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Current copies of the following documents are hereby made part of these contract documents by reference   
These documents are available on the DFCM web site at http://dfcm.utah.gov/StdDocs/index.html  “Standard 
Documents” – “Reference Documents I” – “Item  7. Supplemental General Conditions” or are available upon 
request from DFCM: 
 
       DFCM Supplemental General Conditions dated July 1, 2010 * 

DFCM Supplemental General Conditions revised May 11, 2010 
DFCM Supplemental General Conditions dated July 1, 2009 
DFCM Supplemental General Conditions dated July 15, 2008 
DFCM General Conditions dated May 25, 2005 
DFCM Application and Certification for Payment dated May 25, 2005. 

 
 
 

* NOTE: THE NEW SUPPLEMENTAL GENERAL CONDITIONS EFFECTIVE JULY 1, 2010 
ADDRESSING DRUG AND ALCOHOL TESTING ARE REFERENCED AT THE LINK 
ABOVE. 

 
 
 
 
The Agreement and General Conditions dated May 25, 2005 have been updated from versions that were 
formally adopted and in use prior to this date.  The changes made to the General Conditions are identified in a 
document entitled Revisions to General Conditions that is available on DFCM’s web site at http://dfcm.utah.gov 
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INVITATION TO BID    
Only firms that have been invited to submit bids on this project are allowed to bid on this project. 

 
Sealed bids will be received by the Division of Facilities Construction and Management (DFCM) for: 
 
HVAC UPGRADES - CDL BUILDING – UINTAH BASIN ATC 
UTAH COLLEGE OF APPLIED TECHNOLOGY – ROOSEVELT, UTAH 
DFCM PROJECT NO: 10048250 
 
 Company        Contact           Fax 
KK Mechanical, Inc.     Doug Savage    801-820-9164 
Rocky Mountain Mechanical   Jeff Larsen    801-467-1460 
Tod R. Packer Heating & Air   Tod R. Packer    801-849-1314 
 
Bids will be in accordance with the Contract Documents that will be available at 1:00 PM on Thursday, 
August 19, 2010, and distributed in electronic format only on the DFCM web page at 
http://dfcm.utah.gov.  For questions regarding this project, please contact Darrell Hunting, DFCM, at 801-
244-7647.  No others are to be contacted regarding this bidding process.  The construction estimate for 
this project is $50,000. 
 
A mandatory pre-bid meeting will be held at 2:00 PM on Wednesday, August 25, 2010 at the CDL 
Building, Uintah Basin ATC, 1100 East Lagoon Street, Roosevelt, Utah.  All bidders wishing to bid on 
this project are required to attend this meeting.   
    
Bids will be received until the hour of 3:00 PM on Tuesday, September 7, 2010 at DFCM, 4ll0 State 
Office Building, Salt Lake City, Utah 84114.  Bids will be opened and read aloud in the DFCM 
Conference Room, 4110 State Office Building, Salt Lake City, Utah.  NOTE:  Bids must be received at 
4110 State Office Building by the specified time. 
 
A bid bond in the amount of five percent (5%) of the bid amount, made payable to the Division of 
Facilities Construction and Management on DFCM’s bid bond form, shall accompany the bid.  
 
The Division of Facilities Construction and Management reserves the right to reject any or all bids or 
to waive any formality or technicality in any bid in the interest of DFCM. 
 
DIVISION OF FACILITIES CONSTRUCTION AND MANAGEMENT 
Marla Workman, Contract Coordinator 
4110 State Office Building, Salt Lake City, Utah 84114 
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PROJECT DESCRIPTION 
 

The project described herein is the UBATC Roosevelt HVAC upgrade.  This work shall include all 
labor, materials, equipment, fixtures, and devices for the entire mechanical work and a complete 
operating and tested installation as required for this project. 
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PROJECT SCHEDULE 

 
PROJECT NAME: HVAC UPGRADES – CDL BUILDING - UINTAH BASIN ATC  
 UTAH COLLEGE OF APPLIED TECHNOLOGY – ROOSEVELT, UTAH 
DFCM PROJECT NO. 10048250 

Event Day Date Time Place 
Bidding Documents 
Available 

Thursday August 19, 2010 1:00 PM DFCM 
4110 State Office Bldg 
SLC, UT and the DFCM 
web site * 

Mandatory Pre-bid Site 
Meeting  

Wednesday August 25, 2010 2:00 PM CDL Building  
Uintah Basin ATC 
1100 East Lagoon Street 
Roosevelt, UT  

Last Day to Submit 
Questions 

Friday August 27, 2010 2:00 PM Darrell Hunting – DFCM 
E-mail – dhunting@utah.gov

Addendum Deadline 
(exception for bid delays) 

Wednesday September 1, 2010 2:00 PM DFCM web site * 

Prime Contractors Turn 
In Bid and Bid Bond  

Tuesday September 7, 2010 3:00 PM DFCM 
4110 State Office Bldg  
SLC, UT  

Sub-contractor List Due Wednesday September 8, 2010 3:00 PM DFCM 
4110 State Office Bldg  
SLC, UT 
Fax 801-538-3677 

Substantial Completion 
Date 

Wednesday November 10, 2010 3:00 PM  

 
* NOTE:  DFCM’s web site address is http://dfcm.utah.gov 

 

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and Management DFCM
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BID FORM 
 
 
NAME OF BIDDER                                                                                                       DATE             
 
To the Division of Facilities Construction and Management 
4110 State Office Building 
Salt Lake City, Utah  84114 
 
The undersigned, responsive to the "Notice to Contractors" and in accordance with the "Instructions to Bidders”, 
in compliance with your invitation for bids for the HVAC UPGRADES - CDL BUILDING -  UINTAH 
BASIN ATC – UTAH COLLEGE OF APPLIED TECHNOLOGY – ROOSEVELT, UTAH - DFCM 
PROJECT NO. 10048250  and having examined the Contract Documents and the site of the proposed 
Work and being familiar with all of the conditions surrounding the construction of the proposed Project, 
including the availability of labor, hereby proposes to furnish all labor, materials and supplies as required for the 
Work in accordance with the Contract Documents as specified and within the time set forth and at the price 
stated below.  This price is to cover all expenses incurred in performing the Work required under the Contract 
Documents of which this bid is a part: 
 
I/We acknowledge receipt of the following Addenda:            
 
 
For all work shown on the Drawings and described in the Specifications and Contract Documents, I/we agree to 
perform for the sum of: 
 
                                                                                                                            DOLLARS ($                                ) 
(In case of discrepancy, written amount shall govern) 
 
 
I/We guarantee that the Work will be Substantially Complete by November 10, 2010, should I/we be the 
successful bidder, and agree to pay liquidated damages in the amount of $200.00 per day for each day after 
expiration of the Contract Time as stated in Article 3 of the Contractor’s Agreement.  
 
This bid shall be good for 45 days after bid opening. 
 
Enclosed is a 5% bid bond, as required, in the sum of           
 
The undersigned Contractor's License Number for Utah is                                                         .   
 
Upon receipt of notice of award of this bid, the undersigned agrees to execute the contract within ten (10) days, 
unless a shorter time is specified in the Contract Documents, and deliver acceptable Performance and Payment 
bonds in the prescribed form in the amount of 100% of the Contract Sum for faithful performance of the 
contract.   

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and Management 
DFCM
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BID FORM  
PAGE NO. 2 
 
 
The Bid Bond attached, in the amount not less than five percent (5%) of the above bid sum, shall become the 
property of the Division of Facilities Construction and Management as liquidated damages for delay and 
additional expense caused thereby in the event that the contract is not executed and/or acceptable l00% 
Performance and Payment bonds are not delivered within the time set forth. 
 
 
Type of Organization: 
 
                                                                 
(Corporation, Partnership, Individual, etc.) 
 
 
Any request and information related to Utah Preference Laws: 
 
__________________________________________________ 
 
 
 
 
 
 
      Respectfully submitted, 
 
 
 
      ______________________________________________ 
      Name of Bidder 
 
 
 

ADDRESS: 
 
 
      ______________________________________________ 
 

______________________________________________ 
 
 
 
      ______________________________________________ 

 Authorized Signature 
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INSTRUCTIONS TO BIDDERS 
 
1. Drawings and Specifications, Other Contract Documents 
 
Drawings and Specifications, as well as other available Contract Documents, may be obtained as stated 
in the Invitation to Bid. 
 
2. Bids  
 
Before submitting a bid, each contractor shall carefully examine the Contract Documents, shall visit 
the site of the Work; shall fully inform themselves as to all existing conditions and limitations; and 
shall include in the bid the cost of all items required by the Contract Documents.  If the bidder 
observes that portions of the Contract Documents are at variance with applicable laws, building codes, 
rules, regulations or contain obvious erroneous or uncoordinated information, the bidder shall 
promptly notify the DFCM Representative and the necessary changes shall be accomplished by 
Addendum. 
 
The bid, bearing original signatures, must be typed or handwritten in ink on the Bid Form provided in 
the procurement documents and submitted in a sealed envelope at the location specified by the 
Invitation to Bid prior to the deadline for submission of bids.   
 
A bid bond properly signed by a qualified surety, as indicated on the DFCM Bid Bond form provided 
along with this Instruction to Bidders, in the amount of 5% of the bid, shall accompany the bid 
submission to DFCM.  THIS BID BOND MUST BE ON THE DFCM BID BOND FORM 
PROVIDED WITH THIS INSTRUCTION TO BIDDERS IN ORDER TO BE CONSIDERED AN 
ACCEPTABLE BID unless only one bid is received by DFCM, or the failure to comply with the bid 
bond requirements is determined by the Director of DFCM to be nonsubstantial based on the 
following: 
 

(a) the bid bond is submitted on a form other than DFCM’s required Bid Bond form and the bid  
bond meets all other requirements including being issued by a surety firm authorized to do 
business in the State of Utah and be listed in the U.S. Department of the Treasury Circular 570, 
Companies Holding Certificates of Authority as Acceptable Securities on Federal Bonds and as 
Acceptable Reinsuring Companies for an amount not less than the amount of the bond to be 
issued. A co-surety may be utilized to satisfy this requirement; and 

 
(b) the contractor provides a bid bond properly signed by a qualified surety and on the required 

DFCM Bid Bond form by the close of business of the next succeeding business day after the 
DFCM notifies the bidder of the defective bid bond. 

 
3. Contract and Bond   
 
The Contractor's Agreement will be in the form found in the specifications.  The Contract Time will be 
as indicated in the bid.  The successful bidder, simultaneously with the execution of the Contract 
Agreement, will be required to furnish a performance bond and a payment bond, both bearing original 
signatures, upon the forms provided in the procurement documents.  The performance and payment 
bonds shall be for an amount equal to one hundred percent (100%) of the contract sum and secured from 
a company that meets the requirements specified in the requisite forms.  Any bonding requirements for 
subcontractors will be specified in the Supplementary General Conditions.  
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INSTRUCTIONS TO BIDDERS 
PAGE NO. 2 
 
 
4. Listing of Subcontractors  
 
Listing of Subcontractors shall be as summarized in the “Instructions and Subcontractor’s List Form”, 
which are included as part of these Contract Documents.  The Subcontractors List shall be delivered to 
DFCM or faxed to DFCM at 801-538-3677 within 24 hours of the bid opening.  Requirements for 
listing additional subcontractors will be listed in the Contract Documents. 
 
DFCM retains the right to audit or take other steps necessary to confirm compliance with requirements 
for the listing and changing of subcontractors.  Any contractor who is found to not be in compliance 
with these requirements is subject to a debarment hearing and may be debarred from consideration for 
award of contracts for a period of up to three years.  
 
5. Interpretation of Drawings and Specifications 
 
If any person or entity contemplating submitting a bid is in doubt as to the meaning of any part of the 
drawings, specifications or other Contract Documents, such person shall submit to the DFCM Project 
Manager a request for an interpretation thereof.  The person or entity submitting the request will be 
responsible for its prompt delivery.  Any interpretation of the proposed documents will be made only 
by addenda posted on DFCM’s web site at http://dfcm.utah.gov.  Neither the DFCM nor A/E will be 
responsible for any other explanations or interpretations of the proposed documents.  A/E shall be 
deemed to refer to the architect or engineer hired by DFCM as the A/E or Consultant for the Project. 
 
6. Addenda 
 
Addenda will be posted on DFCM’s web site at http://dfcm.utah.gov.  Contractors are responsible for 
obtaining information contained in each addendum from the web site.  Addenda issued prior to the 
submittal deadline shall become part of the bidding process and must be acknowledged on the bid 
form.  Failure to acknowledge addenda may result in disqualification from bidding.   
 
7. Award of Contract 
 
The Contract will be awarded as soon as possible to the lowest, responsive and responsible bidder, 
based on the lowest combination of base bid and acceptable prioritized alternates, provided the bid is 
reasonable, is in the interests of the State of Utah to accept and after applying the Utah Preference 
Laws in U.C.A. Title 63, Chapter 56.  DFCM reserves the right to waive any technicalities or 
formalities in any bid or in the bidding.  Alternates will be accepted on a prioritized basis with 
Alternate 1 being highest priority, Alternate 2 having second priority, etc. 
 
8. DFCM Contractor Performance Rating 
 
As a contractor completes each DFCM project, DFCM, the architect/engineer and the using agency 
will evaluate project performance based on the enclosed “DFCM Contractor Performance Rating” 
form.  The ratings issued on this project will not affect this project but may affect the award on future 
projects. 
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INSTRUCTIONS TO BIDDERS 
PAGE NO. 3 
 
 
9. Licensure 
 
The Contractor shall comply with and require all of its subcontractors to comply with the license laws 
as required by the State of Utah. 
 
10. Permits  
 
In concurrence with the requirements for permitting in the General Conditions, it is the responsibility 
of the Contractor to obtain the fugitive dust plan requirements from the Utah Division of Air Quality 
and the SWPPP requirements from the Utah Department of Environmental Quality and submit the 
completed forms and pay any permit fee that may be required for this specific project.  Failure to 
obtain the required permit may result in work stoppage and/or fines from the regulating authority that 
will be the sole responsibility of the Contractor.  Any delay to the project as a result of any such failure 
to obtain the permit or noncompliance with the permit shall not be eligible for any extension in the 
Contract Time. 
 
11. Right to Reject Bids  
 
DFCM reserves the right to reject any or all Bids. 
 
12. Time is of the Essence 
 
Time is of the essence in regard to all the requirements of the Contract Documents. 
 
13. Withdrawal of Bids 
 
Bids may be withdrawn on written request received from bidder prior to the time fixed for opening.  
Negligence on the part of the bidder in preparing the bid confers no right for the withdrawal of the bid 
after it has been opened. 
 
14. Product Approvals   
 
Where reference is made to one or more proprietary products in the Contract Documents, but 
restrictive descriptive materials of one or more manufacturer(s) is referred to in the Contract 
Documents, the products of other manufacturers will be accepted, provided they equal or exceed the 
standards set forth in the drawings and specifications and are compatible with the intent and purpose of 
the design, subject to the written approval of the A/E.  Such written approval must occur prior to the 
deadline established for the last scheduled addenda to be issued.  The A/E’s written approval will be in 
an issued addendum.  If the descriptive material is not restrictive, the products of other manufacturers 
specified will be accepted without prior approval provided they are compatible with the intent and 
purpose of the design as determined by the A/E. 
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INSTRUCTIONS TO BIDDERS 
PAGE NO. 4 
 
 
15. Financial Responsibility of Contractors, Subcontractors and Sub-subcontractors 
 
Contractors shall respond promptly to any inquiry in writing by DFCM to any concern of financial 
responsibility of the contractor, subcontractor or sub-subcontractor. 
 
16. Debarment 
 
By submitting a bid, the Contractor certifies that neither it nor its principals, including project and site 
managers, have been, or are under consideration for, debarment or suspension, or any action that 
would exclude such from participation in a construction contract by any governmental department or 
agency.  If the Contractor cannot certify this statement, attach to the bid a detailed written explanation 
which must be reviewed and approved by DFCM as part of the requirements for award of the Project. 
 



DFCM FORM 1b 070110 12

BID BOND 
(Title 63, Chapter 56, U. C. A. l953, as Amended) 

 
KNOW ALL PERSONS BY THESE PRESENTS: 
 

That                                                                                                                                                               hereinafter  referred to as 
the "Principal," and                                                                                                                                  , a corporation organized and existing 
under the laws of the State of                                      , with its principal office in the City of ______________ and authorized to transact 
business in this State and U. S. Department of the Treasury Listed, (Circular 570, Companies Holding Certificates of Authority as Acceptable 
Securities on Federal Bonds and as Acceptable Reinsuring Companies); hereinafter referred to as the "Surety," are held and firmly bound unto 
the STATE OF UTAH, hereinafter referred to as the "Obligee," in the amount of $_____                                                   (5% of the 
accompanying bid), being the sum of this Bond to which payment the Principal and Surety bind themselves, their heirs, executors, 
administrators, successors and assigns, jointly and severally, firmly by these presents. 
 

THE CONDITION OF THIS OBLIGATION IS SUCH that whereas the Principal has submitted to Obligee the accompanying 
bid incorporated by reference herein, dated as shown, to enter into a contract in writing for the______________________________________ 
                                                                                                                                                                                                                      Project. 
 

NOW, THEREFORE, THE CONDITION OF THE ABOVE OBLIGATION IS SUCH, that if the said principal does not 
execute a contract and give bond to be approved by the Obligee for the faithful performance thereof within ten (10) days after being notified 
in writing of such contract to the principal, then the sum of the amount stated above will be forfeited to the State of Utah as liquidated 
damages and not as a penalty; if the said principal shall execute a contract and give bond to be approved by the Obligee for the faithful 
performance thereof within ten (10) days after being notified in writing of such contract to the Principal, then this obligation shall be null and 
void.  It is expressly understood and agreed that the liability of the Surety for any and all defaults of the Principal hereunder shall be the full 
penal sum of this Bond.  The Surety, for value received, hereby stipulates and agrees that obligations of the Surety under this Bond shall be 
for a term of sixty (60) days from actual date of the bid opening. 
 

PROVIDED, HOWEVER, that this Bond is executed pursuant to provisions of Title 63, Chapter 56, Utah Code Annotated, 1953, 
as amended, and all liabilities on this Bond shall be determined in accordance with said provisions to  same extent as if it were copied at 
length herein. 
 

IN WITNESS WHEREOF, the above bounden parties have executed this instrument under their several seals on the date indicated 
below, the name and corporate seal of each corporate party being hereto affixed and these presents duly signed by its undersigned 
representative, pursuant to authority of its governing body. 
 
DATED this                      day of                                                 , 20                  . 
 
Principal's name and address (if other than a corporation):       Principal's name and address (if a corporation): 
 
                                                                                                                                                                                                   
 
                                                                                                                                                                                                 
 
By:                                                                                                    By:                                                                                 
 
Title:                                                                                                 Title:                                                                                
                                                                                         (Affix Corporate Seal) 
 

Surety's name and address: 
 

                                                                                          
 

                                                                                        
STATE OF                                )  
                                                   ) ss.     By:                                                                                 
COUNTY OF                            )             Attorney-in-Fact                         (Affix Corporate Seal) 

 
On this         day of                         , 20         , personally appeared before me                                                                                    , 

whose identity is personally known to me or proved to me on the basis of satisfactory evidence, and who, being by me duly sworn, did say 
that he/she is the Attorney-in-fact of the above-named Surety Company, and that he/she is duly authorized to execute the same and has 
complied in all respects with the laws of Utah in reference to becoming sole surety upon bonds, undertakings and obligations, and that he/she 
acknowledged to me that as Attorney-in-fact executed the same. 
 
Subscribed and sworn to before me this                   day of                                    , 20           . 
My Commission Expires:                                                  
Resides at:                                                                         
                                                                                         

NOTARY PUBLIC 
 
 

Approved As To Form:   May 25, 2005 
By Alan S. Bachman,  Asst Attorney General 

Agency:  _______________________________________________________ 
Agent:    _______________________________________________________ 
Address: _______________________________________________________
Phone:   _______________________________________________________
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INSTRUCTIONS AND SUBCONTRACTORS LIST FORM 
 

 
The three low bidders, as well as all other bidders that desire to be considered, are required by law to submit to 
DFCM within 24 hours of bid opening a list of ALL first-tier subcontractors, including the subcontractor’s 
name, bid amount and other information required by Building Board Rule and as stated in these Contract 
Documents, based on the following: 

DOLLAR AMOUNTS FOR LISTING 
PROJECTS UNDER $500,000:   ALL FIRST-TIER SUBS $20,000 OR OVER MUST BE LISTED 
PROJECTS $500,000 OR MORE: ALL FIRST-TIER SUBS $35,000 OR OVER MUST BE LISTED 
 
• Any additional subcontractors identified in the bid documents shall also be listed. 
• The DFCM Director may not consider any bid submitted by a bidder if the bidder fails to submit a 

subcontractor list meeting the requirements of State law.  
• List subcontractors for base bid as well as the impact on the list that the selection of any alternate may have. 
•  Bidder may not list more than one subcontractor to perform the same work. 
• If there are no subcontractors for the job that are required to be reported by State law (either because there 

are no subcontractors that will be used on the project or because there are no first-tier subcontractors over the 
dollar amounts referred to above), then you do not need to submit a sublist.  If you do not submit a sublist, it 
will be deemed to be a representation by you that there are no subcontractors on the job that are required to 
be reported under State law.  At any time, DFCM reserves the right to inquire, for security purposes, as to 
the identification of the subcontractors at any tier that will be on the worksite. 

 
LICENSURE: 
 
The subcontractor’s name, the type of work, the subcontractor’s bid amount, and the subcontractor's license 
number as issued by DOPL, if such license is required under Utah Law, shall be listed.  Bidder shall certify that 
all subcontractors, required to be licensed, are licensed as required by State law.  A subcontractor includes a 
trade contractor or specialty contractor and does not include suppliers who provide only materials, equipment, or 
supplies to a contractor or subcontractor. 
 
 
‘SPECIAL EXCEPTION’: 
 
A bidder may list ‘Special Exception’ in place of a subcontractor when the bidder intends to obtain a 
subcontractor to perform the work at a later date because the bidder was unable to obtain a qualified or 
reasonable bid under the provisions of U.C.A.Section 63A-5-208(4).  The bidder shall insert the term ‘Special 
Exception’ for that category of work, and shall provide documentation with the subcontractor list describing the 
bidder’s efforts to obtain a bid of a qualified subcontractor at a reasonable cost and why the bidder was unable 
to obtain a qualified subcontractor bid.  The Director must find that the bidder complied in good faith with State 
law requirements for any ‘Special Exception’ designation, in order for the bid to be considered.  If awarded the 
contract, the Director shall supervise the bidder’s efforts to obtain a qualified subcontractor bid.  The amount of 
the awarded contract may not be adjusted to reflect the actual amount of the subcontractor’s bid.  Any listing of 
‘Special Exception’ on the sublist form shall also include amount allocated for that work. 
 
GROUNDS FOR DISQUALIFICATION: 
 
The Director may not consider any bid submitted by a bidder if the bidder fails to submit a subcontractor list 
meeting the requirements of State law.  Director may withhold awarding the contract to a particular bidder if one 
or more of the proposed subcontractors are considered by the Director to be unqualified to do the Work or for 

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and 
DFCM



DFCM FORM 1b 070110 14

INSTRUCTIONS AND SUBCONTRACTORS LIST FORM 
Page No. 2 
 
 
such other reason in the best interest of the State of Utah.  Notwithstanding any other provision in these 
instructions, if there is a good faith error on the sublist form, at the sole discretion of the Director, the Director 
may provide notice to the contractor and the contractor shall have 24 hours to submit the correction to the 
Director.  If such correction is submitted timely, then the sublist requirements shall be considered met. 
 
CHANGES OF SUBCONTRACTORS SPECIFICALLY IDENTIFIED ON SUBLIST FORM: 
 
Subsequent to twenty-four hours after the bid opening, the contractor may change its listed subcontractors only 
after receiving written permission from the Director based on complying with all of the following criteria. 
 
(1) The contractor has established in writing that the change is in the best interest of the State and that the 

contractor establishes an appropriate reason for the change, which may include, but not is not limited to, 
the following reasons: the original subcontractor has failed to perform, or is not qualified or capable of 
performing, and/or the subcontractor has requested in writing to be released. 

(2) The circumstances related to the request for the change do not indicate any bad faith in the original 
listing of the subcontractors. 

(3) Any requirement set forth by the Director to ensure that the process used to select a new subcontractor 
does not give rise to bid shopping. 

(4) Any increase in the cost of the subject subcontractor work is borne by the contractor.   
(5) Any decrease in the cost of the subject subcontractor work shall result in a deductive change order being 

issued for the contract for such decreased amount. 
(6) The Director will give substantial weight to whether the subcontractor has consented in writing to being 

removed unless the Contractor establishes that the subcontractor is not qualified for the work. 
 
 
 
EXAMPLE: 
 
Example of a list where there are only four subcontractors: 
 

 
TYPE OF WORK 

SUBCONTRACTOR, 
“SELF” OR “SPECIAL 

EXCEPTION” 

 
SUBCONTRACTOR 

BID AMOUNT 

 
CONTRACTOR 

LICENSE # 
 
ELECTRICAL 

 
ABCD Electric Inc. 

 
$350,000.00 

 
123456789000 

 
LANDSCAPING 

 
“Self”  * 

 
$300,000.00 

 
123456789000 

 
CONCRETE 
(ALTERNATE #1) 

 
XYZ Concrete Inc 

 
$298,000.00 

 
987654321000 

 
MECHANICAL 

 
“Special Exception” 
(attach documentation) 

 
Fixed at: $350,000.00 

(TO BE PROVIDED 
AFTER OBTAINING 
SUBCONTRACTOR) 

 
* Bidders may list “self”, but it is not required. 
 
 
 
 
 
 

PURSUANT TO STATE LAW - SUBCONTRACTOR BID AMOUNTS CONTAINED IN THIS  
SUBCONTRACTOR LIST SHALL NOT BE DISCLOSED UNTIL THE CONTRACT HAS BEEN AWARDED. 
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SUBCONTRACTORS LIST 
FAX TO 801-538-3677 

 
PROJECT TITLE:                                                                                                                                   
 
Caution:   You must read and comply fully with instructions. 
 

 
  
                TYPE OF WORK 

 
              SUBCONTRACTOR,  
“SELF” OR “SPECIAL EXCEPTION” 

 
 SUBCONTRACTOR 
       BID AMOUNT 

 
  
CONT. LICENSE # 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
We certify that: 
l. This list includes all subcontractors as required by the instructions, including those related to the base bid as 

well as any alternates. 
2. We have listed “Self” or “Special Exception” in accordance with the instructions. 
3. All subcontractors are appropriately licensed as required by State law. 
 
 

FIRM:                                                                     
 
DATE:                                                SIGNED BY:                                                            
 
NOTICE:   FAILURE TO SUBMIT THIS FORM, PROPERLY COMPLETED AND SIGNED, AS REQUIRED IN THESE 
CONTRACT DOCUMENTS, SHALL BE GROUNDS FOR OWNER’S REFUSAL TO ENTER INTO A WRITTEN 
CONTRACT WITH BIDDER.  ACTION MAY BE TAKEN AGAINST BIDDERS BID BOND AS DEEMED 
APPROPRIATE BY OWNER.  ATTACH A SECOND PAGE IF NECESSARY.  
 

4110 State Office Building, Salt Lake City, Utah 84114 - telephone 801-538-3018 – facsimile 801-538-3677 – http://dfcm.utah.gov 

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and 
DFCM
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 3000/300/____/FVA/____/_____/___ 
Project No.  ________ 

 
 
 

CONTRACTOR'S  AGREEMENT 
 
FOR: 
 
____________________________________ 
____________________________________ 
____________________________________ 
 
THIS CONTRACTOR'S AGREEMENT, made and entered into this ____ day of _________, 20__, by 
and between the DIVISION OF FACILITIES CONSTRUCTION AND MANAGEMENT, hereinafter 
referred to as "DFCM", and ______________________________, incorporated in the State of 
___________ and authorized to do business in the State of Utah, hereinafter referred to as "Contractor", 
whose address is ________________________________. 
 
WITNESSETH:  WHEREAS, DFCM intends to have Work performed at _______________________ 
_______________________________________________. 
 
WHEREAS, Contractor agrees to perform the Work for the sum stated herein. 
 
NOW, THEREFORE, DFCM and Contractor for the consideration provided in this Contractor's 
Agreement, agree as follows: 
 
ARTICLE  1.  SCOPE  OF  WORK.  The Work to be performed shall be in accordance with the 
Contract Documents prepared by _______________________________________________ and entitled 
“______________________________________________________________.” 
 
The DFCM General Conditions (“General Conditions”) dated May 25, 2005 and all Supplemental 
General Conditions (“also referred to as General Conditions”) on file at the office of DFCM and 
available on the DFCM website (http://dfcm.utah.gov/StdDocs/index.html), are hereby incorporated by 
reference as part of this Agreement and are included in the specifications for this Project.  All terms used 
in this Contractor's Agreement shall be as defined in the Contract Documents, and in particular, the 
General Conditions.   
 
The Contractor Agrees to furnish labor, materials and equipment to complete the Work as required in the 
Contract Documents which are hereby incorporated by reference.  It is understood and agreed by the 
parties hereto that all Work shall be performed as required in the Contract Documents and shall be 
subject to inspection and approval of DFCM or its authorized representative.  The relationship of the 
Contractor to the DFCM hereunder is that of an independent Contractor. 
 
ARTICLE  2.  CONTRACT  SUM.  The DFCM agrees to pay and the Contractor agrees to accept in 
full performance of this Contractor's Agreement, the sum of _________________________________ 
____________________________________________ DOLLARS AND NO CENTS ($________.00), 
which is the base bid, and which sum also includes the cost of a 100% Performance Bond and a 100% 
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Payment Bond as well as all insurance requirements of the Contractor.  Said bonds have already been 
posted by the Contractor pursuant to State law.  The required proof of insurance certificates have been 
delivered to DFCM in accordance with the General Conditions before the execution of this Contractor's 
Agreement. 
 
ARTICLE  3.  TIME  OF  COMPLETION  AND  DELAY  REMEDY.  The Work shall be 
Substantially Complete by ___________.  Contractor agrees to pay liquidated damages in the amount of 
$______ per day for each day after expiration of the Contract Time until the Contractor achieves 
Substantial Completion in accordance with the Contract Documents, if Contractor's delay makes the 
damages applicable.  The provision for liquidated damages is: (a) to compensate the DFCM for delay 
only; (b) is provided for herein because actual damages can not be readily ascertained at the time of 
execution of this Contractor's Agreement; (c) is not a penalty; and (d) shall not prevent the DFCM from 
maintaining Claims for other non-delay damages, such as costs to complete or remedy defective Work. 
 
No action shall be maintained by the Contractor, including its or Subcontractor or suppliers at any tier, 
against the DFCM or State of Utah  for damages or other claims due to losses attributable to hindrances 
or delays from any cause whatsoever, including acts and omissions of the DFCM or its officers, 
employees or agents, except as expressly provided in the General Conditions.  The Contractor may 
receive a written extension of time, signed by the DFCM, in which to complete the Work under this 
Contractor's Agreement in accordance with the General Conditions. 
 
ARTICLE  4.  CONTRACT  DOCUMENTS.  The Contract Documents consist of this Contractor's 
Agreement, the Conditions of the Contract (DFCM General Conditions, Supplementary and other 
Conditions), the Drawings, Specifications, Addenda and Modifications.  The Contract Documents shall 
also include the bidding documents, including the Invitation to Bid, Instructions to Bidders/ Proposers 
and the Bid/Proposal, to the extent not in conflict therewith and other documents and oral presentations 
that are documented as an attachment to the contract. 
 
