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 
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C. Make changes in direction for soil and waste drainage and vent piping using appropriate 

branches, bends, and long-sweep bends.  Sanitary tees and short-sweep 1/4 bends may be used 

on vertical stacks if change in direction of flow is from horizontal to vertical.  Use long-turn, 

double Y-branch and 1/8-bend fittings if 2 fixtures are installed back to back or side by side 

with common drain pipe.  Straight tees, elbows, and crosses may be used on vent lines.  Do not 

change direction of flow more than 90 degrees.  Use proper size of standard increasers and 

reducers if pipes of different sizes are connected.  Reducing size of drainage piping in direction 

of flow is prohibited. 

D. Lay buried building drainage piping beginning at low point of each system.  Install true to 

grades and alignment indicated, with unbroken continuity of invert.  Place hub ends of piping 

upstream.  Install required gaskets according to manufacturer's written instructions for use of 

lubricants, cements, and other installation requirements.  Maintain swab in piping and pull past 

each joint as completed. 

E. Install soil and waste drainage and vent piping at the following minimum slopes, unless 

otherwise indicated: 

1. Building Sanitary Drain:  2 percent downward in direction of flow for piping NPS 3 and 

smaller; 1 percent downward in direction of flow for piping NPS 4 and larger. 

2. Horizontal Sanitary Drainage Piping:  2 percent downward in direction of flow. 

3. Vent Piping:  1 percent down toward vertical fixture vent or toward vent stack. 

F. Do not enclose, cover, or put piping into operation until it is inspected and approved by 

authorities having jurisdiction. 

3.3 JOINT CONSTRUCTION 

A. Basic piping joint construction requirements are specified in Division 22 Section "Common 

Work Results for Plumbing." 

B. Cast-Iron, Soil-Piping Joints:  Make joints according to CISPI's "Cast Iron Soil Pipe and 

Fittings Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 

1. Gasketed Joints:  Make with rubber gasket matching class of pipe and fittings. 

2. Hubless Joints:  Make with rubber gasket and sleeve or clamp. 

3.4 CONNECTIONS 

A. Connect soil and waste piping to exterior sanitary sewerage piping.  Use transition fitting to join 

dissimilar piping materials. 

B. Connect drainage and vent piping to the following: 
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1. Plumbing Specialties:  Connect drainage and vent piping in sizes indicated, but not 

smaller than required by plumbing code.  Refer to Division 22 Section "Sanitary Waste 

Piping Specialties. 

3.5 FIELD QUALITY CONTROL 

A. During installation, notify authorities having jurisdiction at least 24 hours before inspection 

must be made.  Perform tests specified below in presence of authorities having jurisdiction. 

1. Roughing-in Inspection:  Arrange for inspection of piping before concealing or closing-in 

after roughing-in and before setting fixtures. 

2. Final Inspection:  Arrange for final inspection by authorities having jurisdiction to 

observe tests specified below and to ensure compliance with requirements. 

B. Reinspection:  If authorities having jurisdiction find that piping will not pass test or inspection, 

make required corrections and arrange for reinspection. 

C. Reports:  Prepare inspection reports and have them signed by authorities having jurisdiction. 

D. Test sanitary drainage and vent piping according to procedures of authorities having 

jurisdiction. 

1. Repair leaks and defects with new materials and retest piping, or portion thereof, until 

satisfactory results are obtained. 

2. Prepare reports for tests and required corrective action. 

3.6 CLEANING 

A. Clean interior of piping.  Remove dirt and debris as work progresses. 

B. Protect drains during remainder of construction period to avoid clogging with dirt and debris 

and to prevent damage from traffic and construction work. 

C. Place plugs in ends of uncompleted piping at end of day and when work stops. 

END OF SECTION 221316 
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SECTION 221319 - SANITARY WATER PIPING SPECIALTIES 

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 sanitary drainage piping specialties: 

1. Floor drains. 

1.3 SUBMITTALS 

A. Field quality-control test reports. 

B. Product Data. 

1.4 QUALITY ASSURANCE 

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

PART 2 - PRODUCTS 

2.1 FLOOR DRAINS 

A. Cast-Iron Floor Drains: 

1. Basis-of-Design Product:  Subject to compliance with requirements, provide JR SMITH 
Model 2120 (3”) or a comparable product by one of the following: 

a. Josam Company; Josam Div. 
b. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
c. Zurn Plumbing Products Group; Light Commercial Operation. 
d. Or approved equal. 

2. Standard:  ASME A112.6.3. 
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3. Pattern:  Area drain. 
4. Body Material:  Gray iron. 
5. Outlet:  Bottom. 
6. Backwater Valve:  Drain-outlet type. 
7. Coating on Interior and Exposed Exterior Surfaces:  Acid-resistant enamel. 
8. Sediment Bucket:  Yes. 
9. Top or Strainer Material:  Bronze. 
10. Top of Body and Strainer Finish:  Nickel bronze. 
11. Top Shape:  Round. 
12. Dimensions of Top or Strainer:  
13. Top Loading Classification:  Extra Heavy-Duty. 
14. Funnel:  Not required. 
15. Inlet Fitting:  Not required. 
16. Trap Material:  Bronze. 
17. Trap Pattern:  Deep-seal P-trap. 
18. Trap Features:  Cleanout 

2.2 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES 

A. Deep-Seal Traps: 

1. Description:  Cast-iron or bronze casting, with inlet and outlet matching connected piping 
and cleanout trap-seal primer valve connection. 

2. Size:  Same as connected waste piping. 

a. NPS 2:  4-inch- minimum water seal. 
b. NPS 2-1/2 and Larger:  5-inch- minimum water seal. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining 
materials, joint construction, and basic installation requirements. 

B. Install floor drains at low points of surface areas to be drained.  Set grates of drains flush with 
finished floor, unless otherwise indicated. 

1. Position floor drains for easy access and maintenance. 
2. Set floor drains below elevation of surrounding finished floor to allow floor drainage.  

Set with grates depressed according to the following drainage area radii: 

a. Radius, 30 Inches (750 mm) or Less:  Equivalent to 1 percent slope, but not less 
than 1/4-inch (6.35-mm) total depression. 
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3. Install floor-drain flashing collar or flange so no leakage occurs between drain and 
adjoining flooring.  Maintain integrity of waterproof membranes where penetrated. 

4. Install individual traps for floor drains connected to sanitary building drain, unless 
otherwise indicated. 

C. Install deep-seal traps on floor drains. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

3.3 PROTECTION 

A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and 
to prevent damage from traffic or construction work. 

B. Place plugs in ends of uncompleted piping at end of each day or when work stops. 

END OF SECTION 221319 
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SECTION 230500 - COMMON WORK RESULTS 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. This Section includes the following: 

1. Piping materials and installation instructions common to most piping systems. 
2. Dielectric fittings. 
3. Sleeves. 
4. Escutcheons. 
5. Grout. 
6. HVAC demolition. 
7. Equipment installation requirements common to equipment sections. 
8. Painting and finishing. 
9. Concrete bases. 
10. Supports and anchorages. 
11. Specific requirements for conducting work required by this contract. 

1.3 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, 
pipe and duct chases, unheated spaces immediately below roof, spaces above ceilings, 
unexcavated spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient 
temperatures and weather conditions.  Examples include rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by 
building occupants.  Examples include above ceilings and chases. 

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions 
and physical contact by building occupants but subject to outdoor ambient temperatures.  
Examples include installations within unheated shelters. 



Client Name: Delaware Army National Guard Revision:    0 
Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 
Concord No.: 1C15580.00  
 

 
 
Concord Engineering  Page 2 of 14 
 

COMMON WORK RESULTS FOR HVAC 

 

230500 

 

F. The following are industry abbreviations for plastic materials: 

1. CPVC:  Chlorinated polyvinyl chloride plastic. 
2. PE:  Polyethylene plastic. 
3. PVC:  Polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 

1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
2. NBR:  Acrylonitrile-butadiene rubber. 

1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. Dielectric fittings. 
2. Escutcheons. 

B. Welding certificates. 

1.5 QUALITY ASSURANCE 

A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural 
Welding Code--Steel." 

B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code:  Section IX, "Welding and Brazing Qualifications." 

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. 

C. Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical characteristics 
may be furnished provided such proposed equipment is approved in writing and connecting 
electrical services, circuit breakers, and conduit sizes are appropriately modified.  If minimum 
energy ratings or efficiencies are specified, equipment shall comply with requirements. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture. 
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1.7 COORDINATION 

A. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of 
construction, to allow for HVAC installations. 

B. Coordinate installation of required supporting devices and set sleeves in poured-in-place 
concrete and other structural components as they are constructed. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 

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 manufacturers specified. 

2.2 PIPE, TUBE, AND FITTINGS 

A. Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and joining 
methods. 

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings. 

2.3 JOINING MATERIALS 

A. Refer to individual Division 23 piping Sections for special joining materials not listed below. 

B. 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. 

2. AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise indicated; and 
full-face or ring type, unless otherwise indicated. 

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 
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D. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813. 

E. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty 
brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, 
unless otherwise indicated. 

F. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall 
thickness and chemical analysis of steel pipe being welded. 

2.4 DIELECTRIC FITTINGS 

A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-
joint, plain, or weld-neck end connections that match piping system materials. 

B. Insulating Material:  Suitable for system fluid, pressure, and temperature. 

C. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig minimum working 
pressure at 180 deg F (82 deg C). 

1. Manufacturers: 

a. Capitol Manufacturing Co. 
b. Central Plastics Company. 
c. Eclipse, Inc. 
d. Epco Sales, Inc. 
e. Hart Industries, International, Inc. 
f. Watts Industries, Inc.; Water Products Div. 
g. Zurn Industries, Inc.; Wilkins Div. 

D. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig 
minimum working pressure as required to suit system pressures. 

1. Manufacturers: 

a. Capitol Manufacturing Co. 
b. Central Plastics Company. 
c. Epco Sales, Inc. 
d. Watts Industries, Inc.; Water Products Div. 

E. Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, full-
face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic 
washers, and steel backing washers. 

1. Manufacturers: 

a. Advance Products & Systems, Inc. 
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b. Calpico, Inc. 
c. Central Plastics Company. 
d. Pipeline Seal and Insulator, Inc. 

2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig 
minimum working pressure where required to suit system pressures. 

F. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; 
plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F 
(107 deg C). 

1. Manufacturers: 

a. Perfection Corp. 
b. Precision Plumbing Products, Inc. 
c. Sioux Chief Manufacturing Co., Inc. 
d. Victaulic Co. of America. 

2.5 SLEEVES 

A. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends. 

2.6 ESCUTCHEONS 

A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely 
fit around pipe, tube, and insulation of insulated piping and an OD that completely covers 
opening. 

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with polished chrome-plated 
finish. 

C. One-Piece, Cast-Brass Type:  With set screw. 

1. Finish:  Polished chrome-plated 

D. Split-Casting, Cast-Brass Type:  With concealed hinge and set screw. 

1. Finish:  Polished chrome-plated. 

E. Split-Casting, Floor-Plate Type:  Cast brass with concealed hinge and set screw. 

2.7 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 
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1. Characteristics:  Post-hardening, volume-adjusting, nonstaining, noncorrosive, 
nongaseous, and recommended for interior and exterior applications. 

2. Design Mix:  5000-psi, 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 COMPLIANCE WITH CODES, STANDARDS AND REGULATIONS 

A. In addition to general instructions contained in the General or Project Requirements, equipment 
and its installation shall conform to the following applicable codes, standards and regulations, 
latest editions: 

1. American Society for Testing and Materials (ASTM). 
2. American Society of Mechanical Engineers (ASME). 
3. American National Standard Institute (ANSI). 
4. American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE). 
5. American Refrigeration Institute (ARI). 
6. American Welding Society Code (AWSC). 
7. Code for Pressure Piping (ANSI B 31.1). 
8. International Building Code – New Jersey Edition (IBC). 
9. National Electrical Code (NEC). 
10. National Fire Protection Association (NFPA). 
11. National and Local Building, Plumbing and Mechanical Codes. 
12. Occupational Safety & Health Act (OSHA). 
13. Sheet Metal & Air Conditioning Contractors National Association (SMACNA). 
14. Underwriters' Laboratories, Inc. (UL). 
15. Associated Air Balance Council (AABC). 
16. National Environmental Balancing Bureau (NEBB). 
17. Building Officials and Code Administrators (BOCA). 
18. Hydraulic Institute (HI). 
19. Manufacturer's Standardization Society (MSS). 
20. Environmental Protection Agencies - Federal, State and Local (EPA). 

3.2 STANDARD OF QUALITY 

A. The specifications establish the standards of quality required, either by description or by 
references to brand name, name of manufacturers or manufacturer's model number. 

B. Where one product only is specifically identified by name or manufacturer's model number, the 
Contractor shall base his bid on the use of the named product. Where multiple names are used, 
the Contractor shall base his bid on the use of any of those products named.  The Contractor is 
advised that the scheduled manufacturer on the contract drawings and/or the first manufacturer 
listed in the specifications is the manufacturer whose equipment was used as the Basis of 
Design.  As such the other manufacturer’s listed may have variances requiring additional 
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coordination and revisions to the product of other trades.  The Contractor bears full 
responsibility for the cost of any changes incurred by using equipment other than the Basis of 
Design noted equipment. 

C. When equipment and/or materials are proposed to be purchased from a manufacturer other than 
those specified, the Contractor shall provide data sufficient to inform the Engineer of the basis 
of equality of the substitution to that of the equipment and/or materials specified. 

D. When equipment other than that specified is used, the Contractor shall be responsible for any 
extra cost of required revisions such as structural steel, concrete, electrical, piping, ductwork 
and any engineering review or redesign, etc.  Such additional cost shall be identified at the time 
such substitutions are proposed. 

E. Contractor is responsible for the installation of all systems and equipment in strict accordance 
with the equipment or systems manufacturer’s recommendations and/or requirements.  In the 
event that the contract documents are not in accordance with the manufacturer’s 
recommendations, the Contractor must notify the Engineer of the discrepancy, prior to 
proceeding with the installation of the equipment. 

3.3 CONNECTIONS TO EXISTING WORK 

A. The information shown on the contract drawings for the locations and inverts of the existing 
services are taken from information provided by local authorities, the building owner and other 
available data. 

B. Contractors shall verify the location, elevations, size and present usage of existing utilities lines 
and shall notify the Engineers of any discrepancy with the contract drawings before proceeding 
with the work. 

C. Contractors should be aware that existing facilities may be occupied and in use during the 
construction period.  Whenever connection of new work is required to existing services, arrange 
with the Owner and schedule the work to minimize interruption of service.  Existing services 
shall not be interrupted without providing the Owner with a minimum of one week notice for 
service interruptions and having received the Owner's written approval. 

3.4 PROTECTION OF WORK 

A. Contractor is responsible for the protection of his materials, equipment and completed work as 
defined in the General or Project Requirements and as supplemented herein. 

B. All openings into any part of the piping and duct systems, all fixtures and equipment must be 
securely covered or otherwise protected to prevent damage due to dropped tools or materials, 
work by others or intrusion of grit, dirt or other foreign matter.  The Contractor shall be held 
responsible for all damage done to unprotected work or materials. 

C. All equipment on site, whether stored or installed, shall be protected with weather tight covers. 
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3.5 MOVING OF EQUIPMENT 

A. Verify that mechanical equipment will pass through all restricting openings, and when 
equipment or sections of equipment are larger than these openings, install this equipment prior 
to construction of enclosing walls, floors or roofs. 

B. Use planking or cribbing as required to protect adjoining existing construction or new 
construction from damage. 

3.6 HVAC DEMOLITION 

A. Refer to Contract Drawings for general and specific requirements for HVAC equipment 
demolition and removal. 

B. Disconnect, demolish, and remove HVAC systems, equipment, and components indicated to be 
removed. 

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or 
plug remaining piping with same or compatible piping material. 

2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or 
compatible piping material. 

3. Equipment to Be Removed:  Disconnect and cap services and remove equipment. 
4. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and remove, 

clean, and store equipment; when appropriate, reinstall, reconnect, and make equipment 
operational. 

5. Equipment to Be Removed and Salvaged:  Disconnect and cap services and remove 
equipment and deliver to Owner. 

C. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, 
remove damaged or unserviceable portions and replace with new products of equal capacity and 
quality.  Coordinate this work with Owner and Engineer prior to beginning work. 

3.7 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. Install piping according to the following requirements and Division 23 Sections specifying 
piping systems. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicated locations and arrangements were used to size pipe and calculate friction 
loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless 
deviations to layout are approved on Coordination Drawings. 

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas. 
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D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F. Install piping to permit valve servicing. 

G. Install piping at indicated slopes. 

H. Install piping free of sags and bends. 

I. Install fittings for changes in direction and branch connections. 

J. Install piping to allow application of insulation. 

K. Select system components with pressure rating equal to or greater than system operating 
pressure. 

L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following: 

1. New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type. 
b. Chrome-Plated Piping:  One-piece, cast-brass type with polished chrome-plated 

finish. 
c. Insulated Piping:  One-piece, stamped-steel type with spring clips. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-

brass type with polished chrome-plated finish. 
e. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, 

stamped-steel type. 
f. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece or split-casting, 

cast-brass type with polished chrome-plated finish. 
g. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, stamped-steel 

type or split-plate, stamped-steel type with concealed hinge and set screw. 
h. Bare Piping in Unfinished Service Spaces:  One-piece, cast-brass type with 

polished chrome-plated finish. 
i. Bare Piping in Unfinished Service Spaces:  One-piece, stamped-steel type with 

concealed or exposed-rivet hinge and set screw or spring clips. 
j. Bare Piping in Equipment Rooms:  One-piece, cast-brass type. 
k. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type with set screw 

or spring clips. 
l. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece, floor-plate 

type. 

M. Sleeves are not required for core-drilled holes. 
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N. Install sleeves for pipes passing through concrete and masonry walls and concrete floor and roof 
slabs. 

O. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, 
and concrete floor and roof slabs. 

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 above finished floor level.  Extend cast-iron sleeve fittings 
below floor slab as required to secure clamping ring if ring is specified. 

2. Install sleeves in new walls and slabs as new walls and slabs are constructed. 
3. Install sleeves that are large enough to provide 1/4-inch annular clear space between 

sleeve and pipe or pipe insulation.  Use the following sleeve materials: 

a. Steel Pipe Sleeves:  For pipes smaller than NPS 6. 
b. Steel Sheet Sleeves:  For pipes NPS 6 and larger, penetrating gypsum-board 

partitions. 
c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing.  

Secure flashing between clamping flanges.  Install section of cast-iron soil pipe to 
extend sleeve to 2 inches above finished floor level.  Refer to Division 07 Section 
"Sheet Metal Flashing and Trim" for flashing. 

1) Seal space outside of sleeve fittings with grout. 

4. Except for underground wall penetrations, seal annular space between sleeve and pipe or 
pipe insulation, using joint sealants appropriate for size, depth, and location of joint.  
Refer to Division 07 Section "Joint Sealants" for materials and installation. 

P. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using 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. 

1. Install steel pipe for sleeves smaller than 6 inches in diameter. 
2. Install cast-iron "wall pipes" for sleeves 6 inches and larger in diameter. 
3. Mechanical Sleeve Seal Installation:  Select type and number of sealing elements 

required for pipe material and size.  Position pipe in center of sleeve.  Assemble 
mechanical sleeve seals and install in annular space between pipe and sleeve.  Tighten 
bolts against pressure plates that cause sealing elements to expand and make watertight 
seal. 

Q. Underground, Exterior-Wall Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal 
pipe penetrations using mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular 
clear space between pipe and sleeve for installing mechanical sleeve seals. 

1. Mechanical Sleeve Seal Installation:  Select type and number of sealing elements 
required for pipe material and size.  Position pipe in center of sleeve.  Assemble 



Client Name: Delaware Army National Guard Revision:    0 
Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 
Concord No.: 1C15580.00  
 

 
 
Concord Engineering  Page 11 of 14 
 

COMMON WORK RESULTS FOR HVAC 

 

230500 

 

mechanical sleeve seals and install in annular space between pipe and sleeve.  Tighten 
bolts against pressure plates that cause sealing elements to expand and make watertight 
seal. 

R. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors 
at pipe penetrations.  Seal pipe penetrations with firestop materials.  Refer to Division 07 
Section "Penetration Firestopping" for materials. 

S. Verify final equipment locations for roughing-in. 

T. Refer to equipment specifications in other Sections of these Specifications for roughing-in 
requirements. 

3.8 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 23 Sections 
specifying piping systems. 

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

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 
end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using 
lead-free solder alloy complying with ASTM B 32. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8. 

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

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. 

G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and 
welding operators according to Part 1 "Quality Assurance" Article. 

H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 
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3.9 PIPING CONNECTIONS 

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

1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection 
to each piece of equipment. 

2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at final 
connection to each piece of equipment. 

3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of 
dissimilar metals. 

4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping 
materials of dissimilar metals. 

3.10 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights are 
not indicated. 

B. Install equipment level and plumb, parallel and perpendicular to other building systems and 
components in exposed interior spaces, unless otherwise indicated. 

C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

3.11 CUTTING, PATCHING AND PAINTING 

A. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 
procedures to match original factory finish. 

B. Provide all openings through walls, floors and ceilings, etc. required for the installation of work 
defined on the Contract Drawings and Specifications. 

C. Following installation and testing, restore floors, walls and ceilings with materials equivalent to 
the original construction and finish to match existing surfaces.  All existing fire ratings shall be 
maintained without exception. 

D. Cutting and patching shall be performed only by tradesmen familiar with the construction 
involved. 
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3.12 FLASHING 

A. Where ducts, pipes or other items pass through any roof, wall or other exterior component, 
provide flashing as detailed on Contract Drawings.  At a minimum, for roofing penetrations, 
contractor shall finalize all penetrations in accordance with roofing system manufacturer’s 
requirements (whether warranty is valid or invalid).  If roof warranty is intact, contractor shall 
notify roofing manufacturer prior to commencing work to insure all warranties will be 
maintained post work completion. 

3.13 CONCRETE BASES 

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

1. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both 
directions than supported unit. 

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

3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete 
base, and anchor into structural concrete floor. 

4. Place and secure anchorage devices.  Use supported equipment manufacturer's 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. 
6. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
7. Use 3000-psi, 28-day compressive-strength concrete and reinforcement as specified in 

Division 03 Section "Miscellaneous Cast-in-Place Concrete." 

3.14 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 
to support and anchor HVAC materials and equipment.  Provide all miscellaneous steel supports 
and anchors required for equipment and materials installed under this Specification.  Manual of 
Construction by American Institute of Steel Construction latest edition shall be followed in 
design and construction except paragraph 4.2.1 and 4.2.2, Section 4 of Division 5, page 5-177 
will not apply.  Structural steel members shall conform to ASTM A36, and shall have a shop 
applied coat of rust inhibitive paint. 

B. Field Welding:  Comply with AWS D1.1. 

C. Bolts, nuts and washer shall be high tensile type minimum 3/4" diameter conforming to ASTM 
A325. 

END OF SECTION 230500 
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, 

horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to 

600 V and installed at equipment manufacturer's factory or shipped separately by equipment 

manufacturer for field installation. 

1.2 COORDINATION 

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

following: 

1. Motor controllers. 

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

3. Ratings and characteristics of supply circuit and required control sequence. 

4. Ambient and environmental conditions of installation location. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with requirements in this Section except when stricter requirements are specified in 

HVAC equipment schedules or Sections. 

B. Comply with NEMA MG 1 unless otherwise indicated. 

2.2 MOTOR CHARACTERISTICS 

A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet 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. 

B. Efficiency:  Premium efficient, as defined in NEMA MG 1. 

C. Service Factor:  1.15. 

D. Multispeed Motors:  Variable torque. 

1. For motors with 2:1 speed ratio, consequent pole, single winding. 

2. For motors with other than 2:1 speed ratio, separate winding for each speed. 

E. Rotor:  Random-wound, squirrel cage. 

F. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

G. Temperature Rise:  Match insulation rating. 

H. Insulation:  Class F. 

I. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor 

frame sizes smaller than 324T. 

2.4 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. 

3. Capacitor start, inductor run. 

4. Capacitor start, capacitor run. 

B. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and 

thrust loading. 

C. 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 230518 - ESCUTCHEONS FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Escutcheons. 

1.2 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 and rough-brass 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. 

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 type with polished, chrome-plated 

finish. 

c. Insulated Piping:  One-piece, stamped-steel type. 
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d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, 

stamped-steel type. 

e. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, stamped-steel 

type. 

f. Bare Piping in Unfinished Service Spaces:  One-piece, stamped-steel type. 

g. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type. 

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  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following meters and gauges for mechanical systems: 

1. Thermometers. 

2. Gauges. 

3. Test plugs. 

1.3 DEFINITIONS 

A. CR:  Chlorosulfonated polyethylene synthetic rubber. 

B. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated; include performance curves. 

B. Shop Drawings:  Schedule for thermometers, gauges, flowmeters and thermal-energy meters 

indicating manufacturer's number, scale range, and location for each. 

C. Product Certificates:  For each type of thermometer, gauge, flowmeter and thermal-energy 

meter, signed by product manufacturer. 

D. Operation and Maintenance Data:  For flowmeters and thermal-energy meters to include in 

emergency, operation, and maintenance manuals. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 

product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

manufacturers specified. 

2.2 METAL-CASE, LIQUID-IN-GLASS THERMOMETERS 

A. Manufacturers: 

1. Trerice, H. O. Co. 

2. Weiss Instruments, Inc. 

3. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div. 

4. Or approved equivalent. 

B. Case:  Die-cast aluminum, 9 inches long. 

C. Tube:  Red or blue reading, organic-liquid filled, with magnifying lens. 

D. Tube Background:  Satin-faced, nonreflective aluminum with permanently etched scale 

markings. 

E. Window:  Glass or plastic. 

F. Connector:  Adjustable type, 180 degrees in vertical plane, 360 degrees in horizontal plane, with 

locking device. 

G. Stem:  Copper-plated steel, aluminum, or brass for thermowell installation and of length to suit 

installation. 

H. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 

1.5 percent of range. 

2.3 THERMOWELLS 

A. Manufacturers: 

1. AMETEK, Inc.; U.S. Gauge Div. 

2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div. 

3. Ernst Gage Co. 

4. Marsh Bellofram. 
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5. Miljoco Corp. 

6. NANMAC Corporation. 

7. Noshok, Inc. 

8. Palmer - Wahl Instruments Inc. 

9. REO TEMP Instrument Corporation. 

10. Tel-Tru Manufacturing Company. 

11. Trerice, H. O. Co. 

12. Weiss Instruments, Inc. 

13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div. 

14. WIKA Instrument Corporation. 

15. Winters Instruments. 

16. Or approved equivalent. 

B. Description:  Pressure-tight, socket-type metal fitting made for insertion into piping and of type, 

diameter, and length required to hold thermometer. 

2.4 PRESSURE GAUGES 

A. Manufacturers: 

1. AMETEK, Inc.; U.S. Gauge Div. 

2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div. 

3. Ernst Gage Co. 

4. Eugene Ernst Products Co. 

5. KOBOLD Instruments, Inc. 

6. Marsh Bellofram. 

7. Miljoco Corp. 

8. Noshok, Inc. 

9. Palmer - Wahl Instruments Inc. 

10. REO TEMP Instrument Corporation. 

11. Trerice, H. O. Co. 

12. Weiss Instruments, Inc. 

13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div. 

14. WIKA Instrument Corporation. 

15. Winters Instruments. 

16. Or approved equivalent. 

B. Direct-Mounting, Dial-Type Pressure Gauges:  Indicating-dial type complying with 

ASME B40.100. 

1. Case:  Liquid-filled type, drawn steel or cast aluminum, 4-1/2-inch diameter. 

2. Pressure-Element Assembly:  Bourdon tube, unless otherwise indicated. 

3. Pressure Connection:  Brass, NPS 1/4, bottom-outlet type unless back-outlet type is 

indicated. 

4. Movement:  Mechanical, with link to pressure element and connection to pointer. 

5. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings. 

6. Pointer:  Red metal. 
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7. Window:  Glass or plastic. 

8. Ring:  Metal or plastic. 

9. Accuracy:  Grade A, plus or minus 1 percent of middle half scale. 

10. Vacuum-Pressure Range:  30-in. Hg of vacuum to 15 psig of pressure. 

11. Range for Fluids under Pressure:  Two times operating pressure. 

C. Pressure-Gauge Fittings: 

1. Valves:  NPS 1/4 brass or stainless-steel needle type. 

2. Syphons:  NPS 1/4 coil of brass tubing with threaded ends. 

3. Snubbers:  ASME B40.5, NPS 1/4 brass bushing with corrosion-resistant, porous-metal 

disc of material suitable for system fluid and working pressure. 

2.5 TEST PLUGS 

A. Manufacturers: 

1. Flow Design, Inc. 

2. MG Piping Products Co. 

3. National Meter, Inc. 

4. Peterson Equipment Co., Inc. 

5. Sisco Manufacturing Co. 

6. Trerice, H. O. Co. 

7. Watts Industries, Inc.; Water Products Div. 

8. Or approved equivalent. 

B. Description:  Corrosion-resistant brass or stainless-steel body with core inserts and gasketed and 

threaded cap, with extended stem for units to be installed in insulated piping. 

C. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F. 

D. Core Inserts:  One or two self-sealing rubber valves. 

1. Insert material for air, water, oil, or gas service at 20 to 200 deg F shall be CR. 

2. Insert material for air or water service at minus 30 to plus 275 deg F shall be EPDM. 

E. Test Kit:  Furnish one test kit(s) containing one pressure gauge and adaptor, two 

thermometer(s), and carrying case.  Pressure gauge, adapter probes, and thermometer sensing 

elements shall be of diameter to fit test plugs and of length to project into piping. 

1. Pressure Gauge:  Small bourdon-tube insertion type with 2- to 3-inch- diameter dial and 

probe.  Dial range shall be 0 to 200 psig. 

2. Low-Range Thermometer:  Small bimetallic insertion type with 1- to 2-inch- Insert other 

diameter dial and tapered-end sensing element.  Dial ranges shall be 25 to 125 deg F. 

3. High-Range Thermometer:  Small bimetallic insertion type with 1- to 2-inch- diameter 

dial and tapered-end sensing element.  Dial ranges shall be 0 to 220 deg F. 

4. Carrying case shall have formed instrument padding. 
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PART 3 - EXECUTION 

3.1 THERMOMETER APPLICATIONS 

A. Install bimetallic-actuated dial thermometers in the following locations: 

1. Inlet and outlet of each hydronic zone (buildings on Campus and Central Plant). 

2. Inlet and outlet of each chiller. 

B. Install liquid-filled-case-type, bimetallic-actuated dial thermometers at suction and discharge of 

each pump and inlet and outlet of each boiler, at heating hot water header supply, and at heating 

hot water header return. 

C. Provide the following temperature ranges for thermometers: 

1. Heating Hot Water:  30 to 240 deg F, with 2-degree scale divisions. 

3.2 GAUGE APPLICATIONS 

A. Install liquid-filled-case-type pressure gauges at hot-water inlets and outlets of boilers. 

B. Install liquid-filled-case-type pressure gauges at suction and discharge of each pump. 

3.3 INSTALLATIONS 

A. Install direct-mounting thermometers and adjust vertical and tilted positions. 

B. Install remote-mounting dial thermometers on panel, with tubing connecting panel and 

thermometer bulb supported to prevent kinks.  Use minimum tubing length. 

C. Install thermowells with socket extending to center of pipe and in vertical position in piping tees 

where thermometers are indicated. 

D. Install direct-mounting pressure gauges in piping tees with pressure gauge located on pipe at 

most readable position. 

E. Install remote-mounting pressure gauges on panel. 

F. Install needle-valve and snubber fitting in piping for each pressure gauge for fluids (except 

steam). 

G. Install needle-valve and syphon fitting in piping for each pressure gauge for steam. 

H. Install test plugs in tees in piping. 
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I. Install flow indicators, in accessible positions for easy viewing, in piping systems. 

J. Assemble and install connections, tubing, and accessories between flow-measuring elements 

and flowmeters as prescribed by manufacturer's written instructions. 

K. Install flowmeter elements in accessible positions in piping systems. 

L. Install differential-pressure-type flowmeter elements with at least minimum straight lengths of 

pipe upstream and downstream from element as prescribed by manufacturer's written 

instructions. 

M. Install permanent indicators on walls or brackets in accessible and readable positions. 

N. Install connection fittings for attachment to portable indicators in accessible locations. 

O. Install flowmeters at discharge of hydronic system pumps or as shown on dwgs. 

P. Assemble components and install thermal-energy meters. 

Q. Mount meters on wall if accessible; if not, provide brackets to support meters. 

3.4 CONNECTIONS 

A. Install meters and gauges adjacent to machines and equipment to allow service and maintenance 

for meters, gauges, machines, and equipment. 

B. Connect flowmeter-system elements to meters. 

C. Connect flowmeter transmitters to meters. 

D. Connect thermal-energy-meter transmitters to meters. 

E. Ground equipment according to Division 26 Section "Grounding and Bonding." 

F. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.5 ADJUSTING 

A. Calibrate meters according to manufacturer's written instructions, after installation. 

B. Adjust faces of meters and gauges to proper angle for best visibility. 

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 ball valves. 

2. High-performance butterfly valves. 

3. Iron silent check valves. 

4. Bronze gate valves. 

5. Chainwheels. 

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. 

G. SWP:  Steam working pressure. 

1.4 SUBMITTALS 

A. Product Data:  For each type of valve indicated. 
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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 B31.9 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: 

1. Gear Actuator:  For quarter-turn valves NPS 8 and larger. 

2. Handwheel:  For valves other than quarter-turn types. 

3. Handlever:  For quarter-turn valves NPS 6 and smaller. 
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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 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. Solder Joint:  With sockets according to ASME B16.18. 

4. Threaded:  With threads according to ASME B1.20.1. 

G. Valve Bypass and Drain Connections:  MSS SP-45. 

2.2 BRONZE BALL VALVES 

A. Three-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Conbraco Industries, Inc.; Apollo Valves. 

b. DynaQuip Controls. 

c. Hammond Valve. 

d. Milwaukee Valve Company. 

e. NIBCO INC. 

f. Red-White Valve Corporation. 

g. Or approved equivalent. 

2. Description: 

a. Standard:  MSS SP-110. 

b. SWP Rating:  150 psig. 

c. CWP Rating:  600 psig. 

d. Body Design:  Three piece. 

e. Body Material:  Bronze. 

f. Ends:  Threaded. 

g. Seats:  PTFE or TFE. 

h. Stem:  Bronze. 

i. Ball:  Chrome-plated brass. 

j. Port:  Full. 
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2.3 HIGH-PERFORMANCE BUTTERFLY VALVES 

A. Class 150, Single-Flange, High-Performance Butterfly Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Crane Co.; Crane Valve Group; Flowseal. 

b. Crane Co.; Crane Valve Group; Stockham Division. 

c. Hammond Valve. 

d. Jamesbury; a subsidiary of Metso Automation. 

e. Milwaukee Valve Company. 

f. NIBCO INC. 

g. Or approved equivalent. 

2. Description: 

a. Standard:  MSS SP-68. 

b. CWP Rating:  285 psig at 100 deg F. 

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. 

2.4 IRON SILENT CHECK VALVES 

A. Class 125, Iron Silent Check Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of 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. NPS 2-1/2 and larger, CWP Rating:  200 psig. 

b. Body Design:  Silent globe. 

c. Body Material:  ASTM A 126 Class B. 

d. Ends:  Flanged. 

e. Disc:  Center guided bronze. 

f. Seat:  Bronze. 
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g. Stainless steel spring. 

h. Or approved equivalent. 

2.5 BRONZE GATE VALVES 

A. Class 125, RS Bronze Gate Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of 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. 

h. Or approved equivalent. 

2. Description: 

a. Standard:  MSS SP-80, Type 2. 

b. CWP Rating:  200 psig. 

c. Body Material:  ASTM B 62, bronze with integral seat and screw-in bonnet. 

d. Ends:  Threaded or solder joint. 

e. Stem:  Bronze. 

f. Disc:  Solid wedge; bronze. 

g. Packing:  Asbestos free. 

h. Handwheel:  Malleable iron, bronze, or aluminum. 

2.6 CHAINWHEELS 

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

following: 

1. Babbitt Steam Specialty Co. 

2. Roto Hammer Industries. 

3. Trumbull Industries. 

4. Or approved equivalent. 

 

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 and butterfly valve stems. 

3. Sprocket Rim with Chain Guides:  Ductile or cast iron, Aluminum, Bronze, of type and 

size required for valve. Include zinc coating. 
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4. Chain:  Hot-dip, galvanized steel, Brass, or Stainless 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 ball, butterfly, and gate valves NPS 4 and larger and more 

than 96 inches above floor.  Extend chains to 60 inches above finished floor. 

F. Install check valves for proper direction of flow and as follows: 

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. 
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3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valve applications are not indicated, use the following: 

1. Shutoff Service:  Ball or high-performance butterfly, or gate valves. 

2. Butterfly Valve Dead-End Service:  High-performance lug type. 

3. Throttling Service, except Steam:  High-performance butterfly valves. 

4. Pump-Discharge Check Valves: 

a. NPS 2-1/2 and Larger:  Iron slient check valves with center-guided bronze disc and 

stainless steel 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 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:  Flanged ends except where threaded valve-end 

option is indicated in valve schedules below. 

3. For Copper Tubing, NPS 5 and Larger:  Flanged ends. 

4. For Steel Piping, NPS 2 and Smaller:  Threaded ends. 

5. For Steel Piping, NPS 2-1/2 to NPS 4:  Flanged ends except where threaded valve-end 

option is indicated in valve schedules below. 

6. For Steel Piping, NPS 5 and Larger:  Flanged ends. 

7. For Grooved-End Copper Tubing and Steel Piping  

3.5 HOT-WATER VALVE SCHEDULE 

A. Pipe NPS 2 and Smaller: 

1. Bronze Valves:  May be provided with solder-joint ends instead of threaded ends. 

2. Ball Valves:  Three piece, full port, bronze with bronze or stainless-steel trim. 

B. Pipe NPS 2-1/2 and Larger: 

1. High-Performance Butterfly Valves:  Class 150. 

2. Iron Silent Check Valves, NPS 2-1/2 and larger:  Class 125, center guided bronze disc 

with stainless steel spring. 

END OF SECTION 230523 
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Metal pipe hangers and supports. 

2. Trapeze pipe hangers. 

3. Thermal-hanger shield inserts. 

4. Fastener systems. 

5. Equipment supports. 

1.2 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design trapeze pipe hangers and equipment supports, including 

comprehensive engineering analysis by a qualified professional engineer, using performance 

requirements and design criteria indicated. 

B. 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 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. 

1.3 SUBMITTALS 

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

B. Shop Drawings:  Signed and sealed by a qualified professional engineer. Show fabrication and 

installation details and include calculations for the following; include Product Data for 

components: 

1. Trapeze pipe hangers. 

2. Equipment supports. 

C. Delegated-Design Submittal:  For trapeze hangers 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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D. Welding certificates. 

1.4 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. Stainless-Steel Pipe Hangers and Supports: 

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components. 

2. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 

3. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel. 

C. 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 or 

stainless 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. 
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2.3 THERMAL-HANGER SHIELD INSERTS 

A. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-psig 

or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive 

strength and vapor barrier. 

B. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe. 

C. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe. 

D. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below ambient 

air temperature. 

2.4 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, zinc-coated or 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. 

2.5 EQUIPMENT SUPPORTS 

A. Description:  Welded, shop- or field-fabricated equipment support made from structural carbon-

steel shapes. 

2.6 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, 28-day compressive strength. 
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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. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping. 

D. Fastener System Installation: 

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 

than 4 inches 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. 

E. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 

washers, and other accessories. 

F. Equipment Support Installation:  Fabricate from welded-structural-steel shapes. 

G. Install hangers and supports to allow controlled thermal and seismic movement of piping 

systems, to permit freedom of movement between pipe anchors, and to facilitate action of 

expansion joints, expansion loops, expansion bends, and similar units. 

H. Install lateral bracing with pipe hangers and supports to prevent swaying. 

I. Install building attachments within concrete slabs or attach to structural steel.  Install additional 

attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger 

and at changes in direction of piping.  Install concrete inserts before concrete is placed; fasten 

inserts to forms and install reinforcing bars through openings at top of inserts. 

J. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses 

from movement will not be transmitted to connected equipment. 
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K. 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. 

L. 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 and larger if pipe is installed on rollers. 

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.  Shields 

shall span an arc of 180 degrees. 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-

distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

4. Shield Dimensions for Pipe:  Not less than the following: 

a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick. 

b. NPS 4:  12 inches long and 0.06 inch thick. 

c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick. 

d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick. 

e. NPS 16 to NPS 24:  24 inches long and 0.105 inch thick. 

5. Pipes NPS 8 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. 
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3.3 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. 

3.4 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. 

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 a minimum dry film thickness of 2.0 mils. 

B. Touchup:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas 

of shop paint on miscellaneous metal are specified in Division 09 painting Sections.  

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 

3.6 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems and 

equipment. 
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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 and metal trapeze pipe hangers 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 or stainless-steel 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. 

2. Yoke-Type Pipe Clamps (MSS Type 2):  For suspension of up to 1050 deg F, pipes 

NPS 4 to NPS 24, requiring up to 4 inches of insulation. 

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3):  For suspension of 

pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation. 

4. Adjustable, Steel Band Hangers (MSS Type 7):  For suspension of noninsulated, 

stationary pipes NPS 1/2 to NPS 8. 

5. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to NPS 30. 

6. Pipe Saddle Supports (MSS Type 36):  For support of pipes NPS 4 to NPS 36, with steel-

pipe base stanchion support and cast-iron floor flange or carbon-steel plate. 

7. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes NPS 4 to NPS 36, with 

steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and 

with U-bolt to retain pipe. 

8. Single-Pipe Rolls (MSS Type 41):  For suspension of pipes NPS 1 to NPS 30, from two 

rods if longitudinal movement caused by expansion and contraction might occur. 

9. Complete Pipe Rolls (MSS Type 44):  For support of pipes NPS 2 to NPS 42 if 

longitudinal movement caused by expansion and contraction might occur but vertical 

adjustment is not necessary. 

K. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 
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1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers NPS 3/4 to 

NPS 24. 

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers NPS 3/4 

to NPS 24 if longer ends are required for riser clamps. 

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 for heavy loads. 

2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F 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. Welded-Steel Brackets:  For support of pipes from below, or for suspending from above 

by using clip and rod.  Use one of the following for indicated loads: 

a. Light (MSS Type 31):  750 lb. 

b. Medium (MSS Type 32):  1500 lb. 

c. Heavy (MSS Type 33):  3000 lb. 

8. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams. 

9. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required. 

N. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system 

Sections, install the following types: 

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with 

insulation that matches adjoining insulation. 

2. Protection Shields (MSS Type 40):  Of length recommended in writing by manufacturer 

to prevent crushing insulation. 

3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe. 

O. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping 

system Sections, install the following types: 

1. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 

1-1/4 inches. 
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2. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41, roll hanger with 

springs. 

3. 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. 

P. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not 

specified in piping system Sections. 

Q. 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 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Equipment labels. 

2. Warning signs and labels. 

3. Pipe labels. 

4. Duct labels. 

5. Valve tags. 

1.2 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. 

1.3 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. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 



Client Name: Delaware Army National Guard Revision:    0 

Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 

Concord No.: 1C15580.00  

 

 

 

Concord Engineering  Page 2 of 6 

 

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT    230553  

 

A. Metal Labels for Equipment: 

1. Material and Thickness:  Stainless steel, 0.025-inch, Aluminum, 0.032-inch or anodized 

aluminum, 0.032-inch minimum thickness, and having predrilled or stamped holes for 

attachment hardware. 

2. Minimum Label Size:  Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch. 

3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering 

for greater viewing distances.  Include secondary lettering two-thirds to three-fourths the 

size of principal lettering. 

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

5. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate. 

B. Plastic Labels for Equipment: 

1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 

1/8 inch thick, and having predrilled holes for attachment hardware. 

2. Letter Color:  White. 

3. Background Color:  Black. 

4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 

5. Minimum Label Size:  Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch. 

6. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering 

for greater viewing distances.  Include secondary lettering two-thirds to three-fourths the 

size of principal lettering. 

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

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

C. 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. 

D. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch 

bond paper.  Tabulate equipment identification number and identify Drawing numbers where 

equipment is indicated (plans, details, and schedules), plus the Specification Section number 

and title where equipment is specified.  Equipment schedule shall be included in operation and 

maintenance data. 

2.2 WARNING SIGNS AND LABELS 

A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 

inch thick, and having predrilled holes for attachment hardware. 

B. Letter Color:  White. Unless otherwise directed by owner. 
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C. Background Color:  Red. Unless otherwise directed by owner 

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 

E. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 

by 3/4 inch. 

F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 

inch for viewing distances up to 72 inches, and proportionately larger lettering for greater 

viewing distances.  Include secondary lettering two-thirds to three-fourths the size of principal 

lettering. 

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

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

I. Label Content:  Include caution and warning information, plus emergency notification 

instructions. 

2.3 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 high. 

2.4 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-

inch numbers. 

1. Tag Material:  Brass, 0.032-inch 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 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. 

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. 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. 

6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 feet in 

areas of congested piping and equipment. 

7. On piping above removable acoustical ceilings.  Omit intermediately spaced labels. 

B. Pipe Label Color Schedule: 

1. Hot-Water Piping: 

a. Background Color:  Green 

b. Letter Color:  White. 
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2. Natural Gas: 

a. Background Color: Yellow. 

b. Letter Color: Black. 

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; shutoff valves; faucets; convenience and lawn-watering 

hose connections; and HVAC terminal devices and similar roughing-in connections of end-use 

fixtures and units.  List tagged valves in a valve schedule. 

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. Hot Water:  1-1/2 inches, round. 

b. Gas:  1-1/2 inches, square. 

2. Valve-Tag Color: 

a. Hot Water:  Natural. 

b. Gas:  Natural. 

3. Letter Color: 

a. Hot Water: Black. 

b. Gas:  Black. 

END OF SECTION 230553 
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SECTION 230592 – PRESSURE TESTING OF PIPING ASSEMBLIES 

PART 1 – GENERAL 

1.01 SCOPE OF WORK 

A. This specification describes the pressure testing requirements of piping assemblies and 
associated components. 

1.02 REFERENCES 
 

A. ASME B31.1 Latest Edition. 
 
B. ASME Section I Latest Edition. 

1.03 RELATED WORK 

A. Piping and Valve Materials Specification. 

B. Piping Materials Installation Specification. 

C. Pipe Hangers, Supports, Guides and Anchors Specification. 

D. Protective Painting Specification.  

E. Protective Coating Specification. 

F. Piping Insulation Specification. 
 
 
PART 2 - PRODUCTS 
 
- NOT APPLICABLE - 

PART 3- EXECUTION 

3.01 GENERAL REQUIREMENTS 

A. Subassemblies:  When conducted in accordance with the requirements of this 
specification, the pressure testing of piping systems to ensure leak tightness shall be 
acceptable for the determination of any leaks in piping subassemblies. 
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B. Temperature of Test Medium:  The temperature of the test medium shall be that of the 
available source unless otherwise specified by the Engineer.  The test pressure shall not 
be applied until the system and the pressurizing medium are approximately at the same 
temperature.  When conducting pressure tests at low metal temperatures, the possibility 
of brittle fracture shall be considered. 

C. Personnel Protection:  Suitable precautions in the event of piping system rupture shall be 
taken to eliminate hazards to personnel in the proximity of lines being tested. 

D. Maximum Stress During Test:  At no time during the pressure test shall any part of the 
piping system be subjected to a stress greater than that permitted. 

E. Testing Schedule:  Pressure testing shall be performed following the completion of post-
weld heat treatment, nondestructive examinations, and all other fabrication, assembly and 
erection activities required to provide the system or portions thereof subjected to the 
pressure test with pressure retaining capability. 

3.02 PREPARATION FOR TESTING 
 

A. Exposure of Joints:  All joints including welds not previously pressure tested shall be left 
uninsulated and exposed for examination during the test.  By prior agreement the complete 
system or portions thereof subject to test may be insulated prior to the test period provided 
an extended holding time pressurization to the system is performed to check for possible 
leakage through the insulation barrier. 

 
B. Addition of Temporary Supports:  Piping systems designed for vapor or gas shall be 

provided with additional temporary supports if necessary to support the weight of the test 
liquid.  Such supports shall meet the requirements for testing and system cleanup 
procedures. 
 

C. Restraint or Isolation of Expansion Joints:  Expansion joints shall be provided with 
temporary restraint if required for the additional pressure load under test, or they shall be 
isolated during the system test. 

 
D. Isolation of Equipment and Piping Not Subjected to Pressure Test:  Equipment that is not to 

be subjected to the pressure test shall be either disconnected from the system or isolated by 
a blank or similar means.  Valves may be used for this purpose provided that valve closure 
is suitable for the proposed test pressure.  The Subcontractor shall be aware of the 
limitations of pressure and temperature for each valve subject to test conditions.  Isolated 
equipment and piping must be vented. 

 
E. Treatment of Flanged Joints Containing Blanks:  Flanged joints at which blanks are 

inserted to blank off other equipment during the test need not be tested after removal of the 
blank provided the requirements of Section 4.7.1 are subsequently performed. 

 
F. Precautions Against Test Medium Expansion:  If a pressure test is to be maintained for a 

period of time during which the test medium in the system is subject to thermal expansion, 
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precautions shall be taken to avoid excessive pressure.  A pressure relief device set at 1-1/3 
times the test pressure is recommended during the pressure test. 

3.03 SYSTEMS TO BE TESTED 
 

A. The following piping systems shall be tested: 
 

1. Hot Water - Hydrostatic Testing 

3.04 REQUIREMENTS FOR SPECIFIC PIPING SYSTEMS 
 
A. All piping defined in section 3.03 of this specification shall be hydrostatically tested in 

accordance with Section 3.05. Lines open to the atmosphere, such as vents or drains 
downstream of the last shutoff valve, need not be tested. 

3.05 HYDROSTATIC TESTING 
 
A. Material:  When permitted by the Material Specification, a system hydrostatic test may be 

performed in lieu of the hydrostatic test required by the material specifications for material 
used in the piping subassembly or system provided the minimum test pressure required for 
the piping system is met. 

 
B. Provision of Air Vents at High Points:  Vents shall be provided at all high points of the 

piping system in the position in which the test is to be conducted to purge air pockets while 
the component or system is filling.  Venting during the filling of the system may be 
provided by the loosening of flanges having a minimum of four bolts or by the use of 
equipment vents. 

 
C. Test Medium:  Water shall normally be used as the test medium unless otherwise specified 

by the Engineer.  Test water shall be clean and shall be of such quality as to minimize 
corrosion of the materials in the piping system. 

 
D. Check of Test Equipment Before Applying Pressure:  The test equipment shall be examined 

before pressure is applied to ensure that it is tightly connected.  All low-pressure filling 
lines and all other items not subject to the test pressure shall be disconnected or isolated by 
valves or other suitable means. 

 
E. Required Hydrostatic Test Pressure:  The hydrostatic test pressure at any point in the piping 

system shall not be less than 1.5 times the design pressure, but shall not exceed the 
maximum allowable test pressure of any non-isolated components, such as vessels, pumps, 
or valves.  The pressure shall be continuously maintained for a minimum time of 10 
minutes and may then be reduced to the design pressure and held for such time as may be 
necessary to conduct the examinations for leakage.  Examinations for leakage shall be made 
of all joints and connections.  The piping system, exclusive of possible localized instances 
at pump or valve packing, shall show no visual evidence of weeping or leaking. 
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3.06 INITIAL SERVICE TESTING 
 
A. When specified by the Engineer, an initial service test and examination is acceptable when 

other types of tests are not practical or when leak tightness is demonstrable due to the 
nature of the service.  One example is piping where shut-off valves are not available for 
isolating a line and where temporary closures are impractical.  Others may be systems 
where during the course of checking out of pumps, compressors, or other equipment, ample 
opportunity is afforded for examination for leakage prior to full scale operation.  An initial 
service test is not applicable to boiler external piping. 
 

B. When performing an initial service test, the piping system shall be gradually brought up to 
normal operating pressure and continuously held for a minimum time of 10 min.  
Examination for leakage shall be made of all joints and connections.  The piping system 
exclusive of possible localized instances at pump or valve packing shall show no visual 
evidence of weeping or leaking. 

3.07 RETESTING AFTER REPAIR or ADDITION 
 
A. Repairs may be made to the pressure parts of boiler external piping after the hydrostatic test 

required by Section 3.04.A, provided the requirements of PW-54.2 of Section I of the 
ASME Boiler and Pressure Vessel Code are met. 
 

B. Non-pressure parts may be welded to the pressure parts of boiler external piping after the 
hydrostatic test required by Section 3.04.A, provided the requirements of PW-54.3 of 
Section I of the ASME Boiler and Pressure Vessel Code are met. 
 

C. In the event repairs or additions to non-boiler external piping are made following a test, the 
affected piping shall be re-tested in accordance with the provisions of Section 3.04.B.  
However a system need not be re-tested after seal welding or after attachments of lugs, 
brackets, insulation supports, nameplates, or other non-pressure retaining attachments 
provided: 
 
1. The attachment fillet weld does not exceed 3/8 in. thickness or, if a full penetration 

weld is used, the material attached does not exceed the nominal thickness of the 
pressure retaining member or 1/2 in. whichever is less. 

2. Welds shall be preheated as required. 
3. Welds shall be examined as required. 
4. Seal welds shall be examined for leakage after system startup. 

 
D. All weld defect repairs shall be made in accordance with the original procedures. 
 
 

END OF SECTION 230592 
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Balancing Hydronic Piping Systems: 

1.2 DEFINITIONS 

A. AABC: Associated Air Balance Council. 

B. NEBB: National Environmental Balancing Bureau. 

C. TAB: Testing, adjusting, and balancing. 

D. TABB: Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist: An independent entity meeting qualifications to perform TAB work. 

F. TDH: Total dynamic head. 

1.3 INFORMATIONAL SUBMITTALS 

A. Strategies and Procedures Plan: Within 30 days of Contractor's Notice to Proceed, submit TAB 

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

B. Certified TAB reports. 

1.4 QUALITY ASSURANCE 

A. TAB Specialists Qualifications: Certified by AABC, NEBB, or TABB. 

1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC, NEBB, 

or TABB. 

2. TAB Technician: Employee of the TAB specialist and certified by AABC, NEBB, or 

TABB as a TAB technician. 

B. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in 

ASHRAE 111, Section 4, "Instrumentation." 
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C. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air 

Balancing." 

D. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1, 

Section 6.7.2.3 - "System Balancing." 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to discover 

conditions in systems designs that may preclude proper TAB of systems and equipment. 

B. Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer 

wells, flow-control devices, balancing valves and fittings. Verify that locations of these 

balancing devices are applicable for intended purpose and are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data including HVAC system descriptions, statements of design assumptions 

for environmental conditions and systems output, and statements of philosophies and 

assumptions about HVAC system and equipment controls. 

E. Examine 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, belts are aligned and tight, 

filters are clean, and equipment with functioning controls is ready for operation. 

I. Examine strainers. Verify that startup screens have been replaced by permanent screens with 

indicated perforations. 

J. Examine control valves for proper installation for their intended function of throttling, diverting, 

or mixing fluid flows. 

K. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 
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L. Examine system pumps to ensure absence of entrained air in the suction piping. 

M. Examine operating safety interlocks and controls on HVAC equipment. 

N. Report deficiencies discovered before and during performance of TAB procedures. Observe and 

record system reactions to changes in conditions. Record default set points if different from 

indicated values. 

3.2 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures for balancing the 

systems. 

B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness 

for TAB work. Include, at a minimum, the following: 

1. Hydronics: 

a. Verify leakage and pressure tests on water distribution systems have been 

satisfactorily completed. 

b. Piping is complete with terminals installed. 

c. Water treatment is complete. 

d. Systems are flushed, filled, and air purged. 

e. Strainers are pulled and cleaned. 

f. Control valves are functioning per the sequence of operation. 

g. Shutoff and balance valves have been verified to be 100 percent open. 

h. Pumps are started and proper rotation is verified. 

i. Pump gage connections are installed directly at pump inlet and outlet flanges or in 

discharge and suction pipe prior to valves or strainers. 

j. Variable-frequency controllers' startup is complete and safeties are verified. 

k. Suitable access to balancing devices and equipment is provided. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures contained 

in AABC's "National Standards for Total System Balance", ASHRAE 111, NEBB's "Procedural 

Standards for Testing, Adjusting, and Balancing of Environmental Systems", or SMACNA's 

"HVAC Systems - Testing, Adjusting, and Balancing" and in this Section. 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 

minimum extent necessary for TAB procedures. 

1. After testing and balancing, patch probe holes in ducts with same material and thickness 

as used to construct ducts. 

2. 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." 
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C. Mark equipment and balancing devices, including damper-control positions, valve position 

indicators, fan-speed-control levers, and similar controls and devices, with paint or other 

suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.4 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports for pumps, coils, and heat exchangers. Obtain approved submittals and 

manufacturer-recommended testing procedures. Crosscheck the summation of required coil and 

heat exchanger flow rates with pump design flow rate. 

B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

C. In addition to requirements in "Preparation" Article, prepare hydronic systems for testing and 

balancing as follows: 

1. Check liquid level in expansion tank. 

2. Check highest vent for adequate pressure. 

3. Check flow-control valves for proper position. 

4. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

5. Verify that motor starters are equipped with properly sized thermal protection. 

6. Check that air has been purged from the system. 

3.5 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 

A. Adjust pumps to deliver total design gpm. 

1. Measure total water flow. 

a. Position valves for full flow through coils. 

b. Measure flow by main flow meter, if installed. 

c. If main flow meter is not installed, determine flow by pump TDH or exchanger 

pressure drop. 

2. Measure pump TDH as follows: 

a. Measure discharge pressure directly at the pump outlet flange or in discharge pipe 

prior to any valves. 

b. Measure inlet pressure directly at the pump inlet flange or in suction pipe prior to 

any valves or strainers. 

c. Convert pressure to head and correct for differences in gage heights. 

d. Verify pump impeller size by measuring the TDH with the discharge valve closed. 

Note the point on manufacturer's pump curve at zero flow, and verify that the 

pump has the intended impeller size. 

e. With valves open, read pump TDH. Adjust pump discharge valve until design 

water flow is achieved. 
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3. Monitor motor performance during procedures and do not operate motor in an overloaded 

condition. 

B. Adjust flow-measuring devices installed in mains and branches to design water flows. 

1. Measure flow in main and branch pipes. 

2. Adjust main and branch balance valves for design flow. 

3. Re-measure each main and branch after all have been adjusted. 

C. Adjust flow-measuring devices installed at terminals for each space to design water flows. 

1. Measure flow at terminals. 

2. Adjust each terminal to design flow. 

3. Re-measure each terminal after it is adjusted. 

4. Position control valves to bypass the coil, and adjust the bypass valve to maintain design 

flow. 

5. Perform temperature tests after flows have been balanced. 

D. For systems with pressure-independent valves at terminals: 

1. Measure differential pressure and verify that it is within manufacturer's specified range. 

2. Perform temperature tests after flows have been verified. 

E. For systems without pressure-independent valves or flow-measuring devices at terminals: 

1. Measure and balance coils by either coil pressure drop or temperature method. 

2. If balanced by coil pressure drop, perform temperature tests after flows have been 

verified. 

F. Verify final system conditions as follows: 

1. Re-measure and confirm that total water flow is within design. 

2. Re-measure final pumps' operating data, TDH, volts, amps, and static profile. 

3. Mark final settings. 

G. Verify that memory stops have been set. 

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. 

B. Adjust the variable-flow hydronic system as follows: 

1. Verify that the differential-pressure sensor is located as indicated. 

2. Determine whether there is diversity in the system. 
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C. For systems with no diversity: 

1. Adjust pumps to deliver total design gpm. 

a. Measure total water flow. 

1) Position valves for full flow through coils. 

2) Measure flow by main flow meter, if installed. 

3) If main flow meter is not installed, determine flow by pump TDH or 

exchanger pressure drop. 

b. Measure pump TDH as follows: 

1) Measure discharge pressure directly at the pump outlet flange or in 

discharge pipe prior to any valves. 

2) Measure inlet pressure directly at the pump inlet flange or in suction pipe 

prior to any valves or strainers. 

3) Convert pressure to head and correct for differences in gage heights. 

4) Verify pump impeller size by measuring the TDH with the discharge valve 

closed. Note the point on manufacturer's pump curve at zero flow and verify 

that the pump has the intended impeller size. 

5) With valves open, read pump TDH. Adjust pump discharge valve until 

design water flow is achieved. 

c. Monitor motor performance during procedures and do not operate motor in an 

overloaded condition. 

2. Adjust flow-measuring devices installed in mains and branches to design water flows. 

a. Measure flow in main and branch pipes. 

b. Adjust main and branch balance valves for design flow. 

c. Re-measure each main and branch after all have been adjusted. 

3. Adjust flow-measuring devices installed at terminals for each space to design water 

flows. 

a. Measure flow at terminals. 

b. Adjust each terminal to design flow. 

c. Re-measure each terminal after it is adjusted. 

d. Position control valves to bypass the coil and adjust the bypass valve to maintain 

design flow. 

e. Perform temperature tests after flows have been balanced. 

4. For systems with pressure-independent valves at terminals: 

a. Measure differential pressure and verify that it is within manufacturer's specified 

range. 

b. Perform temperature tests after flows have been verified. 
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5. For systems without pressure-independent valves or flow-measuring devices at terminals: 

a. Measure and balance coils by either coil pressure drop or temperature method. 

b. If balanced by coil pressure drop, perform temperature tests after flows have been 

verified. 

6. Prior to verifying final system conditions, determine the system differential-pressure set 

point. 

7. If the pump discharge valve was used to set total system flow with variable-frequency 

controller at 60 Hz, at completion open discharge valve 100 percent and allow variable-

frequency controller to control system differential-pressure set point. Record pump data 

under both conditions. 

8. Mark final settings and verify that all memory stops have been set. 

9. Verify final system conditions as follows: 

a. Re-measure and confirm that total water flow is within design. 

b. Re-measure final pumps' operating data, TDH, volts, amps, and static profile. 

c. Mark final settings. 

10. Verify that memory stops have been set. 

D. For systems with diversity: 

1. Determine diversity factor. 

2. Simulate system diversity by closing required number of control valves, as approved by 

the design engineer. 

3. Adjust pumps to deliver total design gpm. 

a. Measure total water flow. 

1) Position valves for full flow through coils. 

2) Measure flow by main flow meter, if installed. 

3) If main flow meter is not installed, determine flow by pump TDH or 

exchanger pressure drop. 

b. Measure pump TDH as follows: 

1) Measure discharge pressure directly at the pump outlet flange or in 

discharge pipe prior to any valves. 

2) Measure inlet pressure directly at the pump inlet flange or in suction pipe 

prior to any valves or strainers. 

3) Convert pressure to head and correct for differences in gage heights. 

4) Verify pump impeller size by measuring the TDH with the discharge valve 

closed. Note the point on manufacturer's pump curve at zero flow and verify 

that the pump has the intended impeller size. 

5) With valves open, read pump TDH. Adjust pump discharge valve until 

design water flow is achieved. 
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c. Monitor motor performance during procedures and do not operate motor in an 

overloaded condition. 

4. Adjust flow-measuring devices installed in mains and branches to design water flows. 

a. Measure flow in main and branch pipes. 

b. Adjust main and branch balance valves for design flow. 

c. Re-measure each main and branch after all have been adjusted. 

5. Adjust flow-measuring devices installed at terminals for each space to design water 

flows. 

a. Measure flow at terminals. 

b. Adjust each terminal to design flow. 

c. Re-measure each terminal after it is adjusted. 

d. Position control valves to bypass the coil, and adjust the bypass valve to maintain 

design flow. 

e. Perform temperature tests after flows have been balanced. 

6. For systems with pressure-independent valves at terminals: 

a. Measure differential pressure, and verify that it is within manufacturer's specified 

range. 

b. Perform temperature tests after flows have been verified. 

7. For systems without pressure-independent valves or flow-measuring devices at terminals: 

a. Measure and balance coils by either coil pressure drop or temperature method. 

b. If balanced by coil pressure drop, perform temperature tests after flows have been 

verified. 

8. Open control valves that were shut. Close a sufficient number of control valves that were 

previously open to maintain diversity, and balance terminals that were just opened. 

9. Prior to verifying final system conditions, determine system differential-pressure set 

point. 

10. If the pump discharge valve was used to set total system flow with variable-frequency 

controller at 60 Hz, at completion open discharge valve 100 percent and allow variable-

frequency controller to control system differential-pressure set point. Record pump data 

under both conditions. 

11. Mark final settings and verify that memory stops have been set. 

12. Verify final system conditions as follows: 

a. Re-measure and confirm that total water flow is within design. 

b. Re-measure final pumps' operating data, TDH, volts, amps, and static profile. 

c. Mark final settings. 

13. Verify that memory stops have been set. 
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3.7 TOLERANCES 

A. Set HVAC system's airflow rates and water flow rates within the following tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 percent. 

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

3. Heating-Water Flow Rate: Plus or minus 10 percent. 

B. Maintaining pressure relationships as designed shall have priority over the tolerances specified 

above. 

3.8 FINAL REPORT 

A. General: Prepare a certified written report; tabulate and divide the report into separate sections 

for tested systems and balanced systems. 

1. Include a certification sheet at the front of the report's binder, signed and sealed by the 

certified testing and balancing engineer. 

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

3. Certify validity and accuracy of field data. 

B. Final Report Contents: In addition to certified field-report data, include the following: 

1. 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 specialist. 

3. Project name. 

4. Project location. 

5. Architect's name and address. 

6. Engineer's name and address. 

7. Contractor's name and address. 

8. Report date. 

9. Signature of TAB supervisor who certifies the report. 

10. Table of Contents with the total number of pages defined for each section of the report. 

Number each page in the report. 

11. Summary of contents including the following: 

a. Indicated versus final performance. 

b. Notable characteristics of systems. 

c. Description of system operation sequence if it varies from the Contract 

Documents. 
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12. Nomenclature sheets for each item of equipment. 

13. Data for terminal units, including manufacturer's name, type, size, and fittings. 

14. Notes to explain why certain final data in the body of reports vary from indicated values. 

D. System Diagrams: Include schematic layouts of air and 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. 

b. Location. 

c. Service. 

d. Make and size. 

e. Model number and serial number. 

f. Water flow rate in gpm. 

g. Water pressure differential in feet of head or psig. 

h. Required net positive suction head in feet of head or psig. 

i. Pump rpm. 

j. Impeller diameter in inches. 

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. 

b. Pump shutoff pressure in feet of head or psig. 

c. Actual impeller size in inches. 

d. Full-open flow rate in gpm. 

e. Full-open pressure in feet of head or psig. 

f. Final discharge pressure in feet of head or psig. 

g. Final suction pressure in feet of head or psig. 

h. Final total pressure in feet of head or psig. 

i. Final water flow rate in gpm. 

j. Voltage at each connection. 

k. Amperage for each phase. 

F. Instrument Calibration Reports: 
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1. Report Data: 

a. Instrument type and make. 

b. Serial number. 

c. Application. 

d. Dates of use. 

e. Dates of calibration. 

3.9 VERIFICATION OF TAB REPORT 

A. The TAB specialist's test and balance engineer shall conduct the inspection in the presence of 

Owner/Construction Manager. 

B. Owner/Construction Manager 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. 

C. If rechecks yield measurements that differ from the measurements documented in the final 

report by more than the tolerances allowed, the measurements shall be noted as "FAILED." 

D. If the number of "FAILED" measurements is greater than 10 percent of the total measurements 

checked during the final inspection, the testing and balancing shall be considered incomplete 

and shall be rejected. 

E. If TAB work fails, proceed as follows: 

1. TAB specialists shall recheck all measurements and make adjustments. Revise the final 

report and balancing device settings to include all changes; resubmit the final report and 

request a second final inspection. 

2. If the second final inspection also fails, Owner may contract the services of another TAB 

specialist to complete TAB work according to the Contract Documents and deduct the 

cost of the services from the original TAB specialist's final payment. 

3. If the second verification also fails, Owner/design professional may contact AABC 

Headquarters regarding the AABC National Performance Guaranty. 

F. Prepare test and inspection reports. 

3.10 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions 

are being maintained throughout and to correct unusual conditions. 

B. Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and 

winter conditions, perform additional TAB during near-peak summer and winter conditions. 
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END OF SECTION 230593 
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SECTION 230716 - HVAC EQUIPMENT INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes insulating the following HVAC equipment that is not factory insulated: 

1. Heating, hot-water pumps. 

2. Air separators. 

B. Related Sections: 

1. Section 230719 "HVAC Piping Insulation." 

1.2 ACTION SUBMITTALS 

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

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

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. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

B. 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. 
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C. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 

according to ASTM C 795. 

D. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 

process. 

E. 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. or more. Thermal conductivity (k-value) at 100 deg F is 0.29 Btu x in./h 

x sq. ft. x deg F or less. Factory-applied jacket requirements are specified in "Factory-Applied 

Jackets" Article. 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 449. 

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

1. 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). 

2. Adhesive 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." 

C. 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. 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. Adhesive 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." 

D. PVC Jacket Adhesive: Compatible with PVC jacket. 

1. 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. Adhesive 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." 
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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. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry 

film thickness. 

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

3. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight. 

4. Color: White. 

C. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services. 

1. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness. 

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

3. Solids Content: 60 percent by volume and 66 percent by weight. 

4. Color: White. 

2.5 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 

1. Materials shall be compatible with insulation materials, jackets, and substrates. 

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

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

4. Color: Aluminum. 

5. 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). 

6. 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. Materials shall be compatible with insulation materials, jackets, and substrates. 

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

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

4. Color: White. 

5. 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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6. Sealants shall comply with the testing and product requirements of the California 

Department of Health Services' "Standard Practice for the Testing of Volatile Organic 

Emissions from Various Sources Using Small-Scale Environmental Chambers." 

2.6 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications. When 

factory-applied jackets are indicated, comply with the following: 

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 

complying with ASTM C 1136, Type I. 

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 

removable protective strip; complying with ASTM C 1136, Type I. 

2.7 FIELD-APPLIED FABRIC-REINFORCING MESH 

A. Woven Polyester Fabric: Approximately 1 oz./sq. yd. with a thread count of 10 strands by 10 

strands/sq. in., in a Leno weave, for equipment. 

2.8 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 

B. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 

Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming. 

Thickness is indicated in field-applied jacket schedules. 

1. Adhesive: As recommended by jacket material manufacturer. 

2. Color: White. 

3. Factory-fabricated tank heads and tank side panels. 

2.9 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 

complying with ASTM C 1136. 

1. Width: 3 inches. 

2. Thickness: 11.5 mils. 

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

4. Elongation: 2 percent. 

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

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

B. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 

suitable for indoor and outdoor applications. 
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1. Width: 2 inches. 

2. Thickness: 6 mils. 

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

4. Elongation: 500 percent. 

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

2.10 SECUREMENTS 

A. Aluminum Bands: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch 

thick, 1/2 inch wide with wing seal. 

B. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel. 

C. Wire: 0.062-inch soft-annealed, stainless steel. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will 

adversely affect insulation application. 

B. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 

stainless-steel surfaces, use demineralized water. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 

free of voids throughout the length of equipment. 

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. 
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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- wide strips, of same material as insulation 

jacket. Secure strips with adhesive and outward clinching staples along both edges of 

strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to receive 

self-sealing lap. Staple laps with outward clinching staples along edge at [2 inches] [4 

inches] o.c. 

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

4. Cover joints and seams with tape, according to insulation material manufacturer's written 

instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints. 

L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 

thickness. 

M. Finish installation with systems at operating conditions. Repair joint separations and cracking 

due to thermal movement. 

N. Repair damaged insulation facings by applying same facing material over damaged areas. 

Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar 

to butt joints. 

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. 
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5. Handholes. 

6. Cleanouts. 

3.3 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 100 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 from insulation end 

joints, and 16 inches 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. 

5. Secure each layer of insulation with stainless-steel or aluminum bands. Select band 

material compatible with insulation materials. 

6. Where insulation hangers on equipment and vessels are not permitted or practical and 

where insulation support rings are not provided, install a girdle network for securing 

insulation. Stretch prestressed aircraft cable around the diameter of vessel and make taut 

with clamps, turnbuckles, or breather springs. Place one circumferential girdle around 

equipment approximately 6 inches from each end. Install wire or cable between two 

circumferential girdles 12 inches o.c. Install a wire ring around each end and around outer 

periphery of center openings, and stretch prestressed aircraft cable radially from the wire 

ring to nearest circumferential girdle. Install additional circumferential girdles along the 

body of equipment or tank at a minimum spacing of 48 inches o.c. Use this network for 

securing insulation with tie wire or bands. 

7. Stagger joints between insulation layers at least 3 inches. 

8. Install insulation in removable segments on equipment access doors, manholes, 

handholes, and other elements that require frequent removal for service and inspection. 

9. Bevel and seal insulation ends around manholes, handholes, ASME stamps, and 

nameplates. 
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10. 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. 

3.4 FIELD-APPLIED JACKET INSTALLATION 

A. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end 

joints; for horizontal applications, install with longitudinal seams along top and bottom of tanks 

and vessels. Seal with manufacturer's recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 

finish bead along seam and joint edge. 

3.5 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: Inspect field-insulated equipment, randomly selected by Architect, by 

removing field-applied jacket and insulation in layers in reverse order of their installation. 

Extent of inspection shall be limited to one location(s) for each type of equipment defined in the 

"Equipment Insulation Schedule" Article. For large equipment, remove only a portion adequate 

to determine compliance. 

C. All insulation applications will be considered defective Work if sample inspection reveals 

noncompliance with requirements. 

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. Heating-Hot-Water Air-Separator Insulation: Mineral-Fiber Pipe and Tank: 2 inches thick. 

END OF SECTION 230716 
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SECTION 230719 - HVAC PIPING INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes insulating the following HVAC piping systems: 

1. Heating hot-water piping, indoors 

B. Related Sections: 

1. Section 230716 "HVAC Equipment Insulation." 

1.2 ACTION SUBMITTALS 

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

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

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. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

B. 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. 
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C. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 

according to ASTM C 795. 

D. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 

process. 

E. Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply 

with ASTM C 534, Type I for tubular materials. 

F. Mineral-Fiber, Preformed Pipe Insulation: 

1. 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. 

2.2 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 

insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Flexible Elastomeric and Polyolefin Adhesive: Comply with MIL-A-24179A, Type II, Class I. 

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

D. ASJ Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap 

seams and joints. 

E. PVC Jacket Adhesive: Compatible with PVC jacket. 

2.3 SEALANTS 

A. Joint Sealants: 

1. Materials shall be compatible with insulation materials, jackets, and substrates. 

2. Permanently flexible, elastomeric sealant. 

3. Service Temperature Range: Minus 100 to plus 300 deg F (Minus 73 to plus 149 deg C). 

4. Color: White or gray. 

B. ASJ Flashing Sealants, and Vinyl Jacket Flashing Sealants: 

1. Materials shall be compatible with insulation materials, jackets, and substrates. 

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

3. Service Temperature Range: Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C). 

4. Color: White. 
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2.4 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-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 

removable protective strip; complying with ASTM C 1136, Type I. 

2.5 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 

B. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 

Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming. 

Thickness is indicated in field-applied jacket schedules. 

1. Adhesive: As recommended by jacket material manufacturer. 

2. Color: White. 

3. 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. 

2.6 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 

complying with ASTM C 1136. 

1. Width: 3 inches (75 mm). 

2. Thickness: 11.5 mils (0.29 mm). 

3. Adhesion: 90 ounces force/inch (1.0 N/mm) in width. 

4. Elongation: 2 percent. 

5. Tensile Strength: 40 lbf/inch (7.2 N/mm) in width. 

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

B. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 

suitable for indoor and outdoor applications. 