All such documents are hereby incorporated by reference herein.  Any reference in this Contractor's 
Agreement to certain provisions of the Contract Documents shall in no way be construed as to lessen the 
importance or applicability of any other provisions of the Contract Documents. 
 
ARTICLE  5.  PAYMENT.  The DFCM agrees to pay the Contractor from time to time as the Work 
progresses, but not more than once each month after the date of Notice to Proceed, and only upon 
Certificate of the A/E for Work performed during the preceding calendar month, ninety-five percent 
(95%) of the value of the labor performed and ninety-five percent (95%) of the value of materials 
furnished in place or on the site.  The Contractor agrees to furnish to the DFCM invoices for materials 
purchased and on the site but not installed, for which the Contractor requests payment and agrees to  
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safeguard and protect such equipment or materials and is responsible for safekeeping thereof and if such 
be stolen, lost or destroyed, to replace same. 
 
Such evidence of labor performed and materials furnished as the DFCM may reasonably require shall be 
supplied by the Contractor at the time of request for Certificate of Payment on account.  Materials for 
which payment has been made cannot be removed from the job site without DFCM's written approval.  
Five percent (5%) of the earned amount shall be retained from each monthly payment.  The retainage, 
including any additional retainage imposed and the release of any retainage, shall be in accordance with 
UCA 13-8-5 as amended.  Contractor shall also comply with the requirements of UCA 13-8-5, including 
restrictions of retainage regarding subcontractors and the distribution of interest earned on the retention 
proceeds.  The DFCM shall not be responsible for enforcing the Contractor’s obligations under State law 
in fulfilling the retention law requirements with subcontractors at any tier. 
 
ARTICLE  6.  INDEBTEDNESS.  Before final payment is made, the Contractor must submit evidence 
satisfactory to the DFCM that all payrolls, materials bills, subcontracts at any tier and outstanding 
indebtedness in connection with the Work have been properly paid.  Final Payment will be made after 
receipt of said evidence, final acceptance of the Work by the DFCM as well as compliance with the 
applicable provisions of the General Conditions. 
 
Contractor shall respond immediately to any inquiry in writing by DFCM as to any concern of financial 
responsibility and DFCM reserves the right to request any waivers, releases or bonds from Contractor in 
regard to any rights of Subcontractors (including suppliers) at any tier or any third parties prior to any 
payment by DFCM to Contractor. 
 
ARTICLE  7.  ADDITIONAL  WORK.  It is understood and agreed by the parties hereto that no 
money will be paid to the Contractor for additional labor or materials furnished unless a new contract in 
writing or a Modification hereof in accordance with the General Conditions and the Contract Documents 
for such additional labor or materials has been executed.  The DFCM specifically reserves the right to 
modify or amend this Contractor's Agreement and the total sum due hereunder either by enlarging or 
restricting the scope of the Work. 
 
ARTICLE  8.  INSPECTIONS.  The Work shall be inspected for acceptance in accordance with the 
General Conditions. 
 
ARTICLE  9.  DISPUTES.  Any dispute, PRE or Claim between the parties shall be subject to the 
provisions of Article 7 of the General Conditions.  DFCM reserves all rights to pursue its rights and 
remedies as provided in the General Conditions.  
 
ARTICLE  10.  TERMINATION,  SUSPENSION  OR  ABANDONMENT.  This Contractor’s 
Agreement may be terminated, suspended or abandoned in accordance with the General Conditions. 
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ARTICLE  11.  DFCM'S  RIGHT  TO  WITHHOLD  CERTAIN  AMOUNT  AND  MAKE  USE 
THEREOF.  The DFCM may withhold from payment to the Contractor such amount as, in DFCM's 
judgment, may be necessary to pay just claims against the Contractor or Subcontractor at any tier for 
labor and services rendered and materials furnished in and about the Work.  The DFCM may apply such 
withheld amounts for the payment of such claims in DFCM's discretion.  In so doing, the DFCM shall be 
deemed the agent of Contractor and payment so made by the DFCM shall be considered as payment 
made under this Contractor's Agreement by the DFCM to the Contractor.  DFCM shall not be liable to 
the Contractor for any such payment made in good faith.  Such withholdings and payments may be made 
without prior approval of the Contractor and may be also be prior to any determination as a result of any 
dispute, PRE, Claim or litigation. 
 
ARTICLE  12.  INDEMNIFICATION.  The Contractor shall comply with the indemnification 
provisions of the General Conditions.  
 
ARTICLE  13.   SUCCESSORS AND ASSIGNMENT  OF  CONTRACT.  The DFCM and 
Contractor, respectively bind themselves, their partners, successors, assigns and legal representatives to 
the other party to this Agreement, and to partners, successors, assigns and legal representatives of such 
other party with respect to all covenants, provisions, rights and responsibilities of this Contractor’s 
Agreement.   The Contractor shall not assign this Contractor’s Agreement without the prior written 
consent of the DFCM, nor shall the Contractor assign any moneys due or to become due as well as any 
rights under this Contractor’s Agreement, without prior written consent of the DFCM. 
 
ARTICLE  14.  RELATIONSHIP  OF  THE  PARTIES.  The Contractor accepts the relationship of 
trust and confidence established by this Contractor's Agreement and covenants with the DFCM to 
cooperate with the DFCM and A/E and use the Contractor's best skill, efforts and judgment in furthering 
the interest of the DFCM; to furnish efficient business administration and supervision; to make best 
efforts to furnish at all times an adequate supply of workers and materials; and to perform the Work in 
the best and most expeditious and economic manner consistent with the interests of the DFCM.  
 
ARTICLE  15.  AUTHORITY  TO  EXECUTE  AND  PERFORM  AGREEMENT.   Contractor 
and DFCM each represent that the execution of this Contractor's Agreement and the performance 
thereunder is within their respective duly authorized powers. 
 
ARTICLE  16.  ATTORNEY  FEES  AND  COSTS.  Except as otherwise provided in the dispute 
resolution provisions of the General Conditions, the prevailing party shall be entitled to reasonable 
attorney fees and costs incurred in any action in the District Court and/or appellate body to enforce this 
Contractor's Agreement or recover damages or any other action as a result of a breach thereof. 
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IN WITNESS WHEREOF, the parties hereto have executed this Contractor's Agreement on the day 
and year stated hereinabove. 
 
 
       CONTRACTOR:                              
 
              
       Signature                                 Date 
 
       Title:         
State of       _____________) 
             )                                                   
County of    _____________)    Please type/print name clearly 
 
On this ____ day of _________, 20____, personally appeared before me, __________________, 
whose identity is personally known to me (or proved to me on the basis of satisfactory evidence) and 
who by me duly sworn (or affirmed), did say that he (she) is the ________________ (title or office) of 
the firm and that said document was signed by him (her) in behalf of said firm. 
 
       _____________________________ 
       Notary Public 
(SEAL) 
       My Commission Expires _________ 
 
 
 
 
APPROVED AS TO AVAILABILITY  DIVISION OF FACILITIES 
OF FUNDS:      CONSTRUCTION AND MANAGEMENT 
 
               
David D. Williams, Jr.                 Date  Lynn A. Hinrichs                                   Date 
DFCM Administrative Services Director  Assistant Director Construction Management  
 
 
 
 
APPROVED AS TO FORM:    APPROVED FOR EXPENDITURE: 
ATTORNEY GENERAL    
July 1, 2010             
By: Alan S. Bachman     Division of Finance                                Date 
 Asst Attorney General 
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PERFORMANCE  BOND 
 (Title 63, Chapter 56, U. C. A. 1953, as Amended) 
 

That                                                                                                                                                           hereinafter referred to as the "Principal" and 
                                                                                                                               , a corporation organized and existing under the laws of the State of  
 , with its principal office in the City of                                      and authorized to transact business in this State and U. S. Department of the Treasury 
Listed (Circular 570, Companies Holding Certificates of Authority as Acceptable Securities on  Federal Bonds and as Acceptable Reinsuring Companies); 
hereinafter referred to as the "Surety," are held and firmly bound unto the State of Utah, hereinafter referred to as the "Obligee, " in the amount of    
                                                                            DOLLARS ($                                        ) for the payment whereof, the 
said Principal and Surety bind themselves and their heirs, administrators, executors, successors and assigns, jointly and severally, firmly by these presents. 
 

WHEREAS, the Principal has entered into a certain written Contract  with the Obligee, dated the                   day of                                 , 20         , to 
construct                                                                                                                                                                                                                          
in the County of                                  , State of Utah, Project No.                                    , for the approximate sum of                                
                                                                                                                                                           Dollars ($                                             ), which 
Contract is hereby incorporated by reference herein. 
 

NOW, THEREFORE, the condition of this obligation is such that if the said Principal shall faithfully perform the Contract in accordance with the  
Contract Documents including, but not limited to, the Plans, Specifications and conditions   thereof, the one year performance warranty, and the terms of the  
Contract as said Contract may be subject to Modifications or changes, then this obligation shall be void; otherwise it shall remain in full force and effect.  
 

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

The parties agree that the dispute provisions provided in the Contract Documents apply and shall constitute the sole dispute procedures of the parties. 
 

PROVIDED,  HOWEVER, that this Bond is executed pursuant to the Provisions of Title 63, Chapter 56, Utah Code Annotated, 1953, as amended, 
and all liabilities on this Bond shall be determined in accordance with said provisions to the same extent as if it were copied at length herein. 
 

IN WITNESS WHEREOF, the said Principal and Surety have signed and sealed this instrument this             day of                               ,  20           . 
 
WITNESS OR ATTESTATION: PRINCIPAL: 
 
                                                                                                                                                                                                                   
 

By:                                                                                                       
             (Seal) 

Title:                                                                                                    
 
 
WITNESS OR ATTESTATION:     SURETY: 
 
                                                                                                                                                                                                                  
 

By:                                                                                                    
       Attorney-in-Fact                                                                   (Seal) 

STATE OF                                       ) 
                                                         )   ss. 
COUNTY OF                                   ) 
 
On this               day of                                      ,  20       , personally appeared before me                                                                                                   , whose 
identity is personally known to me or proved to me on the basis of satisfactory evidence, and who, being by me duly sworn, did say that he/she is the Attorney 
in-fact of the above-named Surety Company and  that  he/she is duly authorized to execute the same and has complied in all respects with the laws of Utah  in 
reference to becoming sole surety upon bonds, undertakings and obligations, and that he/she acknowledged to me that as Attorney-in-fact executed the same. 
 
Subscribed and sworn to before me this                   day of                                                  , 20             . 
 
My commission expires:                                                         
Resides at:                                                                               ________       

NOTARY PUBLIC 
 
 
 

Approved As To Form:  May 25, 2005 
By Alan S. Bachman,  Asst Attorney General 

Agency:  _________________________________________________ 
Agent:    _________________________________________________ 
Address: _________________________________________________
Phone:    _________________________________________________
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PAYMENT  BOND 
 (Title 63, Chapter 56, U. C. A. l953, as Amended) 
KNOW ALL PERSONS BY THESE PRESENTS: 
 

That                                                                                                                      hereinafter referred to as the "Principal," and                
                                                 , a corporation organized and existing under the laws of the State  of      authorized to do business in this State 
and U. S. Department of the Treasury Listed (Circular 570, Companies Holding Certificates of Authority as Acceptable Securities on Federal Bonds and as 
Acceptable Reinsuring Companies); with its principal office in the City of   ,  hereinafter referred to as the "Surety," are held and firmly bound unto 
the State of Utah hereinafter referred to as the "Obligee," in the amount of            
Dollars ($                                        ) for the payment whereof, the said Principal and Surety bind themselves and their heirs, administrators, executors, successors 
and assigns, jointly and severally, firmly by these presents. 
 

WHEREAS, the Principal has entered into a certain written Contract with the Obligee, dated the                day of                                     , 20         ,  
to construct                
in the County of                                   , State of Utah, Project No.                                    for the approximate sum of             
                                                                                   Dollars ($                 ), which contract is hereby 
incorporated by reference herein. 
 

NOW, THEREFORE, the condition of this obligation is such that if the said Principal shall pay all claimants supplying labor or materials to Principal  
or Principal's Subcontractors in compliance with the provisions of Title 63, Chapter 56, of Utah Code Annotated, l953, as amended, and in the prosecution of the 
Work provided for in said Contract, then, this obligation shall be void; otherwise it shall remain in full force and effect.  
 

That said Surety to this Bond, for value received, hereby stipulates and agrees that no changes, extensions of time, alterations or additions to the terms  
of the Contract or to the Work to be performed thereunder, or the specifications or drawings accompanying same shall in any way affect its obligation on this Bond,  
and does hereby waive notice of any such changes, extensions of time, alterations or additions to the terms of the Contract or to the Work or to the specifications  
or drawings and agrees that they shall become part of the Contract Documents. 
 

PROVIDED, HOWEVER, that this Bond is executed pursuant to the provisions of Title 63, Chapter 56, Utah Code Annotated, 1953, as amended, and  
all liabilities on this Bond shall be determined in accordance with said provisions to the same extent as if it were copied at length herein. 
 

IN WITNESS WHEREOF, the said Principal and Surety have signed and sealed this instrument this               day of                              , 20         . 
 
WITNESS OR ATTESTATION:     PRINCIPAL: 
 
                                                                                                                                                                                                            
 

By:                                                                                                     
                                                                                 (Seal) 

Title:                                                                                                    
 
WITNESS OR ATTESTATION:     SURETY: 
 
                                                                                                                                                                                                             
 

By:                                                                                                       
STATE OF                                      )            Attorney-in-Fact                                                                (Seal) 
                                                        )  ss.  
COUNTY OF                                 ) 
 

On this                day of                                                , 20          ,  personally appeared before me             
                                                                                                                                        , whose identity is personally known to me or proved  to  me on  the basis of 
satisfactory evidence, and who, being by me duly sworn, did say that he/she is the Attorney-in-fact of the above-named Surety Company, and that he/she is duly 
authorized to execute the same and has complied in all respects with the laws of Utah in reference to becoming sole surety upon bonds, undertakings and 
obligations, and that he/she acknowledged to me that as Attorney-in-fact executed the same. 
 
Subscribed and sworn to before me this               day of                                                             ,  20            . 
 
My commission expires:                                                  
Resides at:                                                                                                                                                                         

   NOTARY PUBLIC 
 
 

Approved As To Form:  May 25, 2005 
By Alan S. Bachman,  Asst Attorney General 

Agency:  ________________________________________________ 
Agent:    ________________________________________________ 
Address: ________________________________________________ 
Phone:    ________________________________________________ 
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CERTIFICATE  OF  SUBSTANTIAL  COMPLETION 
 
PROJECT                                                                                                       PROJECT NO:  ___________________________ 
 
AGENCY/INSTITUTION ______________________________________________________________________________  
 
AREA ACCEPTED                
 
The Work performed under the subject Contract has been reviewed on this date and found to be Substantially Completed as 
defined in the General Conditions; including that the construction is sufficiently completed in accordance with the Contract 
Documents, as modified by any change orders agreed to by the parties, so that the State of Utah can occupy the Project or specified 
area of the Project for the use for which it is intended. 
 
The DFCM - (Owner) accepts the Project or specified area of the Project as Substantially Complete and will assume full 
possession of the Project or specified area of the Project at                      (time) on                                          (date). 
 
The DFCM accepts the Project for occupancy and agrees to assume full responsibility for maintenance and operation, including 
utilities and insurance, of the Project subject to the  itemized responsibilities and/or exceptions noted below: 
                
 
                
 
The Owner acknowledges receipt of the following closeout and transition materials: 
� As-built Drawings     � O & M Manuals � Warranty Documents � Completion of Training         

Requirements 
 
A list of items to be completed or corrected (Punch List) is attached hereto.  The failure to include an item on it does not alter the 
responsibility of the Contractor to complete all the Work in accordance with the Contract Documents, including authorized 
changes thereof.  The amount of  _____________(Twice the value of the punch list work) shall be  retained to assure the 
completion of the punch list work.                                                     
 
The Contractor shall complete or correct the Work on the list of (Punch List) items appended hereto within                    _
 calendar days from the above date of issuance of this Certificate.  The amount withheld pending completion of the list of 
items noted and agreed to shall be: $________________.  If the list of items is not completed within the time allotted the Owner 
has the right to be compensated for the delays and/or complete the work with the help of independent contractor at the expense of 
the retained project funds.  If the retained project funds are insufficient to cover the delay/completion damages, the Owner shall be 
promptly reimbursed for the balance of the funds needed to compensate the Owner. 
 
       by:         
CONTRACTOR (include name of firm)                               (Signature)                                                           DATE 
                                                                                
       by:         
A/E  (include name of firm)                                                  (Signature)                                                           DATE 
                                                                                                                                                                                                                           
       by:         
USING INSTITUTION OR AGENCY                                (Signature)                                                           DATE 
 
       by:         
DFCM  (Owner)                                                                   (Signature)                                                            DATE 
 
4110 State Office Building, Salt Lake City, Utah  84114  cc:            Parties Noted 
telephone 801-538-3018 • facsimile 801-538-3267 • http://dfcm.utah.gov          DFCM, Director 

Divisionof Facilities Construction and Management 
4110 State Office Building, Salt Lake City UT 84114 
Telephone (801)538-3018 FAX (8901)538-3267

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and Management DFCM



                 4110 State Office Building, Salt Lake City, Utah  84114 · telephone 801-538-3018 · facsimile 801-538-3267 · www.dfcm.utah.gov 
 

 Corporation 
 Partnership 
 LLC 
 Individual or Sole Proprietorship 
 Other _____________ 

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and Management 
DFCM

 

PAST PERFORMANCE RATING EVALUATION 
 
Date       Evaluator     FVN#    
 
  
Reference checked for             
     Name of Contractor or A/E     
 
               
Address       City    Zip 
 
               
Phone    Fax    Firm Contact Name 
 
               
Project referenced (Name of Project, Agency, Location) 
 
               
Project Completion Date (MM/YYYY)     Contract Amount $ 
 
               
Reference Contact (Name/Title)      Reference Contact Phone (000-000-0000)  
 
               
What did the firm do for you?  (e.g. design work, construction service, cost auditing, studies, commissioning, other.) 
 

 

 

Rating Guideline QUALITY OF 
PRODUCT OR 

SERVICES 
COST CONTROL TIMELINESS OF 

PERFORMANCE BUSINESS RELATIONS 

5-Exceptional 
Contractor/AE has demonstrated an exceptional performance level in any of the above four categories that justifies adding a 
point to the score.  Contractor performance clearly exceeds the performance levels described as “Very Good” 

4-Very Good 

Contractor/AE is in 
compliance with contract 
requirements and/or 
delivers quality 
product/service 

Contractor/AE is 
effective in managing 
costs and submits 
current, accurate, and 
complete billings 

Contractor/AE is effective 
in meeting milestones 
and delivery schedule 

Response to inquiries, 
technical/service/ 
administrative issues is effective 

3-Satisfactory 
Minor inefficiencies/errors 
have been identified 

Contractor/AE is usually 
effective in managing 
cost 

Contractor/AE is usually 
effective in meeting 
milestones and delivery 
schedules 

Response to inquires 
technical/service/administrative 
issues is somewhat effective 

2-Marginal 
Major problems have 
been encountered 

Contractor/AE is having 
major difficulty managing 
cost effectively 

Contractor/AE is having 
major difficulty meeting 
milestones and delivery 
schedule 

Response to inquiries, 
technical/service/administrative 
issues is marginally effective 

1-Unsatisfactory 
Contractor/AE is not in 
compliance and is 
jeopardizing achievement 
of contract objectives 

Contractor/AE is unable 
to manage costs 
effectively 

Contractor/AE delays are 
jeopardizing performance 
of contract objectives 

Response to inquiries, 
technical/service/administrative 
issues is not effective 

Rate The Following Rating 1-5 
(5 = Highest) Comments 

Quality of Product or 
Service   

Cost Control   

Timeliness of Performance   

Business Relations   

OVERALL 
RATING 

 

Signature of Rater:____________________________________________ 



PROJECT MANUAL 
 
 

for the 
 
 
 

UINTAH BASIN APPLIED TECHNOLOGY COLLEGE 
 ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 
 
 

Roosevelt, Utah 
 
 

Specification  
 

DFCM PROJECT # 10048250 
 

 
 

August 9, 2010 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 

  SPECIFICATION INDEX - 1                                       

 
SPECIFICATION INDEX 
 
230100    Mechanical Requirements 
230150 Temporary Use of Equipment and Systems 
230500   Common Work Results for HVAC 
230513    Common Motor Requirements for HVAC Equipment   
230529  Hangers and Supports  
230548 Vibration Isolation and Seismic Restraints 
230550    Operations and Maintenance Manuals 
230594 General Testing, Adjusting, Balancing and Commissioning 
230713  Duct Insulation   
231123  Facility Natural Gas Piping 
232300    Refrigerant Piping 
233001    Common Duct Requirements   
233113  Metal Ducts   
233300  Air Duct Accessories  
233423  Power Ventilators 
233713    Diffusers, Registers, and Grilles   
235100  Breechings, Chimneys and Stacks  
235400  Furnaces 
235524   Gas Fired Radiant Tube Heaters 
236200   Condensing Units  
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MECHANICAL REQUIREMENTS    23 0100 - 1 

SECTION 23 0100 - MECHANICAL REQUIREMENTS 
 
 
PART 1  - GENERAL 
 
 
1.1    GENERAL CONDITIONS 
 

A. The General Conditions of the Contract, with the amendments, supplements, forms and 
requirements in Division 1, and herewith made a part of this Division. 

 
B. All sections of Division 21, 22, & 23 shall comply with the Mechanical General Requirements.  

The standards established in this section as to quality of materials and equipment, the type and 
quality of workmanship, mode of operations, safety rules, code requirements, etc., shall apply to 
all sections of this Division as though they were repeated in each Division. 

 
 
1.2  SCOPE OF WORK 
 

A. The project described herein is the UBATC Roosevelt HVAC Upgrade.  This work shall include all 
labor, materials, equipment, fixtures, and devices for the entire mechanical work and a complete 
operating and tested installation as required for this project. 

 
1.3   CODES & ORDINANCES 
 

A. All work shall be executed in accordance with all underwriters, public utilities, local and state rules 
and regulations applicable to the trade affected.  Should any change in the plans and 
Specifications be required to comply with these regulations, the Contractor shall notify the 
Architect before the time of submitting his bid.  After entering into contract, the Contractor will be 
held to complete all work necessary to meet these requirements without extra expense to the 
Owner.  Where work required by drawings or specifications is above the standard required, it 
shall be done as shown or specified. 

 
B. Applicable codes: 

 
Latest Edition 
International Building code- 2006 Edition 
International Mechanical Code- 2006 Edition 
International Plumbing Code- 2006 Edition 
International Fire Code- 2006 Edition 

 
1.4   INDUSTRY STANDARDS 

 
A. All work shall comply with the following standards. 
 

1. Associated Air Balance council (AABC) 
2. Air Conditioning and Refrigeration Institute (ARI) 
3. Air Diffusion council (ADC) 
4. Air Movement and Control Association (AMCA) 
5. American Gas Association (AGA) 
6. American National Standards Institute (ANSI) 
7. American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE) 
8. American Society of Mechanical Engineers (ASME) 
9. American Society of Testing Materials (ASTM) 
10. American Water Works Association (AWWA) 
11. Cooling Tower Institute (CTI) 
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MECHANICAL REQUIREMENTS    23 0100 - 2 

12. ETL Testing Laboratories (ETL) 
13. Institute of Electrical and Electronic Engineers (IEEE) 
14. Hydronics Institute (HI) 
15. Manufacturers Standardization Society of the Valve and Fitting Industry (MSS) 
16. National Fire Protection Association (NFPA) 
17. National Electrical Code (NEC) 
18. National Electrical Manufacturers Association (NEMA) 
19. National Electrical Safety code (NESC) 
20. Utah safety Standard (OSHA), Utah State Industrial Council. 
21. Sheet Metal and Air Conditioning Contractor=s National Association (SMACNA) 
22. Underwriters Laboratories (UL) 
23. Tubular Exchanger Manufacturers Association, Inc. (TEMA) 
24. Heat Exchanger Institute (HEI) 
25. Hydraulic Institute (HI) 
26. Thermal Insulation Manufacturer=s Association (TIMA) 
27. Scientific Apparatus Makers Association (SAMA) 
 

B. Compliance Verification: 
 

1. All items required by code or specified to conform to the ASME code shall be stamped with 
the ASME seal. 

2. Manufactured equipment which is represented by a UL classification and/or listing, shall bear 
the UL or equivalent ETL label. 

 
 
1.5   UTILITIES & FEES 
 

A. All fees for permits required by this work will be paid by this division.  The contractor shall obtain 
the necessary permits to perform this work. Unless noted otherwise, all systems furnished and or 
installed by this Contractor, shall be complete with all utilities, components, commodities and 
accessories required for a fully functioning system.  This Contractor shall furnish smoke 
generators when required for testing, furnish glycol for glycol piping systems, full load of salt to fill 
brine tank for water softening system, furnish cleaners and water treatment additives.    

 
 
1.6   SUBMITTALS AND SHOP DRAWINGS 
 

A. Submittals:  As soon as possible after the contract is awarded, but in no case more than 45 
calendar days thereafter, the Contractor shall submit to the Architect six (6) copies of the 
descriptive literature covering products and materials to be used in the installation of mechanical 
systems for this project.  The review of the submitted data will require a minimum of 14 days. The 
first day starts after the day they are received in the engineers office to which the project is being 
constructed from.  If the Contractors schedule requires return of submitted literature in less than 
the allotted time, the Contractor shall accelerate his submittal delivery date.  The Contractor shall 
resubmit all items requiring re-review within 14 days of returned submittals.  Refer to each 
specification section for items requiring submittal review.  Written approval of the Owner's 
Representative shall be obtained before installing any such equipment or materials for the project. 
 The submittals shall be prepared in an orderly manner, contained in a 3-ring loose-leaf binder 
with index and identification tabs each item or group of items and for each specification section.  
All items shall be submitted at one time except automatic temperature control drawings and 
seismic restraint drawings which may be submitted separately within 120 days of the contract 
award date.  Partial submittals will not be reviewed until the complete submittal is received. 

 
Submitted literature shall bear the Contractor's stamp, indicating that he has checked all 
equipment being submitted; that each item will fit into the available space with the accesses 
shown on the drawings; and, further, that each item conforms to the capacity and quality 
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standards given in the contract documents. 
 
Submitted literature shall clearly indicate performance, quality, and utility requirements; shall 
show dimension and size of connection points; and shall include derating factors that were 
applied for each item of equipment to provide capacity at job site elevation.  Temperature control 
submittals shall include piping and wiring diagrams, sequence of operation and equipment.  
Equipment must fit into the available space with allowance for operation, maintenance, etc.  
Factory piped and wired equipment shall include shop drawings for all internal wiring and piping 
furnished with the unit.   
 
Submitted literature shall clearly show all required field install wiring, piping, and accessory 
installations required by the Contractor to provide a complete operating system. 
 
Review by the Owner's Representative is for general conformance of the submitted equipment to 
the project specification.  In no way does such review relieve this Contractor of his obligation to 
furnish equipment and materials that comply in detail to the specification nor does it relieve the 
Contractor of his obligation to determine actual field dimensions and conditions that may affect his 
work.  Regardless of any items overlooked by the submittal review, the requirements of the 
contract drawings and specifications must be followed and are not waived or superseded in any 
way by the review. 
 
By description, catalog number, and manufacturer's names, standards of quality have been 
established by the Architect and the Engineer for certain manufactured equipment items and 
specialties that are to be furnished by this Division.  Alternate products and equipment may be 
proposed for use only if specifically named in the specifications or if given written prior approval in 
published addenda.  Design equipment is the equipment listed on the drawings or if not listed on 
the drawings is the equipment first named in the specifications. 
 
If the Engineer is required to do additional design work to incorporate changes caused by 
submitting equipment or products, different than the design equipment specified, as defined 
above, the contractor shall reimburse the engineer for additional time and expenses at the 
engineer’s current, recognized, hourly rates.   

 
 
1.7   DRAWINGS AND MEASUREMENTS 
 

A. Construction Drawings:  The contract document drawings show the general design, 
arrangements, and extent of the system.  In certain cases, the drawings may include details that 
show more nearly exact locations and arrangements; however, the locations, as shown 
diagrammatically, are to be regarded as general. 

 
It shall be the work of this Section to make such slight alterations as may be necessary to make 
adjustable parts fit to fixed parts, leaving all complete and in proper shape when done.  All 
dimensions given on the drawings shall be verified as related to this work and with the Architect's 
office before work is started. 
 
This Section shall carefully study building sections, space, clearances, etc., and then provide 
offsets in piping or ductwork as required to accommodate the building structure without additional 
cost to the Owner.  In any case and at any time during the construction process, a change in 
location required by obstacles or the installation of other trades not shown on the mechanical 
plans shall be made without charge. 
 
The drawings shall not be scaled for roughing in measurements nor shall they be used as shop 
drawings.  Where drawings are required for these purposes or where drawings must be made 
from field measurements, the Contractor shall take the necessary measurements and prepare the 
drawings. Shop drawings of the various subcontractors shall be coordinated to eliminate all 
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interferences and to provide sufficient space for the installation of all equipment, piping, ductwork, 
etc. 
 
The drawings and specifications have been prepared to supplement each other and they shall be 
interpreted as an integral unit with items shown on one and not the other being furnished and 
installed as though shown and called out on both. 

 
B. Coordination Drawings: The contractor shall provide coordination drawings for mechanical rooms, 

fan rooms, equipment rooms, and congested areas to eliminate conflicts with equipment, piping, 
or work of other trades.  The drawings shall be a minimum scale of 1/4 inch= 1 foot and of such 
detail as may be required by the Engineer to fully illustrate the work.  These drawings shall 
include all piping, conduit, valves, equipment, and ductwork.   

 
Sheet-metal shop drawings will be required for all ductwork in the entire building.  These drawings 
will show all ductwork in the entire building and shall be coordinated with architectural, structural 
and electrical portions of the project. The contractor shall specifically obtain copies of the 
structural shop drawings and shall coordinate the ductwork shop drawings with approved 
structural members. These drawings shall be submitted to the engineer for review prior to any 
fabrication. The contractor is responsible for all modifications necessary to accommodate duct 
installation within the structural, architectural and electrical restrictions. These drawings, once 
reviewed by the engineer, will be made available to all mechanical, electrical, and fire sprinkler 
subcontractors to coordinate installation of their work. 

 
 
1.8   CONTRACTOR'S USE OF BUILDING EQUIPMENT 
 

A. The Contractor may use equipment such as electric motors, fans, heat exchangers, filters, etc., 
with the written permission of the Owner.  As each piece of equipment is used (such as electric 
motors and fans), maintenance procedures approved by the manufacturer are to be followed.  A 
careful record is to be kept of the length of the time the equipment is used, maintenance 
procedures followed, and any difficulty encountered.  The record is to be submitted to the Owner 
upon acceptance.  All fan belts and filter media (such as bearings) shall be carefully inspected 
just prior to acceptance.  Any excessive wear noted shall require replacement. New filter media 
shall be installed in air handlers at the time systems are turned over to the owner. 