1. Width: 2 inches (50 mm). 

2. Thickness: 6 mils (0.15 mm). 

3. Adhesion: 64 ounces force/inch (0.7 N/mm) in width. 

4. Elongation: 500 percent. 

5. Tensile Strength: 18 lbf/inch (3.3 N/mm) in width. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will 

adversely affect insulation application. 

B. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 

stainless-steel surfaces, use demineralized water. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 

free of voids throughout the length of piping including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required 

for each item of pipe system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service. Install 

accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 

dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with 

adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 

supports, anchors, and other projections with vapor-barrier mastic. 

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. 
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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 [2 inches (50 mm)] [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. 

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. 

3.3 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, 
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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. 

2. Seal penetrations through fire-rated assemblies. Comply with requirements in 

Section 078413 "Penetration Firestopping." 

3.4 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except where more 

specific requirements are specified in various pipe insulation material installation articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

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 
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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. 

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 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 
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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. 

3.5 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate 

openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 

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: 

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. 
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3.6 INSTALLATION OF MINERAL-FIBER PREFORMED PIPE 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. 

4. Install insulation to flanges as specified for flange insulation application. 

3.7 FIELD-APPLIED JACKET INSTALLATION 

A. 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. 



Client Name: Delaware Army National Guard Revision:    0 

Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 

Concord No.: 1C15580.00  

 

 

 

Concord Engineering  Page 10 of 10 

 

HVAC PIPING INSULATION        230719 

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 

finish bead along seam and joint edge. 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing 

field-applied jacket and insulation in layers in reverse order of their installation. Extent of 

inspection shall be limited to three locations of straight pipe, three locations of threaded 

fittings, three locations of welded fittings, two locations of threaded strainers, two 

locations of welded strainers, three locations of threaded valves, and three locations of 

flanged valves for each pipe service defined in the "Piping Insulation Schedule, General" 

Article. 

C. All insulation applications will be considered defective Work if sample inspection reveals 

noncompliance with requirements. 

3.9 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. 

3.10 INDOOR PIPING INSULATION SCHEDULE 

A. Heating-Hot-Water Supply and Return, 200 Deg F (93 Deg C) and Below: Insulation shall be 

the following: 

1. Mineral-Fiber, Preformed Pipe, Type I: 2 inches thick. 

3.11 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. 

1. Install 20 mil PVC field applied jacket onto all piping within 8 feet above floor. 

END OF SECTION 230719 
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SECTION 230900 - INSTRUMENTATION AND CONTROLS FOR HVAC 
 

A. Scope of Work Clarification: 
 
1. The sections below describe the scope of work for the new boiler installation at the 

Delaware Army National Guard.  The scope of work for the boiler project includes the 
following: 
 
a. Furnish and installation of all controllers, devices and wiring to provide a complete 

and working boiler system.   
b. Integration of all new boiler equipment into the Facility Explorer Johnson control 

system via BACnet integration. 
c. Installation of new hardware and controllers as required to implement the addition 

and integration of new boiler and control equipment. 
d. Graphic representation of all new boiler equipment into the Facility Explorer Johnson 

control system. 
e. Programming of sequence of operation revisions on drawing M-2.0. 
f. Commissioning and training for all new boiler equipment. 
g. The existing Tridium based Facility Explorer system had been installed Modern 

Controls in 2014. 
 
23 09 13  Instrumentation and Control Devices for HVAC 

 
23 09 13.23  Sensors and Transmitters 

A. General Requirements 
1. Installation, testing, and calibration of all sensors, transmitters, and other input devices 

shall be provided to meet the system requirements. 

B. Temperature Sensors 
1. General Requirements: 

a. Sensors and transmitters shall be provided, as outlined in the input/output summary 
and sequence of operations. 

b. The temperature sensor shall be of the resistance type, and shall be either two-wire 
1000 ohm nickel RTD, or two-wire 1000 ohm platinum RTD. 

c. The following point types (and the accuracy of each) are required, and their 
associated accuracy values include errors associated with the sensor, lead wire, and A 
to D conversion: 

Point Type Accuracy 

Heating Hot Water + .5F. 

All Others + .75F. 
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2. Thermo wells 
a. Thermowell manufacturer shall have models available in stainless steel, brass body, 

and copper bulb. 
b. When thermo wells are required, the sensor and well shall be supplied as a complete 

assembly, including wellhead and sensor. 
c. Thermo wells shall be pressure rated and constructed in accordance with the system 

working pressure. 
d. Thermo wells and sensors shall be mounted in a direct mount (no adapter) offering 

faster installation or 1/2” NFT saddle and allow easy access to the sensor for repair or 
replacement. 

e. Thermo wells constructed of 316 stainless steel shall comply with Canadian 
Registration Number (CRN) pressure vessel rating. 

3. Outside Air Sensors 
a. Outside air sensors shall be designed to withstand the environmental conditions to 

which they will be exposed. They shall also be provided with a solar shield. 
b. Sensors exposed to wind velocity pressures shall be shielded by a perforated plate 

that surrounds the sensor element. 
c. Temperature transmitters shall be of NEMA 3R (IP54) or NEMA 4 (IP65) 

construction and rated for ambient temperatures. 
d. The outdoor sensor can be easily mounted on a roof, pole or side of a building 

utilizing its already assembled mounting bracket. 
e. Outside Relative Humidity sensors 0-100% full range of accurate measurement.  

Operating temperature -4 to 140F (-20 to 60C). 
f. Outside temperature sensors operating temperature range is -40 to 140F, +/- .55F (+/- 

.3C). 

4. Acceptable Manufacturers:  Johnson Controls, Minco. 
 

C. Differential Pressure Transmitters 
1. General Air and Water Pressure Transmitter Requirements: 

a. Pressure transmitters shall be constructed to withstand 100% pressure over-range 
without damage, and to hold calibrated accuracy when subject to a momentary 40% 
over-range input. 

b. Pressure transmitters shall transmit a 0 to 5 VDC, 0 to 10 VDC, or 4 to 20 mA output 
signal. 

c. Differential pressure transmitters used for flow measurement shall be sized to the 
flow sensing device, and shall be supplied with Tee fittings and shut-off valves in the 
high and low sensing pick-up lines to allow the balancing Contractor and Owner 
permanent, easy-to-use connection. 

d. A minimum of a NEMA 1 housing shall be provided for the transmitter. Transmitters 
shall be located in accessible local control panels wherever possible. 

D. Status and Safety Switches 
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1. General Requirements 
a. Switches shall be provided to monitor equipment status, safety conditions, and 

generate alarms at the BMS when a failure or abnormal condition occurs. Safety 
switches shall be provided with two sets of contacts and shall be interlock wired to 
shut down respective equipment. 

2. Current Sensing Switches 
a. The current sensing switch shall be self-powered with solid-state circuitry and a dry 

contact output. It shall consist of a current transformer, a solid state current sensing 
circuit, adjustable trip point, solid state switch, SPDT relay, and an LED indicating 
the on or off status. A conductor of the load shall be passed through the window of 
the device. It shall accept over-current up to twice its trip point range. 

b. Current sensing switches shall be used for run status for fans, pumps, and other 
miscellaneous motor loads. 

c. Current sensing switches shall be calibrated to show a positive run status only when 
the motor is operating under load. A motor running with a broken belt or coupling 
shall indicate a negative run status. 

d. Acceptable manufacturers:  Johnson Controls 

3. Water Flow Switches 
a. Water flow switches shall be equal to the Johnson Controls P74. 

E. Control Relays 

1. Control Pilot Relays 
a. Control pilot relays shall be of a modular plug-in design with retaining springs or 

clips. 
b. Mounting Bases shall be snap-mount. 
c. DPDT, 3PDT, or 4PDT relays shall be provided, as appropriate for application. 
d. Contacts shall be rated for 10 amps at 120VAC. 
e. Relays shall have an integral indicator light and check button. 
f. Acceptable manufacturers: Johnson Controls, Lectro 

F. Electronic Signal Isolation Transducers 

1. A signal isolation transducer shall be provided whenever an analog output signal from the 
BMS is to be connected to an external control system as an input (such as a chiller 
control panel), or is to receive as an input signal from a remote system. 

2. The signal isolation transducer shall provide ground plane isolation between systems. 

3. Signals shall provide optical isolation between systems. 

4. Acceptable manufacturers: Advanced Control Technologies 
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23 09 23  Direct-Digital Control System for HVAC 

Part 1 – General 

Table of Contents 

 Part 1 – General 
 1.A Related Documents 
  1.B Definitions 
 1.C BMS System Description 
 1.D Quality Assurance 
 1.E References 
 1.F Work By Others 
 1.G Submittals 
 1.H Record Documentation 
 1.I Warranty 
 
  Part 2 – Products 
 2.A General Description 
 2.B BMS System Architecture 
 2.C User Interface 
 2.D Network Automation Engines 
 2.E Network Integration Engines 
 2.F Network Control Engines 
 2.G DDC System Controllers 
 2.H System Tools 
 2.I Miscellaneous Devices 
 
  Part 3 – Execution 
 3.A BMS Specifics 
 3.B Installation Practices 
 3.C Training 
 3.D Commissioning Requirements 
 
 Related Documents 

1. All work of this Division shall be coordinated and provided by the single Building 
Management System (BMS) Contractor. 

2. The work of this Division shall be scheduled, coordinated, and interfaced with the 
associated work of other trades.  Reference the Division 23 Sections for details. 

3. The work of this Division shall be as required by the Specifications and Drawings. 
4. If the BMS Contractor believes there are conflicts or missing information in the project 

documents, the Contractor shall promptly request clarification and instruction from the 
design team. 

1.B Definitions 
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1. Analog:  A continuously variable system or value not having discrete levels.  Typically 
exists within a defined range of limiting values. 

2. Binary:  A two-state system where an “ON” condition is represented by one discrete 
signal level and an “OFF” condition is represented by a second discrete signal level. 

3. Building Management System (BMS):  The total integrated system of fully operational 
and functional elements, including equipment, software, programming, and associated 
materials, to be provided by this Division BMS Contractor and to be interfaced to the 
associated work of other related trades. 

4. BMS Contractor:  The single Contractor to provide the work of this Division.  This 
Contractor shall be the primary manufacturer, installer, commissioner and ongoing 
service provider for the BMS work. 

5. Control Sequence:  A BMS pre-programmed arrangement of software algorithms, logical 
computation, target values and limits as required to attain the defined operational control 
objectives. 

6. Direct Digital Control:  The digital algorithms and pre-defined arrangements included in 
the BMS software to provide direct closed-loop control for the designated equipment and 
controlled variables.  Inclusive of Proportional, Derivative and Integral control 
algorithms together with target values, limits, logical functions, arithmetic functions, 
constant values, timing considerations and the like. 

7. BMS Network:  The total digital on-line real-time interconnected configuration of BMS 
digital processing units, workstations, panels, sub-panels, controllers, devices and 
associated elements individually known as network nodes.  May exist as one or more 
fully interfaced and integrated sub-networks, LAN, WAN or the like. 

8. Node: A digitally programmable entity existing on the BMS network. 
9. BMS Integration:  The complete functional and operational interconnection and 

interfacing of all BMS work elements and nodes in compliance with all applicable codes, 
standards and ordinances so as to provide a single coherent BMS as required by this 
Division. 

10. Provide: The term “Provide” and its derivatives when used in this Division shall mean to 
furnish, install in place, connect, calibrate, test, commission, warrant, document and 
supply the associated required services ready for operation. 

11. PC: Personal Computer from a recognized major manufacturer 
12. Furnish: The term “Furnish” and its derivatives when used in this Division shall mean 

supply at the BMS Contractor’s cost to the designated third party trade contractor for 
installation. BMS Contractor shall connect furnished items to the BMS, calibrate, test, 
commission, warrant and document. 

13. Wiring: The term “Wiring” and its derivatives when used in this Division shall mean 
provide the BMS wiring and terminations. 

14. Install: The term “Install” and its derivatives when used in this Division shall mean 
receive at the jobsite and mount. 

15. Protocol:  The term “protocol” and its derivatives when used in this Division shall mean a 
defined set of rules and standards governing the on-line exchange of data between BMS 
network nodes. 
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16. Software: The term “software” and its derivatives when used in this Division shall mean 
all of programmed digital processor software, preprogrammed firmware and project 
specific digital process programming and database entries and definitions as generally 
understood in the BMS industry for real-time, on-line, integrated BMS configurations. 

17. The use of words in the singular in these Division documents shall not be considered as 
limiting when other indications in these documents denote that more than one such item 
is being referenced. 

18. Headings, paragraph numbers, titles, shading, bolding, underscores, clouds and other 
symbolic interpretation aids included in the Division documents are for general 
information only and are to assist in the reading and interpretation of these Documents.   

19. The following abbreviations and acronyms may be used in describing the work of this 
Division: 
ADC - Analog to Digital Converter 
AHJ - Authority Having Jurisdiction 
AI - Analog Input 
AN - Application Node 
ANSI - American National Standards Institute 
AO - Analog Output 
ASCII - American Standard Code for Information 

 Interchange 
ASHRAE American Society of Heating, Refrigeration and Air 

Conditioning Engineers 
AWG - American Wire Gauge  
CPU - Central Processing Unit 
CRT - Cathode Ray Tube 
DAC - Digital to Analog Converter 
DDC - Direct Digital Control 
DI - Digital Input 
DO - Digital Output 
EEPROM - Electronically Erasable Programmable Read Only 
  Memory 
EMI - Electromagnetic Interference 
FAS - Fire Alarm Detection and Annunciation  System 
GUI - Graphical User Interface 
HOA - Hand-Off-Auto  
ID - Identification 
IEEE - Institute of Electrical and Electronics Engineers 
I/O - Input/Output 
IT - Information Technology 
LAN - Local Area Network 
LCD - Liquid Crystal Display 
LED - Light Emitting Diode 
MCC - Motor Control Center 
NC - Normally Closed  
NIC - Not In Contract 
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NO - Normally Open 
OWS -  Operator Workstation  
OAT - Outdoor Air Temperature 
PC - Personal Computer 
RAM - Random Access Memory 
RF - Radio Frequency 
RFI - Radio Frequency Interference 
RH - Relative Humidity 
ROM - Read Only Memory 
RTD - Resistance Temperature Device 
SPDT - Single Pole Double Throw 
SPST - Single Pole Single Throw 
XVGA - Extended Video Graphics Adapter 
TBA - To Be Advised 
TCP/IP - Transmission Control Protocol/Internet  
  Protocol 
TTD - Thermistor Temperature Device 
UPS - Uninterruptible Power Supply 
VAC - Volts, Alternating Current 
VAV - Variable Air Volume 
VDC - Volts, Direct Current 
WAN - Wide Area Network 

1.C BMS Description 

1. The Building Management System (BMS) shall be a complete system designed for use 
with the enterprise IT systems.  This functionality shall extend into the equipment rooms.  
Devices residing on the automation network located in equipment rooms and similar shall 
be fully IT compatible devices that mount and communicate directly on the IT 
infrastructure in the facility.  Contractor shall be responsible for coordination with the 
owner’s IT staff to ensure that the BMS will perform in the owner’s environment without 
disruption to any of the other activities taking place on that LAN. 

2. All points of user interface shall be on standard PCs that do not require the purchase of 
any special software from the BMS manufacturer for use as a building operations 
terminal. The primary point of interface on these PCs will be a standard Web Browser.  

3. Where necessary and as dictated elsewhere in these Specifications, Servers shall be used 
for the purpose of providing a location for extensive archiving of system configuration 
data, and historical data such as trend data and operator transactions. All data stored will 
be through the use of a standard data base platform: Microsoft SQL Server Express or 
Microsoft SQL Server as dictated elsewhere in this specification. 

4. The work of the single BMS Contractor shall be as defined individually and collectively 
in all Sections of this Division specification together with the associated Point Sheets and 
Drawings and the associated interfacing work as referenced in the related documents. 

5. The BMS work shall consist of the provision of all labor, materials, tools, equipment, 
software, software licenses, software configurations and database entries, interfaces, 
wiring, tubing, installation, labeling, engineering, calibration, documentation, samples, 
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submittals, testing, commissioning, training services, permits and licenses, transportation, 
shipping, handling, administration, supervision, management, insurance, temporary 
protection, cleaning, cutting and patching, warranties, services, and items, even though 
these may not be specifically mentioned in these Division documents which are required 
for the complete, fully functional and commissioned BMS.  

6. Provide a complete, neat and workmanlike installation.  Use only manufacturer 
employees who are skilled, experienced, trained, and familiar with the specific 
equipment, software, standards and configurations to be provided for this Project. 

7. Manage and coordinate the BMS work in a timely manner in consideration of the Project 
schedules.  Coordinate with the associated work of other trades so as to not impede or 
delay the work of associated trades. 

8. The BMS as provided shall incorporate, at minimum, the following integrated features, 
functions and services: 
a. Operator information, alarm management and control functions. 
b. Enterprise-level information and control access. 
c. Information management including monitoring, transmission, archiving, retrieval, 

and reporting functions. 
d. Diagnostic monitoring and reporting of BMS functions. 
e. Offsite monitoring and management access. 

1.D Quality Assurance 

1. General 
i. The Building Management System Contractor shall be the primary manufacturer-

owned branch office that is regularly engaged in the engineering, programming, 
installation and service of total integrated Building Management Systems.  

ii. The BMS Contractor shall be a recognized national manufacturer, installer and 
service provider of BMS.   

iii. If a franchised dealer is to be considered via addendum, the dealer must provide a 
letter written by a minimum Vice President of Operations for the specific automatic 
temperature control manufacturer with the following verbiage;  “should the Franchise 
Dealer fail to provide a complete and operational system (as judged by the 
owner/engineer), the Manufacturer will complete the project to the Engineer’s 
satisfaction at no additional cost to the Owner”.  This letter must be provided to the 
engineer along with the other supporting documentation at the time of request for 
equivalence. 

iv. The BMS Contractor shall have a branch facility within a 100-mile radius of the job 
site supplying complete maintenance and support services on a 24 hour, 7-day-a-
week basis.   

v. As evidence and assurance of the contractor’s ability to support the Owner's system 
with service and parts, the contractor must have been in the BMS business for at least 
the last ten (10) years and have successfully completed total projects of at least 10 
times the value of this contract in each of the preceding five years. 
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vi. The Building Management System architecture shall consist of the products of a 
manufacturer regularly engaged in the production of Building Management Systems, 
and shall be the manufacturer’s latest standard of design at the time of bid. 

2. Workplace Safety and Hazardous Materials 
a. Provide a safety program in compliance with the Contract Documents. 
b. The BMS Contractor shall have a corporately certified comprehensive Safety 

Certification Manual and a designated Safety Supervisor for the Project. 
c. The Contractor and its employees and subtrades shall comply with federal, state and 

local safety regulations. 
d. The Contractor shall ensure that all subcontractors and employees have written safety 

programs in place that covers their scope of work, and that their employees receive 
the training required by the OSHA rules that have jurisdiction for at least each topic 
listed in the Safety Certification Manual. 

e. Hazards created by the Contractor or its subcontractors shall be eliminated before any 
further work proceeds. 

f. Hazards observed but not created by the Contractor or its subcontractors shall be 
reported to either the General Contractor or the Owner within the same day.  The 
Contractor shall be required to avoid the hazard area until the hazard has been 
eliminated. 

g. The Contractor shall sign and date a safety certification form prior to any work being 
performed, stating that the Contractors’ company is in full compliance with the 
Project safety requirements. 

h. The Contractor’s safety program shall include written policy and arrangements for 
the handling, storage and management of all hazardous materials to be used in the 
work in compliance with the requirements of the AHJ at the Project site. 

i. The Contractor’s employees and subcontractor’s staff shall have received training as 
applicable in the use of hazardous materials and shall govern their actions 
accordingly. 

3. Quality Management Program 
a. Designate a competent and experienced employee to provide BMS Project 

Management. The designated Project Manger shall be empowered to make technical, 
scheduling and related decisions on behalf of the BMS Contractor.  At minimum, the 
Project Manager shall: 
 Manage the scheduling of the work to ensure that adequate materials, labor and 

other resources are available as needed. 
 Manage the financial aspects of the BMS Contract. 
 Coordinate as necessary with other trades. 
 Be responsible for the work and actions of the BMS workforce on site. 

1.E References 

1. All work shall conform to the following Codes and Standards, as applicable: 
a. National Fire Protection Association (NFPA) Standards. 
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b. National Electric Code (NEC) and applicable local Electric Code. 
c. Underwriters Laboratories (UL) listing and labels. 
d. UL 864 UUKL Smoke Control 
e. UL 268 Smoke Detectors. 
f. UL 916 Energy Management 
g. NFPA 70 - National Electrical Code. 
h. NFPA 90A - Standard For The Installation Of Air Conditioning And Ventilating 

Systems. 
i. NFPA 92A and 92B Smoke Purge/Control Equipment. 
j. Factory Mutual (FM). 
k. American National Standards Institute (ANSI). 
l. National Electric Manufacturer’s Association (NEMA). 
m. American Society of Mechanical Engineers (ASME). 
n. American Society of Heating, Refrigerating and Air Conditioning Engineers 

(ASHRAE) 
o. Air Movement and Control Association (AMCA). 
p. Institute of Electrical and Electronic Engineers (IEEE). 
q. American Standard Code for Information Interchange (ASCII). 
r. Electronics Industries Association (EIA). 
s. Occupational Safety and Health Administration (OSHA). 
t. American Society for Testing and Materials (ASTM). 
u. Federal Communications Commission (FCC) including Part 15, Radio Frequency 

Devices. 
v. Americans Disability Act (ADA) 
w. ANSI/EIA 909.1-A-1999 (LonWorks) 
x. ANSI/ASHRAE Standard 195-2008 (BACnet)  

2. In the case of conflicts or discrepancies, the more stringent regulation shall apply. 
3. All work shall meet the approval of the Authorities Having Jurisdiction at the project site. 

1.F Work By Others 

A) The demarcation of work and responsibilities between the BMS Contractor and other 
related trades shall be as outlined in the BMS RESPONSIBILITY MATRIX  
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BMS RESPONSIBILITY MATRIX     
WORK 

 
FURNISH INSTALL Low Volt. 

WIRING/TUBE 
LINE 

POWER 
BMS low voltage and communication 
wiring  

BMS BMS BMS 26 

BMS conduits and raceway BMS BMS BMS BMS 
Manual valves 23 23 N/A N/A 
Pipe insertion devices and taps including 
thermowells, flow and pressure stations. 

BMS 23 BMS BMS 

BMS Current Switches. BMS BMS BMS N/A 
BMS Control Relays BMS BMS BMS N/A 
BMS interface with boiler controls BMS BMS BMS 26 
All BMS Nodes, equipment, housings, 
enclosures and panels. 

BMS BMS BMS BMS 

Boiler wiring 23 23 23 23 
Starters, HOA switches 26 26 26 26 

1.G Submittals   

1. Shop Drawings, Product Data, and Samples 
a. The BMS contractor shall submit a list of all shop drawings with submittals dates 

within 30 days of contract award. 
b. Submittals shall be in defined packages.  Each package shall be complete and shall 

only reference itself and previously submitted packages.   The packages shall be as 
approved by the Architect and Engineer for Contract compliance. 

c. Allow 15 working days for the review of each package by the Architect and Engineer 
in the scheduling of the total BMS work. 

d. Equipment and systems requiring approval of local authorities must comply with 
such regulations and be approved.  Filing shall be at the expense of the BMS 
Contractor where filing is necessary.  Provide a copy of all related correspondence 
and permits to the Owner. 

e. Prepare an index of all submittals and shop drawings for the installation.  Index shall 
include a shop drawing identification number, Contract Documents reference and 
item description.   

f. The BMS Contractor shall correct any errors or omissions noted in the first review.   
g. At a minimum, submit the following:  

 BMS network architecture diagrams including all nodes and interconnections. 
 Systems schematics, sequences, and flow diagrams. 
 Points schedule for each point in the BMS, including: Point Type, Object Name, 

Expanded ID, Display Units, Controller type, and Address. 
 Samples of Graphic Display screen types and associated menus. 
 Detailed Bill of Material list for each system or application, identifying 

quantities, part numbers, descriptions, and optional features. 
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 Details of all BMS interfaces and connections to the work of other trades. 
 Product data sheets or marked catalog pages including part number, photo and 

description for all products including software. 

1.H Record Documentation 

1. Operation and Maintenance Manuals 
a. Three (3) copies of the Operation and Maintenance Manuals shall be provided to the 

Owner's Representative upon completion of the project.  The entire Operation and 
Maintenance Manual shall be furnished on Compact Disc media, and include the 
following for the BMS provided: 
 Table of contents.  
 As-built system record drawings.  Computer Aided Drawings (CAD) record 

drawings shall represent the as-built condition of the system and incorporate all 
information supplied with the approved submittal. 

 Manufacturer’s product data sheets or catalog pages for all products including 
software. 

 System Operator’s manuals.  
 Archive copy of all site-specific databases and sequences. 
 BMS network diagrams. 
 Interfaces to all third-party products and work by other trades. 

b. The Operation and Maintenance Manual CD shall be self-contained, and include all 
necessary software required to access the product data sheets.  A logically organized 
table of contents shall provide dynamic links to view and print all product data 
sheets.  Viewer software shall provide the ability to display, zoom, and search all 
documents.  

2. On-Line documentation:  After completion of all tests and adjustments the contractor 
shall provide a copy of all as-built information and product data to be installed on a 
customer designated computer workstation or server  

1.I Warranty  

1. Standard Material and Labor Warranty: 
a. Provide a one-year labor and material warranty on the BMS. 
b. If within twelve (12) months from the date of acceptance of product, upon written 

notice from the owner, it is found to be defective in operation, workmanship or 
materials, it shall be replaced, repaired or adjusted at the option of the BMS 
Contractor at the cost of the BMS Contractor. 

c. Maintain an adequate supply of materials within 100 miles of the Project site such 
that replacement of key parts and labor support, including programming. Warranty 
work shall be done during BMS Contractor’s normal business hours.  
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Part 2 – Products 

2.A General Description 

1. The Building Management System (BMS) modifications shall use an open BACnet 
architecture and fully support a multi-vendor environment and interface with the existing 
Facility Explorer system.  To accomplish this effectively, the BMS shall support open 
communication protocol standards and integrate a wide variety of third-party devices and 
applications.  The system shall be designed for use on the Internet, or intranets using off 
the shelf, industry standard technology compatible with other owner provided networks. 

2. The Building Management System shall consist of the following: 
a. Field Equipment Controller(s)  
b. Input/Output Module(s) 
c. Network processing, data storage and communications equipment  
d. Other components required for a complete and working BMS 

3. The system shall be modular in nature, and shall permit expansion of both capacity and 
functionality through the addition of sensors, actuators, controllers and operator devices, 
while re-using existing controls equipment. 

4. System architectural design shall eliminate dependence upon any single device for alarm 
reporting and control execution.   
a. The failure of any single component or network connection shall not interrupt the 

execution of control strategies at other operational devices. 
b. The System shall maintain all settings and overrides through a system reboot. 

5. System architectural design shall eliminate dependence upon any single device for alarm 
reporting and control execution.   

6. The System shall comply with (UL) 864 (UUKL) Ninth Edition Smoke Control Listing 
including the UL 864 Ninth Edition Standard for Control Units and Accessories for Fire 
Alarm Systems. 
a. The System shall comply with the following NFPA Codes and Standards as 

applicable: 
i. NFPA 70 National Electrical Code 
ii. NFPA 72 National Fire Alarm Code 
iii. NFPA 101 Life Safety Code 
iv. NFPA 90A Standard for the Installation of Air-Conditioning and Ventilation 

Systems 
v. NFPA 92B Guide for Smoke Management Systems in Malls, Atria, and Large 

Areas  
b. The System shall comply with the following International Code Council (ICC) 

Codes: 
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i. Building Officials and code Administrators International (BOMA) model code 
ii. International Conference of Building Officials (ICBO) model code 
iii. Southern Building Code Congress International (SBCCI) regulations  

2.B BMS Architecture  

1. Automation Network 
a. The automation network shall be based on a PC industry standard of Ethernet 

TCP/IP.  Where used, LAN controller cards shall be standard “off the shelf” products 
available through normal PC vendor channels. 

b. The BMS shall network multiple user interface clients, automation engines, system 
controllers and application-specific controllers. Provide application and data server(s) 
as required for systems operation. 

c. All BMS devices on the automation network shall be capable of operating at a 
communication speed of 100 Mbps, with full peer-to-peer network communication.  

d. Network Automation Engines (NAE) shall reside on the automation network. 
e. The automation network will be compatible with other enterprise-wide networks. 

Where indicated, the automation network shall be connected to the enterprise 
network and share resources with it by way of standard networking devices and 
practices.   

2. Control Network 
a. Network Automation Engines (NAE) shall provide supervisory control over the 

control network and shall support all three (3) of the following communication 
protocols: 
i. BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, Clause 9 

(a) The NAE shall be BACnet Testing Labs (BTL) certified and carry the BTL 
Label. 

(b) The NAE shall be tested and certified as a BACnet Building Controller (B-
BC). 

ii. LonWorks enabled devices using the Free Topology Transceiver (FTT-10a). 
iii. The Johnson Controls N2 Field Bus. 

b. Control networks shall provide either “Peer-to-Peer,” Master-Slave, or Supervised 
Token Passing communications, and shall operate at a minimum communication 
speed of 9600 baud. 

c. DDC Controllers shall reside on the control network. 
d. Control network communication protocol shall be BACnet Standard MS/TP Bus 

Protocol ASHRAE SSPC-135. 
e. A BACnet Protocol Implementation Conformance Statement (PICS) shall be 

provided for each controller device (master or slave) that will communicate on the 
BACnet MS/TP Bus.   

f. The PICS shall be submitted 10 days prior to bidding. 
3. Integration 

a. Hardwired 
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i. Analog and digital signal values shall be passed from one system to another via 
hardwired connections. 

ii. There will be one separate physical point on each system for each point to be 
integrated between the systems. 

b. BACnet Protocol Integration - BACnet 
i. The neutral protocol used between systems will be BACnet over Ethernet and 

comply with the ASHRAE BACnet standard 135-2008. 
ii. A complete Protocol Implementation Conformance Statement (PICS) shall be 

provided for all BACnet system devices. 
iii. The ability to command, share point object data, change of state (COS) data and 

schedules between the host and BACnet systems shall be provided. 

2.C User Interface  

1. Dedicated Web Based User Interface 
a. BMS Contractor shall provide expansion and modifications to, information 

management, network alarm management, and database management functions. All 
real-time control functions, including scheduling, history collection and alarming, 
shall be resident in the BMS Network Automation Engines to facilitate greater fault 
tolerance and reliability. 

2. Site Management User Interface Application Components 
a. Operator Interface 

i. An integrated browser based client application shall be used as the user operator 
interface program.  

ii. The System shall employ an event-driven rather than a device polling 
methodology to dynamically capture and present new data to the user. 

iii. All Inputs, Outputs, Setpoints, and all other parameters as defined within Part 3, 
shown on the design drawings, or required as part of the system software, shall 
be displayed for operator viewing and modification from the operator interface 
software. 

iv. The user interface software shall provide help menus and instructions for each 
operation and/or application.   

v. The system shall support customization of the UI configuration and a home page 
display for each operator.   

vi. The system shall support user preferences in the following screen presentations: 
 Alarm 
 Trend  
 Display 
 Applications 

vii. All controller software operating parameters shall be displayed for the operator to 
view/modify from the user interface. These include: setpoints, alarm limits, time 
delays, PID tuning constants, run-times, point statistics, schedules, and so forth. 

viii. The Operator Interface shall incorporate comprehensive support for functions 
including, but not necessarily limited to, the following: 
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 User access for selective information retrieval and control command 
execution 

 Monitoring and reporting 
 Alarm, non-normal, and return to normal condition annunciation 
 Selective operator override and other control actions 
 Information archiving, manipulation, formatting, display and reporting 
 BMS internal performance supervision and diagnostics 
 On-line access to user HELP menus 
 On-line access to current BMS as-built records and documentation 
 Means for the controlled re-programming, re-configuration of BMS 

operation and for the manipulation of BMS database information in 
compliance with the prevailing codes, approvals and regulations for 
individual BMS applications   

ix. The system shall support a list of application programs configured by the users 
that are called up by the following means:   
 The Tools Menu  
 Hyperlinks within the graphics displays  
 Key sequences 

x. The operation of the control system shall be independent of the user interface, 
which shall be used for operator communications only. Systems that rely on an 
operator workstation to provide supervisory control over controller execution of 
the sequences of operations or system communications shall not be acceptable. 

b. Navigation Trees 
i. The system will have the capability to display multiple navigation trees that will 

aid the operator in navigating throughout all systems and points connected.  At 
minimum provide a tree that identifies all systems on the networks. 

ii. Provide the ability for the operator to add custom trees.  The operator will be able 
to define any logical grouping of systems or points and arrange them on the tree 
in any order.  It shall be possible to nest groups within other groups.  Provide at 
minimum 5 levels of nesting. 

iii. The navigation trees shall be “dockable” to other displays in the user interface 
such as graphics.  This means that the trees will appear as part of the display, but 
can be detached and then minimized to the Windows task bar.  A simple 
keystroke will reattach the navigation to the primary display of the user interface. 

b. Alarms 
i. Alarms shall be routed directly from Network Automation Engines to PCs and 

servers.  It shall be possible for specific alarms from specific points to be routed 
to specific PCs and servers.  The alarm management portion of the user interface 
shall, at the minimum, provide the following functions: 
 Log date and time of alarm occurrence. 
 Generate a “Pop-Up” window, with audible alarm, informing a user that an 

alarm has been received. 
 Allow a user, with the appropriate security level, to acknowledge, 

temporarily silence, or discard an alarm. 
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 Provide an audit trail on hard drive for alarms by recording user 
acknowledgment, deletion, or disabling of an alarm. The audit trail shall 
include the name of the user, the alarm, the action taken on the alarm, and a 
time/date stamp. 

 Provide the ability to direct alarms to an e-mail address or alphanumeric 
pager.  This must be provided in addition to the pop up window described 
above.  Systems that use e-mail and pagers as the exclusive means of 
annunciating alarms are not acceptable. 