 
 
1.9   EXISTING CONDITIONS 
 

A. The Contractor shall carefully examine all existing conditions that might affect the mechanical 
system and shall compare these conditions with all drawings and specifications for work included 
under this contract.  He shall, at such time, ascertain and check all conditions that may affect his 
work.  No allowance shall subsequently be made in his behalf for an extra expense incurred as a 
result of his failure or neglect to make such examination.  This Contractor shall include in his bid 
proposal all necessary allowances to repair or replace any item that will remain or will be 
removed, and any item that will be damaged or destroyed by new construction.  

 
B. The Contractor shall remove all abandoned piping, etc., required by new construction and cap or 

plug openings.  No capping, etc., shall be exposed in occupied areas.  All openings of items 
removed shall be sealed to match adjacent surfaces. 

 
C. The Contractor shall verify the exact location of all existing services, utilities, piping, etc., and 

make connections to existing systems as required or as shown on the drawings.  The exact 
location of each utility line, together with size and elevation, shall be established before any on-
site lines are installed.  Should elevation or size of existing main utility lines make connections to 
them impossible as shown on drawings, then notification of such shall immediately be given to the 
Owners Representative for a decision. 
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1.10 EQUIPMENT CAPACITIES 
 

A. Capacities shown for equipment in the specifications and on the drawings are the minimum 
acceptable.  No equipment shall be considered as an alternate that has capacities or 
performance less than that of design equipment. 

 
B. All equipment shall give the specified capacity and performance at the job-site elevation.  

Manufacturers' standard ratings shall be adjusted accordingly.  All capacities and performances 
listed on drawings or in specifications are for job-site conditions. 

 
 
1.11 SEISMIC REQUIREMENTS FOR EQUIPMENT 
 

A. All equipment shall be furnished structurally adequate to withstand seismic forces as outlined in 
the International Building Code. Refer to section Mechanical Vibration Controls and Seismic 
Restraints.  Equipment bases shall be designed for direct attachment of seismic snubbers and/or 
seismic anchors. 

 
 
1.12 COOPERATION WITH OTHER TRADES 
 

A. The Contractor shall refer to other drawings and parts of this specification that cover work of other 
trades that is carried on in conjunction with the mechanical work such that all work can proceed 
without interference resulting from lack of coordination. 

 
B. The Contractor shall properly size and locate all openings, chases, sleeves, equipment bases, 

and accesses.  He shall provide accurate wiring diagrams to the Electrical Contractor for all 
equipment furnished under this Division. 

 
C. The ceiling cavity must be carefully reviewed and coordinated with all trades.  In the event of 

conflict, the installation of the mechanical equipment and piping shall be in the following order:  
plumbing, waste, and soil lines; supply, return, and exhaust ductwork; water piping; medical 
gases; fire protection piping; and pneumatic control piping. 

 
D. The mechanical Contractor shall insure that the installation of all piping, ducts and equipment is in 

compliance with Articles 110-16 and 384-4 of the National Electrical Code relative to proper 
clearances in front of and over all electrical panels and equipment.  No piping or ductwork will be 
allowed to run over electrical panel. 

 
 
1.13 RESPONSIBILITY OF CONTRACTOR 
 

A. The Contractor is responsible for the installation of a satisfactory piece of work in accordance with 
the true intent of the drawings and specifications.  He shall provide, as a part of his work and 
without expense, all incidental items required even though these items are not particularly 
specified or indicated.  The installation shall be made so that its several component parts will 
function together as a workable system and shall be left with all equipment properly adjusted and 
in working order.  The Contractor shall familiarize the Owner's Representative with maintenance 
and lubrication instructions as prepared by the Contractor and shall explain and fully instruct him 
relative to operating, servicing, and maintenance of them. 

 
A. If a conflict arises between the drawings and the specifications the most stringent 
procedure/action shall be followed.  A clarification to the engineer will help to determine the 
course of action to be taken. If a conflict arises between specification sections the engineer will 
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determine which course of action is to be followed. 
 

 
1.14 PIPE AND DUCT OPENINGS AND EQUIPMENT RECESSES 
 

A. Pipe and duct chases, openings, and equipment recesses shall be provided by others only if 
shown on architectural or structural drawings.  All openings for the mechanical work, except 
where plans and specifications indicate otherwise, shall be provided as work of this Division.  
Include openings information with coordination drawings. 

 
B. Whether chases, recesses, and openings are provided as work of this Division or by others, this 

Contractor shall supervise their construction and be responsible for the correct size and location 
even though detailed and dimensioned on the drawings.  This Contractor shall pay for all 
necessary cutting, repairing, and finishing if any are left out or incorrectly made.  All necessary 
openings thru existing walls, ceilings, floors, roofs, etc. shall be provided by this Contractor unless 
indicated otherwise by the drawing and/or specifications. 

 
 
1.15 UNFIT OR DAMAGED WORK 
 

A. Any part of this installation that fails, is unfit, or becomes damaged during construction, shall be 
replaced or otherwise made good.  The cost of such remedy shall be the responsibility of this 
Division. 

 
 
1.16 WORKMANSHIP 
 

A. Workmanship shall be the best quality of its kind for the respective industries, trades, crafts, and 
practices, and shall be acceptable in every respect to the Owner's representative.  Nothing 
contained herein shall relieve the Contractor from making good and perfect work in all details in 
construction. 

 
 
1.17 SAFETY REGULATION 
 

A. The Contractor shall comply with all local, Federal, and OSHA safety requirements in 
performance with this work.  (See General Conditions).  This Contractor shall be required to 
provide equipment, supervision, construction, procedures, and all other necessary items to assure 
safety to life and property. 

 
 
1.18 ELECTRICAL SERVICES 

 
A. All equipment control wiring and all automatic temperature control wiring including all necessary 

contacts, relays, and interlocks, whether low or line voltage, except power wiring, shall be 
furnished and installed as work of this Division unless shown to be furnished by Division 26.  All 
such wiring shall be in conduit as required by electrical codes. Wiring in the mechanical rooms, 
fans rooms and inaccessible ceilings and walls shall be installed in conduit as well. Installation of 
any and all wiring done under Division 21, 22 and 23 shall be in accordance with the 
requirements of Division 26, Electrical. 

 
All equipment that requires an electrical connection shall be furnished so that it will operate 
properly and deliver full capacity on the electrical service available. 
 
Refer to the electrical control equipment and wiring shown on the diagrams.  Any changes or 
additions required by specific equipment furnished shall be the complete responsibility of the 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 
MECHANICAL REQUIREMENTS    23 0100 - 7 

Contractor furnishing the equipment. 
 
The Mechanical Contractor must coordinate with the Electrical Contractor to insure that all 
required components of control work are included and fully understood.  No additional cost shall 
accrue to the Owner as a result of lack of such coordination. 

 
 
1.19 WORK, MATERIALS, AND QUALITY OF EQUIPMENT 
 

A. Unless otherwise specified, all materials shall be new and of the best quality of their respective 
kinds and all labor shall be done in a most thorough and workmanlike manner. 

 
B. Products or equipment of any of the manufacturers cited herein or any of the products approved 

by the Addenda may be used.  However, where lists of products are cited herein, the one first 
listed in the design equipment used in drawings and schedules to establish size, quality, function, 
and capacity standards.  If other than design equipment is used, it shall be carefully checked for 
access to equipment, electrical and control requirements, valving, and piping.  Should changes or 
additions occur in piping, valving, electrical work, etc., or if the work of other Contractors would be 
revised by the alternate equipment, the cost of all changes shall be borne as work of this Division. 

 
The Execution portions of the specifications specify what products and materials may be used.   
Any products listed in the Product section of the specification that are not listed in the Execution 
portion of the specification may not be used without written approval by the Engineer.  

 
C. The access to equipment shown on the drawings is the minimum acceptable space requirements. 

 No equipment that reduces or restricts accessibility to this or any other equipment will be 
considered. 

 
D. All major items of equipment are specified in the equipment schedules on the drawings or in 

these specifications and shall be furnished complete with all accessories normally supplied with 
the catalog item listed and all other accessories necessary for a complete and satisfactory 
installation. 

 
E. All welders shall be certified in accordance with Section IX of the ASME Boiler and Pressure 

Vessel Code, latest Edition. 
 
 
1.20 PROTECTION AGAINST WEATHER AND STORING OF MATERIALS 
 

A. All equipment and materials shall be properly stored and protected against moisture, dust, and 
wind.  Coverings or other protection shall be used on all items that may be damaged or rusted or 
may have performance impaired by adverse weather or moisture conditions.  Damage or defect 
developing before acceptance of the work shall be made good at the Contractor's expense. 

 
B. All open duct and pipe openings shall be adequately covered at all times. 

 
 
1.21 INSTALLATION CHECK 
 

A. An experienced, competent, and authorized representative of the manufacturer or supplier of 
each item of equipment indicated in the equipment schedule and the seismic supplier shall visit 
the site of the work and inspect, check, adjust if necessary, and approve the equipment 
installation.  In each case, the equipment supplier's representative shall be present when the 
equipment is placed in operation.  The equipment supplier's representative shall revisit the job 
site as often as necessary until all trouble is corrected and the equipment installation and 
operation is satisfactory to the Engineer. 
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B. Each equipment supplier's representative shall furnish to the Owner, through the Engineer, a 

written report certifying that the equipment (1) has been properly installed and lubricated; (2) is in 
accurate alignment; (3) is free from any undue stress imposed by connecting piping or anchor 
bolts; and, (4) has been operated under full load conditions and that it operated satisfactorily. 

 
C. All costs for this work shall be included in the prices quoted by equipment suppliers. 
 
 

1.22 EQUIPMENT LUBRICATION 
 

A. The Contractor shall properly lubricate all pieces of equipment before turning the building over to 
the Owner.  A linen tag shall be attached to each piece of equipment, showing the date of 
lubrication and the lubricant used.  No equipment shall be started until it is properly lubricated. 

B. Necessary time shall be spent with the Owner's Representative to thoroughly familiarize him with 
all necessary lubrications and maintenance that will be required of him. 

 
C. Detergent oil as used for automotive purposes shall not be used for this work. 

 
 
1.23 CUTTING AND PATCHING 
 

A. No cutting or drilling in structural members shall be done without written approval of the Architect. 
 The work shall be carefully laid out in advance, and cutting, channeling, chasing, or drilling of 
floors, walls, partitions, ceilings, or other surfaces necessary for the mechanical work shall be 
carefully done.  Any damage to building, piping, or equipment shall be repaired by professional 
plasterers, masons, concrete workers, etc., and all such work shall be paid for as work of this 
Division. 

 
B. When concrete, grading, etc., is disturbed, it shall be restored to original condition as described in 

the applicable Division of this Specification. 
 
 
1.24 EXCAVATION AND BACKFILLING 
 

A. All necessary excavations and backfilling for the Mechanical phase of this project shall be 
provided as work of this Division.  Trenches for all underground pipelines shall be excavated to 
the required depths.  The bottom of trenches shall be compacted hard and graded to obtain 
required fall.  Backfill shall be placed in horizontal layers, not exceeding 12 inches in thickness, 
and properly moistened.  Each layer shall be compacted, by suitable equipment, to a density of 
not less than 95 percent as determined by ASTM D-1557.  After pipelines have been tested, 
inspected, and approved, the trench shall be backfilled with selected material.  Excess earth shall 
be hauled from the job site.  Fill materials approved by the Architect shall be provided as work of 
this Division. 

 
B. No trenches shall be cut near or under any footings without consultation first with the Architect's 

office.  Any trenches or excavations more than 30 inches deep shall be tapered, shored, covered, 
or otherwise made absolutely safe so that no vehicle or persons can be injured by falling into such 
excavations, or in any way be harmed by cave-ins, shifting earth, rolling rocks, or by drowning.  
This protection shall be extended to all persons approaching excavation related to this work 
whether or not such persons are authorized to be in the vicinity of the construction. 

 
 
1.25 ACCESS  
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A. Provide access doors in walls, ceilings and floors by this division unless otherwise noted. For 
access to mechanical equipment such as valves, dampers, VAV boxes, fans, controls, etc.  Refer 
to Division 8 for door specifications.  All access doors shall be 24" x 24" unless otherwise 
indicated or required.  Coordinate location of doors with the Architect prior to installation. .  If 
doors are not specified in Division 8, provide the following:  Doors in ceilings and wall shall be 
equal to JR Smith No. 4760 bonderized and painted.  Doors in tile walls shall be equal to JR 
Smith No. 4730 chrome plated.  Doors in floors shall be equal to JR Smith No. 4910  

 
B. Valves: Valve must be installed in locations where access is readily available.  If access is 

compromised, as judged by the Mechanical Engineer, these valves shall be relocated where 
directed at the Contractors expense. 

 
C. Equipment: Equipment must be installed in locations and orientations so that access to all 

components requiring service or maintenance will not be compromised.  If access is 
compromised, as judged by the Mechanical Engineer, the contractor shall modify the installation 
as directed by the Engineer at the Contractors expense. 

 
D. It is the responsibility of this division to install terminal boxes, valves and all other equipment and 

devices so they can be accessed.  If any equipment or devices are installed so they cannot be 
accessed on a ladder a catwalk and ladder system shall be installed above the ceiling to access 
and service this equipment.  

 
 
1.26 CONCRETE BASES AND INSERTS 
 

A. Bases:  The concrete bases shall be provided and installed as work by this divsion.  This Division 
shall be responsible for the proper size and location of bases and shall furnish all required anchor 
bolts and sleeves with templates to be installed as work of Division 3, Concrete. 

 
All floor-mounted mechanical equipment shall be set on 6-inch high concrete bases, unless 
otherwise noted or shown on drawings.  Such bases shall extend 6 inches beyond equipment or 
mounting rails on all sides or as shown on the drawings and shall have a 1-inch beveled edge all 
around. 

 
B. Inserts:  Where slotted or other types of inserts required for this work are to be cast into concrete, 

they shall be furnished as work of this Division 
 
Concrete inserts and pipe support systems shall be equal to Unistrut P3200 series for all piping 
where more than one pipe is suspended at a common location.  Spacing of the inserts shall 
match the size and type of pipe and of ductwork being supported.  The Unistrut insert and pipe 
support system shall include all inserts, vertical supports, horizontal support members, clamps, 
hangers, rollers, bolts, nuts, and any other accessory items for a complete pipe-supporting 
system.   

 
 
1.27 CLEANING AND PAINTING  
 

A. Cleaning:  After all tests and adjustments have been made and all systems pronounced 
satisfactory for permanent operation, this Contractor shall clean all exposed piping, ductwork, 
insulated members, fixture, and equipment installed under this Section and leave them ready for 
painting.  He shall refinish any damaged finish and leave everything in proper working order.  The 
Contractor shall remove all stains or grease marks on walls, floors, glass, hardware, fixtures, or 
elsewhere, caused by his workman or for which he is responsible.  He shall remove all stickers on 
plumbing fixtures, do all required patching up and repair all work of others damaged by this 
division of the work, and leave the premises in a clean and orderly condition. 

 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 
MECHANICAL REQUIREMENTS    23 0100 - 10 

B. Painting:  Painting of exposed pipe, insulated pipe, ducts, or equipment is work of Division 9, 
Painting.  

 
Mechanical Contractor:  All equipment which is to be furnished in factory prefinished conditions by 
the mechanical Contractor shall be left without mark, scratch, or impairment to finish upon 
completion of job.  Any necessary refinishing to match original shall be done.  Do not paint over 
nameplates, serial numbers, or other identifying marks. 

 
C. Removal of Debris, Etc:  Upon completion of this division of the work, remove all surplus material 

and rubbish resulting from this work, and leave the premises in a clean and orderly condition. 
 
 
1.28 CONTRACT COMPLETION 
 

A. Incomplete and Unacceptable Work:  If additional site visits or design work is required by the 
Engineer or Architect because of the use of incomplete or unacceptable work by the Contractor, 
then the Contractor shall reimburse the Engineer and Architect for all additional time and 
expenses involved.   

 
B. Maintenance Instructions:  The Contractor shall furnish the Owner complete printed and 

illustrated operating and maintenance instructions covering all units of mechanical equipment, 
together with parts lists. 

 
C. Instructions To Owner's Representatives:  In addition to any detailed instructions called for, the 

mechanical Contractor must provide, without expense to the Owner, competent instructors to train 
the Owner's representatives who will be in charge of the apparatus and equipment, in the care, 
adjustment, and operation of all parts on the heating, air conditioning, ventilating, plumbing, fire 
protection, and automatic temperature control equipment.  Instruction dates shall be scheduled at 
time of final inspection.  A written report specifying times, dates, and name of personnel 
instructed shall be forwarded to the Architect.  A minimum of four 8-hour instruction periods shall 
be provided.  The instruction periods will be broken down to shorter periods when requested by 
the Owner.  The total instruction hours shall not reduced.  The ATC Contractor shall provide 4 
hours of instructions.  The remaining hours shall be divided between the mechanical and sheet 
metal Contractor. 

 
D. Guarantee:  By the acceptance of any contract award for the work herein described or shown on 

the drawings, the Contractor assumes the full responsibility imposed by the guarantee as set forth 
herein and in the General Conditions, and should protect himself through proper guarantees from 
equipment and special equipment Contractors and from subcontractors as their interests may 
appear. 

 
The guarantee so assumed by the Contractor and as work of this Section is as follows: 
 
That the entire mechanical system, including plumbing, heating, and air-conditioning system shall 
be quiet in operation. 
 
That the circulation of water shall be complete and even. 
 
That all pipes, conduit, and connections shall be perfectly free from foreign matter and pockets 
and that all other obstructions to the free passage of air, water, liquid, sewage, and vent shall be 
removed. 
 
That he shall make promptly and free of charge, upon notice from the Owner, any necessary 
repairs due to defective workmanship or materials that may occur during a period of one year 
from date of Substantial Completion. 
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That all specialties, mechanical, and patent devices incorporated in these systems shall be 
adjusted in a manner that each shall develop its maximum efficiency in the operation of the 
system; i.e., diffusers shall deliver the designed amount of air shown on drawings, thermostats 
shall operate to the specified limits, etc. 
 
All equipment and the complete mechanical, ductwork, piping and plumbing systems shall be 
guaranteed for a period of one year from the date of the Architect's Certificate of Substantial 
Completion, this includes all mechanical, ductwork, piping and plumbing equipment and products 
and is not limited to boiler, chillers, coils, fans, filters etc.  Any equipment supplier not willing to 
comply with this guarantee period shall not submit a bid price for this project. The Contractor shall 
be responsible for a 100-percent guarantee for the system and all items of equipment for this 
period. If the contractor needs to provide temporary heating or cooling to the building and or 
needs to insure systems are installed properly and or to meet the project schedule the guaranteed 
of all systems and equipment shall be as indicated above, on year from the date of the Architect’s 
Certificate of Substantial Completion. 
 
All filters used during construction shall be replaced just before equipment is turned over to the 
Owner, and all required equipment and parts shall be oiled.  Any worn parts shall also be 
replaced. 
 
If any systems or equipment is used for temporary heating or cooling the systems shall be 
protected so they remain clean. I.e. if the ductwork systems are used temporary filters and a filter 
holder (not duct-taped to ducts or grilles) shall be installed to insure the systems and the 
equipment remain clean.  

 
 
1.29 CURBS 
 

A. Unless otherwise noted in these specifications or on the documents all roof curbs for all 
equipment are to be provided by Division 22 and 23.   

 
 
1.30 TEST RUN 
 

A. The Mechanical Contractor shall operate the mechanical system for a minimum of 30 days to 
prove the operation of the system.  

 
 
1.31 EQUIPMENT STARTUP AND CHECKOUT:  
 

A. Each major piece of equipment shall be started and checked out by an authorized representative 
of the equipment manufacturer.  A certificate indicating the equipment is operating to the 
satisfaction of the manufacturer shall be provided and shall be included in the commissioning 
report. 

 
B. This contractor shall coordinate commissioning procedures and activities with the commissioning 

agent.   
 
 
1.32 DEMOLITION 
 

A. General:  Demolish and remove existing construction only to the extent required by new 
construction and as indicated.  Use methods required to complete the Work within limitations of 
governing regulations and as follows: 
 

B. Proceed with demolition systematically, from higher to lower level.  Complete selective demolition 
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operations above each floor or tier before disturbing supporting members on the next lower level. 
 
C. Neatly cut openings and holes plumb, square, and true to dimensions required.  Use cutting 

methods least likely to damage construction to remain or adjoining construction.  Use hand tools 
or small power tools designed for sawing or grinding, not hammering and chopping, to minimize 
disturbance of adjacent surfaces.  Temporarily cover openings to remain. 

 
D. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring existing 

finished surfaces. 
 
E. Do not use cutting torches until work area is cleared of flammable materials.  At concealed 

spaces, such as duct and pipe interiors, verify condition and contents of hidden space before 
starting flame-cutting operations.  Maintain portable fire-suppression devices during flame-cutting 
operations. 

 
F. Maintain adequate ventilation when using cutting torches. 
 
G. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and promptly 

dispose of off-site. 
 
H. Remove structural framing members and lower to ground by method suitable to avoid free fall and 

to prevent ground impact or dust generation. 
 
I. Locate selective demolition equipment and remove debris and materials so as not to impose 

excessive loads on supporting walls, floors, or framing. 
 
J. Dispose of demolished items and materials promptly. 
 
K. Return elements of construction and surfaces that are to remain to condition existing before 

selective demolition operations began. 
 
L. Existing Facilities:  Comply with building manager's requirements for using and protecting 

elevators, stairs, walkways, loading docks, building entries, and other building facilities during 
selective demolition operations. 

 
M. Concrete:  Demolish in sections.  Cut concrete full depth at junctures with construction to remain 

and at regular intervals, using power-driven saw, then remove concrete between saw cuts. 
 
N. Masonry:  Demolish in small sections.  Cut masonry at junctures with construction to remain, 

using power-driven saw, and then remove masonry between saw cuts. 
 
O. Concrete Slabs-on-Grade:  Saw-cut perimeter of area to be demolished, then break up and 

remove. 
 
P. Air-Conditioning Equipment:  Remove equipment without releasing refrigerants. 

 
 
END OF SECTION 230100 
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SECTION 230150 – TEMPORARY USE OF EQUIPMENT AND SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This section includes requirements for temporary us of equipment and systems and any other 
items that are used during the construction of the project. 

1.2 EQUIPMENT OR SYSTEMS NEEDED TO OPERATE BEFORE CONTRACT COMPLETION 

A. If the contractor needs to provide temporary heating or cooling to the building and or needs to 
insure systems are installed properly for start up and or to meet the project schedule the 
guaranteed of all systems and equipment shall be for one year from the date of the 
Architect’s Certificate of Substantial Completion. 

 
All equipment and the complete mechanical, ductwork, piping and plumbing systems shall be 
guaranteed for a period of one year from the date of the Architect's Certificate of Substantial 
Completion, this includes all mechanical, ductwork, piping and plumbing equipment and 
products and is not limited to boiler, chillers, coils, fans, filters etc.  Any contractor or equip-
ment supplier who is not willing to comply with this guarantee period shall not submit a bid 
price for this project. The Contractor shall be responsible for a 100-percent guarantee for the 
systems and all items of equipment for this period.  
 
All filters used during construction shall be replaced just before equipment is turned over to 
the Owner, and all required equipment and parts shall be oiled.  Any worn parts shall also be 
replaced. 
 
If any systems or equipment is used for temporary heating or cooling the systems shall be 
protected so they remain clean. I.e. if the ductwork systems are used temporary filters and a 
filter holder (not duct-taped to ducts or grilles) shall be installed to insure the systems and the 
equipment remain clean. All return air openings shall be protected with a metal filter frame 
and filters. 

1.3 TEMPORARY EQUIPMENT OR SYSTEM SUBMITTALS 

A. If it is determined by the project or contractor that equipment or systems are needed to 
operate to provide heating, cooling or other needed services this division shall submit a 
document indicating what measures will be taken to insure the safe and proper operation of 
the equipment, systems and personal associated with the operation, this document shall be 
submitted to the engineer for approval. This plan shall show connections of equipment, utility 
hookups (if required) staging areas etc. 

1.4 QUALITY ASSURANCE 

A. Electric Service:  Comply with NECA, NEMA, and UL standards and regulations for 
temporary electric service.  Install service to comply with NFPA 70. 

B. Tests and Inspections:  Arrange for authorities having jurisdiction to test and inspect each 
temporary utility before use.  Obtain required certifications and permits. 
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C. Accessible Temporary Egress:  Comply with applicable provisions in the U.S. Architectural & 
Transportation Barriers Compliance Board's ADA-ABA Accessibility Guidelines. 

D. SMACNA:  The latest standard from SSMACNA shall apply. 

1.5 PROJECT CONDITIONS 

A. Temporary Use of equipment or systems:  Engage installer of each permanent service to 
assume responsibility for operation, maintenance, and protection of each permanent service 
during its use until the facility has been accepted by the owner regardless of previously 
assigned responsibilities. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT 

A. Fire Extinguishers:  Portable, UL rated; with class and extinguishing agent as required by 
locations and classes of fire exposures. 

B. HVAC Equipment:  Unless Owner authorizes use of permanent HVAC system, provide 
vented, self-contained, liquid-propane-gas or fuel-oil heaters and cooling units if required with 
individual space thermostatic control. 

1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type heating 
units is prohibited. 

2. Heating Units:  Listed and labeled for type of fuel being consumed, by a testing agency 
acceptable to authorities having jurisdiction, and marked for intended use. 

3. Permanent HVAC System:  If Owner authorizes use of permanent HVAC system for 
temporary use during construction, provide filters with MERV of 8 at each return air 
opening in system and remove at end of construction. These filters are to be installed in a 
filter housing frame and are not to be duct taped.   Clean HVAC system as required in 
Division 01 Section "Closeout Procedures. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Locate equipment where they will serve Project adequately and result in minimum 
interference with performance of the Work.  Relocate and modify equipment and systems as 
required by progress of the Work. 

1. Locate equipment to limit site disturbance as specified in Division 01 Section "Summary." 

3.2 TEMPORARY UTILITY INSTALLATION 

A. General:  Install temporary service or connect to existing service. 

1. Arrange with utility company, Owner, and existing users for time when service can be 
interrupted, if necessary, to make connections for temporary services. 
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B. Water Service:  Install water service and distribution piping in sizes and pressures adequate 
for construction. 

C. Heating and Cooling: Provide temporary heating and cooling required by construction 
activities for curing or drying of completed installations or for protecting installed construction 
from adverse effects of low temperatures or high humidity.  Select equipment that will not 
have a harmful effect on completed installations or elements being installed. 

D. Ventilation and Humidity Control:  Provide temporary ventilation required by construction 
activities for curing or drying of completed installations or for protecting installed construction 
from adverse effects of high humidity.  Select equipment that will not have a harmful effect on 
completed installations or elements being installed.  Coordinate ventilation requirements to 
produce ambient condition required and minimize energy consumption. 

3.3 OPERATION, TERMINATION, AND REMOVAL 

A. Maintenance:  Maintain equipment and systems in good operating condition until removal. 

1. Maintain operation of temporary enclosures, heating, cooling, humidity control, 
ventilation, and similar equipment and systems on a 24-hour basis where required to 
achieve indicated results and to avoid possibility of damage. 

B. Termination and Removal:  Remove each temporary facility or equipment when need for its 
service has ended, when it has been replaced by authorized use of a permanent facility, or 
no later than Substantial Completion.  Complete or, if necessary, restore permanent 
construction that may have been delayed because of interference with temporary facility.  
Repair damaged Work, clean exposed surfaces, and replace construction that cannot be 
satisfactorily repaired. 

1. Materials equipment that constitute temporary equipment are property of Contractor.   
2. At Substantial Completion, repair, renovate, and clean permanent equipment and 

systems used during construction period.  Comply with final cleaning requirements 
specified in Division 01 Section "Closeout Procedures." 

3.4 EQUIPMENT STARTUP AND CHECKOUT:  

A. Each major piece of equipment shall be started and checked out by an authorized 
representative of the equipment manufacturer at substantial completion.  A certificate 
indicating the equipment is operating to the satisfaction of the manufacturer shall be provided 
and shall be included in the commissioning report. 

 

END OF SECTION 230150 
 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 

 
COMMON WORK RESULTS FOR HVAC 230500 - 1 

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. Transition fittings. 
3. Dielectric fittings. 
4. Mechanical sleeve seals. 
5. Sleeves. 
6. Escutcheons. 
7. Grout. 
8. Equipment installation requirements common to equipment sections. 
9. Painting and finishing. 
10. Concrete bases. 
11. Supports and anchorages. 
12. Link-Seal 

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. 

F. The following are industry abbreviations for plastic materials: 

1. CPVC:  Chlorinated polyvinyl chloride plastic. 
2. PVC:  Polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 
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1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
2. NBR:  Acrylonitrile-butadiene rubber. 

1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. Transition fittings. 
2. Dielectric fittings. 
3. Mechanical sleeve seals. 
4. 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. 

B. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending. 

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. 

C. Coordinate requirements for access panels and doors for HVAC items requiring access that are 
concealed behind finished surfaces.  Access panels and doors are specified in Division 08 
Section "Access Doors and Frames." 
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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. Manufacturers:  Subject to compliance with requirements, provide products by 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. 

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 TRANSITION FITTINGS 

A. Plastic-to-Metal Transition Fittings:  CPVC and PVC one-piece fitting with manufacturer's 
Schedule 80 equivalent dimensions; one end with threaded brass insert, and one solvent-
cement-joint end. 
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1. Manufacturers: 

a. Eslon Thermoplastics. 

B. Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent 
dimensions; one end with threaded brass insert, and one solvent-cement-joint end. 

1. Manufacturers: 

a. Thompson Plastics, Inc. 
 

2.5 DIELECTRIC FITTINGS 

A. General:  Assembly or fitting with insulating material isolating joined dissimilar metals, to 
prevent galvanic action and stop corrosion. 

B. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and weld-
neck end types and matching piping system materials. 

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

D. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig minimum working 
pressure at 180 deg F. 

E. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig  
minimum working pressure as required to suit system pressures. 

F. Dielectric-Flange Insulation Kits:  Field-assembled, companion-flange assembly, full-face 
or ring type.  Components include neoprene or phenolic gasket, phenolic or polyethylene 
bolt sleeves, phenolic washers, and steel backing washers. 

1. Provide separate companion flanges and steel bolts and nuts for 150- or 300-
psig  minimum working pressure as required to suit system pressures. 

G. Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, 
thermoplastic lining; threaded ends; and 300-psig minimum working pressure at 225 deg 
F. 

H. 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. Capitol Manufacturing Co. 
b. Central Plastics Company. 
c. Watts Industries, Inc.; Water Products Div 

2.6 MECHANICAL SLEEVE SEALS 

A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space 
between pipe and sleeve. 
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1. Manufacturers: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type 
and number required for pipe material and size of pipe. 

3. Pressure Plates:  Stainless steel.  Include two for each sealing element. 
4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates 

to sealing elements.  Include one for each sealing element. 

2.7 SLEEVES 

A. Galvanized-Steel Sheet:  0.0239-inch (0.6-mm) minimum thickness; round tube closed with 
welded longitudinal joint. 

B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends. 

C. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends 
and integral waterstop, unless otherwise indicated. 

D. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include 
clamping ring and bolts and nuts for membrane flashing. 

1. Underdeck Clamp:  Clamping ring with set screws. 

E. Molded PVC:  Permanent, with nailing flange for attaching to wooden forms. 

F. PVC Pipe:  ASTM D 1785, Schedule 40. 

2.8 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 and rough brass. 

D. One-Piece, Stamped-Steel Type:  With set screw or spring clips and chrome-plated finish. 

E. Split-Plate, Stamped-Steel Type:  With concealed hinge, set screw or spring clips, and chrome-
plated finish. 
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2.9 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

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. 