 Configuration of which NAE offline alarms are seen by each user 
 Any attribute of any object in the system may be designated to report an 

alarm.  
ii. The BMS shall annunciate diagnostic alarms indicating system failures and non-

normal operating conditions. 
iii. The BMS shall allow a minimum of 4 categories of alarm sounds customizable 

through user defined wav.files. 
iv. The BMS shall annunciate application alarms at minimum, as required by Part 3. 

c. Reports and Summaries 
i. Reports and Summaries shall be generated and directed to the user interface 

displays, with subsequent assignment to printers, or disk. As a minimum, the 
system shall provide the following reports: 
 All points in the BMS 
 All points in each BMS application 
 All points in a specific controller 
 All points in a user-defined group of points 
 All points currently in alarm 
 All points locked out  
 All user defined and adjustable variables, schedules, interlocks and the like. 

ii. Summaries and Reports shall be accessible via standard UI functions and not 
dependent upon custom programming or user defined HTML pages. 

iii. Selection of a single menu item, tool bar item, or tool bar button shall print any 
displayed report or summary on the system printer for use as a building 
management and diagnostics tool.  

iv. Provide the capability to view, command and modify large quantities of similar 
data in tailored summaries created online without the use of a secondary 
application like a spreadsheet. Summary definition shall allow up to seven user 
defined columns describing attributes to be displayed including custom column 
labels. Up to 100 rows per summary shall be supported. Summary viewing shall 
be available over the network using a standard Web browser. 

v. Provide a focused set of reports that includes essential information required for 
effective management of energy resources within the facility. Energy reports 
shall be configurable from predefined, preconfigured templates. Required 
includes but shall not be limited to: 
 Energy Overview 
 Load Profile 
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 Simple Energy Cost 
 Consumption 
 Equipment Runtime 
 Electrical Energy 
 Energy Production  

vi. Reports shall be selectable by date, time, area and device.  Each report shall 
include a color visual summary of essential energy information. 

d. Schedules 
i. A graphical display for time-of-day scheduling and override scheduling of 

building operations shall be provided. At a minimum, the following functions 
shall be provided: 
 Weekly schedules 
 Exception Schedules 
 Monthly calendars 

ii. Weekly schedules shall be provided for each group of equipment with a specific 
time use schedule.  

iii. It shall be possible to define one or more exception schedules for each schedule 
including references to calendars 

iv. Monthly calendars shall be provided that allow for simplified scheduling of 
holidays and special days for a minimum of five years in advance. Holidays and 
special days shall be user-selected with the pointing device or keyboard, and 
shall automatically reschedule equipment operation as previously defined on the 
exception schedules. 

v. Changes to schedules made from the User Interface shall directly modify the 
Network Automation Engine schedule database.  

vi. Schedules and Calendars shall comply with ASHRAE SP135/2008 BACnet 
Standard. 

vii. The Calendar object supports an option to add a reference to another Calendar 
Object that is designated to be the master for the facility.  Any Supervisory and 
BAC calendars can be configured to reference a single master Global Calendar.  
Changes to the master global calendar are automatically synced with all 
calendars that are referenced. 

viii. Selection of a single menu item or tool bar button shall print any displayed 
schedule on the system printer for use as a building management and diagnostics 
tool. 

ix. Software shall be provided to configure and implement optimal start and stop 
programming based on existing indoor and outdoor environmental conditions as 
well as equipment operating history 

x. The system Solar Clock shall support the scheduling and energy management 
functions.  The Solar Clock will calculate the sunrise, sunset, and sun angle 
values for a specified latitude and longitude.  A time offset can also be specified.  
An example would be to use the Solar Clock object as a master to an interlock to 
turn lights on 30 minutes after sunset and off 30 minutes before sunrise. 

e. Security/Passwords 
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i. Multiple-level password access protection shall be provided to allow the 
user/manager to user interface control, display, and database manipulation 
capabilities deemed appropriate for each user, based on an assigned password. 

ii. Each user shall have the following: a user name (accept 24 characters minimum), 
a password (accept 12 characters minimum), and access levels. 

iii. The system shall allow each user to change his or her password at will. 
iv. When entering or editing passwords, the system shall not echo the actual 

characters for display on the monitor. 
v. A minimum of six levels of access shall be supported individually or in any 

combination as follows: 
 Level 1 = View Data 
 Level 2 = Command  
 Level 3 = Operator Overrides 
 Level 4 = Database Modification 
 Level 5 = Database Configuration 
 Level 6 = All privileges, including Password Add/Modify 

vi. A minimum of 100 unique passwords shall be supported. 
vii. Operators shall be able to perform only those commands available for their 

respective passwords. Display of menu selections shall be limited to only those 
items defined for the access level of the password used to log-on. 

viii. Operators shall be further limited to only access, command, and modify those 
buildings, systems, and subsystems for which they have responsibility.  Provide a 
minimum of 100 categories of systems to which individual operators may be 
assigned. 

ix. The system shall automatically generate a report of log-on/log-off and system 
activity for each user. Any action that results in a change in the operation or 
configuration of the control system shall be recorded, including: modification of 
point values, schedules or history collection parameters, and all changes to the 
alarm management system, including the acknowledgment and deletion of 
alarms. 

x. The system shall have the ability to provide a Department of Defense (DoD) 
specific warning banner for applicable sites that warns the user they are accessing 
a restricted site. 

xi. After successful login to the Site Management Portal (SMP) the last time and 
date that user name was previously logged in is shown on the screen. 

xii. Each login attempt is recorded in the system Audit Log with the option to record 
the IP address of the PC that made the login. 

f. Screen Manager  
i. The system will allow a customized image on the login screen (i.e. organization 

name, logo). 
ii. User View navigations can be displayed as either a set of tabs or a drop down 

list. 
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iii. Allows user preference for assigning of a background color for when an object is 
Out of Service which will enable the operator to quickly distinguish points that 
have been commanded to this state. 

iv. The User Interface shall be provided with screen management capabilities that 
allow the user to activate, close, and simultaneously manipulate a minimum of 4 
active display windows plus a network or user defined navigation tree. 

g. Dynamic Color Graphics 
i. The graphics application program shall be supplied as an integral part of the User 

Interface. Browser or Workstation applications that rely only upon HTML pages 
shall not be acceptable. 

ii. The graphics applications shall include a create/edit function and a runtime 
function. The system architecture shall support an unlimited number of graphics 
documents (graphic definition files) to be generated and executed.  The graphics 
shall be able to display and provide animation based on real-time data that is 
acquired, derived, or entered.  

iii. Graphics runtime functions – A maximum of 16 graphic applications shall be 
able to execute at any one time on a user interface or workstation with 4 visible 
to the user. Each graphic application shall be capable of the following functions: 
 All graphics shall be fully scalable  
 The graphics shall support a maintained aspect ratio. 
 Multiple fonts shall be supported. 
 Unique background shall be assignable on a per graphic basis.  
 The color of all animations and values on displays shall indicate  the status of 

the object attribute. 
 Graphics that represent buildings or systems shall allow natural links and 

transitions between related detailed tabular views of data that compliment the 
graphic. 

iv. Operation from graphics – It shall be possible to change values (setpoints) and 
states in system controlled equipment directly from the graphic.  

v. Floor Plan graphics – The user interface shall provide graphic applications that 
summarize conditions on a floor.  Floor plan graphics shall indicate thermal 
comfort using dynamic colors to represent zone temperature deviations from 
zone setpoint(s). Floor plan graphics shall display overall metrics for each zone 
in the floor. 

vi. Aliasing – Many graphic displays representing part of a building and various 
building components are exact duplicates, with the exception that the various 
variables are bound to different field values.  Consequently, it shall be possible to 
bind the value of a graphic display to aliases, as opposed to the physical field 
tags.  

vii. Graphic editing tool – A graphic editing tool shall be provided that allows for the 
creation and editing of graphic files. The graphic editor shall be capable of 
performing/defining all animations, and defining all runtime binding.  
 The graphic editing tool shall provide a library of standard HVAC 

equipment, floor plan, lighting, security and network symbols. 
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 The graphic editing tool shall  provide for the creation and positioning of 
library symbols by dragging from tool bars or drop-downs and positioning 
where required. 

 The graphics editing tool shall permit the importing of AutoCAD drawings 
for use in the system. 

 The graphic editing tool shall be able to add additional content to any graphic 
by importing images in the SVG, PNG or JPG file formats. 

h. Historical trending and data collection 
i. Each Automation Engine shall store trend and point history data for all analog 

and digital inputs and outputs, as follows: 
 Any point, physical or calculated, may be designated for trending. Two 

methods of collection shall be allowed: 
1. Defined time interval 
2. Upon a change of value 

 Each Automation Engine shall have the capability to store multiple samples 
for each physical point and software variable based upon available memory, 
including an individual sample time/date stamp. Points may be assigned to 
multiple history trends with different collection parameters. 

ii. Trend and change of value data shall be stored within the engine and uploaded to 
a dedicated trend database or exported in a selectable data format via a provided 
data export utility. Uploads to a dedicated database shall occur based upon one of 
the following: user-defined interval, manual command, or when the trend buffers 
are full. Exports shall be as requested by the user or on a time scheduled basis. 

iii. The system shall provide a configurable data storage subsystem for the collection 
of historical data. Data can be stored in SQL database format. 

i. Trend data viewing and analysis 
i. Provide a trend viewing utility that shall have access to all database points. 
ii. It shall be possible to retrieve any historical database point for use in displays and 

reports by specifying the point name and associated trend name. 
iii. The trend viewing utility shall have the capability to define trend study displays 

to include multiple trends 
iv. Displays shall be able to be single or stacked graphs with on-line selectable 

display characteristics, such as ranging, color, and plot style. 
v. Display magnitude and units shall both be selectable by the operator at any time 

without reconfiguring the processing or collection of data. This is a zoom 
capability. 

vi. Display magnitude shall automatically be scaled to show full graphic resolution 
of the data being displayed.  

vii. The Display shall support the user’s ability to change colors, sample sizes, and 
types of markers.  

j. Database Management 
i. Where a separate SQL database is utilized for information storage the System 

shall provide a Database Manager that separates the database monitoring and 
managing functions by supporting two separate windows.   
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ii. Database secure access shall be accomplished using standard SQL authentication 
including the ability to access data for use outside of the Building Automation 
application. 

iii. The database managing function shall include summarized information on trend, 
alarm, event, and audit for the following database management actions: 
 Backup 
 Purge 
 Restore   

iv. The Database Manager shall support four tabs: 
 Statistics – shall display Database Server information and Trend, Alarm 

(Event), and Audit information on the Metasys Databases. 
 Maintenance – shall provide an easy method of purging records from the 

Metasys Server trend, alarm (event), and audit databases by supporting 
separate screens for creating a backup prior to purging, selecting the 
database, and allowing for the retention of a selected number of day’s data. 

 Backup – Shall provide the means to create a database backup file and select 
a storage location. 

 Restore – shall provide a restricted means of restoring a database by 
requiring the user to log into an Expert Mode in order to view the Restore 
screen. 

v. The Status Bar shall appear at the bottom of all Metasys Database Manager Tabs 
and shall provide information on the current database activity.  The following 
icons shall be provided: 
 Ready 
 Purging Record from a database 
 Action Failed 
 Refreshing Statistics 
 Restoring database 
 Shrinking a database 
 Backing up a database 
 Resetting internet information Services 
 Starting the Metasys Device Manager 
 Shutting down the Metasys Device Manager 
 Action successful 

vi. The Database Manager monitoring functions shall be accessed through the 
Monitoring Settings window and shall continuously read database information 
once the user has logged in. 

vii.  The System shall provide user notification via taskbar icons and e-mail messages 
when a database value has exceeded a warning or alarm limit.  

viii. The Monitoring Settings window shall have the following sections: 
 General – Shall allow the user to set and review scan intervals and start 

times. 
 Email – Shall allow the user to create and review e-mail and phone text 

messages to be delivered when a Warning or Alarm is generated. 
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 Warning – shall allow the user to define the Warning limit parameters, set 
the Reminder Frequency, and link the e-mail message. 

 Alarm – shall allow the user to define the Alarm limit parameters, set the 
Reminder Frequency, and link the e-mail message. 

 Database login – Shall protect the system from unauthorized database 
manipulation by creating a Read Access and a Write Access for each of the 
Trend, Alarm (Event) and Audit databases as well as an Expert Mode 
required to restore a database. 

ix. The Monitoring Settings Taskbar shall provide the following informational icons: 
 Normal – Indicates by color and size that all databases are within their limits. 
 Warning - Indicates by color and size that one or more databases have 

exceeded their Warning limit. 
 Alarm - Indicates by color and size that one or more databases have exceeded 

their Alarm limit. 
x. The System shall provide user notification via Taskbar icons and e-mail 

messages when a database value has exceeded a warning or alarm limit.  
k. Demand Limiting and Load Rolling 

i. The System shall provide a Demand Limiting and Load Rolling program for the 
purpose of limiting peak energy usage and reducing overall energy consumption. 

ii. The System shall support both Sliding Window and Fixed Window methods of 
predicting demand. 

iii. The System shall support three levels of sensitivity in the Sliding Window 
demand calculations for fine tuning the system.   
 Low Setting – Sheds loads later and over the shortest amount of time.  

Maximizes the time the equipment is on. 
 Medium Setting – Sheds loads earlier over a longer amount of time than the 

Low Setting.  Increases the time the equipment is on and decreases the 
probability of exceeding the Tariff Target over the Low Setting. 

 High Setting – Sheds loads earlier over a longer amount of time than the 
Medium Setting.  Minimizes the probability of exceeding the Tariff Target. 

iv. The System shall have both a Shed Mode and a Monitor Only Mode of operation.   
 When the Shed Mode is engaged, the System shall actively control the 

Demand.   
 When the Monitor Mode is engaged, the System will simulate the shedding 

action but will not take any action. 
v. The Demand Limiting program shall monitor the energy consumption rate and 

compare it to a user defined Tariff Target.  The system shall maintain 
consumption below the target by selectively shedding loads based upon a user 
defined strategy. 

vi. The Demand Limiting program shall be capable of supporting a minimum of 10 
separate Load Priorities.  Each load shall be user assigned to a Load Priority. 

vii.  The Demand Limiting program shall be capable of supporting a minimum of 12 
separate Tariff Targets defining the maximum allowed average power during the 
current interval.  
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viii. The System shall support a Maximum Shed Time for each load as determined by 
the user.  The system shall restore the load before the Maximum Shed time has 
expired. 

ix. The System shall support a Minimum Shed Time for each load as determined by 
the user.  The system shall not restore the load sooner than the Minimum Shed 
Time has expired. 

x. The System shall support a Minimum Release Time for each load as determined 
by the user.  The System shall not shed the load until it has been off for the 
Minimum Release time. 

xi. The System shall support three user defined options if the meter goes unreliable.  
 Shedding – The currently shed loads will be released as their Maximum shed 

Times expire. 
 Maintain the Current Shed Rate – The System will use the Demand Limiting 

shed rate that was present when the meter went unreliable. 
 Use Unreliable Meter Shed Rate – the system will control to a user defined 

Unreliable Shed Rate target. 
xii. The Load Rolling program shall sum the loads currently shed and compare it to a 

user defined Load Rolling Target.  The system shall maintain consumption below 
the target by selectively shedding loads based upon a user defined Load Priority. 

xiii. The Load Rolling program shall be capable of supporting a minimum of 10 
separate Load Priorities.  Each load shall be user assigned to a Load Priority. 

xiv. The Load Rolling program shall be capable of supporting a minimum of 12 
separate Tariff Targets defining the amount of power by which the demand must 
be reduced.   

xv. The System shall provide the user with a Load Tab that displays all of the 
Demand Limiting and Load Rolling parameters for any selected load. 

xvi. The System shall provide the user with a Load Summary that displays all of the 
loads associated with the Demand Limiting and Load Rolling programs.  Status 
Icons for each load shall indicate: 
 Load is Offline  
 Load is Disabled  
 Load is Shed 
 Load is Locked 
 Load is in Comfort Override 

xvii. The Load Summary shall include a Load Summary Runtime view listing 
the following load conditions: 
 Load Priority 
 Shed Strategy 
 Load Rating 
 Present Value 
 Ineligibility Status 
 Active Timer 
 Time Remaining 
 Last Shed Time 
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2.D  DDC System Controllers 

1. Advanced Application Field Equipment Controller (FAC 261X) 
a. The Field Equipment Controller (FEC) shall be a fully user-programmable, digital 

controller that communicates via BACnet MS/TP protocol. 
i. The FAC shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-

135, Clause 9 on the controller network. 
 The FAC shall be BACnet Testing Labs (BTL) certified and carry the BTL 

Label. 
 The FAC shall be tested and certified as a BACnet Application Specific 

Controller (B-ASC). 
 A BACnet Protocol Implementation Conformance Statement shall be 

provided for the FAC.   
 The Conformance Statement shall be submitted 10 days prior to bidding. 

b. The FAC shall employ a finite state control engine to eliminate unnecessary conflicts 
between control functions at crossover points in their operational 
sequences.  Suppliers using non-state based DDC shall provide separate control 
strategy diagrams for all controlled functions in their submittals. 

c. Controllers shall be factory programmed with a continuous adaptive tuning algorithm 
that senses changes in the physical environment and continually adjusts loop tuning 
parameters appropriately.  Controllers that require manual tuning of loops or perform 
automatic tuning on command only shall not be acceptable. The FAC shall be 
assembled in a plenum-rated plastic housing with flammability rated to UL94-5VB. 

d. The FAC shall include an integral real-time clock and support time-based tasks 
which enables these field controllers to monitor and control: 
i. Schedules 
ii. Calendars 
iii. Alarms 
iv. Trends 

e. The FAC can continue time-based monitoring when offline for extended periods of 
time from a Metasys system network. 

f. The FAC can operate as a stand-alone controller in applications that do not require a 
networked supervisory device or for network applications where it is preferred to 
have the scheduling, alarming, and/or trending performed locally in the field 
controllers. 

g. The FAC shall include troubleshooting LED indicators to identify the following 
conditions: 
i. Power On 
ii. Power Off 
iii. Download or Startup in progress, not ready for normal operation 
iv. No Faults 
v. Device Fault 
vi. Field Controller Bus - Normal Data Transmission 
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vii. Field Controller Bus - No Data Transmission 
viii. Field Controller Bus - No Communication 
ix. Sensor-Actuator Bus - Normal Data Transmission 
x. Sensor-Actuator Bus - No Data Transmission 
xi. Sensor-Actuator Bus - No Communication 

h. The FAC shall accommodate the direct wiring of analog and binary I/O field points. 
i. The FAC shall support the following types of inputs and outputs:   

i. Universal Inputs - shall be configured to monitor any of the following: 
 Analog Input, Voltage Mode 
 Analog Input, Current Mode 
 Analog Input, Resistive Mode 
 Binary Input, Dry Contact Maintained Mode 
 Binary Input, Pulse Counter Mode 

ii. Binary Inputs - shall be configured to monitor either of the following: 
 Dry Contact Maintained Mode 
 Pulse Counter Mode  

iii. Analog Outputs - shall be configured to output either of the following 
 Analog Output, Voltage Mode 
 Analog Output, Current Mode 

iv. Binary Outputs - shall output the following: 
 Line-voltage relay outputs 
 24 VAC Triac 

v. Configurable Outputs - shall be capable of the following:  
 Analog Output, Voltage Mode 
 Binary Output Mode 

j. The FAC shall have the ability to reside on a Field Controller Bus (FC Bus). 
i. The FC Bus shall be a Master-Slave/Token-Passing (MS/TP) Bus supporting 

BACnet Standard protocol SSPC-135, Clause 9. 
ii. The FC Bus shall support communications between the FACs and the NAE. 
iii. The FC Bus shall also support Input/Output Module (IOM) communications with 

the FAC and with the NAE. 
iv. The FC Bus shall support a minimum of 100 IOMs and FACs in any 

combination. 
v. The FC Bus shall operate at a maximum distance of 15,000 Ft. between the FAC 

and the furthest connected device. 
k. The FAC shall have the ability to monitor and control a network of sensors and 

actuators over a Sensor-Actuator Bus (SA Bus). 
i. The SA Bus shall be a Master-Slave/Token-Passing (MS/TP) Bus supporting 

BACnet Standard Protocol SSPC-135, Clause 9. 
ii. The SA Bus shall support a minimum of 10 devices per trunk. 
iii. The SA Bus shall operate at a maximum distance of 1,200 Ft. between the FAC 

and the furthest connected device. 
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l. The FAC shall have the capability to execute complex control sequences involving 
direct wired I/O points as well as input and output devices communicating over the 
FC Bus or the SA Bus.  

m. : 
 Selection and sequencing of up to eight chillers of different sizes  
 Selection and sequencing of up to eight (each) primary and secondary chilled 

water pumps of varying pumping capacities 
 Selection and sequencing of up to eight condenser water pumps  
 Selection and sequencing of cooling towers and bypass valve, including 

single speed, multi-speed, and vernier control  
 A proven and documented central cooling plant optimization program that 

incorporates custom equipment efficiency profiles, without rewriting 
software code, in order to meet the building load using the least amount of 
energy as calculated.   

 The use of advanced control algorithms that apply equipment specific 
parameters, including operational limits and efficiency profiles, in order to 
determine equipment start and runtime preferences 

 Identification of the most efficient equipment combination and automatic 
control of state and speed of all necessary equipment to balance runtime, 
optimize timing and sequencing and ensure the efficiency and stability of the 
central cooling plant 

 Control definition for the chiller plant in a single FAC, as supported by 
available memory and point Input/Output (I/O), or capable of being split 
across multiple FACs 

ii. Heating central plant applications 
iii. Built-up air handling units for special applications 
iv. Terminal & package units 
v. Special programs as required for systems control 
vi. The Display shall use a BACnet Standard SSPC-135, clause 9 Master-

Slave/Token-Passing protocol. 
vii. The Display shall allow the user to view monitored points without logging into 

the system. 
viii. The Display shall allow the user to view and change setpoints, modes of 

operation, and parameters.   
ix. The Display shall provide password protection with user adjustable password 

timeout.   
x. The Display shall be menu driven with separate paths for: 

 Input/Output 
 Parameter/Setpoint 
 Overrides 

xi. The Display shall use easy-to-read English text messages.   
xii. The Display shall allow the user to select the points to be shown and in what 

order. 
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xiii. The Display shall support a back lit Liquid Crystal Display (LCD) with 
adjustable contrast and brightens and automatic backlight brightening during user 
interaction. 

xiv. The display shall be a minimum of 4 lines and a minimum of 20 characters per 
line  

xv. The Display shall have a keypad with no more than 6 keys. 
xvi. The Display shall be panel mountable. 

2. Field Equipment Controller (FEC X611) 
a. The Field Equipment Controller (FEC) shall be a fully user-programmable, digital 

controller that communicates via BACnet MS/TP protocol. 
i. The FEC shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-

135, Clause 9 on the controller network. 
 The FEC shall be BACnet Testing Labs (BTL) certified and carry the BTL 

Label. 
 The FEC shall be tested and certified as a BACnet Application Specific 

Controller (B-ASC). 
 A BACnet Protocol Implementation Conformance Statement shall be 

provided for the FEC.   
 The Conformance Statement shall be submitted 10 days prior to bidding. 

b. The FEC shall employ a finite state control engine to eliminate unnecessary conflicts 
between control functions at crossover points in their operational 
sequences.  Suppliers using non-state based DDC shall provide separate control 
strategy diagrams for all controlled functions in their submittals. 

c. Controllers shall be factory programmed with a continuous adaptive tuning algorithm 
that senses changes in the physical environment and continually adjusts loop tuning 
parameters appropriately.  Controllers that require manual tuning of loops or perform 
automatic tuning on command only shall not be acceptable. The FEC shall be 
assembled in a plenum-rated plastic housing with flammability rated to UL94-5VB. 

d. The FEC shall include troubleshooting LED indicators to identify the following 
conditions: 
i. Power On 
ii. Power Off 
iii. Download or Startup in progress, not ready for normal operation 
iv. No Faults 
v. Device Fault 
vi. Field Controller Bus - Normal Data Transmission 
vii. Field Controller Bus - No Data Transmission 
viii. Field Controller Bus - No Communication 
ix. Sensor-Actuator Bus - Normal Data Transmission 
x. Sensor-Actuator Bus - No Data Transmission 
xi. Sensor-Actuator Bus - No Communication 

e. The FEC shall accommodate the direct wiring of analog and binary I/O field points. 
f. The FEC shall support the following types of inputs and outputs:   
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i. Universal Inputs - shall be configured to monitor any of the following: 
 Analog Input, Voltage Mode 
 Analog Input, Current Mode 
 Analog Input, Resistive Mode 
 Binary Input, Dry Contact Maintained Mode 
 Binary Input, Pulse Counter Mode 

ii. Binary Inputs - shall be configured to monitor either of the following: 
 Dry Contact Maintained Mode 
 Pulse Counter Mode  

iii. Analog Outputs - shall be configured to output either of the following 
 Analog Output, Voltage Mode 
 Analog Output, current Mode 

iv. Binary Outputs - shall output the following: 
 24 VAC Triac 

v. Configurable Outputs - shall be capable of the following:  
 Analog Output, Voltage Mode 
 Binary Output Mode 

g. The FEC shall have the ability to reside on a Field Controller Bus (FC Bus). 
i. The FC Bus shall be a Master-Slave/Token-Passing (MS/TP) Bus supporting 

BACnet Standard protocol SSPC-135, Clause 9. 
ii. The FC Bus shall support communications between the FECs and the NAE. 
iii. The FC Bus shall also support Input/Output Module (IOM) communications with 

the FEC and with the NAE. 
iv. The FC Bus shall support a minimum of 100 IOMs and FECs in any 

combination. 
v. The FC Bus shall operate at a maximum distance of 15,000 Ft. between the FEC 

and the furthest connected device. 
h. The FEC shall have the ability to monitor and control a network of sensors and 

actuators over a Sensor-Actuator Bus (SA Bus). 
i. The SA Bus shall be a Master-Slave/Token-Passing (MS/TP) Bus supporting 

BACnet Standard Protocol SSPC-135, Clause 9. 
ii. The SA Bus shall support a minimum of 10 devices per trunk. 
iii. The SA Bus shall operate at a maximum distance of 1,200 Ft. between the FEC 

and the furthest connected device. 
i. The FEC shall have the capability to execute complex control sequences involving 

direct wired I/O points as well as input and output devices communicating over the 
FC Bus or the SA Bus.  

 Selection and sequencing of up to eight chillers of different sizes  
 Selection and sequencing of up to eight (each) primary and secondary chilled 

water pumps of varying pumping capacities 
 Selection and sequencing of up to eight condenser water pumps  
 Selection and sequencing of cooling towers and bypass valve, including 

single speed, multi-speed, and vernier control  
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 A proven and documented central cooling plant optimization program that 
incorporates custom equipment efficiency profiles, without rewriting 
software code, in order to meet the building load using the least amount of 
energy as calculated.   

 The use of advanced control algorithms that apply equipment specific 
parameters, including operational limits and efficiency profiles, in order to 
determine equipment start and runtime preferences 

 Identification of the most efficient equipment combination and automatic 
control of state and speed of all necessary equipment to balance runtime, 
optimize timing and sequencing and ensure the efficiency and stability of the 
central cooling plant 

 Control definition for the chiller plant in a single FEC, as supported by 
available memory and point Input/Output (I/O), or capable of being split 
across multiple FECs 

ii. Heating central plant applications 
iii. Built-up air handling units for special applications 
iv. Terminal & package units 
v. Special programs as required for systems control 
vi. The Display shall use a BACnet Standard SSPC-135, clause 9 Master-

Slave/Token-Passing protocol. 
vii. The Display shall allow the user to view monitored points without logging into 

the system. 
viii. The Display shall allow the user to view and change setpoints, modes of 

operation, and parameters.   
ix. The Display shall provide password protection with user adjustable password 

timeout.   
x. The Display shall be menu driven with separate paths for: 

 Input/Output 
 Parameter/Setpoint 
 Overrides 

xi. The Display shall use easy-to-read English text messages.   
xii. The Display shall allow the user to select the points to be shown and in what 

order. 
xiii. The Display shall support a back lit Liquid Crystal Display (LCD) with 

adjustable contrast and brightens and automatic backlight brightening during user 
interaction. 

xiv. The display shall be a minimum of 4 lines and a minimum of 20 characters per 
line  

xv. The Display shall have a keypad with no more than 6 keys. 
xvi. The Display shall be panel mountable.  

2.E Field Devices 

1. Input/Output Module (IOM X711) 
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a. The Input/Output Module (IOM) provides additional inputs and outputs for use in the 
FEC. 

b. The IOM shall communicate with the FEC over the FC Bus or the SA Bus. 
c. The IOM shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, 

Clause 9 on the controller network. 
i. The IOM shall be BACnet Testing Labs (BTL) certified and carry the BTL 

Label. 
ii.  The IOM shall be tested and certified as a BACnet Application Specific 

Controller (B-ASC). 
iii. A BACnet Protocol Implementation Conformance Statement shall be provided 

for the FEC. 
iv. The Conformance Statement shall be submitted 10 days prior to bidding. 

d. The IOM shall be assembled in a plenum-rated plastic housing with flammability 
rated to UL94-5VB. 

e. The IOM shall have a minimum of 4 points to a maximum of 17 points. 
f. The IOM shall support the following types of inputs and outputs:   

i. Universal Inputs - shall be configured to monitor any of the following: 
 Analog Input, Voltage Mode 
 Analog Input, Current Mode 
 Analog Input, Resistive Mode 
 Binary Input, Dry Contact Maintained Mode 
 Binary Input, Pulse Counter Mode 

ii. Binary Inputs - shall be configured to monitor either of the following: 
 Dry Contact Maintained Mode 
 Pulse Counter Mode  

iii. Analog Outputs - shall be configured to output either of the following 
 Analog Output, Voltage Mode 
 Analog Output, current Mode 

iv. Binary Outputs - shall output the following: 
 24 VAC Triac 

v. Configurable Outputs - shall be capable of the following:  
 Analog Output, Voltage Mode 
 Binary Output Mode 

g. The IOM shall include troubleshooting LED indicators to identify the following 
conditions: 
i. Power On 
ii. Power Off 
iii. Download or Startup in progress, not ready for normal operation 
iv. No Faults 
v. Device Fault 
vi. Normal Data Transmission 
vii. No Data Transmission 
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viii. No Communication 

2.F Miscellaneous Devices 

1. Local Control Panels 
a. All control panels shall be factory constructed, incorporating the BMS 

manufacturer’s standard designs and layouts. All control panels shall be UL 
inspected and listed as an assembly and carry a UL 508 label listing compliance. 
Control panels shall be fully enclosed, with perforated sub-panel, hinged door, and 
slotted flush latch.  

b. In general, the control panels shall consist of the DDC controller(s), display module 
as specified and indicated on the plans, and I/O devices—such as relays, transducers, 
and so forth—that are not required to be located external to the control panel due to 
function. Where specified the display module shall be flush mounted in the panel 
face unless otherwise noted. 

c. All I/O connections on the DDC controller shall be provide via removable or fixed 
screw terminals.  

d. Low and line voltage wiring shall be segregated. All provided terminal strips and 
wiring shall be UL listed, 300-volt service and provide adequate clearance for field 
wiring. 

e. All wiring shall be neatly installed in plastic trays or tie-wrapped. 
f. A 120 volt convenience outlet, fused on/off power switch, and required transformers 

shall be provided in each enclosure. 
2. Power Supplies 

a. DC power supplies shall be sized for the connected device load. Total rated load shall 
not exceed 75% of the rated capacity of the power supply. 

b. Input: 120 VAC +10%, 60Hz. 
c. Output: 24 VDC. 
d. Line Regulation: +0.05% for 10% line change. 
e. Load Regulation: +0.05% for 50% load change. 
f. Ripple and Noise: 1 mV rms, 5 mV peak to peak. 
g. An appropriately sized fuse and fuse block shall be provided and located next to the 

power supply. 
h. A power disconnect switch shall be provided next to the power supply. 

Part 3 – Performance/Execution 

3.A BMS Specific Requirements 
1. Graphic Displays 

a. Provide a color graphic system flow diagram display for each system with all points 
as indicated on the point list.  All terminal unit graphic displays shall be from a 
standard design library.   

b. User shall access the various system schematics via a graphical penetration scheme 
and/or menu selection. 

2. Custom Reports:  
a. Provide custom reports as required for this project 
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3. Actuation / Control Type 
a. Primary Equipment 

i. Controls shall be provided by equipment manufacturer as specified herein. 

3.B Installation Practices 
1. BMS Wiring 

a. All conduit, wiring, accessories and wiring connections required for the installation 
of the Building Management System, as herein specified, shall be provided by the 
BMS Contractor unless specifically shown on the Electrical Drawings under Division 
26 Electrical.  All wiring shall comply with the requirements of applicable portions 
of Division 26 and all local and national electric codes, unless specified otherwise in 
this section. 

b. All BMS wiring materials and installation methods shall comply with BMS 
manufacturer recommendations. 

c. The sizing, type and provision of cable, conduit, cable trays, and raceways shall be 
the design responsibility of the BMS Contractor.  If complications arise, however, 
due to the incorrect selection of cable, cable trays, raceways and/or conduit by the 
BMS Contractor, the Contractor shall be responsible for all costs incurred in 
replacing the selected components. 

d. Class 2 Wiring 
i. All Class 2 (24VAC or less) wiring shall be installed in conduit unless otherwise 

specified. 
ii. Conduit is not required for Class 2 wiring in concealed accessible locations. 

Class 2 wiring not installed in conduit shall be supported every 5’ from the 
building structure utilizing metal hangers designed for this application.  Wiring 
shall be installed parallel to the building structural lines.  All wiring shall be 
installed in accordance with local code requirements.  

e. Class 2 signal wiring and 24VAC power can be run in the same conduit.  Power 
wiring 120VAC and greater cannot share the same conduit with Class 2 signal 
wiring. 

f. Provide for complete grounding of all applicable signal and communications cables, 
panels and equipment so as to ensure system integrity of operation.  Ground cabling 
and conduit at the panel terminations.  Avoid grounding loops. 

2. BMS Line Voltage Power Source 
a. 120-volt AC circuits used for the Building Management System shall be taken from 

panel boards and circuit breakers provided by Division 26. 
b. Circuits used for the BMS shall be dedicated to the BMS and shall not be used for 

any other purposes. 
c. DDC terminal unit controllers may use AC power from motor power circuits. 

3. BMS Raceway 
a. All wiring shall be installed in conduit or raceway except as noted elsewhere in this 

specification. Minimum control wiring conduit size 1/2”. 
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b. Where it is not possible to conceal raceways in finished locations, surface raceway 
(Wiremold) may be used as approved by the Architect.   

c. All conduits and raceways shall be installed level, plumb, at right angles to the 
building lines and shall follow the contours of the surface to which they are attached. 

d. Flexible Metal Conduit shall be used for vibration isolation and shall be limited to 3 
feet in length when terminating to vibrating equipment.  Flexible Metal Conduit may 
be used within partition walls.  Flexible Metal Conduit shall be UL listed. 

4. Penetrations 
a. Provide fire stopping for all penetrations used by dedicated BMS conduits and 

raceways.   
b. All openings in fire proofed or fire stopped components shall be closed by using 

approved fire resistive sealant.  
c. All wiring passing through penetrations, including walls shall be in conduit or 

enclosed raceway. 
d. Penetrations of floor slabs shall be by core drilling. All penetrations shall be plumb, 

true, and square.   
5. BMS Identification Standards 

a. Node Identification.  All nodes shall be identified by a permanent label fastened to 
the enclosure.  Labels shall be suitable for the node location. 

b. Cable types specified in Item A shall be color coded for easy identification and 
troubleshooting.   

6. BMS Panel Installation 
a. The BMS panels and cabinets shall be located as indicated at an elevation of not less 

than 2 feet from the bottom edge of the panel to the finished floor.  Each cabinet shall 
be anchored per the manufacturer’s recommendations. 

b. The BMS contractor shall be responsible for coordinating panel locations with other 
trades and electrical and mechanical contractors. 

7. Input Devices 
a. All Input devices shall be installed per the manufacturer recommendation 
b. Locate components of the BMS in accessible local control panels wherever possible. 

8. HVAC Input Devices – General 
a. All Input devices shall be installed per the manufacturer recommendation 
b. Locate components of the BMS in accessible local control panels wherever possible. 
c. The mechanical contractor shall install all in-line devices such as temperature wells, 

pressure taps, airflow stations, etc.   
d. Input Flow Measuring Devices shall be installed in strict compliance with ASME 

guidelines affecting non-standard approach conditions. 
e. Outside Air Sensors 

i. Sensors shall be mounted on the North wall to minimize solar radiant heat impact 
or located in a continuous intake flow adequate to monitor outside air conditions 
accurately. 

ii. Sensors shall be installed with a rain proof, perforated cover. 
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f. Water Differential Pressure Sensors   
i. Differential pressure transmitters used for flow measurement shall be sized to the 

flow-sensing device. 
ii.  Differential pressure transmitters shall be supplied with tee fittings and shut-off 

valves in the high and low sensing pick-up lines. 
iii. The transmitters shall be installed in an accessible location wherever possible. 

g. Medium to High Differential Water Pressure Applications (Over 21” w.c.):  
i. Air bleed units, bypass valves and compression fittings shall be provided. 

h. Water Differential Pressure Status Switches:  
i. Install with shut off valves for isolation. 

i. HVAC Output Devices 
j. All output devices shall be installed per the manufacturers recommendation.  The 

mechanical contractor shall install all in-line devices such as control valves, dampers, 
airflow stations, pressure wells, etc. 

k. Electronic Signal Isolation Transducers: Whenever an analog output signal from the 
Building Management System is to be connected to an external control system as an 
input (such as a chiller control panel), or is to receive as an input a signal from a 
remote system, provide a signal isolation transducer.  Signal isolation transducer shall 
provide ground plane isolation between systems.  Signals shall provide optical 
isolation between systems 

3.C Training  
1. The BMS contractor shall provide the following training services: 

a. Training for HVAC Controls shall be included for a total of 8 hours; (2) 4-hour 
sessions by a system technician who is fully knowledgeable of the specific 
installation details of the project.  This orientation shall, at a minimum, consist of a 
review of the project as-built drawings, the BMS software layout and naming 
conventions, and a walk through of the facility to identify panel and device locations. 

3.D Commissioning   
1. Fully commission all aspects of the Building Management System work. 
2. Acceptance Check Sheet 

a. Prepare a check sheet that includes all points for all functions of the BMS as 
indicated on the point list included in this specification. 

3. Perform the following field tests and inspections and prepare test reports; test reports 
shall include a log showing the date, technician's initials, and any corrective action taken 
or needed: 

a. Operational Test:  After electrical circuitry has been energized, start units to confirm 
proper unit operation.  Remove and replace malfunctioning units and retest.  Insure 
all normal and fail-safe positions are correct. 

b. Test and adjust controls and safeties. 

i. Check each alarm separately by including an appropriate signal at a value that 
will trip the alarm. 
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ii. 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. 

iii. Interlock actions shall be tested by simulating alarm conditions to check the 
initiating value of the variable and interlock action. 

c. Verify that instruments are installed before calibration, testing, and loop or leak 
checks. 

d. Check instruments for proper location and accessibility. 
e. Check instrument installation for direction of flow, elevation, orientation, insertion 

depth, and other applicable considerations. 
f. Check instrument tubing for proper fittings, slope, material, and support. 
g. Check installation of air supply for each instrument. 
h. Check flow instruments.  Inspect tag number and line and bore size, and verify that 

inlet side is identified and that meters are installed correctly. 
i. Check pressure instruments, piping slope, installation of valve manifold, and self-

contained pressure regulators. 
j. Check temperature instruments and material and length of sensing elements. 
k. Check control valves.  Verify that they are in correct direction. 
l. Check DDC system as follows: 
m. Verify that DDC controller power supply is from emergency power supply, if 

applicable. 
n. Verify that wires at control panels are tagged with their service designation and 

approved tagging system. 
o. Verify that spare I/O capacity has been provided. 
p. Verify that DDC controllers are protected from power supply surges. 
q. Submit the check sheet to the Engineer for approval  
r. The Engineer will use the check sheet as the basis for acceptance with the BMS 

Contractor. 

4. Calibrating and Adjusting: 

a. Calibrate instruments. 
b. Make three-point calibration test for both linearity and accuracy for each analog 

instrument. 
c. Calibrate equipment and procedures using manufacturer's written recommendations 

and instruction manuals.  Use test equipment with accuracy at least double that of 
instrument being calibrated. 

d. Control System Inputs and Outputs: 

e. Check analog inputs at 0, 50, and 100 percent of span. 
f. Check analog outputs using milliampere meter at 0, 50, and 100 percent output. 
g. Check digital inputs using jumper wire. 
h. Check digital outputs using ohmmeter to test for contact making or breaking. 
i. Check resistance temperature inputs at 0, 50, and 100 percent of span using a 

precision-resistant source. 
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5. Flow: 

a. Set differential pressure flow transmitters for 0 and 100 percent values with 3-point 
calibration accomplished at 50, 90, and 100 percent of span. 

b. Manually operate flow switches to verify that they make or break contact. 

c. Pressure: 

d. Calibrate pressure transmitters at 0, 50, and 100 percent of span. 
e. Calibrate pressure switches to make or break contacts, with adjustable differential set 

at minimum. 

6. Temperature: 

a. Calibrate resistance temperature transmitters at 0, 50, and 100 percent of span using a 
precision-resistance source. 

b. Calibrate temperature switches to make or break contacts. 

7. Stroke and adjust control valves and dampers without positioners, following the 
manufacturer's recommended procedure, so that valve or damper is 100 percent open and 
closed. 

8. Stroke and adjust control valves and dampers with positioners, following manufacturer's 
recommended procedure, so that valve and damper is 0, 50, and 100 percent closed. 