2.10  LINK-SEAL MODULAR SEAL PRESSURE PLATES  

A. Link-Seal® modular seal pressure plates shall be molded of glass reinforced Nylon Polymer 
with the following properties: 

1. Izod Impact - Notched = 2.05ft-lb/in. per ASTM D-256 
2. Flexural Strength @ Yield = 30,750 psi per ASTM D-790 
3. Flexural Modulus = 1,124,000 psi per ASTM D-790 
4. Elongation Break = 11.07% per ASTM D-638 
5. Specific Gravity = 1.38 per ASTM D-792 

B. Models LS200-275-300-315 shall incorporate the most current Link-Seal® Modular Seal 
design modifications and shall include an integrally molded compression assist boss on the 
top (bolt entry side) of the pressure plate, which permits increased compressive loading of the 
rubber sealing element. Models 315-325-340-360-400-410-425-475-500-525-575-600 shall 
incorporate an integral recess known as a “Hex Nut Interlock” designed to accommodate 
commercially available fasteners to insure proper thread engagement for the class and service 
of metal hardware. All pressure plates shall have a permanent identification of the 
manufacturer’s name molded into it.  

C. For fire service, pressure plates shall be steel with 2-part Zinc Dichromate Coating. 

D. Link-Seal® Modular Seal Hardware: All fasteners shall be sized according to latest Link-Seal® 
modular seal technical data. Bolts, flange hex nuts shall be:  

1. 316 Stainless Steel per ASTM F593-95, with a 85,000 psi average tensile strength. 

PART 3 - EXECUTION 

3.1 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. 

M. Install sleeves for pipes passing through concrete and masonry walls and concrete floor and 
roof slabs. 

N. 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. PVC Steel Pipe Sleeves:  For pipes smaller than NPS 6. 
b. Steel Sheet Sleeves:  For pipes NPS 6 and larger, penetrating gypsum-board 

partitions. 
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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. 

O. 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. 

P. 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 
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. 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. 

R. Verify final equipment locations for roughing-in. 

S. Refer to equipment specifications in other Sections of these Specifications for roughing-in 
requirements. 

3.2 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. 
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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. 

3.3 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. 

3.4 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. 
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3.5 PAINTING 

A. Painting of HVAC systems, equipment, and components is specified in Division 09 Sections 
"Interior Painting" and "Exterior Painting." 

B. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 
procedures to match original factory finish. 

3.6 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. 

3.7 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

A. Refer to Division 5 Section "Metal Fabrications" for structural steel. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 
to support and anchor HVAC materials and equipment. 

C. Field Welding:  Comply with AWS D1.1. 

3.8 GROUTING 

A. Mix and install grout for HVAC equipment base bearing surfaces, pump and other equipment 
base plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases and provide smooth bearing surface for equipment. 

G. Place grout around anchors. 
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H. Cure placed grout. 

3.9 LINK SEAL 

A. Provide Link Seal at all piping penetrations from the outside. 

END OF SECTION 230500 
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, 
horizontal, small and medium, squirrel-cage induction motors for use on ac power systems. 

1.3 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the 
following: 

1. Motor controllers. 
2. Torque, speed, and horsepower requirements of the load. 
3. Ratings and characteristics of supply circuit and required control sequence. 
4. Ambient and environmental conditions of installation location. 

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. 

C. Basic requirements apply to mechanical equipment motors, unless otherwise indicated. 

D. Motors 3/4 HP and Larger:  Polyphase. 

E. Motors Smaller than 3/4 HP:  Single phase. 
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F. Frequency Rating:  60 Hz. 

G. Voltage Rating:  Determined by voltage of circuit to which motor is connected. 

H. Service Factor:  According to NEMA MG 1 – 2003, unless otherwise indicated. 

I. Capacity and Torque Characteristics:  Rated for continuous duty and sufficient to start, 
accelerate, and operate connected loads at designated speeds, in indicated environment, with 
indicated operating sequence, and without exceeding nameplate ratings or considering service 
factor. 

J. Enclosure:  Open drip-proof, unless otherwise indicated. 

K. All motors shall have ASTM Grade 5 hardware that is Yellow Zinc-dichromate plated.  

2.3 POLYPHASE MOTORS 

A. Motors Used in Across the Line Starters or with Reduced-Inrush Controllers:  Match wiring 
connection requirements for the indicated controller. Motor leads connections that are brought 
to motor terminal box shall be suitable with controller or starting method. 

 
Description:  EPACT NEMA MG 1, Low Voltage Induction Motor – Single Speed Application. 

 
1. Design Characteristics:  NEMA MG 1, Design B, unless otherwise indicated. 
2. EPACT Energy-Efficient Design:  As indicated by application. 
3. Stator:  Copper windings, unless otherwise indicated.  Multispeed motors shall have 

separate winding for each speed. 
4. Rotor:  Squirrel cage, unless otherwise indicated. 
5. Design Classification: NEMA Design B   
6. Temperature Rise:  Class F rise, unless otherwise indicated. 
7. Insulation:  Class F, unless otherwise indicated. 
8. Minimum vibration: Each motor shall not exceed 0.5 G vibration peek/peek.  
9. Bearings:  Motor bearings shall be rated for an L-10 life 40,000 hours with an external 

load per NEMA MG 1-14 and an L-10 life of 100,000 hours in direct coupled applications 
for  continuous duty and shall be of the regreasable type with grease relief fitting or 
Double-shielded, pre-lubricated ball bearings suitable for radial and thrust loading Per the 
motor manufactures standards. 

B. Motors Used with Variable-Frequency Controllers shall meet the following: Current Ratings, 
characteristics, and features shall be rated for a minimum of 10:1 turndown ratio and the motor 
that is provided will be coordinated and approved by controller manufacturer. A Variable 
Frequency driven motor shall have the following characteristics:  

1. Critical vibration frequencies shall be minimized so that motor will operate throughout the  
range of controller output based on the system requirements. 

2. Temperature Rise:  Class B rise. 
3. Insulation:  Class F. 
4. Thermal Protection:  Where indicated, conform to NEMA MG 1 requirements for thermally 

protected motors and inverter duty rated for NEMA MG-1-31 1998. 
5. Bearings:  Motor bearings shall be rated for an L-10 life 50,000 hours with an external 

load per NEMA MG 1-14 and an L-10 life of 100,000 hours in direct coupled applications 
for continuous duty and shall be of the regreasable type with automatic grease relief 
valve.  
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6. Motors shall be sized with respect to horsepower rating without using the service factor. 
All motors being operated by adjustable or variable frequency drives shall have a service 
factor 1.15 at equipments elevation. 

7. The winding insulation system shall have an insulation rating of 1860 volt, peak with a 0.1 
micro second rise time. 

8. Motor stator and rotor steel shall be low-loss C-5 electrical grade silicon steel with 
interlaminated insulation system capable of withstanding a minimum 1000°F burnout. 

9. Motors are to be of the NEMA Premium efficiency Design 
10. All motor nameplates shall have raised letters stamped on stainless steel and be 

fastened to the motor frame with four stainless steel drive pins. Name plate shall meet 
applicable Nema MG1standards. 

C. Severe-Duty Motors:  Where indicated, motors are (TEFC) totally enclosed with 1.15 minimum 
service factors at altitude, and shall have greased bearings, integral condensate drains, and 
capped relief vents.  Windings shall be insulated with non-hygroscopic material class H 
insulation.  External finish shall be chemical-resistant paint over corrosion-resistant primer. The 
minimum performance and construction requirements are outline in part B of this specification.  

 
D. Source Quality Control:  Perform the following routine tests according to NEMA MG 1-12 and 

shall consist of: 
 

1. No load watts input, current and speed (RPM). 
2. Winding resistance test. 
3. High-potential test. 
4. Locked rotor watts input and current. 
5. Stator insulation resistance test. 
6. Visual inspection and factory approval. 
7. Each motor shall have a factory certified test report forwarded with each motor and 

included in O&M Manual.   
 
 
2.4 SINGLE-PHASE MOTORS 

A. Type:  As indicated or selected by manufacturer from one of the following, to suit starting torque 
and other requirements of specific motor application. 

 
1. Permanent-split capacitor. 
2. Split-phase start, capacitor run. 
3. Capacitor start, capacitor run. 
4. Capacitor start, inductor run. 

 
B. Shaded-Pole Motors:  Do not use, unless motors are smaller than 1/20 hp. 

C. Thermal Protection:  Where indicated or required, internal protection automatically opens power 
supply circuit to motor when winding temperature exceeds a safe value calibrated to 
temperature rating of motor insulation.  Thermal protection device automatically resets when 
motor temperature returns to normal range, unless otherwise indicated. 

D. Bearings:  Ball-bearing type for belt-connected motors and other motors with high radial forces 
on motor shaft.  Sealed, prelubricated sleeve bearings for other single-phase motors. 

 
E. Motors are to have the ECM label where variable speed with variable input (0-5vDC) is 

indicated. 
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PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 230513 
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SECTION 230529 - HANGERS AND SUPPORTS  

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 hangers and supports for HVAC system piping and 
equipment: 

1. Steel pipe hangers and supports. 
2. Trapeze pipe hangers. 
3. Metal framing systems. 

B. Related Sections include the following: 

1. Division 05 Section "Metal Fabrications" for structural-steel shapes and plates for trapeze 
hangers for pipe and equipment supports. 

2. Division 21 Section "Water-Based Fire-Suppression Systems" for pipe hangers for fire-
protection piping. 

3. Division 23 Section “Expansion Fittings and Loops for HVAC Piping" for pipe guides and 
anchors. 

4. Division 23 Section “Vibration and Seismic Controls for HVAC Piping and Equipment" for 
vibration isolation devices. 

5. Division 23 Section(s) "Metal Ducts" for duct hangers and supports. 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society for The Valve and Fittings Industry Inc. 

B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and 
Supports." 

1.4 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple pipes, including pipe stands, capable of supporting combined 
weight of supported systems, system contents, and test water. 

B. Design equipment supports capable of supporting combined operating weight of supported 
equipment and connected systems and components. 

C. Design seismic-restraint hangers and supports for piping and equipment and obtain approval 
from authorities having jurisdiction. 
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1.5 SUBMITTALS 

A. Product Data:  For the following: 

1. Steel pipe hangers and supports. 
2. Mechanical Anchors: ICC-ES Evaluation Reports validating ‘Cracked Concrete’ testing 

per A.C. 193 must be provided for anchors resisting seismic loads and/or supporting life- 
safety systems including fire sprinkler systems.  

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and 
installation details and include calculations for the following: 

1. Trapeze pipe hangers.  Include Product Data for components. 
2. Metal framing systems.  Include Product Data for components. 

C. Welding certificates. 

1.6 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to AWS D1.4, "Structural Welding Code-
-Reinforcing Steel." ASME Boiler and Pressure Vessel Code:  Section IX. 

B. Welding:  Qualify procedures and personnel according to the following: 

1. AWS D1.1, "Structural Welding Code--Steel." 
2. AWS D1.2, "Structural Welding Code--Aluminum." 
3. AWS D1.3, "Structural Welding Code--Sheet Steel." 
4. AWS D1.4, "Structural Welding Code--Reinforcing Steel." 
5. ASME Boiler and Pressure Vessel Code: Section IX. 

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 STEEL PIPE HANGERS AND SUPPORTS 

A. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.  Refer to Part 3 
"Hanger and Support Applications" Article for where to use specific hanger and support types. 

B. Manufacturers: 

1. AAA Technology & Specialties Co., Inc. 
2. Bergen-Power Pipe Supports. 
3. B-Line Systems, Inc.; a division of Cooper Industries. 
4. Carpenter & Paterson, Inc. 
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5. Empire Industries, Inc. 
6. ERICO/Michigan Hanger Co. 
7. Globe Pipe Hanger Products, Inc. 
8. Grinnell Corp. 
9. GS Metals Corp. 
10. National Pipe Hanger Corporation. 
11. PHD Manufacturing, Inc. 
12. PHS Industries, Inc. 
13. Piping Technology & Products, Inc. 
14. Tolco Inc. 
15. Simpson Strong-Tie Co. 

C. Galvanized, Metallic Coatings:  Pregalvanized or hot dipped. 

D. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 

E. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion for support of 
bearing surface of piping. 

2.3 TRAPEZE PIPE HANGERS 

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from 
structural-steel shapes with MSS SP-58 hanger rods, nuts, saddles, and U-bolts. 

2.4 METAL FRAMING SYSTEMS 

A. Description:  MFMA-3, shop- or field-fabricated pipe-support assembly made of steel channels 
and other components. 

B. Manufacturers: 

1. B-Line Systems, Inc.; a division of Cooper Industries. 
2. ERICO/Michigan Hanger Co.; ERISTRUT Div. 
3. GS Metals Corp. 
4. Power-Strut Div.; Tyco International, Ltd. 
5. Thomas & Betts Corporation. 
6. Tolco Inc. 
7. Unistrut Corp.; Tyco International, Ltd. 

C. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated. 

D. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 

2.5 MISCELLANEOUS MATERIALS 

A. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT APPLICATIONS 
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A. Specific hanger and support requirements are specified in Sections specifying piping systems 
and equipment. 

B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in 
piping system Sections. 

C. Use hangers and supports with galvanized, metallic coatings for piping and equipment that will 
not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 
direct contact with copper tubing. 

E. Use padded hangers for piping that is subject to scratching. 

F. 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 120 to 450 deg F pipes, 
NPS 4 to NPS 16, 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 24, requiring clamp flexibility and up to 4 inches of insulation. 

4. Steel Pipe Clamps (MSS Type 4):  For suspension of cold and hot pipes, NPS 1/2 to 
NPS 24, if little or no insulation is required. 

5. Pipe Hangers (MSS Type 5):  For suspension of pipes, NPS 1/2 to NPS 4, to allow off-
center closure for hanger installation before pipe erection. 

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6):  For suspension of 
noninsulated stationary pipes, NPS 3/4 to NPS 8. 

7. Adjustable, Steel Band Hangers (MSS Type 7):  For suspension of noninsulated 
stationary pipes, NPS 1/2 to NPS 8. 

8. Adjustable Band Hangers (MSS Type 9):  For suspension of noninsulated stationary 
pipes, NPS 1/2 to NPS 8. 

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated 
stationary pipes, NPS 1/2 to NPS 2. 

10. Split Pipe-Ring with or without Turnbuckle-Adjustment Hangers (MSS Type 11):  For 
suspension of noninsulated stationary pipes, NPS 3/8 to NPS 8. 

11. Extension Hinged or 2-Bolt Split Pipe Clamps (MSS Type 12):  For suspension of 
noninsulated stationary pipes, NPS 3/8 to NPS 3. 

12. U-Bolts (MSS Type 24):  For support of heavy pipes, NPS 1/2 to NPS 30. 
13. Clips (MSS Type 26):  For support of insulated pipes not subject to expansion or 

contraction. 
14. Pipe Saddle Supports (MSS Type 36):  For support of pipes, NPS 4 to NPS 36, with steel 

pipe base stanchion support and cast-iron floor flange. 
15. 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 and with U-bolt to retain pipe. 
16. Adjustable, Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for pipes, 

NPS 2-1/2 to NPS 36, if vertical adjustment is required, with steel pipe base stanchion 
support and cast-iron floor flange. 

17. Single Pipe Rolls (MSS Type 41):  For suspension of pipes, NPS 1 to NPS 30, from 2 
rods if longitudinal movement caused by expansion and contraction might occur. 

18. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes, NPS 2-1/2 to 
NPS 20, from single rod if horizontal movement caused by expansion and contraction 
might occur. 
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19. 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. 

20. Pipe Roll and Plate Units (MSS Type 45):  For support of pipes, NPS 2 to NPS 24, if 
small horizontal movement caused by expansion and contraction might occur and vertical 
adjustment is not necessary. 

21. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of pipes, NPS 2 to 
NPS 30, if vertical and lateral adjustment during installation might be required in addition 
to expansion and contraction. 

G. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers, NPS 3/4 to 
NPS 20. 

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers, NPS 3/4 
to NPS 20, if longer ends are required for riser clamps. 

H. 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. 
3. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings. 
4. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of 

building attachments. 
5. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg F piping installations. 

I. Building Attachments:  Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 

1. Steel or Malleable Concrete Inserts (MSS Type 18 or Simpson Blue Banger Concrete 
insert with UL & FM approvals):  For upper attachment to suspend pipe hangers from 
concrete ceiling. 

2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist 
construction to attach to top flange of structural shape. 

3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, 
channels, or angles. 

4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams. 
5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads 

are considerable and rod sizes are large. 
6. C-Clamps (MSS Type 23):  For structural shapes. 
7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to 

flange edge. 
8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams. 
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-

beams for heavy loads. 
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-

beams for heavy loads, with link extensions. 
11. Malleable Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to 

structural steel. 
12. Welded-Steel Brackets:  For support of pipes from below, or for suspending from above 

by using clip and rod.  Use one of the following for indicated loads: 

a. Light (MSS Type 31):  750 lb. 
b. Medium (MSS Type 32):  1500 lb. 
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c. Heavy (MSS Type 33):  3000 lb. 

13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams. 
14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required. 
15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear 

horizontal movement where headroom is limited. 

J. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 

1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement. 
2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 1-

1/4 inches. 
3. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41 roll hanger with 

springs. 
4. Spring Sway Braces (MSS Type 50):  To retard sway, shock, vibration, or thermal 

expansion in piping systems. 
5. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and limit variability 

factor to 25 percent to absorb expansion and contraction of piping system from hanger. 
6. Variable-Spring Base Supports (MSS Type 52):  Preset to indicated load and limit 

variability factor to 25 percent to absorb expansion and contraction of piping system from 
base support. 

7. Variable-Spring Trapeze Hangers (MSS Type 53):  Preset to indicated load and limit 
variability factor to 25 percent to absorb expansion and contraction of piping system from 
trapeze support. 

8. Constant Supports:  For critical piping stress and if necessary to avoid transfer of stress 
from one support to another support, critical terminal, or connected equipment.  Include 
auxiliary stops for erection, hydrostatic test, and load-adjustment capability.  These 
supports include the following types: 

a. Horizontal (MSS Type 54):  Mounted horizontally. 
b. Vertical (MSS Type 55):  Mounted vertically. 
c. Trapeze (MSS Type 56):  Two vertical-type supports and one trapeze member. 

K. Comply with MSS SP-69 for trapeze pipe hanger selections and applications that are not 
specified in piping system Sections. 

L. Comply with MFMA-102 for metal framing system selections and applications that are not 
specified in piping system Sections. 

M. Use mechanical-expansion anchors or screw instead of building attachments where required in 
concrete construction. For anchors resisting seismic loads and/or supporting life-safety systems 
including fire sprinkler systems, anchors shall have been tested for ‘Cracked Concrete’ per A.C. 
193 and shall have a valid ICC-ES Evaluation Report 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Steel 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 building 
structure. 

B. 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. 
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1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or 
install intermediate supports for smaller diameter pipes as specified above for individual 
pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being supported.  
Weld steel according to AWS D1.1. 

C. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping and support 
together on field-assembled metal framing systems. 

D. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and 
other accessories. 

E. 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. 

F. Install lateral bracing with pipe hangers and supports to prevent swaying. For applications 
where seismic bracing is required, ‘Cracked Concrete’ expansion anchors or concrete screws 
tested per A.C. 193 must be provided for seismic bracing anchorage where post-installed 
anchors are required. 

G. 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. 

H. Load Distribution:  Install hangers and supports so piping live and dead loads and stresses from 
movement will not be transmitted to connected equipment. 

I. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum 
pipe deflections allowed by ASME B31.1 (for power piping) and ASME B31.9 (for building 
services piping) are not exceeded. 

J. Insulated Piping:  Comply with the following: 

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 according to ASME B31.1 for power piping and 
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. 

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. 
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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 inserts. 
6. Insert Material:  Length at least as long as protective shield. 

3.3 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers. 

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 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 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. Touch Up:  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. Touch Up:  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. 

END OF SECTION 230529 
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SECTION 230548-SEISMIC RESTRAINT AND VIBRATION ISOLATION 
 
All isolation materials, flexible connectors and seismic restraints shall be of the same vendor and shall be 
selected and certified using published or factory certified data. Any variance or non-compliance with 
these specification requirements shall be corrected by the contractor in an approved manner. 
 
 
PART 1  - SEISMIC DESIGN 
 
 
1.1 DESCRIPTION  

 
A. The work in this section consists of furnishing engineering and materials necessary for the 

required seismic design of supports and attachments for systems and equipment contained 
herein for the project. 

B. Other sections of DIVISION 21, 22 & 23 form a part of this section. Refer to all sections for a 
complete description of the work. 

C. Unless otherwise specified, all mechanical, electrical, fire protection and plumbing 
equipment, pipe, and duct shall be restrained to resist seismic forces. Restraints shall 
maintain equipment, piping, and duct work in a captive position.  

D. The 2006 IBC/ASCE 7-05 requires that mechanical & electrical components be assigned a 
component  importance factor.  This importance factor is used to determine which equipment 
may or may not be exempt from seismic design force requirements.  The component 
importance factor is determined as follows:  

 I p =  1.5   Life-safety component is required to function after an   
   earthquake. 

 I p  =  1.5   Component contains hazardous or flammable material. 
 I p  =  1.5    Storage racks in occupancies open to the general   

   public (e.g.,  warehouse retail stores). 
 I p  =  1.0   All other components. 

In addition, for structures in Occupancy Category IV (Buildings having essential facility required 
for post earthquake recovery, and those containing substantial quantities of hazardous 
substances as designated by local building officials),  

I p  = 1.5 For components needed for continued operation of the facility or 
whose failure could impair the continued operation of the facility.   

 
SEE PROJECT DOCUMENTS FOR COMPONENT AND SYSTEM Ip’s AND ALL OTHER DESIGN 
INFORMATION. 
 
 
1.2 GENERAL SEISMIC DESIGN REQUIREMENTS: 
 

A. Per IBC 1613.1, the seismic restraint of nonstructural components shall meet the 
requirements of ASCE 7.  If the component in question is exempted by Section 13.1.4 of 
ASCE 7, a submittal noting that seismic restraint of that particular component is not required.   

B. The seismic restraint design must meet the requirements listed in Table 13.2-1 of ASCE 7.  
These requirements may be met by providing  a project-specific design prepared by a 
registered design professional in the state were the project is being constructed, and a 
manufacturer’s certification that the component is seismically qualified.   
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C. On projects with Seismic Design Category A or B, seismic design or restraint is not required. 

D. On projects with Seismic Design Category C: 
 
a. Components with Ip = 1.0 do not require seismic design or restraint. 
b. Duct:  Where duct Ip>1.0, brace all duct > 5 lb/lf 
c. Pipe:  Where pipe Ip>1.0, brace all pipe > 2” diameter. 
d. Equipment:  Where equipment Ip>1.0, provide anchorage or restraint design for all 

floor, wall mounted or suspended equipment. 

E. On projects with Seismic Design Category D: 

1. Seismic anchorage design is not required for floor mounted mechanical, electrical, and 
plumbing components where I p = 1.0 and flexible connections between the components 
and associated duct work, piping and conduit are provided, the components are mounted 
at 4 feet (1219 mm) or less above a floor level and they weigh 400 pounds (1780 N) or 
less. 

F. Seismic anchorage or bracing is not required for hanging, wall mounted, and flexibly 
supported mechanical, plumbing and electrical components that weigh 20 pounds (89 N) or 
less, where I p = 1.0 and flexible connections are provided between the components and 
associated duct work, piping and conduit. 

G. Where equipment Ip>1.0, provide anchorage or restraint design for all floor, wall mounted or 
suspended equipment. 

H. Duct:  

1. Where duct Ip=1.0, brace all rectangular duct > and equal 6 sqft, all round duct > 33” 
diameter. 

2. Where duct Ip>1.0, brace all duct > 5 lb/lf 

I. Pipe:   

1. Where pipe Ip=1.0, brace all pipe > 3” diameter. 
2. Where pipe Ip>1.0, brace all pipe > 1” diameter. 

J. Equipment items installed in-line and rigidly mounted at the inlet and outlet to the duct system 
(e.g, fans, heat exchangers and humidifiers) with an operating weight less than 75 pounds 
(334 N) need not be braced if the duct run it is attached to is braced.  Equipment with an 
operating weight greater than 75 lbs must be braced and supported independent of the duct. 

K. Regardless of Seismic Design Category: 

1. Seismic restraints are not required on piping supported by individual clevis hangers 
where the distance, as measured from the top of the pipe to the supporting structure, is 
less than 12 inches (305mm) for the entire pipe run and the pipe can accommodate the 
expected deflections.  Trapeze or double rod hangers, where the distance from the top of 
the trapeze or support to the structure is less than 12 inches for the entire run. HVAC 
ducts suspended from hangers that are 12 inches (305 mm) or less in length from the top 
of the duct to the supporting structure and the hangers are detailed to avoid significant 
bending of the hangers and their connections.  Duct must be positively attached to 
hanger with minimum #10 screws within 2” from the top of the duct.  Hanger rods shall 
not be constructed in a manner that would subject the rod to bending moments (swivel, 
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eye bolt, or vibration isolation hanger connection to structure are required to prevent 
bending moments when utilizing this exclusion).  Displacement of the component shall 
not cause damaging impact with other utilities or the structure.  Flexible connections are 
required between unbraced systems and equipment to accommodate differential 
displacements.  Where HVAC systems Ip>1.0, this exclusion shall not apply (per ASCE 
7, 13.6.7). 

L. Brace spacing for low deformability piping and duct (e.g., cast iron, PVC, fiberglass, glass, 
etc.) shall not exceed one half of the brace spacing of high deformability piping or duct.   

M. Wherever systems or components are vibration isolated, seismic restraints must be designed 
to prevent short circuiting of the isolation systems.   

N. ANCHORAGE REQUIREMENTS: 

1. All post installed anchors utilized in the seismic design must be qualified for use in 
cracked concrete and approved for use with seismic loads. 

2. Expansion anchors shall not be used for anchorage of equipment with motors rated over 
10hp with the exception of undercut expansion anchors.  Spring or internally isolated 
equipment are exempt from this requirement. 

3. All beam clamps utilized for vertical support must also incorporate retention straps. 
4. All seismic brace arm anchorages to include concrete anchors, beam clamps, truss 

connections, etc., must be approved for use with seismic loads. 
5. Calculations and restraint device submittal drawings shall specify anchor bolt type, 

embedment, concrete compressive strength, minimum spacing between anchors, and 
minimum distances of anchors from concrete edges.  Concrete anchor locations shall not 
be near edges, stress joints, or an existing fracture.  All bolts shall be ASTM A307 or 
better. 

6. Gravity supports must be designed by a licensed engineer in the project state for 
systems subject to seismic requirements as listed above.  Gravity supports include 
primary support and anchorage of all distributed systems, riser supports, and supports 
for floor mounted utilities.  Design is to include seismic loads in conjunction with dead 
loads as required by the IBC/ASCE 7. 

O. See Part 2 for additional seismic restraint requirements associated with vibration isolated 
systems and components.  

 
1.3 MANUFACTURER’S RESPONSIBILITIES: 

A. The following seismic restraint manufacturers are accepted:  International Seismic 
Application Technology (ISAT), Amber / Booth, Mason Industries Inc. (M.I.), Kinetics Noise 
Control Inc. (K.N.C.), Vibration Mounting & Controls, Inc. (V.M.C.) and Vibro Acoustics.  

B. Determine vibration isolation and seismic restraint sizes and locations. 

C. Provide installation instructions and shop drawings for all materials supplied under this 
section of the specifications. 

D. Provide calculations to determine restraint loads resulting from seismic forces presented in 
local building code or IBC, Chapter 16 latest edition. Seismic calculations shall be certified by 
the manufacturers engineer licensed in the state of Utah. 

E. Seismic restraint load ratings must be certified and substantiated by testing or calculations 
under direct control of a registered professional engineer.  Copies of testing and calculations 
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must be submitted as part of submittal documents. OSHPD pre-approved restraint systems 
are exempt from this requirement if their pre-approval is current and based upon the IBC 
2006 (i.e. OPA-07 pre-approval numbers). 

 
1.4 QUALITY CONTROL 

A. All seismic restraint components exposed to the weather shall be zinc or cadmium-plated, 
epoxy coat or PVC coated, and/or galvanized steel.  Nuts, bolts and washers may be zinc-
electroplated. Restraints for outdoor mounted components shall provide adequate restraint 
for the greater of either wind or seismic loads required by local codes or withstand a 
minimum of 30 lb. / sq. ft. applied to any exposed surface of the equipment.  

B. Seismic restraint designer must provide, in writing, the special inspection requirements for all 
Designated Seismic Systems as indicated in Chapter 17 of the IBC. 

 
1.5 SUBMITTALS 

A. Each contractor responsible for the installation of Designated Seismic Systems (systems with 
component Ip>1.0) must submit a “Statement of Responsibility” as required by Section 
1706.1 of the IBC 2006, prior to beginning work on the system or component. 

B. Submittal documents must include a “Basis for Design” or “Design Criteria” which includes a 
statement from the registered design professional that the design complies with the 
requirements of the ASCE 7-05, Chapter 13 and IBC 2006 chapter 1912/ACI 318 (concrete 
anchors). 

C. Submittals must include seismic bracing layout drawings indicating the location of all seismic 
restraints.  The submittal package must include seismic restraint details providing specific 
information relating to the materials, type, size, and locations of anchorages; materials used 
for bracing; attachment requirements of bracing to structure and component; and locations of 
transverse and longitudinal sway bracing and rod stiffeners.  

D. Catalog cut sheets and installation instructions shall be included for each type seismic 
restraint used on equipment or components being restrained. 

E. Submit special inspection requirements as required under 1.4 at time of seismic submittals.  

F. Submittal drawings and calculations must be stamped by a registered professional engineer 
in the State were the project is being constructed who is responsible for the seismic restraint 
design.  All seismic restraint submittals not complying with this certification will be rejected. 

 
1.6 SEISMIC CERTIFICATION OF EQUIPMENT 

A. For equipment or components where Ip = 1.0. 

B. Submittal documents must include a “Basis for Design” or “Design Criteria” which includes a 
statement from the registered design professional that the design complies with the 
requirements of the ASCE 7-05, Chapter 13 and IBC 2006 chapter 1912/ACI 318 (concrete 
anchors).  In addition, the basis for compliance must also be noted, as listed below: 

1. Project specific design documentation prepared and submitted by a registered design 
professional (ASCE 7, 13.2.1.1) 

2. Submittal of the manufacturer’s certification that the equipment is seismically qualified by: 
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a. An engineered analysis conforming to the requirements of Chapter 13 of ASCE 7. 
b. Testing by a nationally recognized testing standard procedure such as ICC-ES AC 

156.  The substantiated seismic design capacities shall exceed the seismic demands 
determined by Section 13.3 of ASCE 7. 

c. Experience data conforming to a nationally recognized procedure.  The substantiated 
seismic design capacities shall exceed the seismic demands determined by Section 
13.3 of ASCE 7. 

3. The equipment and components listed below are considered rugged and shall not require 
Special Seismic Certification: 

a. Valves (not in cast-iron housings, except for ductile cast iron). 
b. Pneumatic operators. 
c. Hydraulic operators. 
d. Motors and motor operators. 
e. Horizontal and vertical pumps (including vacuum pumps). 
f. Air compressors 
g. Refrigerators and freezers. 
h. Elevator cabs. 
i. Underground tanks. 
j. Equipment and components weighing not more than 20 lbs. supported directly on 

structures (and not mounted on other equipment or components) with supports and 
attachments in accordance with Chapter 13, ASCE 7-05.  