9. Provide diagnostic and test instruments for calibration and adjustment of system. 
10. Provide written description of procedures and equipment for calibrating each type of 

instrument.  Submit procedures review and approval before initiating startup procedures. 
11. Promptly rectify all listed deficiencies and submit to the Engineer that this has been done. 

 

END OF SECTION 230900 
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SECTION 231123 - FACILITY NATURAL-GAS PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Pipes, tubes, and fittings. 

2. Piping specialties. 

3. Piping and tubing joining materials. 

4. Valves. 

5. Pressure regulators. 

1.2 PERFORMANCE REQUIREMENTS 

A. Minimum Operating-Pressure Ratings: 

1. Piping and Valves: 100 psig minimum unless otherwise indicated. 

2. Service Regulators: 65 psig minimum unless otherwise indicated. 

B. Natural-Gas System Pressures within Buildings: Two pressure ranges. Primary pressure is more 

than 0.5 psig not more than 2 psig, and is reduced to secondary pressure of 0.5 psig or less. 

1.3 ACTION SUBMITTALS 

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

1. Piping specialties. 

2. Valves. Include pressure rating, capacity, settings, and electrical connection data of 

selected models. 

3. Pressure regulators. Indicate pressure ratings and capacities. 

B. Shop Drawings: For facility natural-gas piping layout. Include plans, piping layout and 

elevations, sections, and details for fabrication of pipe anchors, hangers, supports for multiple 

pipes, alignment guides, expansion joints and loops, and attachments of the same to building 

structure. 

1.4 INFORMATIONAL SUBMITTALS 

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

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 QUALITY ASSURANCE 

A. Steel Support Welding Qualifications: Qualify procedures and personnel according to 

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

B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and 

Pressure Vessel Code. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

PART 2 - PRODUCTS 

2.1 PIPES, TUBES, AND FITTINGS 

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

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

2. Wrought-Steel Welding Fittings: ASTM A 234/A 234M for butt welding and socket 

welding. 

3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint, 

and threaded ends. 

2.2 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 and smaller. 

3. Strainer Screen: 40-mesh startup strainer, and perforated stainless-steel basket with 50 

percent free area. 

4. CWP Rating: 125 psig  

B. Weatherproof Vent Cap: Cast- or malleable-iron increaser fitting with corrosion-resistant wire 

screen, with free area at least equal to cross-sectional area of connecting pipe and threaded-end 

connection. 
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2.3 JOINING MATERIALS 

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

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

for wall thickness and chemical analysis of steel pipe being welded. 

2.4 MANUAL GAS SHUTOFF VALVES 

A. See "Aboveground Manual Gas Shutoff Valve Schedule" Articles for where each valve type is 

applied in various services. 

B. General Requirements for Metallic Valves, NPS 2 and Smaller: Comply with ASME B16.33. 

1. CWP Rating: 150 psig 

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

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

4. Tamperproof Feature: Locking feature for valves indicated in "Aboveground Manual Gas 

Shutoff Valve Schedule" Articles. 

5. Listing: Listed and labeled by an NRTL acceptable to authorities having jurisdiction for 

valves 1 inch and smaller. 

6. Service Mark: Valves 1-1/4 inches to NPS 2 shall have initials "WOG" permanently 

marked on valve body. 

C. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: MSS SP-110. 

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

2. Ball: Chrome-plated bronze. 

3. Stem: Bronze; blowout proof. 

4. Seats: Reinforced TFE; blowout proof. 

5. Packing: Threaded-body packnut design with adjustable-stem packing. 

6. Ends: Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff 

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 

7. CWP Rating: 600 psig. 

8. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 

9. Service: Suitable for natural-gas service with "WOG" indicated on valve body. 

D. Bronze Plug Valves: MSS SP-78. 

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

2. Plug: Bronze. 

3. Ends: Threaded, socket, as indicated in "Underground Manual Gas Shutoff Valve 

Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 

4. Operator: Square head or lug type with tamperproof feature where indicated. 

5. Pressure Class: 125 psig. 

6. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 

7. Service: Suitable for natural-gas service with "WOG" indicated on valve body. 
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2.5 PRESSURE REGULATORS 

A. General Requirements: 

1. Single stage and suitable for natural gas. 

2. Steel jacket and corrosion-resistant components. 

3. Elevation compensator. 

4. End Connections: Threaded for regulators NPS 2 and smaller. 

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

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

2. Springs: Zinc-plated steel; interchangeable. 

3. Diaphragm Plate: Zinc-plated steel. 

4. Seat Disc: Nitrile rubber resistant to gas impurities, abrasion, and deformation at the 

valve port. 

5. Orifice: Aluminum; interchangeable. 

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

7. Single-port, self-contained regulator with orifice no larger than required at maximum 

pressure inlet, and no pressure sensing piping external to the regulator. 

8. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 

150 percent of design discharge pressure at shutoff. 

9. Overpressure Protection Device: Factory mounted on pressure regulator. 

10. Atmospheric Vent: Factory- or field-installed, stainless-steel screen in opening if not 

connected to vent piping. 

11. Maximum Inlet Pressure: 10 psig. 

C. Appliance Pressure Regulators: Comply with ANSI Z21.18. 

1. Body and Diaphragm Case: Die-cast aluminum. 

2. Springs: Zinc-plated steel; interchangeable. 

3. Diaphragm Plate: Zinc-plated steel. 

4. Seat Disc: Nitrile rubber. 

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

6. Factory-Applied Finish: Minimum three-layer polyester and polyurethane paint finish. 

7. Maximum Inlet Pressure: 10 psig. 

PART 3 - EXECUTION 

3.1 INDOOR PIPING INSTALLATION 

A. Comply with the International Fuel Gas Code for installation and purging of natural-gas piping. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems. Indicated locations and arrangements are used to size pipe and calculate friction loss, 

expansion, and other design considerations. Install piping as indicated unless deviations to 

layout are approved on Coordination Drawings. 
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C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during 

progress of construction, to allow for mechanical installations. 

D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 

and service areas. 

E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 

angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 

otherwise. 

F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

G. Locate valves for easy access. 

H. Install piping free of sags and bends. 

I. Install fittings for changes in direction and branch connections. 

J. Verify final equipment locations for roughing-in. 

K. Comply with requirements in Sections specifying gas-fired appliances and equipment for 

roughing-in requirements. 

L. Drips and Sediment Traps: Install drips at points where condensate may collect, including 

service-meter outlets. Locate where accessible to permit cleaning and emptying. Do not install 

where condensate is subject to freezing. 

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped. 

Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches (75 mm) 

long and same size as connected pipe. Install with space below bottom of drip to remove 

plug or cap. 

M. Extend relief vent connections for service regulators, line regulators, and overpressure 

protection devices to outdoors and terminate with weatherproof vent cap. 

N. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or 

floors, and in floor channels unless indicated to be exposed to view. 

O. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side 

down. 

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

Q. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each 

piece of equipment. 

R. Do not use natural-gas piping as grounding electrode. 
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S. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated 

valve. 

T. Install pressure gage downstream from each line regulator. Pressure gages are specified in 

Section 230519 "Meters and Gages for HVAC Piping." 

U. 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." 

V. 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." 

W. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 

requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping." 

3.2 VALVE INSTALLATION 

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

B. Install regulators and overpressure protection devices with maintenance access space adequate 

for servicing and testing. 

3.3 PIPING JOINT CONSTRUCTION 

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

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 

C. Threaded Joints: 

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1. 

2. Cut threads full and clean using sharp dies. 

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

4. Apply appropriate tape or thread compound to external pipe threads unless dryseal 

threading is specified. 

5. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 

damaged. Do not use pipe sections that have cracked or open welds. 

D. Welded Joints: 

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

welding operators. 

2. Bevel plain ends of steel pipe. 
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3. Patch factory-applied protective coating as recommended by manufacturer at field welds 

and where damage to coating occurs during construction. 

3.4 HANGER AND SUPPORT INSTALLATION 

A. Comply with requirements for pipe hangers and supports specified in Section 230529 "Hangers 

and Supports for HVAC Piping and Equipment." 

B. Install hangers for horizontal steel piping with the following maximum spacing and minimum 

rod sizes: 

1. NPS 1 (DN 25) and Smaller: Maximum span, 96 inches (2438 mm); minimum rod size, 

3/8 inch (10 mm). 

2. NPS 1-1/4 (DN 32): Maximum span, 108 inches (2743 mm); minimum rod size, 3/8 inch 

(10 mm). 

3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50): Maximum span, 108 inches (2743 mm); 

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

3.5 CONNECTIONS 

A. Connect to utility's gas main according to utility's procedures and requirements. 

B. Install natural-gas piping electrically continuous, and bonded to gas appliance equipment 

grounding conductor of the circuit powering the appliance according to NFPA 70. 

C. Install piping adjacent to appliances to allow service and maintenance of appliances. 

D. Connect piping to appliances using manual gas shutoff valves and unions. Install valve within 

72 inches (1800 mm) of each gas-fired appliance and equipment. Install union between valve 

and appliances or equipment. 

E. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as 

practical to inlet of each appliance. 

3.6 LABELING AND IDENTIFYING 

A. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" 

for piping and valve identification. 

3.7 PAINTING 

A. Paint exposed, exterior metal piping, valves, service regulators, service meters and meter bars, 

earthquake valves, and piping specialties, except components, with factory-applied paint or 

protective coating. 
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1. Alkyd System: MPI EXT 5.1D. 

a. Prime Coat: Alkyd anticorrosive metal primer. 

b. Intermediate Coat: Exterior alkyd enamel matching topcoat. 

c. Topcoat: Exterior alkyd enamel (semigloss). 

d. Color:  Gray. 

B. Paint exposed, interior metal piping, valves, service regulators, service meters and meter bars, 

earthquake valves, and piping specialties, except components, with factory-applied paint or 

protective coating. 

1. Alkyd System: MPI INT 5.1E. 

a. Prime Coat:  Alkyd anticorrosive metal primer. 

b. Intermediate Coat: Interior alkyd matching topcoat. 

c. Topcoat: Interior alkyd (semigloss). 

d. Color:  yellow. 

C. Damage and Touchup: Repair marred and damaged factory-applied finishes with materials and 

by procedures to match original factory finish. 

3.8 FIELD QUALITY CONTROL 

A. Test, inspect, and purge natural gas according to the International Fuel Gas Code and authorities 

having jurisdiction. 

B. Natural-gas piping will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 

3.9 OUTDOOR PIPING SCHEDULE 

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

1. Steel pipe with malleable-iron fittings and threaded joints. 

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

3.10 INDOOR PIPING SCHEDULE 

A. Aboveground, branch piping NPS 1 and smaller shall be the following: 

1. Steel pipe with malleable-iron fittings and threaded joints. 

B. Aboveground, distribution piping shall be one of the following: 

1. Steel pipe with malleable-iron fittings and threaded joints. 
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2. Steel pipe with wrought-steel fittings and welded joints. 

3.11 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE 

A. Valves for pipe sizes NPS 2 and smaller at service meter shall be one of the following: 

1. Bronze plug valve. 

B. Distribution piping valves for pipe sizes NPS 2 and smaller shall be one of the following: 

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

C. Valves in branch piping for single appliance shall be one of the following: 

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

2. Bronze plug valve. 

END OF SECTION 231123 
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SECTION 232113 – HYDRONIC PIPING                

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes pipe and fitting materials, joining methods, special-duty valves, and 
specialties for the following: 

1. Hot-water piping. 

1.2 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 
minimum working pressure and temperature: 

1. Hot-Water Piping: 125 psig @ 200 deg F (93 deg C) 

1.3 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. 
4. Hydronic specialties. 
5. Grooved joint system. 

B. Shop Drawings:  Detail, at [1/4] scale, the piping layout, fabrication of pipe anchors, hangers, 
supports for multiple pipes, alignment guides, expansion joints and loops, and attachments of 
the same to the building structure.  Detail location of anchors, alignment guides, and expansion 
joints and loops.  Identify grooved joint couplings, fittings and specialties on drawings by model 
and series number. 

C. Field quality-control test reports. 

D. Operation and maintenance data. 
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1.4 QUALITY ASSURANCE 

A. 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. 

B. All grooved joint couplings, fittings, valves and specialties shall be the products of a single 
manufacturer.  Grooving tools shall be supplied by the same manufacturer as the grooved 
components. 

C. All castings used for coupling housings, fittings, valve bodies, etc., shall be date stamped for 
quality assurance and traceability. 

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L. 

B. Wrought-Copper Fittings:  ASME B16.22. 

1. 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. Anvil International, Inc. 
b. S. P. Fittings; a division of Star Pipe Products. 
c. Victaulic Company. 
d. Or approved equivalent. 

C. Wrought-Copper Unions:  ASME B16.22. 

2.2 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. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in Part 3 
"Piping Applications" Article. 

C. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 
"Piping Applications" Article. 
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D. 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. 

E. Grooved Mechanical-Joint Fittings and Couplings: 

1. 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. Anvil International, Inc. 
b. Victaulic Company. 
c. Or approved equivalent. 

2. Joint Fittings:  ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47/A 47M, 
Grade 32510 malleable iron; ASTM A 53/A 53M, Type F, E, or S, Grade B fabricated 
steel; or ASTM A 106, Grade B steel fittings with grooves or shoulders constructed to 
accept grooved-end couplings; with nuts, bolts, locking pin, locking toggle, or lugs to 
secure grooved pipe and fittings. 

3. Couplings:  Ductile- or malleable-iron housing and synthetic rubber gasket of central 
cavity pressure-responsive design; with nuts, bolts, locking pin, locking toggle, or lugs to 
secure grooved pipe and fittings. 
a. Rigid Type through NPS 12: Housings shall be cast with offsetting angle-pattern 

bolt pads to provide rigidity and system support and hanging in accordance with 
ANSI B31.9. 
a) NPS 2 to NPS 12: Installation-Ready couplings, designed for direct stab 

installation without field disassembly and no loose parts, Grade EHP gasket 
rated to +250 deg F. Victaulic Style 107-Quick-Vic or approved equal. 

b) NPS 10 to NPS 12: Victaulic Style 07 Zero-Flex or approved equal. Standard 
rigid coupling with “E” EPDM gasket suitable up to +230 deg C. 

b. Rigid Type NPS 14 to NPS 24: Housing key shall fill the wedge shaped groove 
(Victaulic AGS or approved equal); two ductile iron housings cast with a wide key 
profile and flat bolt pads, with wide width Grade “E” EPDM FlushSeal gasket. 
Victaulic Style W07 or approved equal. 

c. Flexible Type: Use in locations where vibration attenuation and stress relief are 
required. Flexible couplings may be used in lieu of flexible connectors at 
equipment connections. Three couplings, for each connector, shall be placed in 
close proximity to the vibration source. Victaulic flexible couplings can also be 
used in expansion loops and at changes in direction for thermal accommodation.  
Victaulic Style 177 (Quick-Vic™), Installation ready flexible coupling. 
a) NPS 2 to NPS 8: Installation-Ready couplings, designed for direct stab 

installation without field disassembly and no loose parts, Grade EHP gasket 
rated to +250 deg F. Victaulic Style 177-Quick-Vic, 177N or approved equal. 
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b) NPS 10 to NPS 12: Victaulic Style 77 Zero-Flex or approved equal. Standard 
rigid coupling with “E” EPDM gasket suitable up to +230 deg C. 

 
4. Flange Adapters NPS 2 and above: ASTM A-536, ductile iron casting, flat face, for direct 

connection to ANSI Class 125 or 150 flanged components. Victaulic Style 741 (or 
approved equal) or Style W741 (NPS 14 to NPS 24)(or approved equal). 

2.3 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 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. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and working 
temperatures and pressures. 

F. Grooved Joint Lubricants:  Lubricate gaskets in accordance with manufacturer’s 
recommendations with lubricant supplied by the coupling manufacturer that is suitable for the 
gasket elastomer and system media.  Provide Victaulic ‘Vic-Lube’ or approved equal. 

2.4 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. 
i. Or approved equivalent. 

2. Description: 

a. Standard:  ASSE 1079. 
b. Pressure Rating:  125 psig minimum at 180 deg F]. 
c. End Connections:  Solder-joint copper alloy and threaded ferrous. 

2.5 VALVES 

A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in 
Division 23 Section "General-Duty Valves for HVAC Piping." 

B. Diaphragm-Operated Safety Valves: 

1. 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. 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. 
g. Or approved equivalent. 

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:  stainless-steel, 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. 
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2.6 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. 
5. Or approved equivalent. 

B. Manual Air Vents: 

1. Body:  Bronze. 
2. Internal Parts:  Nonferrous. 
3. Operator:  Screwdriver or thumbscrew. 
4. Inlet Connection:  NPS 1/2. 
5. Discharge Connection:  NPS 1/8. 
6. CWP Rating:  150 psig. 
7. Maximum Operating Temperature:  225 deg F. 

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. 
5. Discharge Connection:  NPS 1/4. 
6. CWP Rating:  150 psig. 
7. Maximum Operating Temperature:  240 deg F. 
8. Blowdown Connection:  Threaded. 
9. Size:  Match system flow capacity. 

2.7 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 and smaller; flanged ends for NPS 2-1/2 and 

larger. 
3. Strainer Screen:  60-mesh startup strainer, and perforated stainless-steel basket with 50 

percent free area. 
4. CWP Rating:  125 psig. 

B. Stainless-Steel Bellow, Flexible Connectors: 
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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 misalignment. 
4. CWP Rating:  150 psig. 
5. Maximum Operating Temperature:  250 deg F. 

C. Spherical, Rubber, Flexible Connectors: 

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. 
5. Maximum Operating Temperature:  250 deg F. 

D. Three Victaulic flexible couplings may be used in lieu of flexible connectors for vibration 
attenuation. The couplings shall be placed in close proximity to the source of the vibration. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Hot-water piping, aboveground, NPS 2 and smaller, shall be any of the following: 

1. Schedule 40, ASTM A 53, grade B, type E, steel pipe; Class 150, malleable-iron fittings; 
malleable-iron flanges and flange fittings; and threaded joints. 

2. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints. 

B. Hot-water piping, aboveground, NPS 2-1/2 and larger, shall be any of the following: 

1. Schedule 40, ASTM A 53, grade B, type E, steel pipe, wrought-steel fittings and 
wrought-cast or forged-steel flanges and flange fittings, and welded and flanged joints. 

2. Schedule 40, ASTM A 53, grade B, type E, steel pipe; grooved, mechanical joint 
coupling and fittings; and grooved, mechanical joints.  Grooved mechanical joint systems 
to be installed only at locations where sufficient space is available for installation and 
service of the joint couplings and fittings. 

C. Safety-Valve-Inlet and -Outlet Piping for Hot-Water Piping:  Same materials and joining 
methods as for piping specified for the service in which safety valve is installed with metal-to-
plastic transition fittings for plastic piping systems according to the piping manufacturer's 
written instructions. 
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3.2 VALVE APPLICATIONS 

A. Install shut-off duty valves at each branch connection to supply mains, and at supply connection 
to each piece of equipment. 

B. Install throttling-duty valves as shown on drawings. 

C. Install check valves at each pump discharge and elsewhere as required to control flow direction. 

D. Install pressure-reducing valves at makeup-water connection to regulate system fill pressure. 

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. Refer to Division 23 “Piping Materials Installation” for additional requirements and guidelines. 

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 

E. Install piping 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 ball valve, and short NPS 3/4 threaded nipple 
with cap or as shown on drawings, at low points in piping system mains and elsewhere as 
required for system drainage. 
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M. Install vents, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple 
with cap or as shown on drawings, at high points in piping system mains and elsewhere as 
required for venting of air from system. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

O. Install branch connections to mains using mechanically formed 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 Division 23 Section "General-Duty Valves for HVAC Piping." 

Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated. 

R. Install dielectric unions in piping where dissimilar materials are required to be joined in the 
piping system. 

S. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated. 

T. Install strainers on inlet side of each control valve, pressure-reducing valve, pump, and 
elsewhere as indicated.  Install NPS 3/4 nipple and ball valve in blowdown connection of 
strainers NPS 2 and larger.  Match size of strainer blowoff connection for strainers smaller than 
NPS 2. 

U. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and 
Equipment." 

V. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with requirements 
for sleeve seals specified in Division 23 Section "Common Work Results for HVAC” and per 
details on construction plans. 

W. Install sleeve seals for piping penetrations of concrete walls and slabs.  Comply with 
requirements for sleeve seals specified in Division 23 Section "Common Work Results for 
HVAC” and per details on construction plans. 

X. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with 
requirements for escutcheons specified in Division 23 Section "Escutcheons for HVAC Piping." 

3.4 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and 
Supports for HVAC Piping and Equipment." Comply with the following requirements for 
maximum spacing of supports. 

B. Install the following pipe attachments: 
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1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long. 
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or 

longer. 
3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 

supported on a trapeze. 
4. Provide copper-clad hangers and supports for hangers and supports in direct contact with 

copper pipe. 

C. Install hangers for steel piping with the following maximum spacing and minimum rod sizes: 

1. NPS 3/4:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 
2. NPS 1:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
4. NPS 2:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2:  Maximum span, 11 feet; minimum rod size, 3/8 inch. 
6. NPS 3:  Maximum span, 12 feet; minimum rod size, 3/8 inch. 
7. NPS 4:  Maximum span, 14 feet; minimum rod size, 1/2 inch. 

D. Install hangers for drawn-temper copper piping with the following maximum spacing and 
minimum rod sizes: 

1. NPS 3/4:  Maximum span, 5 feet; minimum rod size, 1/4 inch. 
2. NPS 1:  Maximum span, 6 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
4. NPS 2:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
6. NPS 3:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 

E. Plastic Piping Hanger Spacing: Space hangers according to pipe manufacturer's written 
instructions for service conditions.  Avoid point loading.  Space and install hangers with the 
fewest practical rigid anchor points. 

F. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors. 

3.5 PIPE JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 23 Sections 
specifying piping systems. 

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

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 
end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using 
lead-free solder alloy complying with ASTM B 32. 
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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. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 

G. Grooved Joints:  Assemble joints with coupling and gasket, lubricant, and bolts.  Cut or roll 
grooves in ends of pipe based on pipe and coupling manufacturer's written instructions for pipe 
wall thickness.  Use grooved-end fittings and rigid, grooved-end-pipe couplings.  Install 
grooved joint system in accordance with manufacturer’s recommendations.  Field installation 
personnel shall be trained by the manufacturer in the proper use of grooving tools and proper 
installation of the grooved joint system.  Manufacturer’s representative shall visit the site 
periodically to review that the recommended installation practices are being followed. 

3.6 AIR DEVICES AND HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required 
for system air venting. 

3.7 TERMINAL EQUIPMENT CONNECTIONS 

A. Sizes for supply and return piping connections shall be the same as or larger than equipment 
connections. 

B. Install control valves in accessible locations close to connected equipment. 

C. Install bypass piping with globe valve around control valve.  If parallel control valves are 
installed, only one bypass is required. 

D. Install ports for pressure gages and thermometers at coil inlet and outlet connections according 
to Division 23 Section "Meters and Gages." 

3.8 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. 
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3. System shall be flushed in a two-step process.   

a. First, flush main hydronic piping systems with clean water; then remove and clean 
or replace strainer screens.  During this first flush, all equipment shall be isolated 
from the main 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.  Utilize “end of loop” bypass valves and other 
flush, fill and drain ports to aid in system flushing.   

b. Second, flush main and branch piping systems including flow through the 
equipment with clean water; then remove or replace strainer screens.  Be sure to 
close and lock any open “end of loop” bypass valves or flush, fill and drain ports 
utilized to flow water through system in step one above.     

c. Do not allow raw water to remain in piping system for over 24 hours.  Provide 
chemical treatment within 24 hours of initial fill of system.   

d. Refer to Division 23 “Piping Materials Installation” for further requirements. 

4. 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. 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." 

4. 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. 

5. Prepare written report of testing. 

C. Perform the following before operating the system: 

1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
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. Inspect “end of loop” bypass piping to ensure that all flush/fill valves are closed and 

isolation valves for bypass are closed and locked in closed position. 
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6. Set temperature controls so all coils are calling for full flow. 
7. Inspect and set operating temperatures of hydronic equipment, such as chillers, cooling 

towers, to specified values. 
8. Verify lubrication of motors and bearings. 

END OF SECTION 232113 
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SECTION 232114 – PIPING MATERIALS INSTALLATION 

PART 1 - GENERAL 

1.1 SCOPE 

A. This section gives the general requirements for the piping materials and field fabrication, 
installation, testing, and placing into operating condition the various piping systems shown on 
the contract drawings for the project.  The detail requirements for each piping classification are 
given in specification 232113 “Hydronic Piping.”  These specifications give the minimum 
material requirements for the project and the materials for all work on the project shall conform 
to these specifications. When there is conflict between drawings and this specification, the 
Contractor shall resolve the same with the Engineer. 

B. Furnish and install pipe, fittings, and joining materials for use with the piping systems described 
within this Section and as shown on the contract drawings.   

C. Furnish and install piping and piping specialties. 

D. Piping classifications are listed in the Piping Service Index in specification 232113.  Unusual 
conditions for each detail specification are covered by notes within the specification and these 
are to be followed where applicable. 

E. Contractor to furnish and install permanent labels on all piping installed under this contract.  
Labels shall be placed at each point of connection to equipment.  When piping runs through a 
wall or roof, place a label on each side within ten (10) feet of penetration.  Labeling shall be in 
accordance with specification 230553 unless directed otherwise by these specifications and/or 
the Engineer. 

1.2 SPECIAL REQUIREMENTS 

A. All elastomeric full flange face type gaskets such as neoprene, Viton, and rubber shall not 
extend beyond the inside diameter nor the outside diameter of the flange when fully 
compressed. 

1.3 RELATED WORK 

A. Piping & Valves Materials Specification. 

B. Pressure Testing of piping Assembly Specification. 

C. Pipe Hangers, Supports, Guides and Anchors Specification. 
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D. Protective Coating –Painting Specifications. 

E. Piping Insulation Specification. 

1.4 SUBMITTALS 

A. Field Test Report - Submit records of pipe system testing and examination to the Construction 
Manager for record. 

B. The Piping Contractor shall submit in writing, the following forms and Documentation to the 
Construction Manager prior to commencement of construction: 

 
1. Welding Procedure Specifications (WPS’s). 
2. Procedure Qualification Records (PQR’s). 
3. Welder Performance Qualifications (WPQ’s) for all personnel who will weld on 

this project (both in the field and at the shop). 

C. Submit other documentation in accordance with the applicable Code or Standard and this 
specification. 

1.5 QUALITY ASSURANCE 

A. All materials, design, fabrication, assembly and test procedures shall be in accordance with the 
applicable requirements of all applicable codes, standards or regulations having jurisdiction 
over the work. 

B. The organizations having jurisdiction include, but are not limited to, the following, as well as 
those identified in specification 230500: 

 
1. ASME B31.1: Power Piping. 
2. ASME B31.3: Chemical Plant and Petroleum Refinery, Process Piping. 
3. ASTM:  See Part 2 (Products) of this Section for specific material standards. 
4. ASME:  See Part 2 (Products) of this Section for specific material standards. 

PART 2 - PRODUCTS 

2.1 PIPING MATERIAL AND FITTINGS SPECIFICATIONS 

A. See Piping Materials Specification no. 232113. 
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PART 3 - EXECUTION 

3.1 GENERAL INSTALLATION REQUIREMENTS 
 

A. The piping shall be erected as shown on the drawings and connected as shown at points of 
attachment on equipment.  In-line items of equipment and instruments such as strainers, filters, 
separators, orifice flanges, steam traps, flexible connectors, gaskets, etc., shall be treated as 
piping items and shall be furnished and installed by the Contractor in strict accordance with the 
manufacturer’s requirements.  Before, during and after erection, all piping systems shall be 
protected to prevent rusting or other damage until final acceptance by the Engineer. 

B. Unless shown otherwise, route piping in the most direct manner, parallel to building lines. 
Where the drawings indicate a pipeline slope, the slope is to be uniform between the established 
elevations and without pockets. 

C. Close open ends of piping, when it is not actually being worked on, with flange covers, caps or 
plugs to prevent entry of foreign material during construction. The Piping Contractor shall 
exercise care in hauling material from storage area to position for erection to prevent 
dislodgement of the covers, caps, plugs, etc., until ready for installation. Clean all piping, 
including the reworked existing piping, before installation/joints are made to remove grease, 
loose dirt, mill scale and other foreign material.  

D. During installation, all covers, caps, plugs, etc., on piping shall remain in place until removal 
for fit-up is required. 

E. Temporary pipeline strainers shall be provided and installed by the Contractor in the suction of 
each pump and compressor prior to flushing and testing. Use basket or conical type (similar to 
Mueller Models 22 or 23) with perforated and/or mesh lined material for retention of particles 
as follows: 

 
  Line Size  Air Service  Gas Service 
  1/2” to 2”        1/16”   1/32”   
  2-1/2” and up        1/8”   1/16”   

The pipeline in which the strainer is included shall be fitted to dimensions considering the 
temporary strainer removed.  When a temporary strainer is to be replaced by a permanent 
strainer, the permanent strainer shall be furnished and installed at the conclusion of flushing and 
testing.  Where no strainer is used, the temporary strainer shall be removed and the "spool 
piece" reinstalled. 

F. Provide escutcheons at all locations where piping, installed exposed to view, penetrates walls, 
partitions, floors and ceilings. 

G. Accurately align, support, and connect piping without springing or forcing. Cutting or 
weakening of structural members to facilitate piping installation shall not be permitted. 
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H. Locate piping so that access to and clearance around equipment, and minimum piping headroom 
of seven (7) feet are maintained, except where otherwise shown. 

I. Space piping so that insulation and flanges, if any, have at least 1 inch clearance after maximum 
movement.  Piping headroom of seven (7) feet shall be maintained except where otherwise 
shown. 

J. Where pipe elevations are not shown, pitch supply and return lines to positive drain points 
and/or coils. 

K. Provide accessible flanges or union connections on the supply and return connections of 
terminal equipment and other items, which must be disconnected for maintenance.  Where 
unions are furnished as an integral part of the equipment, additional unions are not required.  
Arrange equipment, piping connections so that maintenance can be made without removing 
large sections of pipe or relocating the equipment. Fit-up of connecting pipe to equipment shall 
be such as to impose no strain on the pipe or equipment.  Upon breaking of unions or flanges, 
there should be no visible end or side movement or rotation of the pipe with relation to the 
mating flange. 

L. Where a well or control instrument is to be installed in piping 2-1/2 inches and smaller, increase 
the pipe size by at least one pipe size to avoid restricting the flow in the pipe. 

M. In Water Systems, connect branch lines to the top of the line.  All other liquid systems, connect 
branch lines to the bottom or lower half of the line, unless shown otherwise on the drawings. 

N. Connect branch lines in steam and compressed air service to the top or upper half of the line, 
preferably the top.  Follow manufacturer's guidelines and contract drawings for branch take-offs 
of vacuum cleaning lines. 

O. Do not use pipes smaller than 1/2 inch except for instrument control. 

P. For pressures over 15 psig, use nipples and caps instead of plugs for permanent closures.  Plugs 
in equipment provided by the equipment manufacturer are acceptable. 

Q. Bending of steel pipe shall normally not be done. For stainless steel small bore pipe, if any 
additional bending is required after the completion of fabrication to meet dimensional 
requirements, such bending or correcting may be made by any suitable method subject to the 
approval of the Engineer. Bend copper tubing using a tube bender with the correct adapter. 

R. Dielectric fittings shall be provided where nonferrous piping is connected to ferrous piping or 
equipment. 

S. Valved vents at all high points and valved drains at all low points shall be provided for all 
piping systems, except for air and gas services, to satisfy system flushing and draining 
requirements. Locations shall be determined by the Contractor and approved by the 
Construction Manager. 
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T. Flanged joints shall be kept at minimum required for erection or as may be required for 
maintenance and/or inspection. 

U. All piping shall be installed to permit free expansion and contraction without damage to joints 
or supports. 

3.2 MATERIALS RECEIVING AND STORING 

A. All materials for completion of the project, including material furnished under other sections of 
the work shall be received, unloaded and hauled to the site by the Contractor. 

B. Piping materials, including valves, fittings and instruments, shall be handled and stored so as to 
prevent damage.  Special precautions shall be taken to prevent breakage of fragile piping, lined 
pipe and instrument components. 

C. All materials shall be stored in areas designated by the Construction Manager and transported 
from the storage area to the point of installation as required. 

D. Special care shall be taken to prevent detachment of identification tags from pipe and fittings 
and code numbers from valves.  

3.3 WELDED CONNECTIONS 

A. Pipe fabrication and welding shall be in accordance with ASME B31.1 and ASME B31.3. 

B. All welders for pipe fabrication must be certified as qualified for the work specified by means 
of valid papers and tests prior to performing any welding.  Qualifications of welders, welding 
procedures performance of welders and welding operators shall be as required and shall comply 
fully with the requirements of ASME B31.1, ASME B31.3, ASME B31.9, ASME Boiler and 
Pressure Vessel Code:  Section IX - Welding and Brazing Qualifications, and AWS D10.9. 

C. The Contractor shall submit, for approval by the Engineer, the name or names of a competent 
welding supervisor normally engaged in welding control on a staff basis.  The Contractor will 
also submit a copy of all welders' certification papers and tests.  The Contractor will submit to 
the Engineer and receive the Engineer's approval for the welding techniques and procedures 
prior to the initiation of any work, welding or otherwise. All procedures to be used for welding 
the various classes of piping shall be qualified in accordance with ASME Section IX. 

D. Provide single-vee type butt welds, unless specified otherwise, in accordance with approved 
procedures. 

E. Whenever welding is done close to walls, floors or building structure, thoroughly clean the 
surfaces of weld splatter. 

F. Mitered welds for elbows are not allowed. 
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G. The distance between finished edges of adjacent circumferential welds shall not be less than the 
diameter of the pipe. 

H. Do not expose any plastic piping to excessive heat or weld spatter. 

I. Examine and inspect welded pipe joints as follows: 
 

1. All welded pipe joints shall be visually examined for imperfections by qualified 
representatives of the Contractor. 

2. A record of such examinations shall be made available to the Owner and the Construction 
Manager. 

3. Imperfections revealed by examination shall be evaluated in accordance with the criteria 
in the specified code(s) ASME B31.1 and/or B31.9. 

4. Shop and field welded joints will be subject to nondestructive inspection and examination 
by the Owner or an authorized inspector designated by the Owner in accordance with the 
requirements of the appropriate sections of the applicable ASME Code for Pressure 
Piping B31.1 and/or B31.9, and the engineering design. 

5. Remove weld defects by grinding or chipping and repair or replace weld joints in 
accordance with approved procedures. 

3.4 THERMAL TREATMENT OF WELDMENTS 

A. All thermal treatments, including preheating, post-heating, stress relieving and/or annealing, 
shall be in accordance with the piping code denoted in Sub-section 3.03.  All welding for piping 
system shall be such as to produce hardness values, in the finished weldments, of 200 Brinell 
maximum.  Unless the Construction Manager authorizes specific deviation, thermal treatments 
shall meet the following minimum requirements: 

 
Material   Preheat Temperature 
 

1. Austenitic Steels    50° F 
2. When the ambient temperature is less than 50° F, the materials being welded shall be 

preheated in the area being welded. 
3. Stress relieving of carbon steels is required only when the wall thickness exceeds 3/4 

inch.  Stress relieving of stainless steels to be as required by code. 
4. Welds made between ferritic and austenitic materials and welds in ferritic materials made 

with austenitic electrodes, shall be appropriately preheated but shall not be stress-
relieved. 

B. Any suitable method of heating may be employed for preheating of all materials. 
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3.5 WELDING ELECTRODES 

A. All electrodes for manual arc welding of steels shall be of heavily flux-coated type, conforming 
to the requirements of AWS Specifications. The selection of particular grades shall be subject to 
the approval of the Construction Manager. 

 

B. Electrodes and filler metal, used in all other welding processes, shall meet the requirements of 
applicable AWS Specifications. The brand shall be subject to the approval of the Construction 
Manager. 

C. Welding electrodes shall be selected from the following tables: 
 

Materials to be Welded Electrode Deposit Composition 
 
Carbon Steel to Carbon Steel, Carbon Steel 
Steel or Carbon Moly 
 
Carbon Moly to Carbon Moly Carbon Moly 
 
Chrome-Moly to Chrome-Moly Ferritic Chrome-Moly con-  
  taining at least as much Cr and 
  Mo as lowest Cr and Mo in  base 

 materials  being welded (1) 
 
Chrome-Moly or Carbon Steel to AISI Type 309 or 310 
Austenitic Steels 
 
AISI Type 304 to 304 or other  AISI Type 308 
Austenitic Steels 
 
AISI Type 304L to 304L AISI Type 308L (2) 
 
AISI Type 347 to 321 AISI Type 347 
 
AISI Type 316 AISI Type 316 
 
AISI Type 316L AISI Type 316L (2) 
 
Carbon Steel, Austenitic Steels AISI Type 309 or 310 
or Types 405 and 410 

 
Monel Monel Monel 
  (Special low Carbon coating) 
Monel to Steel  
Ferritic Nickel Alloy Steels Ferritic nickel alloy rod 

containing at least as much 
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nickel as the base material (1) 
 
Notes: 

 
1. These electrodes are to be used for all butt welds unless the use of austenitic AISI Type 

308 or 310 electrodes is specially permitted or designated by the Engineer.  For other 
welds, however, such as front and back welding, of screwed or slip-on flanges, 
thermocouple wells, test hole fittings, etc., AISI Type 310 or 309 austenitic stainless steel 
electrodes shall be used in all cases. 

2. When the base materials are specified as extra low carbon material, the welds deposits 
shall be extra low carbon (0.04 C max.) or columbium or columbium-tantalum stabilized. 

3. Electrode deposits, differing in analysis from the metals, which will improve weldability, 
may be used if prior approvals, in writing, are obtained from the Engineer. 

3.6 TESTING AND EXAMINATION OF WELDS 

A. Nondestructive testing of piping will be performed as required by ASME B31.1, ASME B31.3, 
and as discussed herein.  Nondestructive testing will generally include visual, radiographic, 
magnetic particle and liquid penetrant and ultrasonic examinations. 