4. Exemptions in this section are for factory assembled discrete equipment and 
components only and do not apply to site assembled or field assembled equipment or 
equipment anchorage.  The list is based in part on OSHPD Code Application Notice 2-
1708A.5. 

C. Special Certification requirements for Designated Seismic Systems (i.e. Ip > 1.0): 
Seismic Certificates of Compliance supplied by manufacturers shall be submitted for all 
components that are part of Designated Seismic Systems.  In accordance with the ASCE 7, 
certification shall be via one of the following methods: 

1. For active mechanical and electrical equipment that must remain operable following the 
design earthquake: 

a. Testing as detailed by part c above. 
b. Experience data as detailed by part c above. 
c. Equipment that is considered “rugged” per part c above. 

2. Components with hazardous contents shall be certified by the manufacturer as 
maintaining containment following the design earthquake by:  

a. Testing as detailed by part c above. 
b. Experience data as detailed by part c above. 
c. Engineering analysis utilizing dynamic characteristics and forces.  Tanks (without 

vibration isolators) designed by a registered design professional in accordance with 
ASME Boiler and Pressure Vessel Code, 2004 (BPVC 2004), and satisfying the force 
and displacement requirements of Sections 13.3.1 and 13.3.2 of ASCE 7-05 having 
an importance factor, I = 1.5 and reviewed by DFCM shall be considered to satisfy 
the Special Seismic Certification requirements on the basis of ASCE 7-05 Section 
13.6.9. 
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1.7 INSTALLATION 

A. Comply with manufacturer/engineer’s instructions for the installation of seismic restraint 
materials and products.  

 
 
 
PART 2   - VIBRATION ISOLATION 
 

See Part 1 for seismic design requirements.  Additional seismic design requirements are outlined 
below where they pertain specifically to vibration isolated components or systems. 

 
 
2.1 DESCRIPTION  

A. The work in this section consists of furnishing engineering and materials necessary for 
vibration isolation for systems and equipment contained herein for the project.  

B. Other sections of DIVISION 21, 22 & 23 form a part of this section. Refer to all sections for a 
complete description of the work. 

C. All mechanical equipment .75 HP and over listed in the equipment schedule shall be 
mounted on vibration isolators to prevent the transmission of objectionable vibration and 
vibration induced sound to the building structure.  

D. All isolation materials, flexible connectors and seismic restraints shall be of the same vendor 
and shall be selected and certified using published or factory certified data. Any variance or 
non-compliance with these specification requirements shall be corrected by the contractor in 
an approved manner. 

E. The contractor and vendor of the isolation and seismic restraints for floor mounted equipment 
shall refer to the isolator and seismic restraint schedule which lists isolator types, isolator 
deflections and seismic restraint type. Vibration isolators shall be selected in accordance with 
the equipment, pipe or duct weight distribution so as to produce reasonably uniform 
deflections. 

F. Install full line size flexible pipe connectors at the inlet and outlet of each pump, cooling 
tower, condenser, chiller, coiling connections and where shown on the drawings. All 
connectors shall be suitable for use at the temperature, pressure, and service encountered at 
the point of installation and operation.  End fitting connectors shall conform to the pipefitting 
schedule. Control rods or protective braid must be used to limit elongation to 3/8”.  Flexible 
connectors shall not be required for suspended in-line pumps. 

  
 
2.2 MANUFACTURER’S RESPONSIBILITIES: 

A. Manufacturer of vibration and seismic restraint products shall have the following 
responsibilities: 

1. Determine vibration isolation and seismic restraint sizes and locations. 
2. Provide installation instructions and shop drawings for all materials supplied under this 

section of the specifications. 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 

 
VIBRATION ISOLATION AND SEISMIC RESTRAINT   230548-7   

3. Provide calculations to determine equipment restraint loads resulting from seismic forces 
presented in local building code or IBC, Chapter 16 latest edition. Seismic calculations 
shall be certified by the manufacturers engineer licensed in the state of Utah. 

B. Seismic restraint load ratings must be certified and substantiated by testing or calculations 
under direct control of a registered professional engineer.  

C. Calculations and restraint device submittal drawings shall meet the requirements of Part 1, 
Seismic Design. 

  
 
2.3 QUALITY CONTROL 

A. The isolators and seismic restraint systems listed herein are as manufactured by 
International Seismic Application Technology (ISAT), Amber / Booth, Mason Industries Inc. 
(M.I.), Kinetics Noise Control Inc. (K.N.C.), California Dynamics (CalDyn), Vibration Mounting 
& Controls, Inc. (V.M.C.) and Vibro Acoustics.  

B. Steel components shall be cleaned and painted with industrial enamel.  All nuts, bolts and 
washers shall be zinc-electroplated.  Structural steel bases shall be thoroughly cleaned of 
welding slag and primed with zinc-chromate or metal etching primer.  

C. All isolators, bases and seismic restraints exposed to the weather shall utilize weather 
resistant plating, epoxy coat or PVC coated springs and galvanized steel components.  Nuts, 
bolts and washers may be zinc-electroplated. Isolators for outdoor mounted equipment shall 
provide adequate restraint for the greater of either wind loads required by local codes or 
withstand a minimum of 30 lb. / sq. ft. applied to any exposed surface of the equipment.  

D. Vibration isolation designer must provide a written special inspection plan as indicated in 
Chapter 17 of the IBC. 

 
2.4 SUBMITTALS 

A. Submit shop drawings of all isolators, seismic restraints and calculations provided. 

B. The manufacturer of vibration isolation products shall submit the following data for each piece 
of isolated equipment: clearly identified equipment tag, quantity and size of vibration isolators 
and seismic restraints for each piece of rotating isolated equipment. Submittals for mountings 
and hangers incorporating springs shall include spring diameter and free height, rated 
deflections, and solid load. Submittals for bases shall clearly identify locations for all 
mountings as well as all locations for attachment points of the equipment to the mounting 
base.  Submittals shall include seismic calculations signed and checked by a qualified 
licensed engineer in the state where the project is being constructed. Catalog cut sheets and 
installation instructions shall be included for each type of isolation mounting or seismic 
restraint used on equipment being isolated. 

C. Submit special inspection requirements as required under 2.4 at time of isolator/seismic 
submittals.  Submittal must be stamped by a registered Utah professional engineer who is 
responsible for the vibration isolation and seismic restraint design.  All vibration isolation not 
complying with this certification will be rejected. 

D. Submittal documents must include a “Basis for Design” or “Design Criteria” which includes a 
statement from the registered design professional that the design complies with the 
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requirements of the ASCE 7-05, Chapter 13 and IBC 2006 chapter 1912/ACI 318 (concrete 
anchors).  In addition, the basis for compliance must also be noted, as listed below: 

1. Project specific design documentation prepared and submitted by a registered design 
professional (ASCE 7, 13.2.1.1) 

2. Submittal of the manufacturer’s certification that the isolation equipment is seismically 
qualified by: 
 
a. An engineered analysis conforming to the requirements of Chapter 13 of ASCE 7. 
b. Testing by a nationally recognized testing standard procedure such as ICC-ES AC 

156.  The substantiated seismic design capacities shall exceed the seismic demands 
determined by Section 13.3 of ASCE 7. 

c. Experience data conforming to a nationally recognized procedure.  The substantiated 
seismic design capacities shall exceed the seismic demands determined by Section 
13.3 of ASCE 7. 

 
 
2.5 VIBRATION ISOLATION PRODUCTS 

A. ISOLATORS 

1. Specification W:  a pad type mounting consisting of two layers of ribbed elastomeric pads 
with a ½” poro-elastic vibration absorptive material bonded between them. Pads shall be 
sized for approximate deflection of  0.10”  to  0.18”. Pads shall be Amber / Booth Type 
NRC or equal. 

2. Specification A:  an elastomeric mounting having a steel baseplate with mounting holes 
and a threaded insert at top of the mounting for attaching equipment.  All metal parts 
shall be completely embedded in the elastomeric material.  Mountings shall be designed 
for approximately 1/2” deflection, and incorporate a steel seismic snubber with all 
directional restraint.  Mountings shall be Amber/Booth Type SRVD or equal.  

3. Specification B:  an adjustable, freestanding, open spring mounting with combination 
leveling and equipment fastening bolt.  The spring shall be welded to the spring mounting 
baseplate and compression plate for stability.  The isolator shall be designed for a 
minimum kx/ky (horizontal-to-vertical spring rate) of 1.0.   An elastomeric pad having a 
minimum thickness of 1/4” shall be bonded to the baseplate.  Nuts, adjusting bolts and 
washers shall be zinc-electroplated to prevent corrosion. This type isolator must be used 
with specification SL seismic restraint (section 2.3.1).  Isolators shall be Amber/Booth 
Type SW or equal. 

4. Specification C:  a unitized adjustable, stable open spring isolator with a seismic restraint 
housing which serves as a blocking device during equipment installation.  The spring 
package shall include an elastomeric pad for high frequency absorption at the base of 
the spring.   The springs shall be designed for a minimum kx/ky (horizontal-to-vertical 
spring rate) of 1.0.  Nuts, adjusting bolts and washers shall be zinc-electroplated to 
prevent corrosion.  The spring assembly shall be removable with equipment in place and 
shall fit within a welded steel enclosure consisting of a top plate and rigid lower housing.  
Isolated seismic restraint bolts shall connect top plate to lower housing to resist seismic 
and wind forces in all directions and limit motion to a maximum of 1/4” movement before 
engaging.  Surfaces that engage under seismic motion shall be cushioned with a resilient 
elastomeric pad or grommet to protect equipment.  Top plate shall have adequate means 
for fastening to the equipment, and baseplate shall have adequate means for bolting to 
structure.  Entire assembly shall be rated to exceed the applied seismic load (para 
1.3.4.).  Seismic isolator shall be Amber/Booth Type CTER or equal. 

5. Specification D:  an elastomeric hanger consisting of a rectangular steel box capable of 
200% minimum overload without visible deformation, 30 degree rod misalignment and an 
elastomeric isolation element designed for approximately 1/2” deflection. Hangers shall 
be Amber/Booth Type BRD or equal. 
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6. Specification E:  a combination spring and elastomeric hanger consisting of a rectangular 
steel box capable of 200% minimum overload without visible deformation, 30 degree rod 
misalignment, coil spring, spring retainers and elastomeric element designed for 
approximately 1/2” deflection. The spring shall be designed for a minimum kx/ky 
(horizontal-to-vertical spring rate) of 1.0.  Spring hangers shall be Amber/Booth Type 
BSRA or equal. 

7. Specification F:  a set (two or more) of spring thrust resisting assemblies, which consist 
of coil springs, spring retainer, isolation washer, angle mounting brackets, and 
elastomeric tubing for isolating thrust resister rod from fan discharge. Thrust restraints 
shall be Amber / Booth Type TRK or equal. 

8. Specification SB:  a unitized adjustable open spring isolator and a welded steel housing 
designed to resist seismic forces in all directions. Restraint surfaces which engage under 
seismic motion shall be cushioned with a resilient elastomer to protect equipment. 
Restraints shall allow a maximum of 1/4” movement before engaging and shall allow for 
the spring to be changed if required.  Isolator shall be a stable spring with a minimum 
ky/ky of 1.0.  The spring package shall include an elastomeric pad for high frequency 
absorption at the base of the spring.  Nuts and bolts shall be zinc-electroplated to prevent 
corrosion.  Bolting equipment to isolator with bolts smaller than main adjusting bolt will 
not be allowed.  

9. Base plate shall provide means for bolting to the structure.  Entire assembly shall be 
rated to exceed the applied seismic load.  Mountings shall be Amber/Booth Type SWSR 
or equal. 

B. BASES 

1. Specification G:  a welded integral structural steel fan and motor base with NEMA 
standard motor slide rails and holes drilled to receive the fan and motor slide rails. The 
steel members shall be adequately sized to prevent distortion and misalignment of the 
drive, and specifically, shall be sized to limit deflection of the beam on the drive side to 
0.05” due to starting torque.  Snubbers to prevent excessive motion on starting or 
stopping shall be furnished if required; however, the snubbers shall not be engaged 
under steady running conditions. Bases shall be Amber/Booth Type SFB or equal. 

2. Specification H:  a welded WF (main member) structural steel base for increasing rigidity 
of equipment mounted thereon or for unitizing belt driven fans.  Fan bases shall have 
holes drilled to match fan and located to provide required center distance between fan 
and supplied NEMA standard motor slide rails.  The steel members shall have minimum 
depth of 1/12” of the longest span, but not less than 6” deep.  Junior beams and junior 
channels shall not be used.  Cross members shall be provided where necessary to 
support the equipment or to prevent twisting of the main members. Where height 
restrictions prevent the use of members having a depth of 1/12 of the longest span, 
beams of less depth may be used provided they have equal rigidity. Provide height-
saving brackets for side mounting of the isolators.  Brackets for use with Specification 
type B isolators having 2.5” deflection or greater shall be of the precompression type to 
limit exposed bolt length.  Bases shall be Amber/Booth Type WSB or equal. 

3. Specification J:  a concrete inertia base consisting of perimeter structural steel concrete 
pouring form (CPF), reinforcing bars welded in place, bolting templates with anchor bolts 
and height-saving brackets for side mounting of the isolators.  Brackets for use with 
Specification type B isolators having 2.5” deflection or greater shall be of the pre-
compression type to limit exposed bolt length.  The perimeter steel members shall have a 
minimum depth of 1/12 of the longest span, but not less than 6” deep.  The base shall be 
sized with a minimum overlap of 4” around the base of the equipment and, in the case of 
belt-driven equipment, 4” beyond the end of the drive shaft.  Fan bases are to be 
supplied with NEMA standard motor slide rails.  The bases for pumps shall be sized to 
support the suction elbow of end suction pumps and both the suction and discharge 
elbows of horizontal split-case pumps.  The bases shall be T-shaped where necessary to 
conserve space.  Inertia bases shall be Amber/Booth Type CPF or equal. 
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C. FLOOR MOUNTED EQUIPMENT SEISMIC RESTRAINTS: 

1. Specification SL:  a restraint assembly for floor mounted equipment consisting of welded 
steel interlocking assemblies welded or bolted securely to the equipment or the 
equipment bases and to the supporting structure.  Restraint assembly surfaces which 
engage under seismic motion shall be lined with a minimum ¼” thick resilient elastomeric 
pad to protect equipment. Restraints shall be field adjustable and be positioned for 1/4” 
clearance as required to prevent interference during normal operation.  Restraint 
assembly shall have minimum rating of 2 times the catalog rating at 1 G as certified by 
independent laboratory test.  Restraint shall be Amber/Booth Type ER or equal. 

D. ROOFTOP UNIT CURBS AND ISOLATION SYSTEMS 

1. Specification W:  Non-isolated seismically rated rooftop curb system that is flashed into 
roofing membrane. Air and watertight curb shall have a neoprene sponge seal at the top 
and be rigid enough provide continuous perimeter support for rooftop unit. Curb must 
provide means to positively anchor to concrete deck, or bolt or weld directly to structural 
steel to withstand seismic loading. Curb shall provide a means by which contractor 
supplied insulation may be installed for thermal insulation and acoustic attenuation.  
Curbs shall accommodate roof pitch shown on drawings.  Curb shall use minimum 16 
gage galvanized steel and shall be designed with crossbracing required to withstand the 
greater of seismic forces (para 1.3.4.) or wind loading per local building code.  Design 
must be certified by registered professional engineer in the employ of the manufacturer.  
Seismic curbs shall be Amber/Booth Type RTC or equal. 

2. Specification X:  An extruded aluminum rail base for roof top air conditioning units 
consisting of top and bottom weatherproofed aluminum rails for mounting between 
equipment and roof curb, incorporating wind/seismic restraints and a continuous air and 
water seal which is protected from accidental puncture and direct sunlight by an 
aluminum weather shield.  Rails shall incorporate free standing, open spring isolators 
(minimum kx/ky of 1.0) properly spaced and sized around perimeter for the deflection 
listed in the isolation schedule.  To prevent leaks, rails shall be factory assembled (to the 
limits of freight carriers) and shipped as a one-piece unit. Where spliced, corners to be 
factory assembled.  Specification X rails may only be used where wind/seismic restraint 
are capable of withstanding seismic forces per paragraph 1.3.4.  Seismic design of the 
curb supporting the isolation rail shall be provided by the roof curb manufacturer. Rails 
shall be Amber/Booth Type RTIR or equal. 

3. Specification Y:  Seismically rated rooftop isolation curb system that is flashed into 
roofing membrane. Standard unit curb will not be used. Air and watertight upper curb 
shall have a neoprene sponge seal at the top and be rigid enough provide continuous 
perimeter support for rooftop unit. The upper curb shall be supported by type C isolators 
welded or bolted to continuous structural support which is positively anchored to concrete 
deck or bolted or welded to the structure to withstand seismic loading. An EPDM nylon 
reinforced airtight weatherproof seal shall consolidate the upper and lower curbs.  
Weatherproof access doors shall be provided at each isolator to allow isolator 
adjustment.  Isolation curb shall provide a means by which contractor supplied insulation 
may be installed for thermal insulation and acoustic attenuation.  Curbs shall 
accommodate roof pitch shown on drawings.  Isolation curb shall use minimum 16 gage 
galvanized steel and shall be designed with crossbracing required to withstand the 
greater of seismic forces (para 1.3.4.) or wind loading per local building code.  Design 
must be certified by registered professional engineer in the employ of the manufacturer.  
Isolation curbs shall be Amber/Booth Type RTIC or equal. 

E. FLEXIBLE PIPE CONNECTIONS 

1. Specification K:  Water Service: For flanged connection – a double sphere arch rubber 
expansion joint constructed of molded reinforced neoprene with integral steel floating 
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flanges, and designed to be suitable for pressures up to 225 PSI (4 to 1 safety factor) 
and temperatures up to 225 °F.  Connectors shall have minimum movement capabilities 
of 1.77” compression, 1.18” lateral and 1.18” extension.  Connectors shall provide a 
minimum 35° angular movement up to 6”, minimum 30° up to 12” and minimum 20°up to 
24”.  Spring-loaded control units shall be furnished to limit movement to within 
allowables.  Amber/Booth Type 2600 or equal. 

2. Water Service:  For threaded type – A double spherical rubber hose connector, minimum 
8” long, constructed of molded neoprene, nylon cord reinforced, with female pipe unions 
each end.  Connectors shall have a minimum movement capability of 7/8” compression, 
7/8” lateral, 1/4” extension and 20° angular through 1-1/4”, 13° through 2”, and 9° through 
3”.  Connectors shall be suitable for a maximum working pressure (4 to 1 safety factor) of 
150 psi and 225 degree F.  Connectors shall have cable control units to limit extension 
to1/4”. Amber/Booth Type 2655 or equal. 

3. Specification L:  Steam and Condensate Service:  

a. For flanged connection – a metal hose connector constructed of stainless steel hose 
and braid with carbon steel plate flanges.  Live lengths shall conform to hose 
minimum length to absorb thermal and dynamic movement. Hose axis must be 
perpendicular to pipe movement.  Amber/Booth Type SS-FP or SS-FW or equal. 

b. For threaded connections - a metal hose connector constructed of stainless steel 
hose and braid with carbon steel NPT threaded end fittings.  Minimum lengths shall 
conform to the following table:  

  
1-1/2” dia. (and smaller) x 10” long 
     2” x 12” 
     2-1/2” x 13”  
 3” x 14” 
 3-1/2” x 16” 
 4” x 16” 

c.  Amber/Booth Type SS-PM or equal. 

4. Air Compressor Vacuum Service   

a. For flanged connection – a flanged metal hose connector constructed of stainless 
steel hose and braid with carbon steel plate flanges.  Connector shall be double 
braided with a minimum live length equal to four times the diameter.  Connector shall 
be installed with the long axis perpendicular to the motion to be absorbed.  
Amber/Booth Type SS-FP (Special) or equal. 

b. For threaded connection – a metal hose connector constructed of stainless steel 
hose and braid with carbon steel NPT threaded end fittings.  Connector shall be 
double braided and have a minimum live length equal to four times the diameter.  
Connector shall be installed with the long axis perpendicular to the motion to be 
absorbed. Amber/Booth Type SS-PM (special) or equal. 

F. PIPE GUIDES AND ANCHORS FOR ISOLATED PIPING 

1. Specification M: For Pipe Guides where specifically shown on drawings to accommodate 
expansion loops and compensators, the vibration isolator manufacturer shall provide pipe 
guides consisting of a telescopic arrangement of two sizes of steel tubing separated by a 
minimum, half inch thickness of heavy duty neoprene and duck or elastomeric isolation 
material. Guides shall be Amber/ Booth type AG or equal. 

2. Specification N:  For anchors where specifically shown on drawings to accommodate 
expansion loops and compensators, the vibration isolator manufacturer shall provide all 
directional acoustical pipe anchors consisting of a telescopic arrangement of two sizes of 
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steel tubing separated by a minimum half inch thickness of heavy duty neoprene and 
duck or elastomeric isolation material.  All-directional anchors shall be Amber/Booth type 
AG or equal.  

 
 
PART 3  - EXECUTION 
 
 Isolator and seismic restraints shall be installed as recommended by the manufacturer.  Isolate 

all mechanical equipment 0.75 hp and over per the isolation schedule and these specifications. 
 
 
3.1 PIPING ISOLATION 

A. Horizontal Pipe Isolation:  all HVAC pumped water, pumped condensate, glycol, and 
refrigerant piping size 1-1/4” and larger within mechanical rooms shall be isolated. Outside 
equipment rooms this piping shall be isolated for the greater of 50’ or 100 pipe diameters 
from rotating equipment.  For the first 3 support locations from externally isolated equipment 
provide specification E hangers or specification SB or SX floor mounts with the same 
deflection as equipment isolators (max 2”). All other piping within the equipment rooms shall 
be isolated with the same specification isolators with a 3/4” minimum deflection.  Steam 
piping size 1-1/4” and larger which is within an equipment room and connected to rotating 
equipment shall be isolated for three (3) support locations from the equipment. Provide 
specification E or SB (SX) isolators with the same deflection as the equipment but a minimum 
of ¾” 

B. All plumbing pumped water, pumped condensate, and steam piping size 1-1/4” and larger 
within mechanical rooms shall be isolated the same as HVAC piping (para. 3.2.1). Isolators 
are not required for any plumbing pumped water, pumped condensate, and steam piping 
outside of mechanical rooms unless listed in the isolation schedule (para. 3.5.5.) 

C. Pipe Riser Isolation:  All variable temperature vertical pipe risers 1-1/4” and larger, riser 
piping requiring isolation per para. 3.2.1 or 3.2.2 or where specifically shown and detailed on 
riser drawings shall be fully supported by specification B mounts with precompression plates. 
Steel spring deflection shall be 3/4-inch minimum except in those locations where added 
deflection is required due to pipe expansion and contraction.  Spring deflection shall be a 
minimum of 4 times the anticipated deflection change. Springs shall be selected to keep the 
riser in tension.  Pipe risers up through 16” shall be supported at intervals of every third floor 
of the building.  Pipe risers 18” and over, every second floor.  Wall sleeves for take-offs from 
riser shall be sized for insulation O.D. plus two times the anticipated movement to prevent 
binding.  Horizontal take-offs and at upper and lower elbows shall be supported with spring 
isolators as required to accommodate anticipated movement.  In addition to submittal data 
requirements previously outlined, riser diagrams and calculations shall be submitted for 
approval.  Calculations must show anticipated expansion and contraction at each support 
point, initial and final loads on the building structure, and spring deflection changes.  
Submittal data shall include certification that the riser system has been examined for 
excessive stresses and that none will exist if installed per design proposed.  Riser supports 
shall be Amber/Booth Type SWP or equal. 

 
 
3.2 DUCT ISOLATION:   

A. Isolate all duct work with a static pressure 2” W.C. and over in equipment rooms and to 
minimum of 50 feet from the fan or air handler. Use specification type E hangers or type SB 
(SX) floor mounts or equal. 
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3.3 INSTALLATION 

A. Comply with manufacturer’s instructions for the installation and load application of vibration 
isolation materials and products.  Adjust to ensure that units do not exceed rated operating 
deflections or bottom out under loading, and are not short-circuited by other contacts or 
bearing points.  Remove space blocks and similar devices (if any) intended for temporary 
support during installation or shipping. 

B. Locate isolation hangers as near the overhead support structure as possible. 

C. Adjust leveling devices as required to distribute loading uniformly on isolators.  Shim units as 
required where leveling devices cannot be used to distribute loading properly. 

D. Install isolated inertia base frames and steel bases on isolator units as indicated so that a 
minimum of 2 inch clearance below base will result when supported equipment has been 
installed and loaded for operation. 

E. Roof curbs shall be installed directly to building structural steel or concrete roof deck.  
Installation on top of steel deck or roofing material is not acceptable.  

 
 
3.4 APPLICATION OF SEISMIC RESTRAINTS 

A. All floor mounted isolated equipment shall be protected with type SB or type C unitized 
isolator and restraint or with separate type SL restraints (minimum of 4) in conjunction with 
type B isolators.  For equipment with high center of gravity additional cable restraints shall be 
furnished, as required by isolation manufacturer, to limit forces and motion caused by 
rocking. 

B. Floor mounted which are exempt (section 2.2.) shall be protected by properly sized anchor 
bolts with elastomeric grommets provided by the isolation manufacturer 

C. Where riser pipes pass through cored holes, core diameters to be a maximum of 2” larger 
than pipe O.D. including insulation. Cored holes must be packed with resilient material or 
firestop as provided by other sections of this specification or local codes. Restrained isolators 
type C or SB shall support risers and provide longitudinal restraint at floors where thermal 
expansion is minimal and will not bind isolator restraints. 

 
3.5 QUALITY ASSURANCE  

A. Representative of vibration isolation system manufacturer to walk the project and provide 
documentation indicating conformance to vibration isolation design intent (see example 
below) 

 

 EQUIPMENT ISOLATION SCHEDULE
(1)(4)     

     LOCATI
ON     

  A'   B'   C'  

  CRITIC
AL   UPPER 

STORY  GRADE 

 (35'-50' SPAN)  (20'-35' SPAN)    

 ISOLA
TOR

MINIMU
M 

BASE 
(1) 

ISOLA
TOR

MINIMU
M 

BASE 
(1) 

ISOLA
TOR 

MINIMU
M 

BASE 
(1) 
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 TYPE DEFLE
CTION TYPE TYPE DEFLE

CTION TYPE TYPE DEFLE
CTION TYPE

EQUIPMENT  (IN)   (IN)   (IN)  
CENTRIFUGAL FANS          
CL. I & II UP TO 54-112" W.D.          

UPT015HP SWIS
WSR 1.5 SFB SWIS

WSR 0.75 SFB SWIS
WSR 0.75 SFB 

20-50 HP SW 2.5 CPF SWIS
WSR 1.5 CPF SWIS

WSR 0.75 SFB 

60 HP & OVER SW 3.5 CPF SW 2.5 CPF SWIS
WSR 1.5 SFB 

CL. I & II 60" W.D. & OVERI 
ALL CL. III FANS          

UPT015HP SW 2.5 CPF SWIS
WSR 1.5 CPF SWIS

WSR 0.75 CPF 

20-50 H P SW 2.5 CPF SW 2.5 CPF SWIS
WSR 1.5 CPF 

60 HP & OVER SW 3.5 CPF SW 2.5 CPF SWIS
WSR 1.5 CPF 

VENT (UTILITY SETS)          

FLOOR MTD SWIS
WSR 1.5 WSB SWS

R 0.75  SWSR 0.75  

SUSPENDED (4) BSRA 1.75 WSB BSR
A 1  BSRA 0.75  

AIR COOLED CONDENSERS          
UP TO 50 TONS CTER 1.5 (3) CTER 0.75 (3) NRC 0.15  
OVER 50 TONS CTER 2.5 (3) CTER 1.5 (3) NRC 0.15  
          
          

 
NOTES: 

1) WITH TYPE ER SEISMIC SNUBBERS IF SW ISOLATORS ARE USED. NO ADDITIONAL 
SNUBBER IS REQUIRED FOR SWSR ISOLATORS. 

2) TYPE TRK THRUST RESISTORS REQUIRED ON ALL HIGH PRESSURE FAN 
SECTIONS, SUSPENDED AXIAL FLOW FANS AND ON FLOOR MOUNTED AXIAL FANS 
OPERATING AT 3" S.P. OR GREATER. 

3) WITH STEEL BASE TYPE WSB IF REQUIRED FOR SUPPORT. 
  
END OF SECTION 230548 
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SECTION 23 0550 - OPERATIONS & MAINTENANCE MANUALS 
 
 
PART 1- GENERAL 
 
 
1.1  RELATED DOCUMENTS 
 

A. All pertinent sections of Division 21, 22, & 23 Mechanical General Requirements, are part of 
the work of this Section.  Division 1 is part of this and all other sections of these 
specifications. 

 
1.  Testing and Balancing is specified in section 230594. 
2.  Training and Instructions to Owner’s Representative is specified in section 230100.  

 
 
1.2   SCOPE OF WORK 
 

A. Submission of Operating and Maintenance Manuals complete with Balancing reports.  
(Coordinate with Division 1). 

 
B. Coordination of work required for system commissioning.  
 

       C.  Provide a hard copy and an electronic copy of the O and M manual fully searchable in PDF 
format. 

           
 
1.3   SUBMITTALS 
 

A. Submit product data in accordance with Division 1 and Section 230100.  Submit the following: 
 

B. Sample of O and M manual outline. 
 
 
PART 2 - PRODUCTS  

 
 
2.1   O & M MANUALS   
 

A. The operating and maintenance manuals shall be as follows: 
 

1.  Binders shall be red buckram with easy-view metal for size 8-1/2 x 11-inch sheets, with 
capacity expandable from 2 inches to 3-1/2 inches as required for the project.  
Construction shall be rivet-through with library corners.  No. 12 backbone and lining shall 
be the same material as the cover.  The front cover and backbone shall be foil-stamped 
in white as follows:  (coordinate with Section 1730) 

 
OPERATING AND MAINTENANCE  

MANUAL 
FOR THE  

 
(INSERT PROJECT NAME) 

 
(INSERT PROJECT COMPLETION YEAR) 

 
VOLUME No. ( ) 
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VAN BOERUM & FRANK ASSOCIATES, INC. 
MECHANICAL ENGINEER 

 
(INSERT ARCHITECT) 

 
  Binders shall be a manufactured by Hiller Bookbinding.   

 
 
PART 3- EXECUTION  
 
 
3.1   OPERATING AND MAINTENANCE MANUALS: 

 
A. Work under this section shall be performed in concert with the contractor performing the 

system testing and balancing.  Six (6) copies of the manuals shall be furnished to the 
Architect for distribution to the owner. 

 
B. The "Start-Up and Operation" section is one of the most important in the manual.  Information 

in this section shall be complete and accurately written and shall be verified with the actual 
equipment on the job, such as switches, starters, relays, automatic controls, etc.  A step-by-
step start-up procedure shall be described. 

 
C. The manuals shall include water-balancing reports, system commissioning procedures, start-

up tests and reports, equipment and system performance test reports, warranties, and 
certificates of training given to the owner’s representatives. 

 
D. An index sheet typed on AICO Gold-Line indexes shall be provided in the front of the binder.  

The manual shall be include the following: 
 
   SYSTEM DESCRIPTIONS 
 
   START-UP PROCEDURE AND OPERATION OF SYSTEM  
 
   MAINTENANCE AND LUBRICATION TABLE 

 
   OPERATION AND MAINTENANCE BULLETINS 
 

AUTOMATIC TEMPERATURE CONTROL DESCRIPTION OF OPERATION, INTERLOCK 
AND  CONTROL DIAGRAMS, AND CONTROL PANELS. 