 
1. Personnel qualified and certified in accordance with AWS QC1, Standard Qualification 

and Certification of Welding Inspectors will perform visual examination of all welds. In 
addition, the inspector shall, at appropriate intervals, do sufficient examination of 
materials, joint preparation, fit-up, root passes, filler passes, welder performance, etc. to 
assure that the applicable requirements of the code are met.  In short, all aspects of the 
process get spot checked throughout; all welds get a final look.  The in-process 
examination cannot be ignored or omitted; final inspection is not a substitute. 

2. Fuel oil, demineralized water and high-pressure hydraulic piping welds are 10% x-ray 
inspected. Other piping welds are randomly x-rayed.  

3. For natural gas piping all 100% of both shop and field welds shall be tested by 
radiography, including Owner’s or Project Developer furnished valve train assemblies. 
Personnel qualified and certified to meet the requirements of ASME B31.1 shall perform 
radiographic examination of welding.  All defective welds, except for those found on 
Owner/Engineer-furnished valve train assemblies, shall be reworked and radiographically 
reexamined at the Contractor’s expense. All defective welds found on Owner/Engineer-
furnished valve train assemblies shall be reworked and radiographically reexamined at 
the direction of the Construction Manager.  All shop weld inspections and examinations 
will be performed prior to final placement in the field. 

4. Magnetic particle and liquid penetrant examination will be performed as required by the 
applicable code. 

5. Ultrasonic tests will be performed as required by the applicable code. 

B. When inspection and testing indicates defects in a weld joint, the weld shall be repaired by a 
qualified welder in accordance with applicable codes. 



Client Name: Delaware Army National Guard Revision:    0 
Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 
Concord No.: 1C15580.00  
 

 
 
Concord Engineering  Page 9 of 14 
 
PIPING MATERIALS INSTALLATION      232114  
 

C. The Contractor shall submit a description of their Quality Control Program and the 
qualifications of their inspection personnel.  The Contractor shall make available to the 
Construction Manager documentation of the Contractor’s CWI Reports on all welds. 

D. The Contractor shall submit as part of their written Quality Control Program, minimum code 
inspection requirements.  These shall be distributed and reviewed by all certified welding 
personnel (both in the field and at the shop) so they are aware of the inspection criterion to 
which they will be held accountable. 

3.7 FLANGED CONNECTIONS 

A. Flange bolt holes shall straddle the pipe vertical and horizontal centerlines, and shall match the 
orientation of mating flanges, unless otherwise noted on the contract drawings. 

B. Thread sealant suitable for service shall be used on gaskets, flange faces, bolts, studs and nuts, 
such as a graphite and oil mixture anti-seize compound. 

C. Remove the bolts in flanged connections or disconnect piping after the installation is completed 
to demonstrate bolt hole alignment and fit, if requested by the Construction Manager. 

D. Flanges shall be aligned and bolts torqued evenly as required, sealing the gaskets and providing 
uniform stresses in the bolts. Gaskets at all flanged connections suitable for the design pressure 
and temperature of the fluid contained, and in accordance with the attached Piping Material 
Specifications. Installation shall be in accordance with the gasket manufacturer’s 
recommendations. 

E. Flanges shall have matching faces. Where a flat-face flange and a raised-face flange must be 
bolted together, machine the raised-face flange flat and use a full-face gasket between the 
flanges. Raised-face flanges are not permitted for mating with non-metallic flanges. 

F. No flanged joint shall be made up if misalignment exceeds the following limits: 
 

1. Alignment - Flange facings shall not be more than 3/64” per foot, measured across any 
diameter, out of line. 

2. Lateral Displacement - The lateral distance between the center of the flanges shall not 
exceed 1/8” in any direction. 

3. Rotation - The distance between any two mating bolt holes, after one pair of mating bolt 
holes has been lined up shall not exceed 1/16”. 

G. Care shall be exercised in tightening of non-metallic joints to avoid over-tightening and 
deformation of flanges. Use fiber or metal spacers to eliminate any gaps. Flat washers shall be 
used under the bolt heads and nuts on all non-metallic flanges. 

H. On stainless steel piping or tubing systems where lap-joint flanges are permitted, flanges and 
bolting shall be stainless steel in any area where high humidity or corrosive fluids are expected. 
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3.8 THREADED CONNECTIONS 

A. Care shall be exercised to ensure that field threaded pipe is accurately cut and threaded.  Seal 
welding of leaking joints due to improper threading will not be permitted.  Leaking joints shall 
be disassembled and remade with correctly threaded pipe and fitting.  Pipe dope is not a 
substitute for properly made threaded joint.  The dope acts as a lubricant only. 

B. Where back-welding of screwed joints is specified, no dope or lubricant shall be used. 

C. Piping for all systems shall be installed using thread sealant suitable for service.  Sealant shall 
be used on all pipe threads. If connection is to be seal-welded, a joint compound or sealing tape 
shall not be used. 

D. Where the drawings or specifications so indicate, screwed joints for attaching valves or other 
permanently connected equipment shall be installed with Teflon Ribbon tape on the pipe 
threads as appropriate for its service conditions. Apply to male threads only.  Conceal threads 
on chrome-plated pipe. 

E. Ream pipe ends to remove burrs. 

F. Use only standard taper threads per ASME B1.20.1.  Threads shall be full, sharp, clean, and free 
of fins and burrs. 

G. Do not use close or short nipples of a size where the length of unthreaded pipe is less than the 
width of a pipe wrench. 

H. Threadolets or similar code-approved fittings may be used for branch connections.  Branch 
connectors are permitted to be one pipe size smaller than the main or branch main. 

I. Slip joints will be permitted only in Sanitary Drainage Systems on the fixture side of traps. 

J. Backing off of made-up threaded connections to facilitate fit-up or alignment is not permitted. 

K. On steel and copper lines under vacuum or instrument air service, cutting thread lubricant shall 
be soap and water. These lines shall be oil free. 

3.9 VALVES 

A. Valves shall be of the same size as the pipe in which they are installed, unless shown otherwise 
on the contract drawings. 

B. Install valves with the stem on or above the horizontal.  Install valves with the stem horizontal if 
requirements of headroom, access and chain operation must be met. 

C. Valves shall be packed, and glands adjusted before final acceptance. 
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D. Install valve extension stems or chain operators where the center of valve handwheels is more 
than 6 feet-6 inches above the floor, or as indicated otherwise.  Provide chain hooks where 
required to prevent fouling of chains on equipment and to clear walkways.  Terminate chains 
approximately 3 feet-6 inches above the floor.  Provide worm gear operators or impact 
handwheels for all valves 6 inches and larger.  Impact handwheels and chain operators shall be 
Babbitt Steam Specialty or approved equal.  Chain operators are not required on valves 2 inches 
and smaller, and on valves with threaded ends. 

3.10 CONNECTIONS OF DISSIMILAR METALLIC MATERIALS 

A. Isolate connections between dissimilar metallic materials.  Use dielectric fittings or nipples that 
provide a complete isolation of the two ends using materials suitable for the design pressure, 
temperature and fluid contained. 

3.11 IN-LINE INSTRUMENT AND RELATED PIPING 

A. Install all in-line instrument as specified on P&ID drawings which may consist of pressure 
regulators, control valves, solenoid valves, rotameters, vacuum breakers, etc. 

B. Pressure Gauges:  For metallic lines, furnish and install a 1/2" full coupling in the pipe and 1/2" 
ball valve.  For plastic lines 6" and larger, use a 1/2" x 1" threaded reducing bushing, and a 1/2" 
plastic ball valve.  For plastic lines 4" and smaller, use socket reducer inserts on a straight size 
"T".  Instruments shall be supplied and installed by Others. 

C. Temperature Sensor:  For all metallic pipe lines, furnish and install a 3/4" full coupling in the 
pipe for pipe sizes 4" and larger.  For 2” and 3" pipe, furnish a 3/4" full coupling in an elbow 
facing the flow of fluid.  Below 2" pipe, expand pipe to a 2" elbow or a tee and provide a 3/4" 
female NPT connection for the thermowell.  For all plastic lines, use reducing bushings to 
reduce the size down to 3/4" NPT connection. 

D. Pitot Tubes:  Install special 1" or 2" weldolet supplied with the instrument. 

E. Restricting Orifices:  Install restriction orifices.  Furnish a temporary gasket between flanges for 
pressure testing of the pipe. 

F. The Contractor shall ensure that all valves are installed correctly in the line relative to flow 
direction. 

G. The Contractor shall ensure that all automated valves stroke smoothly with the correct packing 
fitted. 

3.12 SYSTEM FLUSHING AND CLEANING   
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A. Flushing - The finished piping shall be flushed on the inside and cleaned on the outside in order 
to remove all loose scale, weld splatter, sand and foreign matter. The Engineer shall approve 
flushing methods. Flushing shall be witnessed by the Construction Manager and shall be done 
in accordance with the following procedures: 

 
1. All piping systems that require hydrostatic testing shall be flushed with clean water to the 

satisfaction of the Construction Manager. 
2. All piping systems that require pneumatic testing shall be blown free of dirt and debris 

with clean, dry air to the satisfaction of the Construction Manager. 
3. The Contractor shall provide temporary strainers with a minimum of 40 mesh screen, as 

necessary, to perform flushing work. Special care shall be directed toward thoroughly 
flushing piping to any equipment which may be damaged in any way due to entrance of 
foreign matter, such as burners. 

4. Flushing shall be complete when water or air samples taken at all low points indicate 
clear discharge - no visible solids.  If not clear, continue flushing and sampling until 
discharge is clear. 

5. When flushing has been completed, lines shall be drained, permanent strainers shall be 
cleaned and replaced, and any temporary strainers, connections, valves or related items 
shall be removed. 

6. Water shall be supplied by the Owner and drained to the nearest floor drain or drain 
trench in a controlled manner to avoid potential flooding of the facility as directed by the 
Construction Manager. 

7. The Contractor shall provide system-flushing records in a manner that is approved by the 
Engineer and Construction Manager. 

 
 B. Cleaning - The finished piping shall be cleaned on the outside in order to remove all 

loose scale, weld splatter, sand and foreign matter. In addition, piping that will be painted 
shall be cleaned (as required) with acetone or other suitable cleaning agent, etc., for 
surface preparation in accordance with the paint manufacturer’s requirements. 

3.13 PRESSURE TESTING   
 
A. Piping systems shall be pressure tested hydrostatically.  Flushing and cleaning 
 requirements shall be completed prior to pressure testing. Testing shall be done in 
 accordance with the following procedures: 

 
1. Before testing, complete each pipe line including supports, hangers and anchors.  Perform 

testing before insulation or paint is applied.  Clean piping and equipment of metal 
cuttings and foreign matter as they are installed. 

2. Submit test procedures and schedules to the Construction Manager before testing starts.  
The Engineer and Construction Manager shall approve test procedures and schedules. All 
tests shall be witnessed and approved by the Construction Manager. 

3. Codes - Pressure test piping to assure integrity of material and workmanship in 
accordance with the applicable ASME Code for Pressure Piping, B31.1. 

4. Test the piping in sections or circuits as required for the progress of the work. 
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5. Systems to be pressurized shall be provided with appropriate gauges and pressure-
relieving devices. 

6. Test pressure readings may be taken at the lowest point in the line or system of lines, 
provided that the static head is added to the minimum test pressure. 

7. The Construction Manager may waive a pressure test for any reason.  Such waiver shall 
be noted on the pressure test report. 

8. Duration of Test - Maintain the test pressure for a sufficient time as identified in 
specification no. 230592 to determine and locate any leaks. 

9. Records - Provide a record of all tests.  The record shall show line number, test pressure, 
ambient temperature, date of test, retest, and signature of Construction Manager.  If either 
testing or witnessing is waived, a note shall be made for each line so waived. Contractor 
shall submit the Piping Pressure Test Report for Engineer’s review. 

10. Repair of Line Leaks - Comply with the following procedures for repair of leaks.  In each 
case, a retest shall be necessary after repairs are made and shall be made at no additional 
cost to the Construction Manager. 

 
 a. Soldered/Brazed Joints - Remove solder/brazing alloy and reapply with 

 proper flux. 
 b. Flanged/Grooved End Joints - Check to determine flange/grooved end 

 alignment and that all bolts are uniformly tightened with the required 
 torque.  If the leak persists, depressurize the line, remove the gasket, 
 examine flange/grooved end faces, and insert new gasket. 

 c. Threaded Joints - Tighten joint to a reasonable torque.  If the leak does 
 not stop, replace the pipe and/or fittings.  Do not use the pipe dope or 
 cement to stop pipe leaks. 

 d. Caulked Joints - Remove the existing caulking and recaulk. 
 e. Gasketed Joints - Remove the existing gasket and insert a new gasket. 
 f. Welded, Solvent-Welded and Heat-Fusion Welded Joints - Replace 

 joint. 
 g. Leaks in Material - Leaks located in the pipe material shall require the 

 replacement of that section of pipe or fitting and repeat of the test from 
 the beginning.  Caulking, welding, or epoxy is not permitted.  Repair all 
 damage caused by leaks.  Repairs and retest shall be made at no 
 additional cost. 

3.14 IDENTIFICATION OF PIPING 

A. Identification shall be in accordance with Specification No. 230553. 
 
 

END OF SECTION 232114 
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SECTION 232123 - HYDRONIC PUMPS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Close-coupled, in-line centrifugal pumps. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of pump. 

1. Performance data. 
2. Motor data. 

B. Shop Drawings:  For each pump. 

1. Show pump layout and connections. 
2. Include setting drawings with templates for installing foundation and anchor bolts and 

other anchorages. 
3. Include diagrams for power, signal, and control wiring. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and maintenance manuals. 

1.4 WARRANTY 

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

1. Warranty Period:  Five (5) years from system startup and beneficial use by the Owner. 

2. Such warranty shall be submitted to Owner in advance for the Owner’s approval as to the 
form and substance of such warranty.  Such approval shall be at the sole discretion of the 
Owner.  Such warranty shall cover all parts and labor, all working/non-working parts for 
the entire unit including the motor. 
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PART 2 - PRODUCTS 

2.1 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS 

A. Manufacturers: 

1. Bell & Gossett; Div. of ITT Industries. 
2. TACO. 
3. Armstrong. 
4. Grundfos Pumps Corporation. 
5. Or approved equivalent. 

B. Description:  Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, in-
line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with pump and motor 
shafts mounted horizontally or vertically.  Rate pump for 125-psig minimum working pressure 
and a continuous water temperature of 225 deg F. 

C. Pump Construction: 

1. Casing:  Radially split, cast iron, with replaceable bronze wear rings, threaded gage 
tappings at inlet and outlet, and threaded companion-flange connections. 

2. Impeller:  ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, 
and secured with a locking cap screw.  Trim impeller to match specified performance. 

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve. 
4. Mechanical Seal:  Carbon rotating ring against a ceramic seat held by a stainless-steel 

spring, and Buna-N bellows and gasket.  Include water slinger on shaft between motor 
and seal. 

5. Packing Seal:  Stuffing box, with a minimum of four rings of graphite-impregnated 
braided yarn with bronze lantern ring between center two graphite rings, and bronze 
packing gland. 

6. Pump Bearings:  Permanently lubricated ball bearings. 

D. Motor:  Single speed, with permanently lubricated ball bearings, unless otherwise indicated; and 
rigidly mounted to pump casing.  Comply with requirements in Division 23 Section "Common 
Motor Requirements for HVAC Equipment." 

E. Capacities and Characteristics: 

1. Refer to mechanical equipment schedules on contract documents for capacities and 
characteristics. 

2.2 PUMP SPECIALTY FITTINGS 

A. Triple-Duty Valve:  Straight pattern, 175-psig pressure rating, cast-iron body, pump-discharge 
fitting; with drain plug and bronze-fitted shutoff, balancing, and check valve features.  Brass 
gage ports with integral check valve, and orifice for flow measurement. 
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PART 3 - EXECUTION 

3.1 PUMP INSTALLATION 

A. Install pumps to provide access for periodic maintenance including removing motors, impellers, 
couplings, and accessories. 

B. Independently support pumps and piping so weight of piping is not supported by pumps and 
weight of pumps is not supported by piping. 

C. Suspend vertically mounted, in-line centrifugal pumps independent of piping.  Install pumps 
with motor and pump shafts vertical.  Use continuous-thread hanger rods and spring hangers 
with vertical-limit stop of sufficient size to support pump weight.   

3.2 CONNECTIONS 

A. Where installing piping adjacent to pump, allow space for service and maintenance. 

B. Install fittings, valves and strainers and instrumentation as indicated on drawings. 

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 valves on discharge side of pumps. 

F. Install Y-type strainer and shutoff valve on suction side of pumps. 

G. Install pressure gages on pump suction and discharge or at integral pressure-gage tapping, or 
install single gage with multiple-input selector valve. 

H. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

I. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors 
and Cables." 

3.3 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. Check piping connections for tightness. 
3. Clean strainers on suction piping. 
4. Perform the following startup checks for each pump before starting: 

a. Verify bearing lubrication. 
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b. 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. 

c. 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. 

B. Train Owner's maintenance personnel on procedures and schedules related to startup and 
shutdown, troubleshooting, servicing, and preventive maintenance.  Training for hydronic 
pumps shall be included for a total of 4 hours; (4) 1-hour sessions. 

END OF SECTION 232123 
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SECTION 235100 - BREECHINGS, CHIMNEYS, AND STACKS 

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. Listed double-wall vents. 

1.3 SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for product. 

B. Shop Drawings: For vents. 

1. Include plans, elevations, sections, and attachment details. 
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

3. Detail fabrication and assembly of hangers and restraints. 

C. Warranty:  Special warranty specified in this Section. 

1.4 QUALITY ASSURANCE 

A. Source Limitations:  Obtain listed system components through one source from a single 
manufacturer. 

B. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural 
Welding Code--Steel," for hangers and supports. 

C. Certified Sizing Calculations:  Manufacturer shall certify venting system sizing calculations. 
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1.5 COORDINATION 

A. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items 
are specified in Division 7 Section "Roof Accessories." 

1.6 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace components of venting system that fail in materials or workmanship within specified 
warranty period.  Failures include, but are not limited to, structural failures caused by expansion 
and contraction. 

1. Warranty Period:  15 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 LISTED SPECIAL GAS VENTS –CONDENSING BOILERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Schebler Co. (The). 
2. Heat-Fab, Inc. 
3. Metal-Fab, Inc. 
4. Selkirk Inc.; Selkirk Metalbestos. 
5. Or approved equivalent. 

B. Description:  Double-wall metal vents tested according to UL 1738 and rated for 550 deg F 
continuously, with positive or negative flue pressure complying with NFPA 211. 

1. Provide Type AL 29-4C stainless steel single wall metal vents only as indicated on 
contract drawings.  Engineer shall review material performance during submittal phase. 

C. Construction:  Inner shell and outer jacket separated by at least a 1”-inch airspace. 

D. Inner Shell:  ASTM A 959, Type AL 29-4C stainless steel. 

E. Outer Jacket:  430 Stainless steel. 

F. Intake Combustion Pipe:  430 or 316 stainless steel sheet metal and fittings with a bright mirror 
finish, provide 1x1 wire mesh screen to cover termination opening outdoors. 

G. Accessories:  Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof 
flashings, storm collars, support assemblies, thimbles, firestop spacers, and fasteners; fabricated 
from similar materials and designs as vent-pipe straight sections; all listed for same assembly. 
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1. Termination:  Round chimney top designed to exclude minimum 98 percent of rainfall. 

2.2 GUYING AND BRACING MATERIALS 

A. Support vents, breeching, chimneys and stacks per manufacturer’s requirements. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for installation tolerances and 
other conditions affecting performance of work. 

1. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 APPLICATION 

A. Listed Special Gas Vent:  Condensing gas appliances. 

3.3 INSTALLATION OF LISTED VENTS AND CHIMNEYS 

A. Install all intake and exhaust vents, breeching, chimneys and stacks per the manufacturer’s 
guidelines. 

B. Locate to comply with minimum clearances from combustibles and minimum termination 
heights according to product listing or NFPA 211, whichever is most stringent. 

C. Seal between sections of positive-pressure vents and combustion air intake ducts according to 
manufacturer's written installation instructions, using sealants recommended by manufacturer. 

D. Support vents and combustion air intake ducts at intervals recommended by manufacturer to 
support weight of vents and all accessories, without exceeding appliance loading. 

E. Slope breechings down in direction of appliance, with condensate drain connection at lowest 
point piped to nearest drain. 

F. Lap joints in direction of flow. 

3.4 CLEANING 

A. After completing system installation, including outlet fittings and devices, inspect exposed 
finish.  Remove burrs, dirt, and construction debris and repair damaged finishes. 
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B. Clean breechings internally, during and after installation, to remove dust and debris.  Clean 
external surfaces to remove welding slag and mill film.  Grind welds smooth and apply touchup 
finish to match factory or shop finish. 

C. Provide temporary closures at ends of breechings, chimneys, and stacks that are not completed 
or connected to equipment. 

END OF SECTION 235100 
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SECTION 235216 – CONDENSING HOT WATER BOILERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes packaged, factory-fabricated and -assembled, gas-fired, fire-tube 
condensing boilers, trim and accessories for generating hot water. 

1.3 SUBMITTALS 

A. Product Data: Include performance data, operating characteristics, furnished specialties and 
accessories. 

1. Prior to flue vent installation, engineered calculations and drawings must be submitted to 
Architect/Engineer to thoroughly demonstrate that size and configuration conform to 
recommended size, length and footprint for each submitted boiler. 

B. Efficiency Curves: At a minimum, submit efficiency curves for 100%, 50% and 7% input firing 
rates at incoming water temperatures ranging from 80°F to 160°F. Test protocols shall conform 
to AERCO’s AE-1 standards. 

C. Pressure Drop Curve. Submit pressure drop curve for flows ranging from 0 GPM to 375 gpm 

1. If submitted material is different from that of the design basis, boiler manufacture shall 
incur all costs associated with reselection of necessary pumps. Possible differences 
include, but are not limited to, the pump type, pump pad size, electrical characteristics 
and piping changes. 

D. Shop Drawings: For boilers, boiler trim and accessories include: 

1. Plans, elevations, sections, details and attachments to other work 

2. Wiring Diagrams for power, signal and control wiring 

E. Source Quality Control Test Reports: Reports shall be included in submittals. 

F. Field Quality Control Test Reports: Reports shall be included in submittals. 
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G. Operation and Maintenance Data: Data to be included in boiler emergency, operation and 
maintenance manuals. 

H. Warranty: Standard warranty specified in this Section 

I. Other Informational Submittals:  

1. ASME Stamp Certification and Report: Submit "A," "S," or "PP" stamp certificate of 
authorization, as required by authorities having jurisdiction, and document hydrostatic 
testing of piping external to boiler. 

1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices and Accessories: Boilers must be 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. I=B=R Performance Compliance: Condensing boilers must be rated in accordance with 
applicable federal testing methods and verified by AHRI as capable of achieving the energy 
efficiency and performance ratings as tested within prescribed tolerances. 

C. ASME Compliance: Condensing boilers must be constructed in accordance with ASME Boiler 
and Pressure Vessel Code, Section IV “Heating Boilers”. 

D. ASHRAE/IESNA 90.1 Compliance: Boilers shall have minimum efficiency according to "Gas 
and Oil Fired Boilers - Minimum Efficiency Requirements." 

E. DOE Compliance: Minimum efficiency shall comply with 10 CFR 430, Subpart B, 
Appendix N, "Uniform Test Method for Measuring the Energy Consumption of Furnaces and 
Boilers." 

F. UL Compliance: Boilers must be tested for compliance with UL 795, "Commercial-Industrial 
Gas Heating Equipment." Boilers shall be listed and labeled by a testing agency acceptable to 
authorities having jurisdiction. 

G. NOx Emission Standards: When installed and operated in accordance with manufacturer’s 
instructions, condensing boilers shall comply with the NOx emission standards outlined in 
South Coast Air Quality Management District (SCAQMD), Rule 1146.1; and the Texas 
Commission on Environmental Quality (TCEQ), Title 30, Chapter 117, and Rule 117.465.   

1.5 COORDINATION 

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete, 
reinforcement and formwork requirements are specified in Division 03. 
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1.6 WARRANTY 

A. Standard Warranty: Boilers shall include manufacturer's standard form in which manufacturer 
agrees to repair or replace components of boilers that fail in materials or workmanship within 
specified warranty period. 

1. Warranty Period for Fire-Tube Condensing Boilers 
a. The pressure vessel/heat exchanger shall carry a 10-year from shipment, non-

prorated, limited warranty against any failure due to condensate corrosion, thermal 
stress, mechanical defects or workmanship. 

b. Manufacturer labeled control panels are conditionally warranted against failure for 
(2) two years from shipment. 

c. All other components, with the exception of the igniter and flame detector, are 
conditionally guaranteed against any failure for 18 months from shipment 

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. AERCO International; Benchmark. 

2. Hamilton Engineering; 3VO. 

3. Lochinvar; Crest. 

2.2 CONSTRUCTION 

A. Description: Boiler shall be natural gas fired, fully condensing, fire tube design. Power burner 
shall have full modulation and discharge into a positive pressure vent. Boiler efficiency shall 
increase with decreasing load (output), while maintaining setpoint. Boiler shall be factory-
fabricated, factory-assembled and factory-tested, fire-tube condensing boiler with heat 
exchanger sealed pressure-tight, built on a steel base, including insulated jacket, flue-gas vent, 
combustion-air intake connections, water supply, return and condensate drain connections, and 
controls. 

B. Heat Exchanger: The heat exchanger shall be constructed of 439 stainless steel fire tubes and 
tubesheets, with a one-pass combustion gas flow design. The fire tubes shall be 5/8” OD, with 
no less than 0.049” wall thickness. The upper and lower stainless steel tubesheet shall be no less 
than 0.25” thick. The pressure vessel/heat exchanger shall be welded construction. The heat 
exchanger shall be ASME stamped for a working pressure not less than 160 psig. Access to the 



Client Name: Delaware Army National Guard Revision:    0 
Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 
Concord No.: 1C15580.00  
 

 
Concord Engineering  Page 4 of 12 
 
CONDENSING HOT WATER BOILERS 

 
235216  

 

tubesheets and heat exchanger shall be available by burner and exhaust manifold removal. 
Minimum access opening shall be no less than 10-inch diameter. 

C. Pressure Vessel: The pressure vessel shall have a maximum water volume of 40 gallons. The 
boiler water connections shall be 4-inch flanged 150-pound, ANSI rated. The pressure vessel 
shall be constructed of SA53 carbon steel, with a 0.25-inch thick wall and 0.50-inch thick upper 
head. Inspection openings in the pressure vessel shall be in accordance with ASME Section IV 
pressure vessel code. The boiler shall be designed so that the thermal efficiency increases as the 
boiler firing rate decreases. 

D. Modulating Air/Fuel Valve and Burner: The boiler burner shall be capable of a 20-to-1 
turndown ratio of the firing rate without loss of combustion efficiency or staging of gas valves. 
The burner shall produce less than 20 ppm of NOx corrected to 3% excess oxygen. The burner 
shall be metal-fiber mesh covering a stainless steel body with spark ignition and flame 
rectification. All burner material exposed to the combustion zone shall be of stainless steel 
construction. There shall be no moving parts within the burner itself. A modulating air/fuel 
valve shall meter the air and fuel input. The modulating motor must be linked to both the gas 
valve body and air valve body with a single linkage. The linkage shall not require any field 
adjustment. A variable speed cast aluminum pre-mix blower shall be used to ensure the 
optimum mixing of air and fuel between the air/fuel valve and the burner. 

E. Minimum boiler efficiencies shall be as follows at a 20 degree delta-T: 
 

EWT 100% Fire 50% Fire 5% Fire 
160 °F 87% 87% 87% 
140 °F 88% 88% 88% 
120 °F 89% 90% 90.5% 
100 °F 93.7% 95% 95% 
80 °F 96% 98% 98.6% 

 

F. Exhaust Manifold: The exhaust manifold shall be of corrosion resistant cast aluminum or 316 
stainless steel with an 8-inch diameter flue connection. The exhaust manifold shall have a 
collecting reservoir and a gravity drain for the elimination of condensation. 

G. Blower: The boiler shall include a VFD controlled fan to operate during the burner firing 
sequence and pre-purge the combustion chamber. 

1. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load 
will not require a motor to operate in the service factor range above 1.0. 

H. Ignition: Ignition shall be via spark ignition with 100 percent main-valve shutoff and electronic 
flame supervision. 

I. The boiler’s manufacturer recommended annual replacement parts shall cost no more than $250 
to the end customer. 
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J. The boiler shall be designed such that the combustion air is drawn from the inside of the boiler 
enclosure, decoupling it from the combustion air supply and preheating the air to increase 
efficiency. 

K. Enclosure: The sheet metal enclosure shall be fully removable, allowing for easy access during 
servicing. 

2.3 CONTROLS 

A. Refer to Division 23, Section “Instrumentation and Control of HVAC.” 

B. The boiler control system shall be segregated into three components: “C-More” Control Panel, 
Power Box and Input/Output Connection Box. The entire system shall be Underwriters 
Laboratories recognized. 

C. The control panel shall consist of six individual circuit boards using state-of-the-art surface-
mount technology in a single enclosure. These circuit boards shall include:  

1. A display board incorporating LED display to indicate temperature and a vacuum 
fluorescent display module for all message enunciation 

2. A CPU board housing all control functions 

3. An electric low-water cutoff board with test and manual reset functions 

4. A power supply board 

5. An ignition /stepper board incorporating flame safeguard control 

6. A connector board 

Each board shall be individually field replaceable. 

D. The combustion safeguard/flame monitoring system shall use spark ignition and a rectification-
type flame sensor. 

E. The control panel hardware shall support both RS-232 and RS-485 remote communications. 

F. The controls shall annunciate boiler and sensor status and include extensive self-diagnostic 
capabilities that incorporate a minimum of eight separate status messages and 34 separate fault 
messages. 

G. The control panel shall incorporate three self-governing features designed to enhance operation 
in modes where it receives an external control signal by eliminating nuisance faults due to over-
temperature, improper external signal or loss of external signal. These features include:  

1. Setpoint High Limit: Setpoint high limit allows for a selectable maximum boiler outlet 
temperature and acts as temperature limiting governor. Setpoint limit is based on a PID 
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function that automatically limits firing rate to maintain outlet temperature within a 0 to 
10 degree selectable band from the desired maximum boiler outlet temperature. 

2. Setpoint Low Limit: Allow for a selectable minimum operating temperature. 

3. Failsafe Mode: Failsafe mode allows the boiler to switch its mode to operate from an 
internal setpoint if its external control signal is lost, rather than shut off. This is a 
selectable mode, enabling the control can to shut off the unit upon loss of external signal, 
if so desired. 

H. The boiler control system shall incorporate the following additional features for enhanced 
external system interface:  

1. System start temperature feature 

2. Pump delay timer 

3. Auxiliary start delay timer 

4. Auxiliary temperature sensor 

5. Analog output feature to enable simple monitoring of temperature setpoint, outlet 
temperature or fire rate 

6. Remote interlock circuit 

7. Delayed interlock circuit 

8. Fault relay for remote fault alarm 

I. Each boiler shall include an electric, single-seated combination safety shutoff valve/regulator 
with proof of closure switch in its gas train. Each boiler shall incorporate dual over-temperature 
protection with manual reset, in accordance with ASME Section IV and CSD-1.  

J. Each boiler shall have an oxygen monitoring system that will measure the oxygen content of the 
exhaust gasses in real-time. Output of O2 information shall be displayed on the C-More control 
panel. 

K. Each boiler shall have integrated Boiler Sequencing Technology (BST), capable of multi-unit 
sequencing with lead-lag functionality and parallel operation.  The system will incorporate the 
following capabilities: 

1. Efficiently sequence 2-to-8 units on the same system to meet load requirement.  

2. Integrated control and wiring for seamless installation of optional isolation valve.  When 
valves are utilized, the system shall operate one motorized valve per unit as an element of 
load sequencing.  Valves shall close with decreased load as units turn off, minimum of 
one must always stay open for recirculation.   
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3. Automatically rotate lead/lag amongst the units on the chain and monitor run hours per 
unit and balance load in an effort to equalize unit run hours. 

4. Designated master control, used to display and adjust key system parameters. 

5. Automatic bump-less transfer of master function to next unit on the chain in case of 
designated master unit failure; master/slave status should be shown on the individual unit 
displays. 

6. Designated master control, used to display and adjust key system parameters. 

L. The controller shall have the ability to vary the firing rate and energy input of each individual 
boiler throughout its full modulating range to maximize the condensing capability and thermal 
efficiency output of the entire heating plant.  The BST shall control the boiler outlet header 
temperature within +2ºF.  The controller shall be a PID type controller and uses Ramp 
Up/Ramp Down control algorithm for accurate temperature control with excellent variable load 
response.  The BST controller shall provide contact closure for auxiliary equipment such as 
system pumps and combustion air inlet dampers based upon outdoor air temperature. 

 
The BST shall have the following anti-cycling features: 

 Manual designation of lead boiler and last boiler. 
 Lead boiler rotation at user-specified time interval. 
 Delay the firing/shutting down of boilers when header temperature within a predefined 

dead band. 

When set on Internal Setpoint Mode, temperature control setpoint on the BST shall be fully field 
adjustable from 50ºF to 190ºF in operation.  When set on Indoor/Outdoor Reset Mode, the BST 
will operate on an adjustable inverse ratio in response to outdoor temperature to control the 
main header temperature.  Reset ratio shall be fully field adjustable from 0.3 to 3.0 in operation.  
When set on 4ma to 20ma Temperature Control Mode, the BST will operate the plant to vary 
header temperature setpoint linearly as an externally applied 4-20 ma signal is supplied.  

When set on MODBUS Temperature Control Mode, the BST will operate the plant to vary 
header temperature setpoint as an external communication utilizing the MODBUS protocol is 
supplied via the RS-232 port. The BST controller shall have a vacuum fluorescent display for 
monitoring of all sensors and interlocks.  Non-volatile memory backup of all control parameters 
shall be internally provided as standard.  The controller will automatically balance the sequence 
of operating time on each boiler by a first-on first-off mode and provide for setback and remote 
alarm contacts.  Connection between central BST system and individual boilers shall be twisted 
pair low voltage wiring, with the boilers ‘daisy-chained’ for ease of installation. 

2.4 ELECTRICAL POWER 

A. Controllers, Electrical Devices and Wiring: Electrical devices and connections are specified in 
Division 26 sections. 
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B. Single-Point Field Power Connection: Factory-installed and factory-wired switches, motor 
controllers, transformers and other electrical devices shall provide a single-point field power 
connection to the boiler.  

C. Electrical Characteristics: 
   

1. Voltage:     120V     

2. Phase:      Single      

3. Frequency:     60 Hz      

4. Full-Load Current   18.0 Amps     

2.5 VENTING  

A. The exhaust vent must be UL Listed for use with Category II, III and IV appliances and 
compatible with operating temperatures up to 230°F, condensing flue gas service. UL-listed 
vents Al 29-4C stainless steel shall be used with boilers. Provide Al 29-4C stainless steel. 

B. The minimum exhaust vent duct size for each boiler is eight-inch diameter. 

C. Combustion-Air Intake: Boilers shall be capable of drawing combustion air from the outdoors 
via a metal or PVC duct connected between the boiler and the outdoors. Provide stainless steel 
duct. 

D. The minimum ducted combustion air duct size for each boiler is eight-inch diameter. 

E. Follow guidelines specified in manufacturer’s venting guide. 

2.6 SOURCE QUALITY CONTROL 

A. Burner and Hydrostatic Test: Factory adjust burner to eliminate excess oxygen, carbon dioxide, 
oxides of nitrogen emissions and carbon monoxide in flue gas, and to achieve combustion 
efficiency. Perform hydrostatic testing. 

B. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler and 
Pressure Vessel Code. 

1. If boilers are not factory assembled and fire-tested, the local vendor is responsible for all 
field assembly and testing. 

C. Allow Owner access to source quality-control testing of boilers. Notify Architect fourteen days 
in advance of testing. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Before boiler installation examine roughing-in for concrete equipment bases, anchor-bolt sizes 
and locations and piping and electrical connections to verify actual locations, sizes and other 
conditions affecting boiler performance, maintenance and operations. 

1. Final boiler locations indicated on Drawings are approximate. Determine exact locations 
before roughing-in for piping and electrical connections. 

B. Examine mechanical spaces for suitable conditions where boilers will be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 BOILER INSTALLATION 

A. Install boilers level on concrete bases. Concrete base is specified in Division 23 Section 
"Common Work Results for HVAC," and concrete materials and installation requirements are 
specified in Division 03. 

B. Install gas-fired boilers according to NFPA 54. 

C. Assemble and install boiler trim. 

D. Install electrical devices furnished with boiler but not specified to be factory mounted. 

E. Install control wiring to field-mounted electrical devices. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 sections. Drawings indicate 
general arrangement of piping, fittings and specialties. 

B. Install piping adjacent to boiler to permit service and maintenance. 

C. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least 
full size of connection. Provide an isolation valve if required. 

D. Connect gas piping to boiler gas-train inlet with unions. Piping shall be at least full size of gas 
train connection. Provide a reducer if required. 

E. Connect hot-water piping to supply and return boiler tappings with shutoff valve and union or 
flange at each connection. 

F. Install piping from safety relief valves to nearest floor drain. 
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G. Boiler Venting 

1. Install flue venting kit and combustion-air intake. 

2. Connect venting full size to boiler connections. [Comply with requirements in 
Division 23 Section "Breechings, Chimneys and Stacks."] 

H. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

I. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 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 installation and startup checks according to manufacturer's written instructions. 

2. Perform hydrostatic test. Repair leaks and retest until no leaks exist. 

3. Start units to confirm proper motor rotation and unit operation. Adjust air-fuel ratio and 
combustion. 

4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 
equipment. 
a. Check and adjust initial operating set points and high- and low-limit safety set 

points of fuel supply, water level and water temperature. 
b. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

C. Remove and replace malfunctioning units and retest as specified above. 

D. Occupancy Adjustments: When requested within 2 months of date of Substantial Completion, 
provide on-site assistance adjusting system to suit actual occupied conditions. Provide up to 
two visits to Project during other than normal occupancy hours for this purpose. 

E. Performance Tests: 

The boiler manufacturer is expected to provide partial load thermal efficiency curves. These 
thermal efficiency curves must include at least three separate curves at various BTU input 
levels. If these curves are not available, it is the responsibility of the boiler manufacturer to 
complete the following performance tests: 



Client Name: Delaware Army National Guard Revision:    0 
Project Name: DE JAFRC Boiler Plant Installation Date: 07/29/2016 
Concord No.: 1C15580.00  
 

 
Concord Engineering  Page 11 of 12 
 
CONDENSING HOT WATER BOILERS 

 
235216  

 

1. Engage a factory-authorized service representative to inspect component assemblies and 
equipment installations, including connections, and to conduct performance testing. 

2. Boilers shall comply with performance requirements indicated, as determined by field 
performance tests. Adjust, modify, or replace equipment to comply. 

3. Perform field performance tests to determine capacity and efficiency of boilers. 
a. Test for full capacity. 
b. Test for boiler efficiency at [low fire 20, 40, 60, 80, 100, 80, 60, 40 and 20] percent 

of full capacity. Determine efficiency at each test point. 

4. Repeat tests until results comply with requirements indicated. 

5. Provide analysis equipment required to determine performance. 

6. Provide temporary equipment and system modifications necessary to dissipate the heat 
produced during tests if building systems are not adequate. 

7. Notify Architect in advance of test dates. 

8. Document test results in a report and submit to Architect. 

END OF SECTION 235216 
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SECTION 260500 - COMMON WORK RESULTS FOR ELECTRICAL 

PART 1 - GENERAL 

1.1 WORK COVERED BY CONTRACT DOCUMENTS 

1) Electrical Drawings:  See Cover Sheet (CS) of Drawings. 

2) Project Specifications 

1.2 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.3 SUMMARY 

A. Section Includes: 

1. Electrical equipment coordination and installation. 

2. Sleeves for raceways and cables. 

3. Sleeve seals. 

4. Grout. 

5. Common electrical installation requirements. 

1.4 DEFINITIONS 

A. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

B. NBR:  Acrylonitrile-butadiene rubber. 

1.5 SUBMITTALS 

A. Product Data:  For sleeve seals. 

1.6 COORDINATION 

A. Coordinate arrangement, mounting, and support of electrical equipment: 

1. To allow maximum possible headroom unless specific mounting heights that reduce 

headroom are indicated. 
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2. To provide for ease of disconnecting the equipment with minimum interference to other 

installations. 

3. To allow right of way for piping and conduit installed at required slope. 

4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of 

obstructions and of the working and access space of other equipment. 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, 

masonry walls, and other structural components as they are constructed. 

C. Coordinate location of access panels and doors for electrical items that are behind finished 

surfaces or otherwise concealed.  Access doors and panels are specified in Division 08 Section 

"Access Doors and Frames." 

D. Coordinate sleeve selection and application with selection and application of firestopping 

specified in Division 07 Section "Penetration Firestopping."." 

PART 2 - PRODUCTS 

2.1 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 

ends. 

B. Sleeves for Rectangular Openings:  Galvanized sheet steel. 

1. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no 

side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches 

(1270 mm) and 1 or more sides equal to, or more than, 16 inches (400 mm), 

thickness shall be 0.138 inch (3.5 mm). 

2.2 SLEEVE SEALS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between 

sleeve and raceway or cable. 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. Advance Products & Systems, Inc. 

b. Calpico, Inc. 

c. Metraflex Co. 

d. Pipeline Seal and Insulator, Inc. 
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2. 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. 

3. Pressure Plates:  Plastic.  Include two for each sealing element. 

4. 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 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1. 

B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit 

for wall-mounting items. 

C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, 

arrange and install components and equipment to provide maximum possible headroom 

consistent with these requirements. 

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components 

of both electrical equipment and other nearby installations.  Connect in such a way as to 

facilitate future disconnecting with minimum interference with other items in the vicinity. 

E. Right of Way:  Give to piping systems installed at a required slope. 

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways 

penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 

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. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. 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. 

E. Cut sleeves to length for mounting flush with both surfaces of walls. 

F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway 

or cable, unless indicated otherwise. 
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H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed 

surfaces smooth; protect grout while curing. 

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  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 07 Section "Joint Sealants.". 

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 

and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable 

penetration sleeves with firestop materials.  Comply with requirements in Division 07 Section 

"Penetration Firestopping." 

K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible 

boot-type flashing units applied in coordination with roofing work. 

L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and 

mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space 

between pipe and sleeve for installing mechanical sleeve seals. 

M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow 

for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for installing 

mechanical sleeve seals. 

3.3 SLEEVE-SEAL INSTALLATION 

A. Install to seal exterior wall penetrations. 

B. Use 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. 

3.4 FIRESTOPPING 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical 

installations to restore original fire-resistance rating of assembly.  Firestopping materials and 

installation requirements are specified in Division 07 Section "Penetration Firestopping." 

END OF SECTION 260500 
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. 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. 

1.3 SUBMITTALS 

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

B. Qualification Data:  For testing agency. 

C. Field quality-control test reports. 

1.4 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to 

conduct the testing indicated, that is a member company of the InterNational Electrical Testing 

Association or is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 29 

CFR 1910.7, and that is acceptable to authorities having jurisdiction. 

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. 

C. Comply with NFPA 70. 

1.5 COORDINATION 

A. Set cable/conduit sleeves in cast-in-place concrete, masonry walls and other structural 

components as they are constructed. 
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PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

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. Alcan Products Corporation; Alcan Cable Division. 

2. American Insulated Wire Corp.; a Leviton Company. 

3. General Cable Corporation. 

4. Senator Wire & Cable Company. 

5. Southwire Company. 

B. Copper Conductors:  Comply with NEMA WC 70. 

C. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN, THWN, XHHW-2. 

D. Multi-conductor Cable:  Comply with NEMA WC 70 for metal-clad cable, Type MC 

nonmetallic-sheathed cable, Type NM Type SO and Type USE with ground wire. 

2.2 CONNECTORS AND SPLICES 

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. 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. 

B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, 

and class for application and service indicated. 

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. 
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3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 

WIRING METHODS 

A. Exposed Feeders:  Type XHHW-2, single conductors in raceway. 

B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type XHHW-2, single 

conductors in raceway. 

C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type XHHW-2, 

single conductors in raceway. 

D. Feeders Installed below Raised Flooring:  Type XHHW-2, single conductors in raceway. 

E. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in 

raceway or Metal-clad cable, Type MC. 

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-THWN, single 

conductors in raceway or Metal-clad cable, Type MC. 

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  

Type THHN-THWN, single conductors in raceway. 

H. Branch Circuits Installed below Raised Flooring:  Type THHN-THWN, single conductors in 

raceway or Metal-clad cable, Type MC. 

I. Class 1 Control Circuits:  Type THHN-THWN, in raceway. 

J. Class 2 Control Circuits:  Power-limited cable, concealed in building finishes  

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 Section "Hangers and Supports for Electrical Systems." 

F. Identify and color-code conductors and cables according to Division 26 Section "Identification 

for Electrical Systems." 
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3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in 

UL 486A and UL 486B. 

B. Make splices and taps that are compatible with conductor material and that possess equivalent 

or better mechanical strength and insulation ratings than un-spliced conductors. 

C. Wiring at Outlets:  Install conductors at each outlet, with at least 6 inches (150 mm) of slack. 

3.5 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire rated floor and wall assemblies to restore 

original fire-resistance rating. 

3.6 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 service entrance and feeder conductors, 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 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes methods and materials for grounding systems and equipment. plus the 

following special applications: 

1. Equipment grounding. 

1.3 SUBMITTALS 

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

B. Field quality-control test reports. 

C. Operation and Maintenance Data:  For grounding to include the following in emergency, 

operation, and maintenance manuals: 

1. Instructions for periodic testing and inspection of grounding features at test wells, ground 

rings, grounding connections for separately derived systems based on NETA MTS. 

a. Tests shall be to determine if ground resistance or impedance values remain within 

specified maximums, and instructions shall recommend corrective action if they do 

not. 

b. Include recommended testing intervals. 

1.4 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NTRL. 

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. 

C. Comply with UL 467 for grounding and bonding materials and equipment. 
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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. 

B. Bare Copper Conductors: 

1. Solid Conductors:  ASTM B 3. 

2. Stranded Conductors:  ASTM B 8. 

3. Tinned Conductors:  ASTM B 33. 

4. Bonding Cable:  No.4 AWG conductor. 

5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor. 

6. Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-

5/8 inches wide and 1/16 inch thick. 

7. Tinned Bonding Jumper:  Tinned-copper tape, braided conductors, terminated with 

copper ferrules; 1-5/8 inches wide and 1/16 inch thick. 

C. Grounding Bus:  Rectangular bars of annealed copper, 1/4 by 2 inches in cross section, unless 

otherwise indicated; with insulators. 

2.2 CONNECTORS 

A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having 

jurisdiction for applications in which used, and for specific types, sizes, and combinations of 

conductors and other items connected. 

B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy, bolted pressure-type, 

with at least two bolts. 

1. Pipe Connectors:  Clamp type, sized for pipe. 

C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for 

materials being joined and installation conditions. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for 

No. 6 AWG and larger, unless otherwise indicated. 

B. Conductor Terminations and Connections: 
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1. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors. 

2. Underground Connections:  Welded connectors, except at test wells and as otherwise 

indicated. 

3. Connections to Structural Steel:  Welded connectors. 

3.2 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

3.3 INSTALLATION 

A. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise 

indicated or required by Code.  Avoid obstructing access or placing conductors where they may 

be subjected to strain, impact, or damage. 

B. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, 

except where routed through short lengths of conduit. 

1. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate 

any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so 

vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type 

connection is required, use a bolted clamp. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections and prepare test reports: 

1. After installing grounding system but before permanent electrical circuits have been 

energized, test for compliance with requirements. 

2. Test completed grounding system at each location where a maximum ground-resistance 

level is specified, at service disconnect enclosure grounding terminal, at ground test 

wells, and at individual ground rods.  Make tests at ground rods before any conductors 

are connected. 

a. Measure ground resistance not less 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. 

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 01 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. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. IMC:  Intermediate metal conduit. 

C. RMC:  Rigid metal conduit. 

1.4 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple raceways capable of supporting combined weight of supported 

systems and its contents. 

B. Design equipment supports capable of supporting combined operating weight of supported 

equipment and connected systems and components. 

1.5 SUBMITTALS 

A. Product Data:  For the following: 

1. Steel slotted support systems. 

2. Nonmetallic slotted support systems. 

B. Shop Drawings:  Show fabrication and installation details and include calculations for the 

following: 
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1. Trapeze hangers. Include Product Data for components. 

2. Steel slotted channel systems. Include Product Data for components. 

3. Nonmetallic slotted channel systems. Include Product Data for components. 

4. Equipment supports. 

1.6 QUALITY ASSURANCE 

A. Comply with NFPA 70. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.   

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.   

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field 

assembly. 

1. Manufacturers:  Subject to compliance with requirements, 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. ERICO International Corporation. 

d. GS Metals Corp. 

e. Thomas & Betts Corporation. 

f. Unistrut; Tyco International, Ltd. 

2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to 

MFMA-4. 

3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating 

applied according to MFMA-4. 

4. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-

4. 

5. Channel Dimensions:  Selected for applicable load criteria. 

B. Nonmetallic Slotted Support Systems:  Structural-grade, factory-formed, glass-fiber-resin 

channels and angles with 9/16-inch- diameter holes at a maximum of 8 inches o.c., in at least 1 

surface. 
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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. Fabco Plastics Wholesale Limited. 

d. Seasafe, Inc. 

2. Fittings and Accessories:  Products of channel and angle manufacturer and designed for 

use with those items. 

3. Fitting and Accessory Materials:  Same as channels and angles, except metal items may 

be stainless steel. 

4. Rated Strength:  Selected to suit applicable load criteria. 

C. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

D. 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. 

E. 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. 

F. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, 

shapes, and bars; black and galvanized. 

G. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or 

their supports to building surfaces include the following: 

1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement 

concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for 

supported loads and building materials where used. 

a. 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) Hilti Inc. 

2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

3) MKT Fastening, LLC. 

4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit. 

2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel, for use in 

hardened portland cement concrete with tension, shear, and pullout capacities appropriate 

for supported loads and building materials in which used. 
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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) Empire Tool and Manufacturing Co., Inc. 

3) Hilti Inc. 

4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

5) MKT Fastening, LLC. 

3. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS 

Type 18; complying with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for 

attached structural element. 

5. Through Bolts:  Structural type, hex head, and high strength.  Comply with 

ASTM A 325. 

6. Toggle Bolts:  All-steel springhead type. 

7. Hanger Rods:  Threaded steel. 

2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions 

of supported equipment. 

B. Materials:  Comply with requirements in Division 05 Section "Metal Fabrications" for steel 

shapes and plates. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical 

equipment and systems except if requirements in this Section are stricter. 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for 

EMT, IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch in 

diameter. 

C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted support 

system, sized so capacity can be increased by at least 25 percent in future without exceeding 

specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps. 
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3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 

Article. 

B. Raceway Support Methods:  In addition to methods described in NECA 1, EMT, IMC, and 

RMC may be supported by openings through structure members, as permitted in NFPA 70. 

C. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength 

will be adequate to carry present and future static loads within specified loading limits.  

Minimum static design load used for strength determination 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 Wood:  Fasten with lag screws or through bolts. 

2. To New Concrete:  Bolt to concrete inserts. 

3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 

4. To Existing Concrete:  Expansion anchor fasteners. 

5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock 

washers and nuts may be used in existing standard-weight concrete 4 inches thick or 

greater.  Do not use for anchorage to lightweight-aggregate concrete or for slabs less than 

4 inches thick. 

6. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69. 

7. To Light Steel:  Sheet metal screws. 

8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 

transformers, and other devices on slotted-channel racks attached to substrate by means 

that meet seismic-restraint strength and anchorage requirements. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing 

bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Where applicable, comply with installation requirements in Division 05 Section "Metal 

Fabrications" for site-fabricated metal supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 

to support and anchor electrical materials and equipment. 

C. Field Welding:  Comply with AWS D1.1/D1.1M. 
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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 03 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. 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 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 raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. ENT:  Electrical nonmetallic tubing. 

C. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

D. FMC:  Flexible metal conduit. 

E. IMC:  Intermediate metal conduit. 

F. LFMC:  Liquidtight flexible metal conduit. 

G. LFNC:  Liquidtight flexible nonmetallic conduit. 

H. NBR:  Acrylonitrile-butadiene rubber. 

I. RNC:  Rigid nonmetallic conduit. 

1.4 SUBMITTALS 

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

B. Shop Drawings:  For the following raceway components.  Include plans, elevations, sections, 
details, and attachments to other work. 

1. Custom enclosures and cabinets. 
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C. Coordination Drawings:  Conduit routing plans, drawn to scale, on which the following items 
are shown and coordinated with each other, based on input from installers of the items involved: 

1. Structural members in the paths of conduit groups with common supports. 
2. HVAC and plumbing items and architectural features in the paths of conduit groups with 

common supports. 

D. Source quality-control test reports. 

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 NFPA 70. 

PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

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. AFC Cable Systems, Inc. 
2. Allied Tube & Conduit; a Tyco International Ltd. Co. 
3. Anamet Electrical, Inc.; Anaconda Metal Hose. 
4. Electri-Flex Co. 
5. O-Z Gedney; a unit of General Signal. 
6. Wheatland Tube Company. 

B. Rigid Steel Conduit:  ANSI C80.1. 

C. IMC:  ANSI C80.6. 

D. PVC-Coated Steel Conduit:  PVC-coated rigid steel conduit. 

1. Comply with NEMA RN 1. 
2. Coating Thickness:  0.040 inch, minimum. 

E. EMT:  ANSI C80.3. 

F. FMC:  Zinc-coated steel or aluminum. 

G. LFMC:  Flexible steel conduit with PVC jacket, UL listed for its purpose. 
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H. 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. Fittings for EMT:  Steel compression type for 2” and smaller, set-screw type for 2 ½” and 
larger. 

2. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness, 0.040 inch, with 
overlapping sleeves protecting threaded joints. 

I. Joint Compound for Rigid Steel Conduit or IMC:  Listed for use in cable connector assemblies, 
and compounded for use to lubricate and protect threaded raceway joints from corrosion and 
enhance their conductivity. 

2.2 NONMETALLIC CONDUIT AND TUBING 

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. AFC Cable Systems, Inc. 
2. Anamet Electrical, Inc.; Anaconda Metal Hose. 
3. Electri-Flex Co. 
4. Lamson & Sessions; Carlon Electrical Products. 
5. RACO; a Hubbell Company. 
6. Thomas & Betts Corporation. 

B. ENT:  NEMA TC 13. 

C. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated. 

D. LFNC:  UL 1660. 

E. Fittings for ENT and RNC:  NEMA TC 3; match to conduit or tubing type and material. 

F. Fittings for LFNC:  UL 514B. 

2.3 METAL WIREWAYS 

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. 
2. Hoffman. 
3. Square D; Schneider Electric. 

B. Description:  Sheet metal sized and shaped as indicated, NEMA 250, Type 1 for indoor 
applications and Type 3R for outdoor applications, unless otherwise indicated. 
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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:  Screw-cover type or flanged-and-gasketed type as indicated for the 
application. 

E. Finish:  Manufacturer's standard enamel finish. 

2.4 SURFACE RACEWAYS 

A. Surface Metal Raceways:  Galvanized steel with snap-on covers. 

1. 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. Hubbell Incorporated; Wiring Device-Kellems Division. 
b. Wiremold Company (The); Electrical Sales Division. 
c. MonoSystems 

2.5 BOXES, ENCLOSURES, AND CABINETS 

A. 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 Crouse-Hinds; Div. of Cooper Industries, Inc. 
2. Hoffman. 
3. Hubbell Incorporated; Killark Electric Manufacturing Co. Division. 
4. O-Z/Gedney; a unit of General Signal. 
5. RACO; a Hubbell Company. 
6. Thomas & Betts Corporation. 
7. Walker Systems, Inc.; Wiremold Company (The). 
8. Woodhead, Daniel Company; Woodhead Industries, Inc. Subsidiary. 

B. Sheet Metal Outlet and Device Boxes:  NEMA OS 1. 

C. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, ferrous alloy or aluminum, with gasketed 
cover. 

D. Nonmetallic Outlet and Device Boxes:  NEMA OS 2. 

E. Metal Floor Boxes:  Cast or sheet metal, fully adjustable, rectangular. 

F. Nonmetallic Floor Boxes:  Nonadjustable, round. 

G. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 
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H. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, cast aluminum with gasketed 
cover. 

I. 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. 
2. Nonmetallic Enclosures:  Plastic, finished inside with radio-frequency-resistant paint. 

J. 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. 

2.6 SLEEVES FOR RACEWAYS 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 

B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, 
with plain ends and integral waterstop, unless otherwise indicated. 

C. Sleeves for Rectangular Openings:  Galvanized sheet steel with minimum 0.052- or 0.138-inch 
thickness as indicated and of length to suit application. 

2.7 SLEEVE SEALS 

A. 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. 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:  Stainless steel.  Include two for each sealing element. 
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3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to 
sealing elements.  Include one for each sealing element. 

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. Underground Conduit:  RNC, Type EPC-40-PVC, direct buried. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 
5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R. 

B. Comply with the following indoor applications, unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 
2. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit.  Includes 

raceways in the following locations: 

a. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 
b. Mechanical rooms. 

3. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet 
locations. 

5. Damp or Wet Locations:  IMC. 
6. Raceways for Optical Fiber or Communications Cable in Spaces Used for Environmental 

Air:  EMT. 
7. Raceways for Optical Fiber or Communications Cable Risers in Vertical Shafts:  EMT. 
8. Raceways for Concealed General Purpose Distribution of Optical Fiber or 

Communications Cable:  EMT. 
9. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, stainless 

steel or nonmetallic in damp or wet locations. 

C. Minimum Raceway Size:  3/4-inch trade size. 

D. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless 
otherwise indicated. 
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2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with that 
material.  Patch and seal all joints, nicks, and scrapes in PVC coating after installing 
conduits and fittings.  Use sealant recommended by fitting manufacturer. 

E. Do not install aluminum conduits in contact with concrete. 

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 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 (where fewer bends are allowed). 

G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise 
indicated. 

H. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply 
listed compound to threads of raceway and fittings before making up joints.  Follow compound 
manufacturer's written instructions. 

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 tensile strength.  Leave at least 12 inches of slack at each end of pull wire. 

K. 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. 
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L. Expansion-Joint Fittings for RNC:  Install in each run of aboveground conduit that is located 
where environmental temperature change may exceed 30 deg F, and that has straight-run length 
that exceeds 25 feet. 

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. Indoor Spaces:  Connected with the Outdoors without Physical Separation:  125 

deg F temperature change. 
b. Attics:  135 deg F temperature change. 

2. 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. 

M. Flexible Conduit Connections:  Use maximum of 72 inches of flexible conduit for equipment 
subject to vibration, noise transmission, or movement; and for transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage. 

3.3 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Penetration Firestopping." 

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. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Rectangular Sleeve Minimum Metal Thickness: 

1. For sleeve cross-section rectangle perimeter less than 50 inches and no side greater than 
16 inches, thickness shall be 0.052 inch. 

2. For sleeve cross-section rectangle perimeter equal to, or greater than, 50 inches and 1 or 
more sides equal to, or greater than, 16 inches, thickness shall be 0.138 inch. 

E. 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. 

F. Cut sleeves to length for mounting flush with both surfaces of walls. 

G. Extend sleeves installed in floors 2 inches above finished floor level. 

H. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway unless 
sleeve seal is to be installed. 
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I. Seal space outside of sleeves with grout for penetrations of concrete and masonry and with 
approved joint compound for gypsum board assemblies. 

J. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 
and raceway, using joint sealant appropriate for size, depth, and location of joint.  Refer to 
Division 07 Section "Joint Sealants" for materials and installation. 

K. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at raceway penetrations.  Install sleeves and seal with firestop materials.  Comply 
with Division 07 Section "Penetration Firestopping." 

L. Roof-Penetration Sleeves:  Seal penetration of individual raceways with flexible, boot-type 
flashing units applied in coordination with roofing work. 

M. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using 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. 

N. Underground, Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size 
sleeves to allow for 1-inch annular clear space between raceway and sleeve for installing 
mechanical sleeve seals. 

3.4 SLEEVE-SEAL INSTALLATION 

A. Install to seal underground, exterior wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for raceway material 
and size.  Position raceway in center of sleeve.  Assemble mechanical sleeve seals and install in 
annular space between raceway and sleeve.  Tighten bolts against pressure plates that cause 
sealing elements to expand and make watertight seal. 

3.5 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly.  Firestopping materials and installation requirements 
are specified in Division 07 Section "Penetration Firestopping." 

3.6 PROTECTION 

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are 
without damage or deterioration at time of Substantial Completion. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 
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2. Repair damage to PVC or paint finishes with matching touchup coating recommended by 
manufacturer. 

END OF SECTION 260533 
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Color and legend requirements for raceways, conductors, and warning labels and signs. 
2. Labels. 
3. Tapes and stencils. 
4. Tags. 
5. Signs. 
6. Cable ties. 
7. Paint for identification. 
8. Fasteners for labels and signs. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for electrical identification products. 

B. Identification Schedule: For each piece of electrical equipment and electrical system 
components to be an index of nomenclature for electrical equipment and system components 
used in identification signs and labels. Use same designations indicated on Drawings. 

  

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME A13.1 and IEEE C2. 

B. Comply with NFPA 70. 
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C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 
used by label printers, shall comply with UL 969. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Raceways and Cables Carrying Circuits at 600 V or Less: 

1. White letters on a black field. 
2. Legend: Indicate voltage and system or service type. 

B. Color-Coding for Phase Identification, 600 V or Less: Use colors listed below for ungrounded 
feeder and branch-circuit conductors. 

1. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if 
authorities having jurisdiction permit. 

2. Colors for 208/120-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 
c. Phase C: Blue. 

3. Colors for 240-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 

4. Colors for 480/277-V Circuits: 

a. Phase A: Brown. 
b. Phase B: Orange. 
c. Phase C: Yellow. 

5. Color for Neutral: White for 208/120V circuits and grey for 480/277V circuits. 
6. Color for Equipment Grounds: Green or green with a yellow stripe. 
7. Colors for Isolated Grounds: Green with white stripe. 

C. Raceways and Cables Carrying Circuits at More Than 600 V: 

1. Black letters on an orange field. 
2. Legend: "DANGER - CONCEALED HIGH VOLTAGE WIRING." 

D. Warning Label Colors: 

1. Identify system voltage with black letters on an orange background. 
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E. Warning labels and signs shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 
INCHES.” 

F. Equipment Identification Labels: 

1. Black letters on a white field. 

2.3 LABELS 

A. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3-mil thick, multicolor, weather- and 
UV-resistant, pressure-sensitive adhesive labels, configured for intended use and location. 
1. Minimum Nominal Size: 

a. 1-1/2 by 6 inches for raceway and conductors. 
b. 3-1/2 by 5 inches for equipment. 
c. As required by authorities having jurisdiction. 

2.4 TAPES AND STENCILS 

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 
legend machine printed by thermal transfer or equivalent process. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils 
thick by 1 to 2 inches wide; compounded for outdoor use. 

2.5 TAGS 

A. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch, with stamped legend, punched for use with 
self-locking cable tie fastener. 

2.6 SIGNS 

A. Baked-Enamel Signs: 
1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size 

required for application. 
2. 1/4-inch grommets in corners for mounting. 
3. Nominal Size: 7 by 10 inches. 

B. Metal-Backed Butyrate Signs: 
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1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs, with 0.0396-
inch galvanized-steel backing, punched and drilled for fasteners, and with colors, legend, 
and size required for application. 

2. 1/4-inch grommets in corners for mounting. 
3. Nominal Size: 10 by 14 inches. 

2.7 CABLE TIES 

A. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and 
Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black, except where used for color-coding. 

B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, 
self-extinguishing, one piece, self-locking, and Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black. 

C. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 7000 psi. 
3. UL 94 Flame Rating: 94V-0. 
4. Temperature Range: Minus 50 to plus 284 deg F. 
5. Color: Black. 

2.8 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Retain paint system applicable for surface material and location (exterior or 
interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine 
screws with nuts and flat and lock washers. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Self-Adhesive Identification Products: Before applying electrical identification products, clean 
substrates of substances that could impair bond, using materials and methods recommended by 
manufacturer of identification product. 

3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features with 
requirements in other Sections requiring identification applications, Drawings, Shop Drawings, 
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent 
designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation 
and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and maintenance 
of electrical systems and connected items. 

G. System Identification for Raceways and Cables under 600 V: Identification shall completely 
encircle cable or conduit. Place identification of two-color markings in contact, side by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

H. System Identification for Raceways and Cables over 600 V: Identification shall completely 
encircle cable or conduit. Place adjacent identification of two-color markings in contact, side by 
side. 

1. Secure tight to surface of conductor, cable, or raceway. 

I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, 
and signal connections. 

J. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for 
viewing from the floor. 

K. Accessible Fittings for Raceways: Identify the covers of each junction and pull box of the 
following systems with the wiring system legend and system voltage. System legends shall be 
as follows: 
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1. "EMERGENCY POWER." 
2. "POWER." 
3. "UPS." 

L. Vinyl Wraparound Labels: 

1. Secure tight to surface of raceway or cable at a location with high visibility and 
accessibility. 

2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive 
appropriate to the location and substrate. 

M. Snap-around Labels: Secure tight to surface at a location with high visibility and accessibility. 

N. Self-Adhesive Wraparound Labels: Secure tight to surface at a location with high visibility and 
accessibility. 

O. Self-Adhesive Labels: 

1. On each item, install unique designation label that is consistent with wiring diagrams, 
schedules, and operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch high letters on 1-
1/2-inch high label; where two lines of text are required, use labels 2 inches high. 

P. Snap-around Color-Coding Bands: Secure tight to surface at a location with high visibility and 
accessibility. 

Q. Heat-Shrink, Preprinted Tubes: Secure tight to surface at a location with high visibility and 
accessibility. 

R. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility. 

S. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and 
accessibility. 

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum 
distance of 6 inches where splices or taps are made. Apply last two turns of tape with no 
tension to prevent possible unwinding. 

T. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and 
paint application. 

U. Metal Tags: 

1. Place in a location with high visibility and accessibility. 
2. Secure using general-purpose cable ties. 

V. Baked-Enamel Signs: 
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1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to the 
location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 
letters on minimum 1-1/2-inch- high sign; where two lines of text are required, use signs 
minimum 2 inches high. 

W. Metal-Backed Butyrate Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to the 
location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- high letters on 1-
1/2-inch- high sign; where two lines of text are required, use labels 2 inches high. 

X. Laminated Acrylic or Melamine Plastic Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to the 
location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- high letters on 1-
1/2-inch- high sign; where two lines of text are required, use labels 2 inches high. 

Y. Cable Ties: General purpose, for attaching tags, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 

3.3 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. Install access doors or panels to 
provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, 
and locations of high visibility. Identify by system and circuit designation. 

C. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 
Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive vinyl tape applied 
in bands. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-
foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested 
areas. 

D. Accessible Fittings for Raceways and Cables within Buildings: Identify the covers of each 
junction and pull box of the following systems with self-adhesive labels containing the wiring 
system legend and system voltage. System legends shall be as follows: 

1. "EMERGENCY POWER." 
2. "POWER." 
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3. "UPS." 

E. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and 
junction boxes, manholes, and handholes, use snap-around color-coding bands to identify the 
phase. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-
foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested 
areas. 

F. Conductors to Be Extended in the Future: Attach marker tape to conductors and list source. 

G. Auxiliary Electrical Systems Conductor Identification: Marker tape that is uniform and 
consistent with system used by manufacturer for factory-installed connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 
pull points. Identify by system and circuit designation. 

H. Locations of Underground Lines: Underground-line warning tape for power, lighting, 
communication, and control wiring and optical-fiber cable. 

I. Concealed Raceways and Duct Banks, More Than 600 V, within Buildings: Apply floor 
marking tape to the following finished surfaces: 

1. Floor surface directly above conduits running beneath and within 12 inches of a floor that 
is in contact with earth or is framed above unexcavated space. 

2. Wall surfaces directly external to raceways concealed within wall. 
3. Accessible surfaces of concrete envelope around raceways in vertical shafts, exposed in 

the building, or concealed above suspended ceilings. 

J. Workspace Indication: Apply floor marking tape to finished surfaces. Show working clearances 
in the direction of access to live parts. Workspace shall comply with NFPA 70 and 
29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted panelboards and 
similar equipment in finished spaces. 

K. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded 
conductors. 

L. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-
adhesive labels. 

1. Apply to exterior of door, cover, or other access. 
2. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following: 

a. Power-transfer switches. 
b. Controls with external control power connections. 

M. Arc Flash Warning Labeling: Self-adhesive labels. 
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N. Operating Instruction Signs: Laminated acrylic or melamine plastic signs. 

O. Emergency Operating Instruction Signs: Laminated acrylic or melamine plastic signs with 
white legend on a red background with minimum 3/8-inch high letters for emergency 
instructions at equipment used for power transfer and all emergency operations and equipment. 

P. Equipment Identification Labels: 

1. Indoor Equipment: Self-adhesive, Laminated acrylic or melamine plastic sign. 
2. Outdoor Equipment: Laminated acrylic or melamine sign 4 inches high. 
3. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by 
panelboard manufacturer. Panelboard identification shall be in the form of a self-
adhesive, engraved, laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 
c. Access doors and panels for concealed electrical items. 
d. Switchgear. 
e. Switchboards. 
f. Transformers: Label that includes tag designation indicated on Drawings for the 

transformer, feeder, and panelboards or equipment supplied by the secondary. 
g. Substations. 
h. Emergency system boxes and enclosures. 
i. Motor-control centers. 
j. Enclosed switches. 
k. Enclosed circuit breakers. 
l. Enclosed controllers. 
m. Variable-speed controllers. 
n. Push-button stations. 
o. Power-transfer equipment. 
p. Contactors. 
q. Remote-controlled switches, dimmer modules, and control devices. 
r. Battery-inverter units. 
s. Battery racks. 
t. Power-generating units. 
u. Monitoring and control equipment. 
v. UPS equipment. 

END OF SECTION 260553 
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SECTION 262813 - FUSES 

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. Cartridge fuses rated 600 V and less for use in switches, panelboards, switchboards, 

controllers, and motor-control centers. 

1.3 SUBMITTALS 

A. Product Data:  Include the following for each fuse type indicated: 

1. Dimensions and manufacturer's technical data on features, performance, electrical 

characteristics, and ratings. 

2. Let-through current curves for fuses with current-limiting characteristics. 

3. Time-current curves, coordination charts and tables, and related data. 

4. Fuse size for elevator feeders and elevator disconnect switches. 

B. Operation and Maintenance Data:  For fuses to include in emergency, operation, and 

maintenance manuals. 

1. In addition to items specified in Division 01 Section "Operation and Maintenance Data," 

include the following: 

a. Let-through current curves for fuses with current-limiting characteristics. 

b. Time-current curves, coordination charts and tables, and related data. 

c. Ambient temperature adjustment information. 

1.4 QUALITY ASSURANCE 

A. Source Limitations:  Obtain fuses from a single manufacturer. 
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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. 

C. Comply with NEMA FU 1. 

D. Comply with NFPA 70. 

1.5 PROJECT CONDITIONS 

A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F (5 deg C) 

or more than 100 deg F (38 deg C), apply manufacturer's ambient temperature adjustment 

factors to fuse ratings. 

1.6 COORDINATION 

A. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size. 

1.7 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged 

with protective covering for storage and identified with labels describing contents. 

1. Fuses:  Quantity equal to 10 percent of each fuse type and size, but no fewer than 3 of 

each type and size. 

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. Cooper Bussman, Inc. 

2. Eagle Electric Mfg. Co., Inc.; Cooper Industries, Inc. 

3. Ferraz Shawmut, Inc. 

4. Tracor, Inc.; Littelfuse, Inc. Subsidiary. 

2.2 CARTRIDGE FUSES 

A. Characteristics:  NEMA FU 1, nonrenewable cartridge fuse; class and current rating indicated; 

voltage rating consistent with circuit voltage. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine utilization equipment nameplates and installation instructions.  Install fuses of sizes 

and with characteristics appropriate for each piece of equipment. 

B. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to 

fuse ratings. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 FUSE APPLICATIONS 

A. Service Entrance:  Class L, fast acting or T, fast acting. 

B. Feeders:  Class RK1, fast acting. 

C. Motor Branch Circuits:  Class RK1, time delay. 

D. Other Branch Circuits:  Class J, fast acting. 

3.3 INSTALLATION 

A. Install fuses in fusible devices.  Arrange fuses so rating information is readable without 

removing fuse. 

B. Install spare-fuse cabinet(s). 

3.4 IDENTIFICATION 

A. Install labels indicating fuse replacement information on inside door of each fused switch. 

END OF SECTION 262813 
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following individually mounted, enclosed switches and circuit 

breakers: 

1. Fusible switches. 

2. Nonfusible switches. 

3. Molded-case circuit breakers. 

4. Molded-case switches. 

5. Enclosures. 

1.3 DEFINITIONS 

A. GD:  General duty. 

B. GFCI:  Ground-fault circuit interrupter. 

C. HD:  Heavy duty. 

D. RMS:  Root mean square. 

E. SPDT:  Single pole, double throw. 

1.4 SUBMITTALS 

A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component 

indicated.  Include dimensioned elevations, sections, weights, and manufacturers' technical data 

on features, performance, electrical characteristics, ratings, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 

2. Current and voltage ratings. 

3. Short-circuit current rating. 

4. UL listing for series rating of installed devices. 
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5. Features, characteristics, ratings, and factory settings of individual overcurrent protective 

devices and auxiliary components. 

B. Shop Drawings:  Diagram power, signal, and control wiring. 

C. Manufacturer Seismic Qualification Certification:  When applicable, submit certification that 

enclosed switches and circuit breakers, accessories, and components will withstand seismic 

forces defined in Division 26 Section "Vibration and Seismic Controls for Electrical Systems" 

Include the following: 

1. Basis of Certification:  Indicate whether withstand certification is based on actual test of 

assembled components or on calculation. 

a. 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." 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

D. Field quality-control test reports including the following: 

1. Test procedures used. 

2. Test results that comply with requirements. 

3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

E. Operation and Maintenance Data:  For enclosed switches and circuit breakers to include in 

emergency, operation, and maintenance manuals.  In addition to items specified in Division 01 

Section "Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit 

breakers. 

2. Time-current curves, including selectable ranges for each type of circuit breaker. 

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 NFPA 70. 

C. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for enclosed 

switches and circuit breakers, including clearances between enclosures, and adjacent surfaces 

and other items.  Comply with indicated maximum dimensions. 
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1.6 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation under the following 

conditions, unless otherwise indicated: 

1. Ambient Temperature:  Not less than minus 22 deg F (minus 30 deg C) and not 

exceeding 104 deg F (40 deg C). 

2. Altitude:  Not exceeding 6600 feet. 

1.7 COORDINATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with other 

construction, including conduit, piping, equipment, and adjacent surfaces.  Maintain required 

workspace clearances and required clearances for equipment access doors and panels. 

1.8 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged 

with protective covering for storage and identified with labels describing contents. 

1. Spares:  For the following: 

a. Fuses and Fusible Devices for Fused Circuit Breakers:  3 

b. Fuses for Fusible Switches:  3 

c. Fuse pullers: 2 for each size and type 

2. Spare Indicating Lights:  Six of each type installed. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 

product selection: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

manufacturers specified. 

2.2 FUSIBLE AND NONFUSIBLE SWITCHES 

A. Manufacturers: 

1. Eaton Corporation; Cutler-Hammer Products. 

2. General Electric Co.; Electrical Distribution & Control Division. 
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3. Square D/Group Schneider. 