 
   AIR AND WATER SYSTEM BALANCING REPORTS 
 
   EQUIPMENT WARRANTIES AND TRAINING CERTIFICATES 
 
   SYSTEM COMMISSIONING REPORTS 
 
   EQUIPMENT START-UP CERTIFICATES 
 
 
END OF SECTION 230550 
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SECTION 230594 - GENERAL TESTING, ADJUSTING, BALANCING AND COMMISSIONING 
 
 
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 testing, adjusting, and balancing HVAC systems to produce design 
objectives, including the following: 

 
1.  Balancing airflow and water flow within distribution systems, including submains, 

branches, and terminals, to indicated quantities according to specified tolerances. 
2.  Adjusting total HVAC systems to provide indicated quantities. 
3.  Measuring electrical performance of HVAC equipment. 
4.  Setting quantitative performance of HVAC equipment. 
5.  Verifying that automatic control devices are functioning properly. 
6.  Measuring sound and vibration. 
7.  Reporting results of the activities and procedures specified in this Section. 

 
 
1.3   DEFINITIONS 
 

A. Adjust:  To regulate fluid flow rate and air patterns at the terminal equipment, such as to reduce 
fan speed or adjust a damper. 

 
B. Balance:  To proportion flows within the distribution system, including submains, branches, and 

terminals, according to design quantities. 
 

C. Draft:  A current of air, when referring to localized effect caused by one or more factors of high air 
velocity, low ambient temperature, or direction of airflow, whereby more heat is withdrawn from a 
person's skin than is normally dissipated. 

 
D. Procedure:  An approach to and execution of a sequence of work operations to yield repeatable 

results. 
 

E. Report Forms:  Test data sheets for recording test data in logical order. 
 

F. Static Head:  The pressure due to the weight of the fluid above the point of measurement.  In a 
closed system, static head is equal on both sides of the pump. 

 
G. Suction Head:  The height of fluid surface above the centerline of the pump on the suction side. 

     
H. System Effect:  A phenomenon that can create undesired or unpredicted conditions that cause 

reduced capacities in all or part of a system. 
 

I. System Effect Factors:  Allowances used to calculate a reduction of the performance ratings of a 
fan when installed under conditions different from those presented when the fan was performance 
tested. 
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J. Terminal:  A point where the controlled medium, such as fluid or energy, enters or leaves the 
distribution system. 

 
K. Test:  A procedure to determine quantitative performance of a system or equipment. 

 
L. Testing, Adjusting, and Balancing Agent:  The entity responsible for performing and reporting the 

testing, adjusting, and balancing procedures. 
 
M. AABC:  Associated Air Balance Council. 

 
N. AMCA:  Air Movement and Control Association. 

 
O. NEBB:  National Environmental Balancing Bureau. 

 
P. SMACNA:  Sheet Metal and Air Conditioning Contractors' National Association. 

 
 
1.4   SUBMITTALS 
 

A. Contract Documents Examination Report:  Within 90 days from the Contractor's Notice to 
Proceed, submit 2 copies of the Contract Documents review report as specified in Part 3 of this 
Section. 

 
B. Strategies and Procedures Plan:  Within 120 days from the Contractor's Notice to Proceed, 

submit 2 copies of the testing, adjusting, and balancing strategies and step-by-step procedures 
as specified in Part 3 "Preparation" Article below.  Include a complete set of report forms intended 
for use on this Project. 

 
C. Certified Testing, Adjusting, and Balancing Reports:  Submit 2 copies of reports prepared, as 

specified in this Section, on approved forms certified by the testing, adjusting, and balancing 
Agent. 

 
D. Sample Report Forms:  Submit 2 sets of sample testing, adjusting, and balancing report forms. 

 
E. Warranty:  Submit 2 copies of special warranty specified in the "Warranty" Article below. 

    
 
1.5   QUALITY ASSURANCE 
 

A. Agent Qualifications:  Engage a testing, adjusting, and balancing agent certified by either AABC 
or NEBB.  Balancing may only be performed by the following: 
 
1.   Bonneville Test & Balance. 
2.   BTC Service. 
3.   Certified Test & Balance. 
4.   RS Analysis. 
5.   Test & Balance Inc. 
6.   Payson Sheetmetal. 

 
B. Testing, Adjusting, and Balancing Conference:  Meet with the Owner's and the Architect's 

representatives on approval of the testing, adjusting, and balancing strategies and procedures 
plan to develop a mutual understanding of the details.  Ensure the participation of testing, 
adjusting, and balancing team members, equipment manufacturers' authorized service 
representatives, HVAC controls Installer, and other support personnel.  Provide 14ays' advance 
notice of scheduled meeting time and location. 

 
1.  Agenda Items:  Include at least the following: 
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a. Submittal distribution requirements. 
b. Contract Documents examination report. 
c. Testing, adjusting, and balancing plan. 
d. Work schedule and Project site access requirements. 
e. Coordination and cooperation of trades and subcontractors. 
f. Coordination of documentation and communication flow. 

 
C. Certification of Testing, Adjusting, and Balancing Reports:  Certify the testing, adjusting, and 

balancing field data reports.  This certification includes the following: 
 

1.  Review field data reports to validate accuracy of data and to prepare certified testing, 
adjusting, and balancing reports. 

2.  Certify that the testing, adjusting, and balancing team complied with the approved testing, 
adjusting, and balancing plan and the procedures specified and referenced in this 
Specification. 

 
D. Testing, Adjusting, and Balancing Reports:  Use standard forms from AABC's "National 

Standards for Testing, Adjusting, and Balancing" or frame NEBB's "Procedural Standards for 
Testing, Adjusting, and Balancing of Environmental Systems." 

 
E. Instrumentation Type, Quantity, and Accuracy:  As described in NEBB's "Procedural Standards 

for Testing, Adjusting, and Balancing of Environmental Systems," Section II, "Required 
Instrumentation for NEBB Certification." 

 
F. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more frequently if 

required by the instrument manufacturer. 
 
 
1.6   PROJECT CONDITIONS 
 

A. Partial Owner Occupancy:  The Owner may occupy completed areas of the building before 
Substantial Completion.  Cooperate with the Owner during testing, adjusting, and balancing 
operations to minimize conflicts with the Owner's operations. 

 
 
1.7   COORDINATION 
  

A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, 
HVAC controls installers, and other mechanics to operate HVAC systems and equipment to 
support and assist testing, adjusting, and balancing activities. 

 
B. Notice:  Provide 7 days' advance notice for each test.  Include scheduled test dates and times. 

 
C. Perform testing, adjusting, and balancing after leakage and pressure tests on air and water 

distribution systems have been satisfactorily completed. 
 
 
1.8   WARRANTY 
 

A. General Warranty:  The national project performance guarantee specified in this Article shall not 
deprive the Owner of other rights the Owner may have under other provisions of the Contract 
Documents and shall be in addition to, and run concurrent with, other warranties made by the 
Contractor under requirements of the Contract Documents. 

 
B. National Project Performance Guarantee:  Provide a guarantee on AABC or NEBB forms stating 

that AABC or NEBB will assist in completing the requirements of the Contract Documents if the 
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testing, adjusting, and balancing Agent fails to comply with the Contract Documents.  Guarantee 
includes the following provisions: 

 
1.  The certified Agent has tested and balanced systems according to the Contract 

Documents. 
2.  Systems are balanced to optimum performance capabilities within design and installation 

limits. 
 
 
PART 2  - PRODUCTS  (Not Applicable) 
 
 
PART 3  - EXECUTION 
 
 
3.1   EXAMINATION 
 

A. Examine Contract Documents to become familiar with project requirements and to discover 
conditions in systems' designs that may preclude proper testing, adjusting, and balancing of 
systems and equipment. 

 
1.  Contract Documents are defined in the General and Supplementary Conditions of the 

Contract. 
2.  Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-

control devices, balancing valves and fittings, and manual volume dampers, are required 
by the Contract Documents.  Verify that quantities and locations of these balancing 
devices are accessible and appropriate for effective balancing and for efficient system 
and equipment operation. 

 
B. Examine approved submittal data of HVAC systems and equipment. 

 
C. Examine project record documents described in Division 1 Section "Project Record Documents." 

 
D. Examine equipment performance data, including fan and pump curves.  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.  Calculate system 
effect factors to reduce the performance ratings of HVAC equipment when installed under 
conditions different from those presented when the equipment was performance tested at the 
factory.  To calculate system effects for air systems, use tables and charts found in AMCA 201, 
"Fans and Systems," Sections 7 through 10; or in SMACNA's "HVAC Systems--Duct Design," 
Sections 5 and 6.  Compare this data with the design data and installed conditions. 

 
E. Examine system and equipment installations to verify that they are complete and that testing, 

cleaning, adjusting, and commissioning specified in individual Specification Sections have been 
performed. 

 
F. Examine system and equipment test reports. 

 
G. Examine HVAC system and equipment installations to verify that indicated balancing devices, 

such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and 
fittings, and manual volume dampers, are properly installed, and their locations are accessible 
and appropriate for effective balancing and for efficient system and equipment operation. 

 
H. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing. 
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I. Examine air-handling equipment to ensure clean filters have been installed, bearings are 
greased, belts are aligned and tight, and equipment with functioning controls is ready for 
operation. 

 
J. Examine terminal units, such as variable-air-volume boxes and mixing boxes, to verify that they 

are accessible and their controls are connected and functioning. 
 

K. Examine plenum ceilings, utilized for supply air, to verify that they are airtight.  Verify that pipe 
penetrations and other holes are sealed. 

 
L. Examine strainers for clean screens and proper perforations. 

 
M. Examine 3-way valves for proper installation for their intended function of diverting or mixing fluid 

flows. 
 

N. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 
 

O. Examine open-piping-system pumps to ensure absence of entrained air in the suction piping. 
 

P. Examine equipment for installation and for properly operating safety interlocks and controls. 
 

Q. Examine automatic temperature system components to verify the following: 
 

1.  Dampers, valves, and other controlled devices operate by the intended controller. 
2.  Dampers and valves are in the position indicated by the controller. 
3.  Integrity of valves and dampers for free and full operation and for tightness of fully closed 

and fully open positions.  This includes dampers in multizone units, mixing boxes, and 
variable-air-volume terminals. 

4.  Automatic modulating and shutoff valves, including 2-way valves and 3-way mixing and 
diverting valves, are properly connected. 

5.  Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, and 
cold walls. 

6.  Sensors are located to sense only the intended conditions. 
7.  Sequence of operation for control modes is according to the Contract Documents. 
8.  Controller set points are set at design values.  Observe and record system reactions to 

changes in conditions.  Record default set points if different from design values. 
9.  Interlocked systems are operating. 
10.  Changeover from heating to cooling mode occurs according to design values. 

 
R. Report deficiencies discovered before and during performance of testing, adjusting, and 

balancing procedures. 
 
 
3.2   PREPARATION 
 

A. Prepare a testing, adjusting, and balancing plan that includes strategies and step-by-step 
procedures. 

 
B. Complete system readiness checks and prepare system readiness reports.  Verify the following: 

 
1.  Permanent electrical power wiring is complete. 
2.  Hydronic systems are filled, clean, and free of air. 
3.  Automatic temperature-control systems are operational. 
4.  Equipment and duct access doors are securely closed. 
5.  Balance, smoke, and fire dampers are open. 
6.  Isolating and balancing valves are open and control valves are operational. 
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7.  Ceilings are installed in critical areas where air-pattern adjustments are required and 
access to balancing devices is provided. 

8.  Windows and doors can be closed so design conditions for system operations can be 
met. 

 
 
 
3.3   GENERAL TESTING AND BALANCING PROCEDURES 
 

A. Perform testing and balancing procedures on each system according to the procedures contained 
in AABC or NEBB national standards and this Section. 

 
B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum 

extent necessary to allow adequate performance of procedures.  After testing and balancing, 
close probe holes and patch insulation with new materials identical to those removed.  Restore 
vapor barrier and finish according to the insulation Specifications for this Project. 

 
C. Mark equipment settings with paint or other suitable, permanent identification material, including 

damper-control positions, valve indicators, fan-speed-control levers, and similar controls and 
devices, to show final settings. 

 
               
3.4   FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES 
 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and 
recommended testing procedures.  Crosscheck the summation of required outlet volumes with 
required fan volumes. 

 
B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

 
C. For variable-air-volume systems, develop a plan to simulate diversity. 

 
D. Determine the best locations in main and branch ducts for accurate duct airflow measurements. 

 
E. Check the airflow patterns from the outside-air louvers and dampers and the return- and exhaust-

air dampers, through the supply-fan discharge and mixing dampers. 
 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 
 

G. Verify that motor starters are equipped with properly sized thermal protection. 
 

H. Check dampers for proper position to achieve desired airflow path. 
 

I. Check for airflow blockages. 
 

J. Check condensate drains for proper connections and functioning. 
 

K. Check for proper sealing of air-handling unit components. 
 
 
3.5   CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES 
 

A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air systems.  
Additional procedures are required for variable-air-volume, multizone, dual-duct, induction-unit 
supply-air systems and process exhaust-air systems.  These additional procedures are specified 
in other articles in this Section. 
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B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by the fan 
manufacturer. 

 
1.  Measure fan static pressures to determine actual static pressure as follows: 

 
a. Measure outlet static pressure as far downstream from the fan as practicable and 

upstream from restrictions in ducts such as elbows and transitions. 
b. Measure static pressure directly at the fan outlet or through the flexible connection. 
c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as 

possible, upstream from flexible connection and downstream from duct restrictions. 
d. Measure inlet static pressure of double-inlet fans through the wall of the plenum that 

houses the fan. 
 

2.  Measure static pressure across each air-handling unit component. 
 

a. Simulate dirty filter operation and record the point at which maintenance personnel 
must change filters. 

 
3.  Measure static pressures entering and leaving other devices such as sound traps, heat 

recovery equipment, and air washers under final balanced conditions. 
4.  Compare design data with installed conditions to determine variations in design static 

pressures versus actual static pressures.  Compare actual system effect factors with 
calculated system effect factors to identify where variations occur.  Recommend 
corrective action to align design and actual conditions. 

5.  Adjust fan speed higher or lower than design to achieve design conditions.  Make 
required adjustments to pulley sizes, motor sizes, and electrical connections to 
accommodate fan-speed changes. 

6.  Do not make fan-speed adjustments that result in motor overload.  Consult equipment 
manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-
motor amperage to ensure no overload will occur.  Measure amperage in full cooling, full 
heating, and economizer modes to determine the maximum required brake horsepower. 

 
C. Adjust volume dampers for main duct, submain ducts, and major branch ducts to design airflows 

within specified tolerances. 
 

1.  Measure static pressure at a point downstream from the balancing damper and adjust 
volume dampers until the proper static pressure is achieved. 

 
a. Where sufficient space in submains and branch ducts is unavailable for Pitot-tube 

traverse measurements, measure airflow at terminal outlets and inlets and calculate 
the total airflow for that zone. 

 
2.  Remeasure each submain and branch duct after all have been adjusted.  Continue to 

adjust submains and branch ducts to design airflows within specified tolerances. 
 

D. Measure terminal outlets and inlets without making adjustments. 
 

1.  Measure terminal outlets using a direct-reading hood or the outlet manufacturer's written 
instructions and calculating factors. 

 
E. Adjust terminal outlets and inlets for each space to design airflows within specified tolerances of 

design values.  Make adjustments using volume dampers rather than extractors and the dampers 
at the air terminals. 

1.  Adjust each outlet in the same room or space to within specified tolerances of design 
quantities without generating noise levels above the limitations prescribed by the 
Contract Documents. 
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2.  Adjust patterns of adjustable outlets for proper distribution without drafts. 
 

 
3.6 MOTORS 
 

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

1.  Manufacturer, model, and serial numbers. 
2.  Motor horsepower rating. 
3.  Motor rpm. 
4.  Efficiency rating if high-efficiency motor. 
5.  Nameplate and measured voltage, each phase. 
6.  Nameplate and measured amperage, each phase. 
7.  Starter thermal-protection-element rating. 

 
B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 

from minimum to maximum.  Test the manual bypass for the controller to prove proper operation.  
Record observations, including controller manufacturer, model and serial numbers, and 
nameplate data. 

 
 
3.7 TEMPERATURE-CONTROL VERIFICATION 
 

A. Verify that controllers are calibrated and commissioned. 
 

B. Check transmitter and controller locations and note conditions that would adversely affect control 
functions. 

 
C. Record controller settings and note variances between set points and actual measurements. 

 
D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers). 

 
E. Verify free travel and proper operation of control devices such as damper and valve operators. 

 
F. Verify sequence of operation of control devices.  Note air pressures and device positions and 

correlate with airflow and water-flow measurements.  Note the speed of response to input 
changes. 

 
G. Confirm interaction of electrically operated switch transducers. 

 
H. Confirm interaction of interlock and lockout systems. 

 
I. Verify main control supply-air pressure and observe compressor and dryer operations. 

 
J. Record voltages of power supply and controller output.  Determine if the system operates on a 

grounded or nongrounded power supply. 
 

K. Note operation of electric actuators using spring return for proper fail-safe operations. 
   
 
3.8 TOLERANCES 
 

A. Set HVAC system airflow and water flow rates within the following tolerances: 
 

1. Supply, Return, and Exhaust Fans:  Plus 5 to minus 10 percent. 
2. Air Outlets and Inlets:  0 to minus 10 percent. 
3. Heating-Water Flow Rate:  0 to minus 10 percent. 
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4. Cooling-Water Flow Rate:  0 to minus 5 percent. 
 
 
3.9 REPORTING 
 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as specified 
in "Examination" Article above, prepare a report on the adequacy of design for systems' 
balancing devices.  Recommend changes and additions to systems' balancing devices to 
facilitate proper performance measuring and balancing.  Recommend changes and additions to 
HVAC systems and general construction to allow access for performance measuring and 
balancing devices. 

 
B. Status Reports:  As Work progresses, prepare reports to describe completed procedures, 

procedures in progress, and scheduled procedures.  Include a list of deficiencies and problems 
found in systems being tested and balanced.  Prepare a separate report for each system and 
each building floor for systems serving multiple floors. 

 
 
3.10 FINAL REPORT 
 

A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in 3-ring 
binder, tabulated and divided into sections by tested and balanced systems. 

 
B. Include a certification sheet in front of binder signed and sealed by the certified testing and 

balancing engineer. 
 

1.  Include a list of the instruments used for procedures, along with proof of calibration. 
 

C. Final Report Contents:  In addition to the certified field report data, include the following: 
 

1.  Pump curves. 
2.  Fan curves. 
3.  Manufacturers' test data. 
4.  Field test reports prepared by system and equipment installers. 
5.  Other information relative to equipment performance, but do not include approved Shop 

Drawings and Product Data. 
 

D. General Report Data:  In addition to the form titles and entries, include the following data in the 
final report, as applicable: 

 
1.  Title page. 
2.  Name and address of testing, adjusting, and balancing Agent. 
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 testing, adjusting, and balancing Agent who certifies the report. 
10.  Summary of contents, including the following: 

 
a. Design versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract Documents. 

 
11.   Nomenclature sheets for each item of equipment. 
12.   Data for terminal units, including manufacturer, type size, and fittings. 
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13.   Notes to explain why certain final data in the body of reports vary from design values. 
14.   Test conditions for fans and pump performance forms, including the following: 

 
a. Settings for outside-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Fan drive settings, including settings and percentage of maximum pitch diameter. 
e. Settings for supply-air, static-pressure controller. 
f. Other system operating conditions that affect performance. 

 
E. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present 

with single-line diagrams and include the following: 
 

1.  Quantities of outside, supply, return, and exhaust airflows. 
2.  Water and steam flow rates. 
3.  Duct, outlet, and inlet sizes. 
4.  Pipe and valve sizes and locations. 
5.  Terminal units. 
6.  Balancing stations. 

 
F. Equipment Test Reports:  For all equipment tested: 

 
1.  Unit Data:  Include the following: 

 
a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 

 
2.  Motor Data:  Include the following: 

 
a. Make and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 

 
G. Instrument Calibration Reports:  For instrument calibration, include the following: 

 
1.  Report Data:  Include the following: 

 
a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

 
 
3.11 WARRANTY 

 
During the first year and as part of the warrantee period this division shall make the necessary 
adjustment to change air pressurization, volumes on the air and water systems at no cost to the 
owner. 

 
 
3.12 ADDITIONAL TESTS 
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A. Within 120 days of completing testing, adjusting, and balancing, perform additional testing and 
balancing to verify that balanced conditions are being maintained throughout and to correct 
unusual conditions. 

     
B. Seasonal Periods:  If initial testing, adjusting, and balancing procedures were not performed 

during near-peak summer and winter conditions, perform additional inspections, testing, and 
adjusting during near-peak summer and winter conditions. 

 
 
3.13  ADDITIONAL CHECKLISTS 

(see next page) 
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System Readiness Checklist  

Motors 
Installation: 
� Motors provided and installed per project documents. 
 
Start-Up: 
� Motor name plate data recorded. 
� All motors meet minimum efficiency ratings. 
 
Readiness: 
� Manufacturer’s installation procedures were followed. 
� All required testing completed and test reports submitted. 
� Damaged factory finishes have been replaced, repaired or touched up. 
� Equipment and systems are labeled per project documents. 
� All known issues have been corrected or reported to the CA and the systems are ready for the 

functional performance test phase of commissioning. 
 
Note: This checklist is not intended to represent all the requirements of the Project Documents within this 
section.  Completion of the items on this checklist does not release the Contractor from their contractual 
obligation to complete all the work as detailed within the entire specification section.  
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System Readiness Checklist  

Air Handling Equipment 
Installation: 
� Manufacturer's required maintenance clearance provided. 
� Vibration isolation devices installed, adjusted and free to float, shipping blocks removed. 
� Inspection and access doors are operable. 
� Condensate drain with P-trap and cleanout is installed and unobstructed. 
� Associated piping, shutoff valves, control valves and insulation are complete. 
� Dampers and actuators installed and verified operational. 
� Ductwork is complete including access to all serviceable components. 
� Plenum and casings have been cleaned. 
� Pipe and conduit penetrations have been caulked. 
� Units are level and secured. 
� Units have been lubricated prior to start-up. 
� All filter access provided so filter can be replaced without the use of tools. 
� Coil fins have been cleaned and combed out after construction in equipment area is completed. 
� Unit disconnect within sight of unit, power available to unit. 
� All motors meet or exceed the specified Minimum Nominal Full-Load Efficiency 
� Controls installed and verified operational. 
� Unit heaters provided with provisions for cleaning via “water bath” method to include a water source 

and drain pan. 
� Ceiling access doors have been provided as required for unit service access. 
� Ductwork installed at unit inlets and outlets is greater than or equal to manufacturer’s required 

minimum values. 
 
Start-Up: 
� Motor rotation has been verified. 
� Voltage and phase has been verified. 
� Belts have been properly adjusted and aligned. 
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System Readiness Checklist (Preliminary Version) 

Air Handling Equipment (continued) 
 
Readiness: 
� Manufacturer’s installation and start-up procedures were followed.  Attach completed and signed 

copy of all manufacturer’s checklists. 
� Temporary filters have been removed and new installed. 
� All required testing completed and test reports submitted. 
� Damaged factory finishes have been replaced, repaired or touched up. 
� Equipment and systems are labeled per project documents. 
� All known issues have been corrected or reported to the CA and the systems are ready for the 

functional performance test phase of commissioning. 
 
Note: This checklist is not intended to represent all the requirements of the Project Documents within this 
section.  Completion of the items on this checklist does not release the Contractor from their contractual 
obligation to complete all the work as detailed within the entire specification section.  
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System Readiness Checklist  

Exhaust Fans 
  Unit No: ____ 
 
Installation: 
� Manufacturer's required maintenance clearance provided. 
� Equipment labeled with equipment number. 
� Vibration isolation devices installed, adjusted and free to float, shipping blocks removed. 
� Inspection and access doors are operable. 
� Curb mounted fans are bolted to the curb and sealed per project documents. 
� Speed controllers installed as needed for balancing. 
� Ductwork is complete including access to all serviceable components. 
� Plenum and casings have been cleaned. 
� Unit has been lubricated. 
� Belts and/or couplings have been properly adjusted. 
� Unit disconnect within sight of unit, power available to unit and disconnect labeled. 
� External controls installed. 
� All motors meet or exceed the specified Minimum Nominal Full-Load Efficiency 
 
Start-Up: 
� Commissioning Authority has been notified for witness of start-up. 
� Motor operation and rotation verified. 
� Internal controls and safeties verified operational. 
� External controls verified operational. 
 
Readiness: 
� Manufacturer’s installation and start-up procedures were followed.  Attach completed and signed 

copy of all manufacturer’s checklists. 
� Damaged factory finishes have been replaced, repaired or touched up. 
� Equipment and systems are labeled per project documents. 
� Equipment not painted at factory has been painted with a finish coat of paint (no primer). 
� All known issues have been corrected or reported to the CA and the systems are ready for the 

functional performance test phase of commissioning. 
 
Note: This checklist is not intended to represent all the requirements of the Project Documents within this 
section.  Completion of the items on this checklist does not release the Contractor from their contractual 
obligation to complete all the work as detailed within the entire specification section.  
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System Readiness Checklist  

Ductwork Systems 
Installation: 
� Manufacturer's required maintenance clearance provided. 
� Inspection and access doors are operable. 
� All ductwork installed per required SMACNA standards. 
� Dampers and actuators installed and verified operational. 
� Ductwork is complete including access to all serviceable components. 
� Plenum and casings have been cleaned per the project requirements. 
� Duct access doors provided before and after filters, coils, fans, automatic dampers, and fire/smoke 

dampers per the project requirements. 
� Balancing dampers provided at all duct take-offs to diffusers, grilles, and registers. 
� Fire/smoke damper shafts marked with blade position prior to installation. 
� Fire/smoke damper operation (open/close) verified.  Fire/smoke dampers powered open. 
� Fire/smoke damper doors labeled and motors accessible for service (replacement). 
� All ductwork has been thoroughly cleaned of debris, dust, marks, tags and labels removed. 
� All ductwork is sealed as specified. 
� All specified equipment and ductwork is insulated. 
 
Start-Up: 
� Medium velocity ductwork pressure tested to project requirements. 
� Low velocity ductwork pressure tested to project requirements. 
 
Readiness: 
� Manufacturer’s installation procedures were followed. 
� All required testing completed and test reports submitted. 
� Damaged factory finishes have been replaced, repaired or touched up. 
� Equipment and systems are labeled per project documents. 
� All known issues have been corrected or reported to the CA and the systems are ready for the 

functional performance test phase of commissioning. 
 
Note: This checklist is not intended to represent all the requirements of the Project Documents within this 
section.  Completion of the items on this checklist does not release the Contractor from their contractual 
obligation to complete all the work as detailed within the entire specification section.  
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System Readiness Checklist  
Temperature Control 

Installation: 
� All control points have been provided per the Project Documents and are communicating with front 

end computer. 
� System graphics are complete (showing all devices controlled, all adjustable points shown, all 

specified components), accurate (reflects actual field/unit installation, end-to-end verification of points 
done) and functional. 

� Access Security levels have been set up per owner’s needs. 
� Network connection is complete, the central operator terminal has been updated and remote 

monitoring of the system has been tested. 
� All specified associated equipment (such as PC, Monitor, printer, modem & laptop) has been 

provided, installed and is operational. 
� Surge protection and battery back-up devices installed per Project Documents and tested. 
� Control wiring, panels and all system components are permanently labeled, including point address 

designation, system reference and descriptions. 
� Acceptance start-up test plan has been submitted and approved.  Attach copy of test plan. 
� Graphical interface plan has been submitted and approved by CA. 
� All control points have been provided per the Project Documents and are communicating with front 

end computer. 
� System graphics are complete (showing all devices controlled, all adjustable points shown, all 

specified components), accurate (reflects actual field/unit installation, end-to-end verification of points 
done) and functional. 

� Room temperature and other setpoints installed per specification and owner’s direction. 
� Operating schedules have been set up per owner’s direction 
� Trend logs have been set up per Project Documents and/or as directed by the CA. 
� Minimum OA %, from balancer, provided on graphics as permanent reference value. 
� Alarms have been programmed per Project Documents and owner’s direction. 
� Stability of loop and VFD’s has been verified. 
� All sensors have been calibrated including temperature, pressure, flow and metering devices. 
 
Start-Up: 
� Point to point testing and sensor calibration is complete and checkout forms complete with copy 

submitted. 
� Variable speed drive start-up per manufacturer’s representative complete. 
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System Readiness Checklist  
Temperature Control 

 
Readiness: 
� Manufacturer’s installation procedures were followed. 
� All required testing completed and test reports submitted. 
� Damaged factory finishes have been replaced, repaired or touched up. 
� Equipment and systems are labeled per project documents. 
� All known issues have been corrected or reported to the CA and the systems are ready for the 

functional performance test phase of commissioning. 
 
Note: This checklist is not intended to represent all the requirements of the Project Documents within this 
section.  Completion of the items on this checklist does not release the Contractor from their contractual 
obligation to complete all the work as detailed within the entire specification section.  
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System Readiness Checklist  

Testing, Adjusting, and Balancing 
 

Installation: 
� Balancing agenda provided to engineer. Provide copy to CA for review. 
� Pre-balance conference complete. 
� All equipment has been checked prior to balancing. Installation checklists attached.  
� Fan belt tension and fan rotation verified prior to balancing. 
� Air balanced prior to water balance. 
� Construction filters removed, clean filters installed, damper position and operation checked prior to 

balancing. Air balance due with filters simulated as ½ dirty.  
� Bathrooms are negative relative to other areas. 
� Rooms pressures are positive while allowing for door closure in economizer mode. 
� Relief damper operation has been checked to assure dampers open and close as needed.  
� All systems balanced to design criteria except as approved by mechanical engineer and CA. 
� Overall building pressure checked with outside air at 100% to assure adequate relief. 
� All volume dampers, fire dampers, balancing and controls valves are set in a fully open position at the 

start of balancing. 
� Hydronic system and strainers has been cleaned and treated prior to balancing. 
� Expansion tanks are properly pressurized and not water logged. 
� Air vents installed and operational, water system balanced with no air in system. 
� Final damper and speed controller permanently marked for final balancing positions.  
� List of control minimum OA damper positions in report and provided to controls contractor. 
� Preliminary report has been provided on approved forms with data specified, attach copy. 
� All defects/ deficiencies have been noted to CA/ engineer during testing, included in report. 
� Noise and vibration has been checked and adjusted as necessary. 
� All TAB procedures are complete and ready for the system balance demonstration.  The TAB 

contractor will demonstrate proper balance by measuring and verifying 10% of the systems as 
selected and witnessed by the Commissioning Authority. 
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System Readiness Checklist  
Testing, Adjusting, and Balancing 

 
 
Start-Up:  Not Applicable. 
 
Readiness: 
� All required testing completed and test reports submitted. 
� All known issues have been corrected or reported to the CA and the systems are ready for the 

functional performance test phase of commissioning. 
 
Note: This checklist is not intended to represent all the requirements of the Project Documents within this 
section.  Completion of the items on this checklist does not release the Contractor from their contractual 
obligation to complete all the work as detailed within the entire specification section.  
 
 
END OF SECTION 230594 
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SECTION 230713 - DUCT INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes insulating the following duct services: 

1. Indoor, concealed supply and outdoor air. 
2. Indoor, exposed supply and outdoor air. 
3. Indoor, concealed return located in unconditioned space. 
4. Indoor, exposed return located in unconditioned space. 
5. Indoor, concealed, Type I, commercial, kitchen hood exhaust. 
6. Indoor, exposed, Type I, commercial, kitchen hood exhaust. 
7. Outdoor supply and return. 

B. Related Sections: 

1. Division 23 Section "HVAC Equipment Insulation." 
2. Division 23 Section "HVAC Piping Insulation." 
3. Division 23 Section "Metal Ducts" for duct liners. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor 
permeance thickness, and jackets (both factory- and field-applied if any). 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 

1. Detail application of protective shields, saddles, and inserts at hangers for each type of 
insulation and hanger. 

2. Detail insulation application at elbows, fittings, dampers, specialties and flanges for each 
type of insulation. 

3. Detail application of field-applied jackets. 
4. Detail application at linkages of control devices. 

C. Qualification Data:  For qualified Installer. 

D. Material Test Reports:  From a qualified testing agency acceptable to authorities having 
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation 
materials, sealers, attachments, cements, and jackets, with requirements indicated.  Include 
dates of tests and test methods employed. 

E. Field quality-control reports. 
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1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 
program or another craft training program certified by the Department of Labor, Bureau of 
Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 
identical products according to ASTM E 84, by a testing agency acceptable to authorities having 
jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, and 
cement material containers, with appropriate markings of applicable testing agency. 

1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed 
index of 50 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate 
ASTM standard designation, type and grade, and maximum use temperature. 

1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." 

B. Coordinate clearance requirements with duct Installer for duct insulation application.  Before 
preparing ductwork Shop Drawings, establish and maintain clearance requirements for 
installation of insulation and field-applied jackets and finishes and for space required for 
maintenance. 

1.7 SCHEDULING 

A. Complete installation and concealment of plastic materials as rapidly as possible in each area of 
construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum 
Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation Schedule" 
articles for where insulating materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride content of less 
than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 
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E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process. 

F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply 
with ASTM C 534, Type II for sheet materials. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Aeroflex USA, Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Sheet, K-Flex Gray Duct Liner, and K-FLEX LS. 

G. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket.  
Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; SoftTouch Duct Wrap. 
b. Johns Manville; Microlite. 
c. Knauf Insulation; Friendly Feel Duct Wrap. 
d. Manson Insulation Inc.; Alley Wrap. 
e. Owens Corning; SOFTR All-Service Duct Wrap. 

H. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 612, Type IA or Type IB.  For duct and plenum applications, provide 
insulation with factory-applied FSK jacket.  Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; Commercial Board. 
b. Fibrex Insulations Inc.; FBX. 
c. Johns Manville; 800 Series Spin-Glas. 
d. Knauf Insulation; Insulation Board. 
e. Manson Insulation Inc.; AK Board. 
f. Owens Corning; Fiberglas 700 Series. 

2.2 FIRE-RATED INSULATION SYSTEMS 

A. Fire-Rated Board:  Structural-grade, press-molded, xonolite calcium silicate, fireproofing board 
suitable for operating temperatures up to 1700 deg F.  Comply with ASTM C 656, Type II, 
Grade 6.  Tested and certified to provide a 2-hour fire rating by an NRTL acceptable to 
authorities having jurisdiction. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Johns Manville; Super Firetemp M. 

B. Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK jacket that is tested 
and certified to provide a 2-hour fire rating by an NRTL acceptable to authorities having 
jurisdiction. 

1. Products:  Subject to compliance with requirements, provide one of the following: 
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a. CertainTeed Corp.; FlameChek. 
b. Johns Manville; Firetemp Wrap. 
c. Nelson Fire Stop Products; Nelson FSB Flameshield Blanket. 
d. Thermal Ceramics; FireMaster Duct Wrap. 
e. 3M; Fire Barrier Wrap Products. 
f. Unifrax Corporation; FyreWrap. 

2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding 
insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Aeroflex USA, Inc.; Aeroseal. 
b. Armacell LLC; Armaflex 520 Adhesive. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-75. 
d. K-Flex USA; R-373 Contact Adhesive. 

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Use adhesive that complies 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," including 
2004 Addenda. 

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

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-127. 

b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 85-60/85-70. 
d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, use adhesive that has a VOC content of 80 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Use adhesive that complies 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," including 
2004 Addenda. 

D. FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation 
jacket lap seams and joints. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-82. 

b. Eagle Bridges - Marathon Industries; 225. 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 

 
DUCT INSULATION 230713 - 5 

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 85-50. 

d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Use adhesive that complies 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," including 
2004 Addenda. 

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with 
MIL-PRF-19565C, Type II. 

1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 30-80/30-90. 

b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry film 
thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 

C. Breather Mastic:  Water based; suitable for indoor and outdoor use on above ambient services. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-10. 

b. Eagle Bridges - Marathon Industries; 550. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 46-50. 
d. Mon-Eco Industries, Inc.; 55-50. 
e. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness. 
3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  60 percent by volume and 66 percent by weight. 
5. Color:  White. 

2.5 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 
insulation materials, jackets, and substrates. 
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1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-50 AHV2. 

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; 30-36. 

c. Vimasco Corporation; 713 and 714. 

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over duct insulation. 

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

2.6 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-76. 

b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 

Company; 95-44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  Aluminum. 
6. For indoor applications, use sealants that have a VOC content of 420 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Use sealants that 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," including 
2004 Addenda. 

2.7 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  When 
factory-applied jackets are indicated, comply with the following: 

1. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C 1136, Type II. 

2.8 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 

B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing. 
1. Color:  Color as selected by Architect. 
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C. Metal Jacket: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; Metal Jacketing Systems. 

b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, 
Temper H-14. 

a. Sheet and roll stock ready for shop or field sizing. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier Applications: 3-mil- thick, heat-bonded polyethylene and kraft 

paper. 

2.9 TAPES 

A. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 491 AWF FSK. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 
c. Compac Corporation; 110 and 111. 
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches. 
3. Thickness:  6.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

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

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 488 AWF. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800. 
c. Compac Corporation; 120. 
d. Venture Tape; 3520 CW. 

2. Width:  2 inches. 
3. Thickness:  3.7 mils. 
4. Adhesion:  100 ounces force/inch in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch in width. 

2.10 SECUREMENTS 

A. Bands: 
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1. Products:  Subject to compliance with requirements provide one of the following: 

a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs. 

2. Aluminum:  ASTM B 209 Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch 
thick, 3/4 inch  wide with wing seal or closed seal. 

3. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted to 
accept metal bands.  Spring size determined by manufacturer for application. 

B. Insulation Pins and Hangers: 

1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for 
capacitor-discharge welding, 0.135-inch-diameter shank, length to suit depth of insulation 
indicated. 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; CD. 
3) Midwest Fasteners, Inc.; CD. 
4) Nelson Stud Welding; TPA, TPC, and TPS. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully 
annealed for capacitor-discharge welding, 0.135-inch- diameter shank, length to suit 
depth of insulation indicated with integral 1-1/2-inch  galvanized carbon-steel washer. 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; CHP-1. 
2) GEMCO; Cupped Head Weld Pin. 
3) Midwest Fasteners, Inc.; Cupped Head. 
4) Nelson Stud Welding; CHP. 

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate welded to 
projecting spindle that is capable of holding insulation, of thickness indicated, securely in 
position indicated when self-locking washer is in place.  Comply with the following 
requirements: 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers. 
2) GEMCO; Perforated Base. 
3) Midwest Fasteners, Inc.; Spindle. 

b. Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 inches 
square. 

c. Spindle:  Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-inch- 
diameter shank, length to suit depth of insulation indicated. 

d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated 
capability to bond insulation hanger securely to substrates indicated without 
damaging insulation, hangers, and substrates. 

4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate 
fastened to projecting spindle that is capable of holding insulation, of thickness indicated, 
securely in position indicated when self-locking washer is in place.  Comply with the 
following requirements: 
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a. Products:  Subject to compliance with requirements, provide one of the following: 

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

b. Baseplate:  Perforated, nylon sheet, 0.030 inch  thick by 1-1/2 inches in diameter. 
c. Spindle:  Nylon, 0.106-inch diameter shank, length to suit depth of insulation 

indicated, up to 2-1/2 inches. 
d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated 

capability to bond insulation hanger securely to substrates indicated without 
damaging insulation, hangers, and substrates. 

5. Self-Sticking-Base Insulation Hangers:  Baseplate welded to projecting spindle that is 
capable of holding insulation, of thickness indicated, securely in position indicated when 
self-locking washer is in place.  Comply with the following requirements: 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers. 
2) GEMCO; Peel & Press. 
3) Midwest Fasteners, Inc.; Self Stick. 

b. Baseplate:  Galvanized carbon-steel sheet, 0.030 inch  thick by 2 inches square. 
c. Spindle: Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-inch- 

diameter shank, length to suit depth of insulation indicated. 
d. Adhesive-backed base with a peel-off protective cover. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application. 

1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 

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

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 
adversely affect insulation application. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of ducts and fittings. 

B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for 
each item of duct system as specified in insulation system schedules. 
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C. Install accessories compatible with insulation materials and suitable for the service.  Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Keep insulation materials dry during application and finishing. 

G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by insulation material manufacturer. 

H. Install insulation with least number of joints practical. 

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure.  Taper 
and seal ends at attachment to structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer. 

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses. 

K. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation jacket.  

Secure strips with adhesive and outward clinching staples along both edges of strip, 
spaced 4 inches  o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Clean and dry surface to receive 
self-sealing lap.  Staple laps with outward clinching staples along edge at 2 inches o.c. 

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

4. Cover joints and seams with tape, according to insulation material manufacturer's written 
instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and 
at ends adjacent to duct flanges and fittings. 

L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness. 

M. Finish installation with systems at operating conditions.  Repair joint separations and cracking 
due to thermal movement. 

N. Repair damaged insulation facings by applying same facing material over damaged areas.  
Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and seal patches 
similar to butt joints. 
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3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of 
roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. 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. 

4. Seal jacket to wall flashing with flashing sealant. 

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  
Install insulation continuously through walls and partitions. 

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire 
damper sleeves for fire-rated wall and partition penetrations.  Externally insulate damper 
sleeves to match adjacent insulation and overlap duct insulation at least 2 inches. 

1. Comply with requirements in Division 07 Section "Penetration Firestopping"firestopping 
and fire-resistive joint sealers. 

E. Insulation Installation at Floor Penetrations: 

1. Duct:  For penetrations through fire-rated assemblies, terminate insulation at fire damper 
sleeves and externally insulate damper sleeve beyond floor to match adjacent duct 
insulation.  Overlap damper sleeve and duct insulation at least 2 inches. 

2. Seal penetrations through fire-rated assemblies.  Comply with requirements in 
Division 07 Section "Penetration Firestopping." 

3.5 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturers recommended adhesive to eliminate 
openings in insulation that allow passage of air to surface being insulated. 

3.6 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins. 
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1. Apply adhesives according to manufacturer's recommended coverage rates per unit 
area, for 100 percent coverage of duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions. 

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of 
vertical ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal 
centerline of duct.  Space 3 inches  maximum from insulation end joints, and 16 
inches  o.c. 

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. 
each way, and 3 inches maximum from insulation joints.  Install additional pins to 
hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

d. Do not overcompress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface.  Cover exposed pins and washers with tape matching insulation 
facing. 

4. For ducts and plenums with surface temperatures below ambient, install a continuous 
unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with 
insulation by removing 2 inches from one edge and one end of insulation segment.  
Secure laps to adjacent insulation section with 1/2-inch  outward-clinching staples, 1 inch  
o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal. 

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.  
At end joints, secure with steel bands spaced a maximum of 18 inches o.c. 

6. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface.  Install insulation on round and flat-oval duct elbows with individually 
mitered gores cut to fit the elbow. 

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 
6-inch-  wide strips of same material used to insulate duct.  Secure on alternating sides of 
stiffener, hanger, and flange with pins spaced 6 inches o.c. 

B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins. 

1. Apply adhesives according to manufacturer's recommended coverage rates per unit 
area, for 50 percent coverage of duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions. 

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of 
vertical ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal 
centerline of duct.  Space 3 inches maximum from insulation end joints, and 16 
inches o.c. 

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. 
each way, and 3 inches maximum from insulation joints.  Install additional pins to 
hold insulation tightly against surface at cross bracing. 
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c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

d. Do not overcompress insulation during installation. 
e. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface.  Cover exposed pins and washers with tape matching insulation 
facing. 

4. For ducts and plenums with surface temperatures below ambient, install a continuous 
unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with 
insulation by removing 2 inches from one edge and one end of insulation segment.  
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch 
o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal. 

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot 
intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped 
pattern over insulation face, along butt end of insulation, and over the surface.  
Cover insulation face and surface to be insulated a width equal to two times the 
insulation thickness, but not less than 3 inches. 

5. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface.  Groove and score insulation to fit as closely as possible to outside and 
inside radius of elbows.  Install insulation on round and flat-oval duct elbows with 
individually mitered gores cut to fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 
6-inch- wide strips of same material used to insulate duct.  Secure on alternating sides of 
stiffener, hanger, and flange with pins spaced 6 inches o.c. 

3.7 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with 
factory-applied jackets. 

1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive. 
3. Completely encapsulate insulation with coating, leaving no exposed insulation. 

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

1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended adhesive. 
4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint strips at end 

joints. 
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation 

with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end 
joints; for horizontal applications, install with longitudinal seams along top and bottom of tanks 
and vessels.  Seal with manufacturer's recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 
finish bead along seam and joint edge. 
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D. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof 
sealant recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12 
inches o.c. and at end joints. 

3.8 FIRE-RATED INSULATION SYSTEM INSTALLATION 

A. Where fire-rated insulation system is indicated, secure system to ducts and duct hangers and 
supports to maintain a continuous fire rating. 

B. Insulate duct access panels and doors to achieve same fire rating as duct. 

C. Install firestopping at penetrations through fire-rated assemblies.  Fire-stop systems are 
specified in Division 07 Section "Penetration Firestopping." 

3.9 FINISHES 

A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint jacket with paint 
system identified below and as specified in Division 09 painting Sections. 

1. Flat Acrylic Finish:  two finish coats over a primer that is compatible with jacket material 
and finish coat paint.  Add fungicidal agent to render fabric mildew proof. 

a. Finish Coat Material:  Interior, flat, latex-emulsion size. 

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 
insulation manufacturer's recommended protective coating. 

C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual 
inspection of the completed Work. 

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

3.10 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and 
insulation in layers in reverse order of their installation.  Extent of inspection shall be 
limited to one location(s) for each duct system defined in the "Duct Insulation Schedule, 
General" Article. 

D. All insulation applications will be considered defective Work if sample inspection reveals 
noncompliance with requirements. 

3.11 DUCT INSULATION SCHEDULE, GENERAL 

A. Plenums and Ducts Requiring Insulation: 
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1. Indoor, concealed supply and outdoor air. 
2. Indoor, exposed supply and outdoor air. 
3. Indoor, concealed return located in unconditioned space. 
4. Indoor, exposed return located in unconditioned space. 
5. Indoor, concealed, Type I, commercial, kitchen hood exhaust. 
6. Indoor, exposed, Type I, commercial, kitchen hood exhaust. 
7. Outdoor, concealed supply and return. 
8. Outdoor, exposed supply and return. 

B. Items Not Insulated: 

1. Fibrous-glass ducts. 
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 

ASHRAE/IESNA 90.1. 
3. Factory-insulated flexible ducts. 
4. Factory-insulated plenums and casings. 
5. Flexible connectors. 
6. Vibration-control devices. 
7. Factory-insulated access panels and doors. 

3.12 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Concealed, round, rectangular and flat-oval, supply, return and outdoor air duct insulation shall 
be one of the following: 

1. Flexible Elastomeric:  1 inch thick. 
2. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/cu. ft.  Nominal density. 

 

B. Concealed, supply, return outdoor air plenum insulation shall be one of the following: 

1. Flexible Elastomeric:  1 inch thick. 
2. Mineral-Fiber Blanket: 2 inches thick and 1.5-lb/cu. ft. nominal density. 

 

C. Concealed, Type I, Commercial, Kitchen Hood Exhaust Duct and Plenum Insulation:  Fire-rated 
blanket thickness as required to achieve 2-hour fire rating.    

a. Ductwork is to be wrapped with 2 layers of approved fire wrap that meets ASTM E-
2336. 

 

D. Exposed, round, rectangular and flat-oval, supply, return outdoor air duct insulation shall be one 
of the following: 

1. Flexible Elastomeric: 1 inch thick. 
2. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/cu. ft. nominal density. 
3. Mineral-Fiber Board:  2 inches thick and 3-lb/cu. ft. nominal density. 

 

E. Exposed, Type I, Commercial, Kitchen Hood Exhaust Duct and Plenum Insulation:  Fire-rated 
blanket thickness as required to achieve 2-hour fire rating.    

a. Ductwork is to be wrapped with 2 layers of approved fire wrap that meets ASTM E-
2336. 
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F. Exposed, supply, return-air plenum insulation shall be one of the following: 

1. Flexible Elastomeric:  1 inch thick. 
2. Mineral-Fiber Blanket: 2 inches thick and 1.5-lb/cu. ft. nominal density. 
3. Mineral-Fiber Board: 2 inches and 2-lb/cu. ft. nominal density. 

3.13 ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Insulation materials and thicknesses are identified below.  If more than one material is listed for 
a duct system, selection from materials listed is Contractor's option. 

B. Exposed, round and flat-oval, supply-air and return-air duct insulation shall be one of the 
following: 

1. Flexible Elastomeric: 1 inch thick. 
2. Polyolefin: 1 inch thick. 

C. Exposed, rectangular, supply-air and return-air duct insulation shall be one of the following: 

1. Flexible Elastomeric: 1 inch thick. 
2. Polyolefin: 1 inch thick. 

D. Exposed, supply-air and return-air plenum insulation shall be one of the following: 

1. Flexible Elastomeric: 1 inch thick. 
2. Polyolefin: 1 inch thick. 

3.14 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-
applied jacket over the factory-applied jacket. 

B. Ducts and Plenums: 

1. Aluminum, corrugated 032 inch thick. 

END OF SECTION 230713 
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SECTION 231123 - FACILITY NATURAL-GAS PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Pipes, tubes, and fittings. 
2. Piping specialties. 
3. Piping and tubing joining materials. 
4. Valves. 
5. Pressure regulators. 
6. Mechanical sleeve seals. 
7. Grout. 
8. Concrete bases. 
9. This division is to pay all costs associated with the gas meter that are required by the 

local gas company/authority. 

1.3 DEFINITIONS 

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

1.4 PERFORMANCE REQUIREMENTS 

A. Minimum Operating-Pressure Ratings: 

1. Piping and Valves:  100 psig minimum unless otherwise indicated. 

B. Natural-Gas System Pressures within Buildings:  Two pressure ranges.  Primary pressure is 
more than 2 psig but not more than 5 psig, and is reduced to secondary pressure of more than 
0.5 psig but not more than 2 psig. 

C. Delegated Design:  Design restraints and anchors for natural-gas piping and equipment, 
including comprehensive engineering analysis by a qualified professional engineer, using 
performance requirements and design criteria indicated. 
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1.5 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. 
4. Dielectric fittings. 
5. Mechanical sleeve seals. 
6. Escutcheons. 

B. Shop Drawings:  For facility natural-gas piping layout.  Include plans, piping layout and 
elevations, sections, and details for fabrication of pipe anchors, hangers, supports for multiple 
pipes, alignment guides, expansion joints and loops, and attachments of the same to building 
structure.  Detail location of anchors, alignment guides, and expansion joints and loops. 

1. Shop Drawing Scale:  1/4 inch per foot. 

C. Delegated-Design Submittal:  For natural-gas piping and equipment indicated to comply with 
performance requirements and design criteria, including analysis data signed and sealed by the 
qualified professional engineer responsible for their preparation. 

1. Detail fabrication and assembly of seismic restraints. 
2. Design Calculations:  Calculate requirements for selecting seismic restraints. 

D. Coordination Drawings:  Plans and details, drawn to scale, on which natural-gas piping is shown 
and coordinated with other installations, using input from installers of the items involved. 

E. Site Survey:  Plans, drawn to scale, on which natural-gas piping is shown and coordinated with 
other services and utilities. 

F. Qualification Data:  For qualified professional engineer. 

G. Welding certificates. 

H. Field quality-control reports. 

I. Operation and Maintenance Data:  For pressure regulators to include in emergency, operation, 
and maintenance manuals. 

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. 
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1.7 DELIVERY, STORAGE, AND HANDLING 

A. Handling Flammable Liquids:  Remove and dispose of liquids from existing natural-gas piping 
according to requirements of authorities having jurisdiction. 

B. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture. 

C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging 
coating, and protect from direct sunlight. 

D. Protect stored PE pipes and valves from direct sunlight. 

1.8 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided. 

B. Coordinate requirements for access panels and doors for valves installed concealed behind 
finished surfaces.  Comply with requirements in Division 08 Section "Access Doors and 
Frames." 

PART 2 - PRODUCTS 

2.1 PIPES, TUBES, AND FITTINGS 

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

1. Malleable-Iron Threaded Fittings:  ASME B16.3, Class 150, standard pattern. 
2. Wrought-Steel Welding Fittings:  ASTM A 234/A 234M for butt welding and socket 

welding. 
3. Unions:  ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint, 

and threaded ends. 
4. Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, minimum Class 150, including 

bolts, nuts, and gaskets of the following material group, end connections, and facings: 

a. Material Group:  1.1. 
b. End Connections:  Threaded or butt welding to match pipe. 
c. Lapped Face:  Not permitted underground. 
d. Gasket Materials:  ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, 

and spiral-wound metal gaskets. 
e. Bolts and Nuts:  ASME B18.2.1, carbon steel aboveground and stainless steel 

underground. 

2.2 PIPING SPECIALTIES 

A. Appliance Flexible Connectors: 

1. Indoor, Fixed-Appliance Flexible Connectors:  Comply with ANSI Z21.24. 
2. Indoor, Movable-Appliance Flexible Connectors:  Comply with ANSI Z21.69. 
3. Outdoor, Appliance Flexible Connectors:  Comply with ANSI Z21.75. 
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4. Corrugated stainless-steel tubing with polymer coating. 
5. Operating-Pressure Rating:  0.5 psig. 
6. End Fittings:  Zinc-coated steel. 
7. Threaded Ends:  Comply with ASME B1.20.1. 
8. Maximum Length:  72 inches. 

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

1. Copper-alloy convenience outlet and matching plug connector. 
2. Nitrile seals. 
3. Hand operated with automatic shutoff when disconnected. 
4. For indoor or outdoor applications. 
5. Adjustable, retractable restraining cable. 

C. Y-Pattern Strainers: 

1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection. 
2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 

and larger. 
3. Strainer Screen:  [40] [60]-mesh startup strainer, and perforated stainless-steel basket 

with 50 percent free area. 
4. CWP Rating:  125 psig. 

D. Weatherproof Vent Cap:  Cast- or malleable-iron increaser fitting with corrosion-resistant wire 
screen, with free area at least equal to cross-sectional area of connecting pipe and threaded-
end connection. 

2.3 JOINING MATERIALS 

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

B. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 

2.4 MANUAL GAS SHUTOFF VALVES 

A. General Requirements for Metallic Valves, NPS 2 and Smaller:  Comply with ASME B16.33. 

1. CWP Rating:  125 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 "Underground Manual Gas 

Shutoff Valve Schedule" and "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. 

B. General Requirements for Metallic Valves, NPS 2-1/2 and Larger:  Comply with ASME B16.38. 

1. CWP Rating:  125 psig. 
2. Flanged Ends:  Comply with ASME B16.5 for steel flanges. 
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3. Tamperproof Feature:  Locking feature for valves indicated in "Underground Manual Gas 
Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles. 

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

C. One-Piece, Bronze Ball Valve with Bronze Trim:  MSS SP-110. 

1. Manufacturers:  Subject to compliance with requirements, [provide products by one of the 
following: 

a. BrassCraft Manufacturing Company; a Masco company. 
b. Conbraco Industries, Inc.; Apollo Div. 
c. Lyall, R. W. & Company, Inc. 
d. McDonald, A. Y. Mfg. Co. 
e. Perfection Corporation; a subsidiary of American Meter Company. 

2. Body:  Bronze, complying with ASTM B 584. 
3. Ball:  Chrome-plated brass. 
4. Stem:  Bronze; blowout proof. 
5. Seats:  Reinforced TFE; blowout proof. 
6. Packing:  Separate packnut with adjustable-stem packing threaded ends. 
7. Ends:  Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff 

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 
8. CWP Rating:  600 psig. 
9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body. 

D. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:  MSS SP-110. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. BrassCraft Manufacturing Company; a Masco company. 
b. Conbraco Industries, Inc.; Apollo Div. 
c. Lyall, R. W. & Company, Inc. 
d. McDonald, A. Y. Mfg. Co. 
e. Perfection Corporation; a subsidiary of American Meter Company. 

2. Body:  Bronze, complying with ASTM B 584. 
3. Ball:  Chrome-plated bronze. 
4. Stem:  Bronze; blowout proof. 
5. Seats:  Reinforced TFE; blowout proof. 
6. Packing:  Threaded-body packnut design with adjustable-stem packing. 
7. Ends:  Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff 

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 
8. CWP Rating:  600 psig. 
9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body. 

E. Two-Piece, Regular-Port Bronze Ball Valves with Bronze Trim:  MSS SP-110. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
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a. BrassCraft Manufacturing Company; a Masco company. 
b. Conbraco Industries, Inc.; Apollo Div. 
c. Lyall, R. W. & Company, Inc. 
d. McDonald, A. Y. Mfg. Co. 
e. Perfection Corporation; a subsidiary of American Meter Company. 

2. Body:  Bronze, complying with ASTM B 584. 
3. Ball:  Chrome-plated bronze. 
4. Stem:  Bronze; blowout proof. 
5. Seats:  Reinforced TFE. 
6. Packing:  Threaded-body packnut design with adjustable-stem packing. 
7. Ends:  Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff 

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 
8. CWP Rating:  600 psig. 
9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body. 

F. Bronze Plug Valves:  MSS SP-78. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Lee Brass Company. 
b. McDonald, A. Y. Mfg. Co. 

2. Body:  Bronze, complying with ASTM B 584. 
3. Plug:  Bronze. 
4. Ends:  Threaded, socket, or flanged as indicated in "Underground Manual Gas Shutoff 

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 
5. Operator:  Square head or lug type with tamperproof feature where indicated. 
6. Pressure Class:  125 psig. 
7. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
8. Service:  Suitable for natural-gas service with "WOG" indicated on valve body. 

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

a. McDonald, A. Y. Mfg. Co. 
b. Mueller Co.; Gas Products Div. 
c. Xomox Corporation; a Crane company. 

2. Body:  Cast iron, complying with ASTM A 126, Class B. 
3. Plug:  Bronze or nickel-plated cast iron. 
4. Seat:  Coated with thermoplastic. 
5. Stem Seal:  Compatible with natural gas. 
6. Ends:  Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve 

Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 
7. Operator:  Square head or lug type with tamperproof feature where indicated. 
8. Pressure Class:  125 psig. 
9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body. 

H. Cast-Iron, Lubricated Plug Valves:  MSS SP-78. 
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1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Flowserve. 
b. Homestead Valve; a division of Olson Technologies, Inc. 
c. McDonald, A. Y. Mfg. Co. 
d. Milliken Valve Company. 
e. Mueller Co.; Gas Products Div. 
f. R&M Energy Systems, A Unit of Robbins & Myers, Inc. 

2. Body:  Cast iron, complying with ASTM A 126, Class B. 
3. Plug:  Bronze or nickel-plated cast iron. 
4. Seat:  Coated with thermoplastic. 
5. Stem Seal:  Compatible with natural gas. 
6. Ends:  Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve 

Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 
7. Operator:  Square head or lug type with tamperproof feature where indicated. 
8. Pressure Class:  125 psig. 
9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body. 

2.5 EARTHQUAKE VALVES 

A. Earthquake Valves:  Comply with ASCE 25. 

1. Manufacturers:  Subject to compliance with requirements,provide products by one of the 
following 

a. Vanguard Valves, Inc. 

2. Listing:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction. 
3. Maximum Operating Pressure:  5 psig. 
4. Cast-aluminum body with nickel-plated chrome steel internal parts. 
5. Nitrile-rubber valve washer. 
6. Sight windows for visual indication of valve position. 
7. Threaded end connections complying with ASME B1.20.1. 
8. Wall mounting bracket with bubble level indicator. 

B. Earthquake Valves:  Comply with ASCE 25. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Pacific Seismic Products, Inc. 

2. Listing:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction. 
3. Maximum Operating Pressure:  [0.5 psig] [7 psig] [60 psig]. 
4. Cast-aluminum body with stainless-steel internal parts. 
5. Nitrile-rubber, reset-stem o-ring seal. 
6. Valve position, open or closed, indicator. 
7. Composition valve seat with clapper held by spring or magnet locking mechanism. 
8. Level indicator. 
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9. End Connections:  Threaded for valves NPS 2 and smaller; flanged for valves NPS 2-1/2 
and larger. 

2.6 PRESSURE REGULATORS 

A. General Requirements: 

1. Single stage and suitable for natural gas. 
2. Steel jacket and corrosion-resistant components. 
3. Elevation compensator. 
4. End Connections:  Threaded for regulators NPS 2 and smaller; flanged for regulators 

NPS 2-1/2 and larger. 

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

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Actaris. 
b. American Meter Company. 
c. Eclipse Combustion, Inc. 
d. Fisher Control Valves and Regulators; Division of Emerson Process Management. 
e. Invensys. 
f. Maxitrol Company. 
g. Richards Industries; Jordan Valve Div. 

2. Body and Diaphragm Case:  Cast iron or die-cast aluminum. 
3. Springs:  Zinc-plated steel; interchangeable. 
4. Diaphragm Plate:  Zinc-plated steel. 
5. Seat Disc:  Nitrile rubber resistant to gas impurities, abrasion, and deformation at the 

valve port. 
6. Orifice:  Aluminum; interchangeable. 
7. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon. 
8. Single-port, self-contained regulator with orifice no larger than required at maximum 

pressure inlet, and no pressure sensing piping external to the regulator. 
9. Pressure regulator shall maintain discharge pressure setting downstream, and not 

exceed 150 percent of design discharge pressure at shutoff. 
10. Overpressure Protection Device:  Factory mounted on pressure regulator. 
11. Atmospheric Vent:  Factory- or field-installed, stainless-steel screen in opening if not 

connected to vent piping. 
12. Maximum Inlet Pressure:  5 psig. 

2.7 DIELECTRIC FITTINGS 

A. 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. 
d. McDonald, A. Y. Mfg. Co. 
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e. Watts Regulator Co.; Division of Watts Water Technologies, Inc. 
f. Wilkins; Zurn Plumbing Products Group. 

2. Minimum Operating-Pressure Rating:  150 psig. 
3. Combination fitting of copper alloy and ferrous materials. 
4. Insulating materials suitable for natural gas. 
5. Combination fitting of copper alloy and ferrous materials with threaded, brazed-joint, 

plain, or welded end connections that match piping system materials. 

B. Dielectric-Flange Kits: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Advance Products & Systems, Inc. 
b. Calpico Inc. 
c. Central Plastics Company. 
d. Pipeline Seal and Insulator, Inc. 