B. Fusible Switch, 1200A and Smaller:  NEMA KS 1, Type HD, with clips or bolt pads to 

accommodate specified fuses, lockable handle with capability to accept two padlocks, and 

interlocked with cover in closed position. 

C. Nonfusible Switch, 1200A and Smaller:  NEMA KS 1, TypeHD, lockable handle with 

capability to accept two 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; and 

labeled for copper and aluminum neutral conductors. 

3. Auxiliary Contact Kit:  Auxiliary set of contacts arranged to open before switch blades 

open. 

2.3 MOLDED-CASE CIRCUIT BREAKERS AND SWITCHES 

A. Manufacturers: 

1. Square D/Group Schneider. 

2. Eaton Corporation; Cutler-Hammer Products. 

3. General Electric Co.; Electrical Distribution & Control Division. 

B. Molded-Case Circuit Breaker:  NEMA AB 1, 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-Unit Circuit Breakers:  RMS sensing; field-replaceable rating plug; with 

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 and let-through 

ratings less than NEMA FU 1, RK-5. 

5. Integrally Fused Circuit Breakers:  Thermal-magnetic trip element with integral limiter-

style fuse listed for use with circuit breaker and trip activation on fuse opening or on 

opening of fuse compartment door. 

6. GFCI Circuit Breakers:  Single- and two-pole configurations with 30-mA trip sensitivity. 

7. Circuit breaker interrupting ratings: minimum 65kAIC. 
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C. Molded-Case Circuit-Breaker Features and Accessories:  Refer to Drawings for applicability 

and requirements. 

1. Standard frame sizes, trip ratings, and number of poles. 

2. Lugs:  Mechanical style suitable for number, size, trip ratings, and conductor material. 

3. Application Listing:  Type SWD for switching fluorescent lighting loads; Type HACR 

for heating, air-conditioning, and refrigerating equipment. 

4. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup 

and time-delay settings, push-to-test feature, and ground-fault indicator. 

5. Communication Capability:  Circuit-breaker-mounted communication module with 

functions and features compatible with power monitoring and control system specified in 

Division 26 Section "Electrical Power Monitoring and Control." 

6. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at55 percent of 

rated voltage. 

7. Undervoltage Trip:  Set to operate at 35 to 75 percent of rated voltage without intentional 

time delay. 

8. Auxiliary Switch:  One SPDT switch with "a" and "b" contacts; "a" contacts mimic 

circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts. 

9. Key Interlock Kit:  Externally mounted to prohibit circuit-breaker operation; key shall be 

removable only when circuit breaker is in off position. 

10. Zone-Selective Interlocking:  Integral with electronic trip unit; for interlocking ground-

fault protection function. 

D. Molded-Case Switches:  Molded-case circuit breaker with fixed, high-set instantaneous trip 

only, and short-circuit withstand rating equal to equivalent breaker frame size interrupting 

rating. 

E. Molded-Case Switch Accessories:  Refer to Drawings for applicability and requirements. 

1. Lugs:  Mechanical style suitable for number, size, trip ratings, and material of 

conductors. 

2. Application Listing:  Type HACR for heating, air-conditioning, and refrigerating 

equipment. 

3. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 55 percent of 

rated voltage.  Provide "dummy" trip unit where required for proper operation. 

4. Undervoltage Trip:  Set to operate at 35 to 75 percent of rated voltage without intentional 

time delay.  Provide "dummy" trip unit where required for proper operation. 

5. Auxiliary Switch:  One SPDT switch with "a" and "b" contacts; "a" contacts mimic 

circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts. 

6. Key Interlock Kit:  Externally mounted to prohibit operation; key shall be removable 

only when switch is in off position. 

2.4 ENCLOSURES 

A. NEMA AB 1 and NEMA KS 1 to meet environmental conditions of installed location. 

1. Outdoor Locations:  NEMA 250, Type 3R. 

2. Kitchen Areas:  NEMA 250, Type 4X, stainless steel. 
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3. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4. 

4. Hazardous Areas Indicated on Drawings:  NEMA 250, Type 7C. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance 

with installation tolerances and other conditions affecting performance. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 CONCRETE BASES 

A. Coordinate size and location of concrete bases.  Verify structural requirements with structural 

engineer. 

3.3 INSTALLATION 

A. Comply with applicable portions of NECA 1, NEMA PB 1.1, and NEMA PB 2.1 for installation 

of enclosed switches and circuit breakers. 

B. Mount individual wall-mounting switches and circuit breakers with tops at uniform height, 

unless otherwise indicated.  Anchor floor-mounting switches to concrete base. 

C. Comply as applicable with mounting and anchoring requirements specified in Division 26 

Section "Vibration and Seismic Controls for Electrical Systems." 

D. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from enclosures and components. 

3.4 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 

signs as specified in Division 26 Section "Identification for Electrical Systems." 

B. Enclosure Nameplates:  Label each enclosure with engraved metal or laminated-plastic 

nameplate as specified in Division 26 Section "Identification for Electrical Systems." 

3.5 FIELD QUALITY CONTROL 

A. Prepare for acceptance testing as follows: 
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1. Inspect mechanical and electrical connections. 

2. Verify switch and relay type and labeling verification. 

3. Verify rating of installed fuses. 

4. Inspect proper installation of type, size, quantity, and arrangement of mounting or 

anchorage devices complying with manufacturer's certification. 

B. Perform the following field tests and inspections and prepare test reports: 

1. As applicable, test mounting and anchorage devices according to requirements in 

Division 26 Section "Vibration and Seismic Controls for Electrical Systems." 

2. Perform each electrical test and visual and mechanical inspection stated in NETA ATS, 

Section 7.5 for switches and Section 7.6 for molded-case circuit breakers.  Certify 

compliance with test parameters. 

3. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

4. Infrared Scanning: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 

after Final Acceptance, perform an infrared scan of each enclosed switch and 

circuit breaker.  Open or remove doors or panels so connections are accessible to 

portable scanner. 

b. Follow-Up Infrared Scanning:  Perform an additional follow-up infrared scan of 

each unit 11 months after date of Substantial Completion. 

c. Instruments, Equipment and Reports: 

1) Use an infrared scanning device designed to measure temperature or to 

detect significant deviations from normal values.  Provide calibration record 

for device. 

2) Prepare a certified report that identifies enclosed switches and circuit 

breakers included and describes scanning results.  Include notation of 

deficiencies detected, remedial action taken, and observations after remedial 

action. 

3.6 ADJUSTING 

A. Set field-adjustable switches and circuit-breaker trip ranges in accordance with setting obtained 

from the Engineer. 

3.7 CLEANING 

A. On completion of installation, vacuum dirt and debris from interiors; do not use compressed air 

to assist in cleaning. 

B. Inspect exposed surfaces and repair damaged finishes. 

END OF SECTION 262816 
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SECTION 262913 - MANUAL AND MAGNETIC 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: 

1. Manual motor controllers. 
2. Enclosed full-voltage magnetic motor controllers. 
3. Combination full-voltage magnetic motor controllers. 
4. Enclosed reduced-voltage magnetic motor controllers. 
5. Combination reduced-voltage magnetic motor controllers. 
6. Enclosures. 
7. Accessories. 
8. Identification. 

1.3 DEFINITIONS 

A. CPT: Control power transformer. 

B. MCCB: Molded-case circuit breaker. 

C. MCP: Motor circuit protector. 

D. NC: Normally closed. 

E. OCPD: Overcurrent protective device. 

F. SCCR: Short-circuit current rating. 

G. SCPD: Short-circuit protective device. 

1.4 ACTION SUBMITTALS 

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

B. Shop Drawings: For each type of magnetic controller. 

1. Include plans, elevations, sections, and mounting details. 
2. Indicate dimensions, weights, required clearances, and location and size of each field 

connection. 
3. Wire Termination Diagrams and Schedules: Include diagrams for signal, and control 

wiring. Identify terminals and wiring designations and color-codes to facilitate 
installation, operation, and maintenance. Indicate recommended types, wire sizes, and 
circuiting arrangements for field-installed wiring, and show circuit protection features. 
Differentiate between manufacturer-installed and field-installed wiring. 

4. Include features, characteristics, ratings, and factory settings of individual overcurrent 
protective devices and auxiliary components. 

C. Product Schedule: List the following for each enclosed controller: 

1. Each installed magnetic controller type. 
2. NRTL listing. 
3. Factory-installed accessories. 
4. Nameplate legends. 
5. SCCR of integrated unit. 
6. For each combination magnetic controller include features, characteristics, ratings, and 

factory setting of the SCPD and OCPD. 

a. Listing document proving Type 2 coordination. 

7. For each series-rated combination state the listed integrated short-circuit current 
(withstand) rating of SCPD and OCPDs by an NRTL acceptable to authorities having 
jurisdiction. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Seismic Qualification Data: Certificates, for magnetic controllers, 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. 

C. Field quality-control reports. 
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1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For magnetic controllers to include in operation and 
maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. Routine maintenance requirements for magnetic controllers and installed 
components. 

b. Manufacturer's written instructions for testing and adjusting circuit breaker and 
MCP trip settings. 

c. Manufacturer's written instructions for setting field-adjustable overload relays. 
d. 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. 

e. 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. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

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

1. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size and type, 
but no fewer than three of each size and type. 

2. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but 
no fewer than two of each size and type. 

3. Indicating Lights: Two of each type and color installed. 
4. Auxiliary Contacts: Furnish one spare(s) for each size and type of magnetic controller 

installed. 
5. Power Contacts: Furnish three spares for each size and type of magnetic contactor 

installed. 

1.8 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Accredited by NETA. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Store controllers indoors in clean, dry space with uniform temperature to prevent condensation. 
Protect controllers from exposure to dirt, fumes, water, corrosive substances, and physical 
damage. 
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B. If stored in areas subject to weather, cover controllers to protect them from weather, dirt, dust, 
corrosive substances, and physical damage. Remove loose packing and flammable materials 
from inside controllers; install temporary electric heating, with at least 250 W per controller or 
connect factory-installed space heaters to temporary electrical service. 

1.10 FIELD CONDITIONS 

A. Ambient Environment Ratings: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than 23 deg F and not exceeding 104 deg F. 
2. Altitude: Not exceeding 6600 feet (2010 m) for electromagnetic and manual devices. 
3. The effect of solar radiation is not significant. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

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 use. 

B. UL Compliance: Fabricate and label magnetic motor controllers to comply with UL 508 and 
UL 60947-4-1. 

C. NEMA Compliance: Fabricate motor controllers to comply with ICS 2. 

D. Seismic Performance: Magnetic controllers shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 

1. The term "withstand" means "the controller will remain in place without separation of 
any parts when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event." 

2. Component Importance Factor: 1.0. 

2.2 MANUAL MOTOR CONTROLLERS 

A. Motor-Starting Switches (MSS): "Quick-make, quick-break" toggle or push-button action; 
marked to show whether unit is off or on. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. Rockwell Automation, Inc.; Allen-Bradley brand. 
c. Siemens Energy & Automation, Inc. 
d. Square D; a brand of Schneider Electric. 
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2. Standard: Comply with NEMA ICS 2, general purpose, Class A. 
3. Configuration: Nonreversing or Two speed. 
4. Surface mounting. 
5. Red “run” and Green “ready” pilot light. 
6. Additional Nameplates: HIGH and LOW for two-speed switches. 

B. Fractional Horsepower Manual Controllers (FHPMC): "Quick-make, quick-break" toggle or 
push-button action; marked to show whether unit is off, on, or tripped. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. Rockwell Automation, Inc.; Allen-Bradley brand. 
c. Siemens Energy & Automation, Inc. 
d. Square D; a brand of Schneider Electric. 

2. Configuration: Nonreversing or two speed. 
3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; 
external reset push button bimetallic type. 

4. Overload Relays: NEMA ICS 2, bimetallic class as schedule on Drawings. 
5. Pilot Light: Red “run” and green “ready” pilot light. 

C. Integral Horsepower Manual Controllers (IHPMC): "Quick-make, quick-break" toggle or push-
button action; marked to show whether unit is off, on, or tripped. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. Rockwell Automation, Inc.; Allen-Bradley brand. 
c. Siemens Energy & Automation, Inc. 
d. Square D; a brand of Schneider Electric. 

 
2. Configuration: Nonreversing or two speed. 
3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; 
external reset push button bimetallic type. 

4. Overload Relays: NEMA ICS 2, bimetallic class as scheduled on Drawings. 

2.3 ENCLOSED FULL-VOLTAGE MAGNETIC MOTOR CONTROLLERS 

A. Description: Across-the-line start, electrically held, for nominal system voltage of 600-V ac and 
less. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. Rockwell Automation, Inc.; Allen-Bradley brand. 
c. Siemens Energy & Automation, Inc. 
d. Square D; a brand of Schneider Electric. 
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B. Standard: Comply with NEMA ICS 2, general purpose, Class A. 

C. Configuration: Nonreversing. 

D. Contactor Coils: Pressure-encapsulated type. 

1. Operating Voltage: Manufacturer's standard, unless indicated. 

E. Control Power: 

1. For on-board control power, obtain from line circuit or from integral CPT. The CPT shall 
have capacity to operate integral devices and remotely located pilot, indicating, and 
control devices. 

a. Spare CPT Capacity as Indicated on Drawings. 

F. Overload Relays: 

1. Thermal Overload Relays: 

a. Inverse-time-current characteristic. 
b. Class 10 tripping characteristic. 
c. Heaters in each phase shall be matched to nameplate full-load current of actual 

protected motor and with appropriate adjustment for duty cycle. 
d. Ambient compensated. 
e. Automatic resetting. 

2. Solid-State Overload Relay: 

a. Switch or dial selectable for motor-running overload protection. 
b. Sensors in each phase. 
c. Class 10 tripping characteristic selected to protect motor against voltage and 

current unbalance and single phasing. 
d. Class II ground-fault protection shall comply with UL 1053 to interrupt low-level 

ground faults. The ground-fault detection system shall include circuitry that will 
prevent the motor controller from tripping when the fault current exceeds the 
interrupting capacity of the controller. Equip with start and run delays to prevent 
nuisance trip on starting, and a trip indicator. 

2.4 COMBINATION FULL-VOLTAGE MAGNETIC MOTOR CONTROLLER 

A. Description: Factory-assembled, combination full-voltage magnetic motor controller consisting 
of the controller described in this article, indicated disconnecting means, SCPD and OCPD, in a 
single enclosure. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. Rockwell Automation, Inc.; Allen-Bradley brand. 
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c. Siemens Energy & Automation, Inc. 
d. Square D; a brand of Schneider Electric. 

B. Standard: Comply with NEMA ICS 2, general purpose, Class A. 

C. Configuration: Nonreversing. 

D. Contactor Coils: Pressure-encapsulated type. 

1. Operating Voltage: Manufacturer's standard, unless indicated. 

E. Control Power: 

1. For on-board control power, obtain from line circuit or from integral CPT. The CPT shall 
have capacity to operate integral devices and remotely located pilot, indicating, and 
control devices. 

a. Spare CPT Capacity as Indicated on Drawings 

F. Overload Relays: 

1. Thermal Overload Relays: 

a. Inverse-time-current characteristic. 
b. Class 10 tripping characteristic. 
c. Heaters in each phase shall be matched to nameplate full-load current of actual 

protected motor and with appropriate adjustment for duty cycle. 
d. Ambient compensated. 
e. Automatic resetting. 

2. Solid-State Overload Relay: 

a. Switch or dial selectable for motor-running overload protection. 
b. Sensors in each phase. 
c. Class 10 tripping characteristic selected to protect motor against voltage and 

current unbalance and single phasing. 

G. Class II ground-fault protection shall comply with UL 1053 to interrupt low-level ground faults. 
The ground-fault detection system shall include circuitry that will prevent the motor controller 
from tripping when the fault current exceeds the interrupting capacity of the controller. Equip 
with start and run delays to prevent nuisance trip on starting, and a trip indicator. 

H. Fusible Disconnecting Means: 

1. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips or bolt pads to 
accommodate indicated fuses. 

2. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position. 

I. Nonfusible Disconnecting Means: 
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1. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 
2. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position. 

J. MCP Disconnecting Means: 

1. UL 489 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. 

2. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position. 

K. MCCB Disconnecting Means: 

1. UL 489 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. 

2. Front-mounted, adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and 
larger. 

3. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position. 

2.5 ENCLOSURES 

A. Comply with NEMA 250, type designations as indicated on Drawings, complying with 
environmental conditions at installed location. 

B. The construction of the enclosures shall comply with NEMA ICS 6. 

C. Controllers in hazardous (classified) locations shall comply with UL 1203. 

2.6 ACCESSORIES 

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: Standard-duty, except as needed to 
match enclosure type. Heavy-duty or oil-tight where indicated in the controller schedule. 

a. Push Buttons: As indicated in the controller schedule. 
b. Pilot Lights: As indicated in the controller schedule. 

B. Motor protection relays shall be with solid-state sensing circuit and isolated output contacts for 
hardwired connections. 

1. Phase-failure. 
2. Phase-reversal, with bicolor LED to indicate normal and fault conditions. Automatic reset 

when phase reversal is corrected. 
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3. Under/overvoltage, operate when the circuit voltage reaches a preset value, and drop out 
when the operating voltage drops to a level below the preset value. Include adjustable 
time-delay setting. 

C. Breather assemblies, to maintain interior pressure and release condensation in Type 4 
enclosures installed outdoors or in unconditioned interior spaces subject to humidity and 
temperature swings. 

2.7 IDENTIFICATION 

A. Controller Nameplates: Engraved, laminated acrylic or melamine plastic signs, as described in 
Section 260553 "Identification for Electrical Systems," for each compartment, mounted with 
corrosion-resistant screws. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and space conditions for compliance with requirements for motor controllers, 
their relationship with the motors, and other conditions affecting performance of the Work. 

3.2 INSTALLATION 

A. Comply with NECA 1. 

B. Wall-Mounted Controllers: Install magnetic controllers on walls with tops at uniform height 
indicated, and by bolting units to wall or mounting on lightweight structural-steel channels 
bolted to wall. For controllers not at walls, provide freestanding racks complying with 
Section 260529 "Hangers and Supports for Electrical Systems" unless otherwise indicated. 

C. Maintain minimum clearances and workspace at equipment according to manufacturer's written 
instructions and NFPA 70. 

D. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess 
and without exceeding manufacturer's limitations on bending radii. Install lacing bars and 
distribution spools. 

E. Setting of Overload Relays: Select and set overloads on the basis of full-load current rating as 
shown on motor nameplate. Adjust setting value for special motors as required by NFPA 70 for 
motors that are high-torque, high-efficiency, and so on. 
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3.3 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

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

D. Perform tests and inspections with the assistance of a factory-authorized service representative. 

E. Tests and Inspections: 

1. Comply with the provisions of NFPA 70B, "Testing and Test Methods" Chapter. 
2. Visual and Mechanical Inspection: 

a. Compare equipment nameplate data with drawings and specifications. 
b. Inspect physical and mechanical condition. 
c. Inspect anchorage, alignment, and grounding. 
d. Verify the unit is clean. 
e. Inspect contactors: 

1) Verify mechanical operation. 
2) Verify contact gap, wipe, alignment, and pressure are according to 

manufacturer's published data. 

f. Motor-Running Protection: 

1) Verify overload element rating is correct for its application. 
2) If motor-running protection is provided by fuses, verify correct fuse rating. 

g. Inspect bolted electrical connections for high resistance using one of the two 
following methods: 

1) Use a low-resistance ohmmeter. Compare bolted connection resistance 
values with values of similar connections. Investigate values that deviate 
from those of similar bolted connections by more than 50 percent of the 
lowest value. 

2) Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method according to manufacturer's published data or 
NETA ATS Table 100.12. Bolt-torque levels shall be according to 
manufacturer's published data. In the absence of manufacturer's published 
data, use NETA ATS Table 100.12. 
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h. Verify appropriate lubrication on moving current-carrying parts and on moving 
and sliding surfaces. 

3. Electrical Tests: 

a. Perform insulation-resistance tests for one minute on each pole, phase-to-phase 
and phase-to-ground with switch closed, and across each open pole. Insulation-
resistance values shall be according to manufacturer's published data or 
NETA ATS Table 100.1. In the absence of manufacturer's published data, use 
Table 100.5. Values of insulation resistance less than those of this table or 
manufacturer's recommendations shall be investigated and corrected. 

b. Measure fuse resistance. Investigate fuse-resistance values that deviate from each 
other by more than 15 percent. 

c. Test motor protection devices according to manufacturer's published data. 
d. Test circuit breakers as follows: 

1) Operate the circuit breaker to ensure smooth operation. 
2) For adjustable circuit breakers, adjust protective device settings according to 

the coordination study. Comply with coordination study recommendations. 

e. Perform operational tests by initiating control devices. 

4. Infrared Inspection: Perform the survey during periods of maximum possible loading. 
Remove all necessary covers prior to the inspection. 

a. Comply with the recommendations of NFPA 70B, "Testing and Test Methods" 
Chapter, "Infrared Inspection" Article. 

b. After Substantial Completion, but not more than 60 days after Final Acceptance, 
perform infrared inspection of the electrical power connections of each motor 
controller. 

c. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of 
each motor controller 11 months after date of Substantial Completion. 

d. Report of Infrared Inspection: Prepare a certified report that identifies the testing 
technician and equipment used, and lists the following results: 

1) Description of equipment to be tested. 
2) Discrepancies. 
3) Temperature difference between the area of concern and the reference area. 
4) Probable cause of temperature difference. 
5) Areas inspected. Identify inaccessible and unobservable areas and 

equipment. 
6) Load conditions at time of inspection. 
7) Photographs and thermograms of the deficient area. 
8) Recommended action. 

e. Equipment: Inspect distribution systems with imaging equipment capable of 
detecting a minimum temperature difference of 1?C at 30?C. The equipment shall 
detect emitted radiation and convert detected radiation to a visual signal. 
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f. Act on inspection results and recommended action, and considering the 
recommendations of NETA ATS, Table 100.18. Correct possible and probable 
deficiencies as soon as Owner's operations permit. Retest until deficiencies are 
corrected. 

F. Motor controller will be considered defective if it does not pass tests and inspections. 

G. Prepare test and inspection reports. 

3.5 SYSTEM FUNCTION TESTS 

A. System function tests shall prove the correct interaction of sensing, processing, and action 
devices. Perform system function tests after field quality control tests have been completed and 
all components have passed specified tests. 

1. Develop test parameters and perform tests for the purpose of evaluating performance of 
integral components and their functioning as a complete unit within design requirements 
and manufacturer's published data. 

2. Verify the correct operation of interlock safety devices for fail-safe functions in addition 
to design function. 

3. Verify the correct operation of sensing devices, alarms, and indicating devices. 

B. Motor controller will be considered defective if it does not pass the system function tests and 
inspections. 

C. Prepare test and inspection reports. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train  Owner's maintenance personnel to 
adjust, operate, and maintain switchgear. 

END OF SECTION 262913 
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Manual motor controllers.
	2. Enclosed full-voltage magnetic motor controllers.
	3. Combination full-voltage magnetic motor controllers.
	4. Enclosed reduced-voltage magnetic motor controllers.
	5. Combination reduced-voltage magnetic motor controllers.
	6. Enclosures.
	7. Accessories.
	8. Identification.


	1.3 DEFINITIONS
	A. CPT: Control power transformer.
	B. MCCB: Molded-case circuit breaker.
	C. MCP: Motor circuit protector.
	D. NC: Normally closed.
	E. OCPD: Overcurrent protective device.
	F. SCCR: Short-circuit current rating.
	G. SCPD: Short-circuit protective device.

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

	B. Shop Drawings: For each type of magnetic controller.
	1. Include plans, elevations, sections, and mounting details.
	2. Indicate dimensions, weights, required clearances, and location and size of each field connection.
	3. Wire Termination Diagrams and Schedules: Include diagrams for signal, and control wiring. Identify terminals and wiring designations and color-codes to facilitate installation, operation, and maintenance. Indicate recommended types, wire sizes, and...
	4. Include features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.

	C. Product Schedule: List the following for each enclosed controller:
	1. Each installed magnetic controller type.
	2. NRTL listing.
	3. Factory-installed accessories.
	4. Nameplate legends.
	5. SCCR of integrated unit.
	6. For each combination magnetic controller include features, characteristics, ratings, and factory setting of the SCPD and OCPD.
	a. Listing document proving Type 2 coordination.

	7. For each series-rated combination state the listed integrated short-circuit current (withstand) rating of SCPD and OCPDs by an NRTL acceptable to authorities having jurisdiction.


	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For testing agency.
	B. Seismic Qualification Data: Certificates, for magnetic controllers, 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.

	C. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For magnetic controllers to include in operation and maintenance manuals.
	1. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:
	a. Routine maintenance requirements for magnetic controllers and installed components.
	b. Manufacturer's written instructions for testing and adjusting circuit breaker and MCP trip settings.
	c. Manufacturer's written instructions for setting field-adjustable overload relays.
	d. 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.
	e. 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.



	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
	2. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than two of each size and type.
	3. Indicating Lights: Two of each type and color installed.
	4. Auxiliary Contacts: Furnish one spare(s) for each size and type of magnetic controller installed.
	5. Power Contacts: Furnish three spares for each size and type of magnetic contactor installed.


	1.8 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Accredited by NETA.
	1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.


	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Store controllers indoors in clean, dry space with uniform temperature to prevent condensation. Protect controllers from exposure to dirt, fumes, water, corrosive substances, and physical damage.
	B. If stored in areas subject to weather, cover controllers to protect them from weather, dirt, dust, corrosive substances, and physical damage. Remove loose packing and flammable materials from inside controllers; install temporary electric heating, ...

	1.10 FIELD CONDITIONS
	A. Ambient Environment Ratings: Rate equipment for continuous operation under the following conditions unless otherwise indicated:
	1. Ambient Temperature: Not less than 23 deg F and not exceeding 104 deg F.
	2. Altitude: Not exceeding 6600 feet (2010 m) for electromagnetic and manual devices.
	3. The effect of solar radiation is not significant.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	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 use.
	B. UL Compliance: Fabricate and label magnetic motor controllers to comply with UL 508 and UL 60947-4-1.
	C. NEMA Compliance: Fabricate motor controllers to comply with ICS 2.
	D. Seismic Performance: Magnetic controllers shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	1. The term "withstand" means "the controller will remain in place without separation of any parts when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."
	2. Component Importance Factor: 1.0.


	2.2 MANUAL MOTOR CONTROLLERS
	A. Motor-Starting Switches (MSS): "Quick-make, quick-break" toggle or push-button action; marked to show whether unit is off or on.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	b. Rockwell Automation, Inc.; Allen-Bradley brand.
	c. Siemens Energy & Automation, Inc.
	d. Square D; a brand of Schneider Electric.

	2. Standard: Comply with NEMA ICS 2, general purpose, Class A.
	3. Configuration: Nonreversing or Two speed.
	4. Surface mounting.
	5. Red “run” and Green “ready” pilot light.
	6. Additional Nameplates: HIGH and LOW for two-speed switches.

	B. Fractional Horsepower Manual Controllers (FHPMC): "Quick-make, quick-break" toggle or push-button action; marked to show whether unit is off, on, or tripped.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	b. Rockwell Automation, Inc.; Allen-Bradley brand.
	c. Siemens Energy & Automation, Inc.
	d. Square D; a brand of Schneider Electric.

	2. Configuration: Nonreversing or two speed.
	3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping characteristics; heaters matched to nameplate full-load current of actual protected motor; external reset push button bimetallic type.
	4. Overload Relays: NEMA ICS 2, bimetallic class as schedule on Drawings.
	5. Pilot Light: Red “run” and green “ready” pilot light.

	C. Integral Horsepower Manual Controllers (IHPMC): "Quick-make, quick-break" toggle or push-button action; marked to show whether unit is off, on, or tripped.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	b. Rockwell Automation, Inc.; Allen-Bradley brand.
	c. Siemens Energy & Automation, Inc.
	d. Square D; a brand of Schneider Electric.

	2. Configuration: Nonreversing or two speed.
	3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping characteristics; heaters matched to nameplate full-load current of actual protected motor; external reset push button bimetallic type.
	4. Overload Relays: NEMA ICS 2, bimetallic class as scheduled on Drawings.


	2.3 ENCLOSED FULL-VOLTAGE MAGNETIC MOTOR CONTROLLERS
	A. Description: Across-the-line start, electrically held, for nominal system voltage of 600-V ac and less.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	b. Rockwell Automation, Inc.; Allen-Bradley brand.
	c. Siemens Energy & Automation, Inc.
	d. Square D; a brand of Schneider Electric.


	B. Standard: Comply with NEMA ICS 2, general purpose, Class A.
	C. Configuration: Nonreversing.
	D. Contactor Coils: Pressure-encapsulated type.
	1. Operating Voltage: Manufacturer's standard, unless indicated.

	E. Control Power:
	1. For on-board control power, obtain from line circuit or from integral CPT. The CPT shall have capacity to operate integral devices and remotely located pilot, indicating, and control devices.
	a. Spare CPT Capacity as Indicated on Drawings.


	F. Overload Relays:
	1. Thermal Overload Relays:
	a. Inverse-time-current characteristic.
	b. Class 10 tripping characteristic.
	c. Heaters in each phase shall be matched to nameplate full-load current of actual protected motor and with appropriate adjustment for duty cycle.
	d. Ambient compensated.
	e. Automatic resetting.

	2. Solid-State Overload Relay:
	a. Switch or dial selectable for motor-running overload protection.
	b. Sensors in each phase.
	c. Class 10 tripping characteristic selected to protect motor against voltage and current unbalance and single phasing.
	d. Class II ground-fault protection shall comply with UL 1053 to interrupt low-level ground faults. The ground-fault detection system shall include circuitry that will prevent the motor controller from tripping when the fault current exceeds the inter...



	2.4 COMBINATION FULL-VOLTAGE MAGNETIC MOTOR CONTROLLER
	A. Description: Factory-assembled, combination full-voltage magnetic motor controller consisting of the controller described in this article, indicated disconnecting means, SCPD and OCPD, in a single enclosure.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	b. Rockwell Automation, Inc.; Allen-Bradley brand.
	c. Siemens Energy & Automation, Inc.
	d. Square D; a brand of Schneider Electric.


	B. Standard: Comply with NEMA ICS 2, general purpose, Class A.
	C. Configuration: Nonreversing.
	D. Contactor Coils: Pressure-encapsulated type.
	1. Operating Voltage: Manufacturer's standard, unless indicated.

	E. Control Power:
	1. For on-board control power, obtain from line circuit or from integral CPT. The CPT shall have capacity to operate integral devices and remotely located pilot, indicating, and control devices.
	a. Spare CPT Capacity as Indicated on Drawings


	F. Overload Relays:
	1. Thermal Overload Relays:
	a. Inverse-time-current characteristic.
	b. Class 10 tripping characteristic.
	c. Heaters in each phase shall be matched to nameplate full-load current of actual protected motor and with appropriate adjustment for duty cycle.
	d. Ambient compensated.
	e. Automatic resetting.

	2. Solid-State Overload Relay:
	a. Switch or dial selectable for motor-running overload protection.
	b. Sensors in each phase.
	c. Class 10 tripping characteristic selected to protect motor against voltage and current unbalance and single phasing.


	G. Class II ground-fault protection shall comply with UL 1053 to interrupt low-level ground faults. The ground-fault detection system shall include circuitry that will prevent the motor controller from tripping when the fault current exceeds the inter...
	H. Fusible Disconnecting Means:
	1. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips or bolt pads to accommodate indicated fuses.
	2. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position.

	I. Nonfusible Disconnecting Means:
	1. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch.
	2. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position.

	J. MCP Disconnecting Means:
	1. UL 489 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.
	2. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position.

	K. MCCB Disconnecting Means:
	1. UL 489 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.
	2. Front-mounted, adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
	3. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position.


	2.5 ENCLOSURES
	A. Comply with NEMA 250, type designations as indicated on Drawings, complying with environmental conditions at installed location.
	B. The construction of the enclosures shall comply with NEMA ICS 6.
	C. Controllers in hazardous (classified) locations shall comply with UL 1203.

	2.6 ACCESSORIES
	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: Standard-duty, except as needed to match enclosure type. Heavy-duty or oil-tight where indicated in the controller schedule.
	a. Push Buttons: As indicated in the controller schedule.
	b. Pilot Lights: As indicated in the controller schedule.


	B. Motor protection relays shall be with solid-state sensing circuit and isolated output contacts for hardwired connections.
	1. Phase-failure.
	2. Phase-reversal, with bicolor LED to indicate normal and fault conditions. Automatic reset when phase reversal is corrected.
	3. Under/overvoltage, operate when the circuit voltage reaches a preset value, and drop out when the operating voltage drops to a level below the preset value. Include adjustable time-delay setting.

	C. Breather assemblies, to maintain interior pressure and release condensation in Type 4 enclosures installed outdoors or in unconditioned interior spaces subject to humidity and temperature swings.

	2.7 IDENTIFICATION
	A. Controller Nameplates: Engraved, laminated acrylic or melamine plastic signs, as described in Section 260553 "Identification for Electrical Systems," for each compartment, mounted with corrosion-resistant screws.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and space conditions for compliance with requirements for motor controllers, their relationship with the motors, and other conditions affecting performance of the Work.

	3.2 INSTALLATION
	A. Comply with NECA 1.
	B. Wall-Mounted Controllers: Install magnetic controllers on walls with tops at uniform height indicated, and by bolting units to wall or mounting on lightweight structural-steel channels bolted to wall. For controllers not at walls, provide freestand...
	C. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and NFPA 70.
	D. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess and without exceeding manufacturer's limitations on bending radii. Install lacing bars and distribution spools.
	E. Setting of Overload Relays: Select and set overloads on the basis of full-load current rating as shown on motor nameplate. Adjust setting value for special motors as required by NFPA 70 for motors that are high-torque, high-efficiency, and so on.

	3.3 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.4 FIELD QUALITY CONTROL
	A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
	B. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	D. Perform tests and inspections with the assistance of a factory-authorized service representative.
	E. Tests and Inspections:
	1. Comply with the provisions of NFPA 70B, "Testing and Test Methods" Chapter.
	2. Visual and Mechanical Inspection:
	a. Compare equipment nameplate data with drawings and specifications.
	b. Inspect physical and mechanical condition.
	c. Inspect anchorage, alignment, and grounding.
	d. Verify the unit is clean.
	e. Inspect contactors:
	1) Verify mechanical operation.
	2) Verify contact gap, wipe, alignment, and pressure are according to manufacturer's published data.

	f. Motor-Running Protection:
	1) Verify overload element rating is correct for its application.
	2) If motor-running protection is provided by fuses, verify correct fuse rating.

	g. Inspect bolted electrical connections for high resistance using one of the two following methods:
	1) Use a low-resistance ohmmeter. Compare bolted connection resistance values with values of similar connections. Investigate values that deviate from those of similar bolted connections by more than 50 percent of the lowest value.
	2) Verify tightness of accessible bolted electrical connections by calibrated torque-wrench method according to manufacturer's published data or NETA ATS Table 100.12. Bolt-torque levels shall be according to manufacturer's published data. In the abse...

	h. Verify appropriate lubrication on moving current-carrying parts and on moving and sliding surfaces.

	3. Electrical Tests:
	a. Perform insulation-resistance tests for one minute on each pole, phase-to-phase and phase-to-ground with switch closed, and across each open pole. Insulation-resistance values shall be according to manufacturer's published data or NETA ATS Table 10...
	b. Measure fuse resistance. Investigate fuse-resistance values that deviate from each other by more than 15 percent.
	c. Test motor protection devices according to manufacturer's published data.
	d. Test circuit breakers as follows:
	1) Operate the circuit breaker to ensure smooth operation.
	2) For adjustable circuit breakers, adjust protective device settings according to the coordination study. Comply with coordination study recommendations.

	e. Perform operational tests by initiating control devices.

	4. Infrared Inspection: Perform the survey during periods of maximum possible loading. Remove all necessary covers prior to the inspection.
	a. Comply with the recommendations of NFPA 70B, "Testing and Test Methods" Chapter, "Infrared Inspection" Article.
	b. After Substantial Completion, but not more than 60 days after Final Acceptance, perform infrared inspection of the electrical power connections of each motor controller.
	c. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each motor controller 11 months after date of Substantial Completion.
	d. Report of Infrared Inspection: Prepare a certified report that identifies the testing technician and equipment used, and lists the following results:
	1) Description of equipment to be tested.
	2) Discrepancies.
	3) Temperature difference between the area of concern and the reference area.
	4) Probable cause of temperature difference.
	5) Areas inspected. Identify inaccessible and unobservable areas and equipment.
	6) Load conditions at time of inspection.
	7) Photographs and thermograms of the deficient area.
	8) Recommended action.

	e. Equipment: Inspect distribution systems with imaging equipment capable of detecting a minimum temperature difference of 1?C at 30?C. The equipment shall detect emitted radiation and convert detected radiation to a visual signal.
	f. Act on inspection results and recommended action, and considering the recommendations of NETA ATS, Table 100.18. Correct possible and probable deficiencies as soon as Owner's operations permit. Retest until deficiencies are corrected.


	F. Motor controller will be considered defective if it does not pass tests and inspections.
	G. Prepare test and inspection reports.

	3.5 SYSTEM FUNCTION TESTS
	A. System function tests shall prove the correct interaction of sensing, processing, and action devices. Perform system function tests after field quality control tests have been completed and all components have passed specified tests.
	1. Develop test parameters and perform tests for the purpose of evaluating performance of integral components and their functioning as a complete unit within design requirements and manufacturer's published data.
	2. Verify the correct operation of interlock safety devices for fail-safe functions in addition to design function.
	3. Verify the correct operation of sensing devices, alarms, and indicating devices.

	B. Motor controller will be considered defective if it does not pass the system function tests and inspections.
	C. Prepare test and inspection reports.

	3.6 DEMONSTRATION
	A. Engage a factory-authorized service representative to train  Owner's maintenance personnel to adjust, operate, and maintain switchgear.