2. Minimum Operating-Pressure Rating:  150 psig. 
3. Companion-flange assembly for field assembly. 
4. Include flanges, full-face- or ring-type neoprene or phenolic gasket, phenolic or PE bolt 

sleeves, phenolic washers, and steel backing washers. 
5. Insulating materials suitable for natural gas. 
6. Combination fitting of copper alloy and ferrous materials with threaded, brazed-joint, 

plain, or welded end connections that match piping system materials. 

2.8 SLEEVES 

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. 

2.9 MECHANICAL SLEEVE SEALS 

A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space 
between pipe and sleeve. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Advance Products & Systems, Inc. 
b. Calpico Inc. 
c. Metraflex Company (The). 
d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type 
and number required for pipe material and size of pipe and sleeve. 

3. Pressure Plates:  Stainless steel. 
4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to 

sealing elements.  Include one nut and bolt for each sealing element. 
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2.10 ESCUTCHEONS 

A. General Requirements for Escutcheons:  Manufactured wall and ceiling escutcheons and floor 
plates, with ID to fit around pipe or tube, and OD that completely covers opening. 

B. One-Piece, Deep-Pattern Escutcheons:  Deep-drawn, box-shaped brass with polished chrome-
plated finish. 

C. One-Piece, Cast-Brass Escutcheons:  With set screw. 

1. Finish:  Polished chrome-plated or rough brass. 

D. Split-Casting, Cast-Brass Escutcheons:  With concealed hinge and set screw. 

1. Finish:  Polished chrome-plated or rough brass. 

E. One-Piece, Stamped-Steel Escutcheons:  With set screw or spring clips and chrome-plated 
finish. 

F. Split-Plate, Stamped-Steel Escutcheons:  With concealed hinge, set screw or spring clips, and 
chrome-plated finish. 

G. One-Piece, Floor-Plate Escutcheons:  Cast-iron floor plate. 

H. Split-Casting, Floor-Plate Escutcheons:  Cast brass with concealed hinge and set screw. 

2.11 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

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. 

2.12 LABELING AND IDENTIFYING 

A. Detectable Warning Tape:  Acid- and alkali-resistant, PE film warning tape manufactured for 
marking and identifying underground utilities, a minimum of 6 inches wide and 4 mils thick, 
continuously inscribed with a description of utility, with metallic core encased in a protective 
jacket for corrosion protection, detectable by metal detector when tape is buried up to 30 inches 
deep; colored yellow. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for natural-gas piping system to verify actual locations of piping 
connections before equipment installation. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 PREPARATION 

A. Close equipment shutoff valves before turning off natural gas to premises or piping section. 

B. Inspect natural-gas piping according to the International Fuel Gas Code to determine that 
natural-gas utilization devices are turned off in piping section affected. 

C. Comply with the International Fuel Gas Code requirements for prevention of accidental ignition. 

3.3 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. 

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 natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps. 

I. Install piping free of sags and bends. 

J. Install fittings for changes in direction and branch connections. 

K. Install escutcheons at penetrations of interior walls, ceilings, and floors. 

1. New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type. 
b. Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-brass 

type with polished chrome-plated finish. 
c. Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, stamped-

steel type. 
d. Piping at Ceiling Penetrations in Finished Spaces:  One-piece or split-casting, 

cast-brass type with polished chrome-plated finish. 
e. Piping at Ceiling Penetrations in Finished Spaces:  One-piece, stamped-steel type 

or split-plate, stamped-steel type with concealed hinge and set screw. 
f. Piping in Unfinished Service Spaces:  One-piece, cast-brass type with polished 

chrome-plated finish. 
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g. Piping in Unfinished Service Spaces:  One-piece, stamped-steel type with set 
screw or spring clips. 

h. Piping in Equipment Rooms:  One-piece, cast-brass type. 
i. Piping in Equipment Rooms:  One-piece, stamped-steel type with set screw or 

spring clips. 
j. Piping at Floor Penetrations in Equipment Rooms:  One-piece, floor-plate type. 

L. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at 
pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply with requirements in 
Division 07 Section "Penetration Firestopping." 

M. Verify final equipment locations for roughing-in. 

N. Comply with requirements in Sections specifying gas-fired appliances and equipment for 
roughing-in requirements. 

O. 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 long and 
same size as connected pipe.  Install with space below bottom of drip to remove plug or 
cap. 

P. Extend relief vent connections for service regulators, line regulators, and overpressure 
protection devices to outdoors and terminate with weatherproof vent cap. 

Q. 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. 

R. Concealed Location Installations:  Except as specified below, install concealed natural-gas 
piping and piping installed under the building in containment conduit constructed of steel pipe 
with welded joints as described in Part 2.  Install a vent pipe from containment conduit to 
outdoors and terminate with weatherproof vent cap. 

1. Above Accessible Ceilings:  Natural-gas piping, fittings, valves, and regulators may be 
installed in accessible spaces without containment conduit. 

2. In Floors:  Install natural-gas piping with welded or brazed joints and protective coating in 
cast-in-place concrete floors.  Cover piping to be cast in concrete slabs with minimum of 
1-1/2 inches of concrete.  Piping may not be in physical contact with other metallic 
structures such as reinforcing rods or electrically neutral conductors.  Do not embed 
piping in concrete slabs containing quick-set additives or cinder aggregate. 

3. In Floor Channels:  Install natural-gas piping in floor channels.  Channels must have 
cover and be open to space above cover for ventilation. 

4. In Walls or Partitions:  Protect tubing installed inside partitions or hollow walls from 
physical damage using steel striker barriers at rigid supports. 

a. Exception:  Tubing passing through partitions or walls does not require striker 
barriers. 

5. Prohibited Locations: 
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a. Do not install natural-gas piping in or through circulating air ducts, clothes or trash 
chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or elevator 
shafts. 

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

S. Use eccentric reducer fittings to make reductions in pipe sizes.  Install fittings with level side 
down. 

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

U. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each 
piece of equipment.  Unions are not required at flanged connections. 

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

W. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated 
valve. 

X. Install pressure gage upstream and downstream from each line regulator.  Pressure gages are 
specified in Division 23 Section "Meters and Gages for HVAC Piping." 

3.4 VALVE INSTALLATION 

A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel 
tubing, aluminum, or copper connector. 

B. Install underground valves with valve boxes. 

C. Install regulators and overpressure protection devices with maintenance access space 
adequate for servicing and testing. 

D. Install earthquake valves aboveground outside buildings according to listing. 

E. Install anode for metallic valves in underground PE piping. 

3.5 PIPING JOINT CONSTRUCTION 

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

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

C. Welded Joints: 

1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and 
welding operators. 

2. Bevel plain ends of steel pipe. 
3. Patch factory-applied protective coating as recommended by manufacturer at field welds 

and where damage to coating occurs during construction. 

D. Flanged Joints:  Install gasket material, size, type, and thickness appropriate for natural-gas 
service.  Install gasket concentrically positioned. 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 

 
FACILITY NATURAL-GAS PIPING 231123 - 14 

3.6 HANGER AND SUPPORT INSTALLATION 

A. Install seismic restraints on piping.  Comply with requirements for seismic-restraint devices 
specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and 
Equipment." 

B. Comply with requirements for pipe hangers and supports specified in Division 23 Section 
"Hangers and Supports for HVAC Piping and Equipment." 

C. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod 
sizes: 

1. NPS 1 and Smaller:  Maximum span, 96 inches; minimum rod size, 3/8 inch. 
2. NPS 1-1/4:  Maximum span, 108 inches; minimum rod size, 3/8 inch. 
3. NPS 1-1/2 and NPS 2:  Maximum span, 108 inches; minimum rod size, 3/8 inch. 
4. NPS 2-1/2 to NPS 3-1/2:  Maximum span, 10 feet; minimum rod size, 1/2 inch. 
5. NPS 4 and Larger:  Maximum span, 10 feet; minimum rod size, 5/8 inch. 

3.7 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 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. 

3.8 LABELING AND IDENTIFYING 

A. Comply with requirements in Division 23 Section "Identification for HVAC Piping and 
Equipment" for piping and valve identification. 

B. Install detectable warning tape directly above gas piping, 12 inches below finished grade, 
except 6 inches below subgrade under pavements and slabs. 

3.9 PAINTING 

A. Comply with requirements in Division 09 painting Sections for painting interior and exterior 
natural-gas piping. 

B. 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. 

1. Alkyd System:  MPI EXT 5.1D. 
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a. Prime Coat:  Alkyd anticorrosive metal primer. 
b. Intermediate Coat:  Exterior alkyd enamel matching topcoat. 
c. Topcoat:  Exterior alkyd enamel (semigloss). 
d. Color:  Gray. 

C. Paint exposed, interior metal piping, valves, service regulators, service meters and meter bars, 
earthquake valves, and piping specialties, except components, with factory-applied paint or 
protective coating. 

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

a. Prime Coat:  Quick-drying alkyd metal primer. 
b. Intermediate Coat:  Interior latex matching topcoat. 
c. Topcoat:  Interior latex (flat). 
d. Color:  Gray. 

2. Alkyd System:  MPI INT 5.1E. 

a. Prime Coat:  Quick-drying alkyd metal primer. 
b. Intermediate Coat:  Interior alkyd matching topcoat. 
c. Topcoat:  Interior alkyd (flat). 
d. Color:  Gray. 

D. Damage and Touchup:  Repair marred and damaged factory-applied finishes with materials and 
by procedures to match original factory finish. 

3.10 CONCRETE BASES 

A. Concrete Bases:  Anchor equipment to concrete base. 

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. Use 3000-psig 28-day, compressive-strength concrete and reinforcement as specified in 

Division 03 Section "Cast-in-Place Concrete.” 

3.11 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Test, inspect, and purge natural gas according to the International Fuel Gas Code and 
authorities having jurisdiction. 

C. Natural-gas piping will be considered defective if it does not pass tests and inspections. 
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D. Prepare test and inspection reports. 

3.12 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain earthquake valves. 

3.13 INDOOR PIPING SCHEDULE  

A. Aboveground, branch piping NPS 1 and smaller shall be the following: 
 
1. Steel pipe with wrought-steel fittings and welded joints. 

B. Aboveground, distribution piping shall be the following: 

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

C. Underground, below building, piping shall be the following: 
 
1. Steel pipe with wrought-steel fittings and welded joints. 

D. Containment Conduit:  Steel pipe with wrought-steel fittings and welded joints.  Coat pipe and 
fittings with protective coating for steel piping. 

E. Containment Conduit Vent Piping:  Steel pipe with malleable-iron fittings and threaded or 
wrought-steel fittings with welded joints.  Coat underground pipe and fittings with protective 
coating for steel piping. 

3.14 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. One-piece, bronze ball valve with bronze trim. 
2. Bronze plug valve. 

B. Valves for pipe sizes NPS 2-1/2 and larger at service meter shall be one of the following: 

1. Bronze plug valve. 
2. Cast-iron, nonlubricated plug valve. 

END OF SECTION 231123 
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SECTION  23 2300 - REFRIGERANT  PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Includes But Not Limited To: 

1. Furnish and install piping and specialties for refrigeration systems as described in 
Contract Documents. 

B. Related Sections: 

1. Section 23 0500:  Common HVAC Requirements. 
2. Section 23 0719:  Refrigerant Piping Insulation. 

1.2 REFERENCES 

A. American Society For Testing And Materials: 

1. ASTM A 36-03a, 'Standard Specification for Carbon Structural Steel.' 
2. ASTM B 280-03, 'Standard Specification for Seamless Copper Tube for Air Conditioning 

and Refrigeration Field Service.' 

B. American Welding Society / American National Standards Institute: 

1. AWS / ANSI A5.8-2004, 'Specification for Brazing Filler Metal.' 

1.3 SUBMITTALS 

A. Shop Drawings:  Show each individual equipment and piping support. 

B. Quality Assurance / Control:  Technician certificate for use of CFC and HCFC refrigerants. 

1.4 QUALITY ASSURANCE 

A. Qualifications:  Refrigerant piping shall be installed by a refrigeration contractor licensed by 
State and by technicians certified in use of CFC and HCFC refrigerants. 

PART 2 - PRODUCTS 

2.1 COMPONENTS 

A. Refrigerant Piping: 

1. Meet requirements of ASTM B 280, hard drawn straight lengths.  Soft copper tubing not 
permitted. 
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2. Do not use pre-charged refrigerant lines. 

B. Refrigerant Fittings: 

1. Wrought copper with long radius elbows. 
2.  Approved Manufacturers.   

a. Mueller Streamline. 
b. Nibco Inc. 
c. Grinnell. 
d. Elkhart. 

C. Suction Line Traps: 

1. Manufactured standard one-piece traps. 
2.  Approved Manufacturers.   

a. Mueller Streamline. 
b. Nibco Inc. 
c. Grinnell. 
d. Elkhart. 

D. Connection Material: 

1. Brazing Rods in accordance with ANSI / AWS A5.8: 

a. Copper to Copper Connections: 

1) Classification BCuP-4 Copper Phosphorus  (6 percent silver). 
2) Classification BCuP-5 Copper Phosphorus  (15 percent silver). 

b. Copper to Brass or Copper to Steel Connections:  Classification BAg-5 Silver  (45 
percent silver). 

c. Do not use rods containing Cadmium. 

2. Flux: 

a. Type Two Acceptable Products: 

1) Stay-Silv White Brazing Flux by J W Harris. 
2) High quality silver solder flux by Handy & Harmon. 
3) Equal as approved by Architect before use.   

E. Valves: 

1. Expansion Valves: 

a. For pressure type distributors, externally equalized with stainless steel diaphragm, 
and same refrigerant in thermostatic elements as in system. 

b. Size valves to provide full rated capacity of cooling coil served.  Coordinate selection 
with evaporator coil and condensing unit. 

c.  Approved Manufacturers.   

1) Alco. 
2) Henry. 
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3) Mueller. 
4) Parker. 
5) Sporlan. 

2. Manual Refrigerant Shut-Off Valves: 

a. Ball valves designed for refrigeration service and full line size. 
b. Valve shall have cap seals. 
c. Valves with hand wheels are not acceptable. 
d. Provide service valve on each liquid and suction line at compressor. 
e. If service valves come as integral part of condensing unit, additional service valves 

shall not be required. 
f.  Approved Manufacturers.   

1) Henry. 
2) Mueller. 
3) Superior. 
4) Virginia. 

F. Filter-Drier: 

1. On lines 3/4 inch outside diameter and larger, filter-drier shall be replaceable core type 
with Schraeder type valve. 

2. On lines smaller than 3/4 inch outside diameter, filter-drier shall be sealed type using 
flared copper fittings. 

3. Size shall be full line size. 
4.  Approved Manufacturers.   

a. Alco. 
b. Mueller. 
c. Parker. 
d. Sporlan. 
e. Virginia. 

G. Sight Glass: 

1. Combination moisture and liquid indicator with protection cap. 
2. Sight glass shall be full line size. 
3. Sight glass connections and sight glass body shall be solid copper or brass, no copper-

coated steel sight glasses allowed. 
4.  Approved Product.   

a. Alco AMI. 

H. Flexible Connectors: 

1. Designed for refrigerant service with bronze seamless corrugated hose and bronze 
braiding. 

2.  Approved Products.   

a. Vibration Absorber Model VAF by Packless Industries. 
b. Vibration Absorbers by Virginia KMP Corp. 
c. Anaconda 'Vibration Eliminators' by Universal Metal Hose. 
d. Style 'BF' Spring-flex freon connectors by Vibration Mountings. 
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2.2 MATERIALS 

A. Refrigerant Piping Supports: 

1. Base, Angles, And Uprights:  Steel meeting requirements of ASTM A 36. 
2. Securing Channels: 

a. At Free-Standing Pipe Support: 

1) Type Two Acceptable Products: 
a) P-1000 channels by Unistrut. 
b) HS-158-12 channels by Hilti. 
c) Equal as approved by Architect before installation.   

b. At Wall Support: 

1) Type Two Acceptable Products: 

a) P-3300 channels by Unistrut. 
b) HS-1316-12 channels by Hilti. 
c) Equal as approved by Architect before installation.   

c. At Suspended Support: 

1) Type Two Acceptable Products: 

a) P-1001 channels by Unistrut. 
b) MS-41 channels by Hilti. 
c) Equal as approved by Architect before installation.   

3. Angle Fittings: 

a. Type Two Acceptable Products: 

1) P-2626 90 degree angle by Unistrut. 
2) MW2 angle by Hilti. 
3) Equal as approved by Architect before installation.   

4. Pipe Clamps: 

a. Type Two Acceptable Manufacturers: 

1) Hydra-Zorb. 
2) ZSI Cush-A-Clamp. 
3) Hilti Cush-A-Clamp. 
4) Equal as approved by Architect before installation.   

5. Protective Cover:  18 ga steel, hot-dipped galvanized. 

2.3 MANUFACTURERS 

A. Contact Information: 

1. Alco Controls Div, Maryland Heights, MO  www.alcocontrols.com. 
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2. Cush-A-Clamp by ZSI Manufacturing, Westland, MI  www.cushaclamp.com. 
3. Elkhart Products Corp, Elkhart, IN  www.elkhartproducts.com. 
4. Grinnell Corp, Exeter, NH  www.grinnell.com. 
5. Handy & Harman Products Division, Fairfield, CT  www.handyharman.com. 
6. J W Harris Co Inc, Cincinnati, OH  www.jwharris.com. 
7. Henry Valve Co, Melrose Park, IL  www.henrytech.com. 
8. Hilti Inc, Tulsa, OK  www.hilti.com. 
9. Hydra-Zorb Co, Auburn Hills, MI  www.hydra-zorb.com. 
10. Mueller Steam Specialty, St Pauls, NC  www.muellersteam.com. 
11. Nibco Inc, Elkhart, IN  www.nibco.com. 
12. Packless Industries, Waco, TX  www.packless.com. 
13. Parker Hannefin Corp, Cleveland, OH  www.parker.com/cig/. 
14. Sporlan Valve Co, Washington, MO  www.sporlan.com. 
15. Superior Refrigeration Products, Washington, PA  www.superiorvalve.com. 
16. Unistrut Corp, Wayne, MI  www.unistrut.com. 
17. Universal Metal Hose, Chicago, IL  www.universalmetalhose.com. 
18. Vibration Mountings & Controls, Bloomingdale, NJ  www.vmc-kdc.com. 
19. Virginia KMP Corp, Dallas, TX  www.virginiakmp.com. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Refrigerant Lines: 

1. Install as high in upper mechanical areas as possible.  Do not install underground or in 
tunnels. 

2. Slope suction lines down toward compressor one inch/10 feet.  Locate traps at vertical 
rises against flow in suction lines. 

B. Connections: 

1. Refrigeration system connections shall be copper-to-copper, copper-to-brass, or copper-
to-steel type properly cleaned and brazed with specified rods.  Use flux only where 
necessary.  No soft solder (tin, lead, antimony) connections will be allowed in system. 

2. Braze manual refrigerant shut-off valve, sight glass, and flexible connections. 
3. Circulate dry nitrogen through tubes being brazed to eliminate formation of copper oxide 

during brazing operation. 

C. Specialties: 

1. Install valves and specialties in accessible locations.  Install refrigeration distributors and 
suction outlet at same end of coil. 

2. Install thermostatic bulb as close to cooling coil as possible.  Do not install on vertical 
lines. 

3. Install equalizing line in straight section of suction line, downstream of and reasonably 
close to thermostatic bulb.  Do not install on vertical lines. 

4. Provide flexible connectors in each liquid line and suction line at both condensing unit 
and evaporator on systems larger than five tons.  Anchor pipe near each flexible 
connector. 

D. Refrigerant Supports: 
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1. Support Spacing: 

a. Piping 1-1/4 inch And Larger:  8 feet on center maximum. 
b. Piping 1-1/8 inch And Smaller:  6 feet on center maximum. 
c. Support each elbow. 

2. Isolate pipe from supports and clamps with Hydrozorb or Cush-A-Clamp systems. 
3. Run protective cover continuous from condensing units to risers or penetrations at 

building wall. 

3.2 FIELD QUALITY CONTROL 

A. Make evacuation and leak tests in presence of Architect's Engineer after completing 
refrigeration piping systems.  Positive pressure test will not suffice for procedure outlined 
below. 

1. Draw vacuum on each entire system with two stage vacuum pump.  Draw vacuum to 300 
microns using micron vacuum gauge capable of reading from atmosphere to 10 microns.  
Do not use cooling compressor to evacuate system nor operate it while system is under 
high vacuum. 

2. Break vacuum with nitrogen and re-establish vacuum test.  Vacuum shall hold for 30 
minutes at 300 microns without vacuum pump running. 

3. Conduct tests at 70 deg F ambient temperature minimum. 
4. Do not run systems until above tests have been made and systems started up as 

specified.  Inform Owner's Representative of status of systems at time of final inspection 
and schedule start-up and testing if prevented by outdoor conditions before this time. 

5. After testing, fully charge system with refrigerant and conduct test with Halide Leak 
Detector. 

6. Recover all refrigerant in accordance with applicable codes.  Do not allow any refrigerant 
to escape to atmosphere. 

B. If it is observed that refrigerant lines are being or have been brazed without proper circulation 
of nitrogen through lines, all refrigerant lines installed up to that point in time shall be removed 
and replaced at no additional cost to Owner. 

END  OF  SECTION 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 

 
COMMON DUCT REQUIREMENTS  23 3001 - 1 

SECTION 23 3001 - COMMON DUCT REQUIREMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Includes But Not Limited To: 

1. General procedures and requirements for ductwork. 
2. Repair leaks in ductwork, as identified by smoke test, at no additional cost to Owner. 
3. Soundproofing procedures for duct penetrations of walls, ceilings, and floors in 

mechanical equipment rooms. 

B. Related Sections: 

1. Section 07 9219:  Quality of acoustic sealant. 
2. Section 23 0500:  Common HVAC Requirements. 
3. Section 23 0594:  Air test and balance and smoke testing of ductwork. 

1.2 SUBMITTALS 

A. Samples:  Sealer and gauze proposed for sealing ductwork. 

B. Quality Assurance / Control: 

1. Manufacturer’s installation manuals providing detailed instructions on assembly, joint 
sealing, and system pressure testing for leaks. 

2. Specification data on sealer and gauze proposed for sealing ductwork. 

1.3 QUALITY ASSURANCE 

A. Requirements:  Construction details not specifically called out in Contract Documents shall 
conform to applicable requirements of SMACNA HVAC Duct Construction Standards. 

B. Pre-Installation Conference:  Schedule conference immediately before installation of ductwork. 

PART 2 - PRODUCTS 

A. Finishes, Where Applicable:  Colors as selected by Architect. 

B. Duct Hangers: 

1. One inch by 18 ga galvanized steel straps or steel rods as shown on Drawings, and 
spaced not more than 96 inches apart.  Do not use wire hangers. 

2. Attaching screws at trusses shall be 2 inch No. 10 round head wood screws.  Nails not 
allowed. 

3. Attach threaded rod to steel joist with Grinnell Steel washer plate Fig. 60 - ph-1.  Double 
nut connection. 
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C. Penetration Soundproofing Materials: 

1. Insulation for Packing:  Fiberglass.  
2. Calking:  Polysulphide. 
3. Escutcheon Frame:  22 ga galvanized iron 2 inches wide. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. During installation, protect open ends of ducts by covering with plastic sheet tied in place to 
prevent entrance of debris and dirt. 

B. Make necessary allowances and provisions in installation of sheet metal ducts for structural 
conditions of building.  Revisions in layout and configuration may be allowed, with prior written 
approval of Architect.  Maintain required airflows in suggesting revisions. 

C. Hangers And Supports: 

1. Install pair of hangers close to each transverse joint and elsewhere as required by 
spacing indicated in table on Drawings. 

2. Install upper ends of hanger securely to floor or roof construction above by method 
shown on Drawings. 

3. Attach strap hangers to ducts with cadmium-plated screws.  Use of pop rivets or other 
means will not be accepted. 

4. Where hangers are secured to forms before concrete slabs are poured, cut off flush all 
nails, strap ends, and other projections after forms are removed. 

5. Secure vertical ducts passing through floors by extending bracing angles to rest firmly on 
floors without loose blocking or shimming.  Support vertical ducts, which do not pass 
through floors, by using bands bolted to walls, columns, etc.  Size, spacing, and method 
of attachment to vertical ducts shall be same as specified for hanger bands on horizontal 
ducts. 

D. Penetration Soundproofing 

1. Pack space between ducts and structure full of fiberglass insulation of sufficient thickness 
to be wedged tight, allowing space for application of calking. 

2. Provide calking at least 2 inches thick between duct and structure on both ends of 
opening through structure. 

3. Provide metal escutcheon on Equipment Room side.  Secure escutcheon to wall. 

3.2 CLEANING 

A. Clean interior of duct systems before final completion. 

END OF SECTION 
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SECTION 233113 - METAL DUCTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Single-wall rectangular ducts and fittings. 
2. Double-wall rectangular ducts and fittings. 
3. Single-wall round and flat-oval ducts and fittings. 
4. Double-wall round and flat-oval ducts and fittings. 
5. Sheet metal materials. 
6. Duct liner. 
7. Sealants and gaskets. 
8. Hangers and supports. 
9. Seismic-restraint devices. 

B. Related Sections: 

1. Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, 
and balancing requirements for metal ducts. 

2. Division 23 Section "HVAC Casings" for factory- and field-fabricated casings for 
mechanical equipment. 

3. Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, duct-
mounting access doors and panels, turning vanes, and flexible ducts. 

1.3 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint 
construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible" and performance requirements and design 
criteria indicated in "Duct Schedule" Article. 

B. Structural Performance:  Duct hangers and supports and seismic restraints shall withstand the 
effects of gravity and seismic loads and stresses within limits and under conditions described in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"  

C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in 
ASHRAE 62.1-2004. 

1.4 SUBMITTALS 

A. Product Data:  For each type of the following products: 
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1. Liners and adhesives. 
2. Sealants and gaskets. 
3. Seismic-restraint devices. 

B. Shop Drawings: 

1. Fabrication, assembly, and installation, including plans, elevations, sections, 
components, and attachments to other work. 

2. Factory- and shop-fabricated ducts and fittings. 
3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes. 
4. Elevation of top of ducts. 
5. Dimensions of main duct runs from building grid lines. 
6. Fittings. 
7. Reinforcement and spacing. 
8. Seam and joint construction. 
9. Penetrations through fire-rated and other partitions. 
10. Equipment installation based on equipment being used on Project. 
11. Locations for duct accessories, including dampers, turning vanes, and access doors and 

panels. 
12. Hangers and supports, including methods for duct and building attachment, seismic 

restraints, and vibration isolation. 
13. The shop drawings shall include the Rectangular and round ductwork construction and 

reinforcement methods which the contractor is proposing for this project.  This shall be 
determined by the contractor by following the latest edition of SMACNA “HVAC duct 
construction Standards”.  Duct fabrication shall not begin until these shop drawings and 
be submitted and reviewed. 

C. Delegated-Design Submittal: 

1. Sheet metal thicknesses. 
2. Joint and seam construction and sealing. 
3. Reinforcement details and spacing. 
4. Materials, fabrication, assembly, and spacing of hangers and supports. 
5. Design Calculations:  Calculations, including analysis data signed and sealed by the 

qualified professional engineer responsible for their preparation for selecting hangers and 
supports and seismic restraints. 

D. Coordination Drawings:  Plans, drawn to scale, on which the following items are shown and 
coordinated with each other, using input from installers of the items involved: 

1. Duct installation in congested spaces, indicating coordination with general construction, 
building components, and other building services.  Indicate proposed changes to duct 
layout. 

2. Suspended ceiling components. 
3. Structural members to which duct will be attached. 
4. Size and location of initial access modules for acoustical tile. 
5. Penetrations of smoke barriers and fire-rated construction. 
6. Items penetrating finished ceiling including the following: 

a. Lighting fixtures. 
b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Perimeter moldings. 
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E. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems 
and Equipment" and Section 7 - "Construction and System Start-Up." 

B. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004, Section 
6.4.4 - "HVAC System Construction and Insulation." 

PART 2 - PRODUCTS 

2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise 
indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 1-4, "Transverse (Girth) Joints," for static-
pressure class, applicable sealing requirements, materials involved, duct-support intervals, and 
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

C. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types 
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Chapter 2, "Fittings and Other Construction," for static-pressure class, applicable 
sealing requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

2.2 SINGLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on 
indicated static-pressure class unless otherwise indicated. Longitudinal ductwork is not allowed. 
All round ductwork shall have the Spiral seam. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Lindab Inc. 
b. McGill AirFlow LLC. 
c. SEMCO Incorporated. 
d. Sheet Metal Connectors, Inc. 
e. Spiral Manufacturing Co., Inc. 

B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and diameter of the 
round sides connecting the flat portions of the duct (minor dimension). 

C. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-2, "Transverse Joints - Round Duct," for 
static-pressure class, applicable sealing requirements, materials involved, duct-support 
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intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

1. Transverse Joints in Ducts Larger Than 60 Inches in Diameter:  Flanged. 

D. Longitudinal Seams:  Not Allowed. 

E. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and 
Figure 3-5, "Conical Tees," for static-pressure class, applicable sealing requirements, materials 
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible." 

2.3 SHEET METAL MATERIALS 

A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible" for acceptable materials, material thicknesses, and duct construction 
methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, 
roller marks, stains, discolorations, and other imperfections. 

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

1. Galvanized Coating Designation:  G90. 
2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

C. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte finish for exposed 
ducts. 

D. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304 and 316, as indicated in 
the "Duct Schedule" Article; cold rolled, annealed, sheet.  Exposed surface finish shall be 
No. 2B, No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule" Article. 

E. Aluminum Sheets:  Comply with ASTM B 209 Alloy 3003, H14 temper; with mill finish for 
concealed ducts, and standard, one-side bright finish for duct surfaces exposed to view. 

F. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; black 
and galvanized. 

1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum 
ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials. 

G. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch  
minimum diameter for lengths longer than 36 inches. 

2.4 DUCT LINER 

A. Fibrous-Glass Duct Liner:  Comply with ASTM C 1071, NFPA 90A, or NFPA 90B; and with 
NAIMA AH124, "Fibrous Glass Duct Liner Standard." 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. CertainTeed Corporation; Insulation Group. 
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b. Johns Manville. 
c. Knauf Insulation. 
d. Owens Corning. 

2. Maximum Thermal Conductivity: 

a. Type I, Flexible:  0.27 Btu x in./h x sq. ft. x deg F at 75 deg F  mean temperature. 
b. Type II, Rigid:  0.23 Btu x in./h x sq. ft. x deg F 75 deg F  mean temperature. 

3. Antimicrobial Erosion-Resistant Coating:  Apply to the surface of the liner that will form 
the interior surface of the duct to act as a moisture repellent and erosion-resistant 
coating.  Antimicrobial compound shall be tested for efficacy by an NRTL and registered 
by the EPA for use in HVAC systems. 

4. Water-Based Liner Adhesive:  Comply with NFPA 90A or NFPA 90B and with 
ASTM C 916. 

a. For indoor applications, use adhesive that has a VOC content of 80 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Flexible Elastomeric Duct Liner:  Preformed, cellular, closed-cell, sheet materials complying with 
ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:  

a. Aeroflex USA Inc. 
b. Armacell LLC. 
c. Rubatex International, LLC 

2. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and maximum 
smoke-developed index of 50 when tested according to UL 723; certified by an NRTL. 

3. Liner Adhesive:  As recommended by insulation manufacturer and complying with 
NFPA 90A or NFPA 90B. 

a. For indoor applications, use adhesive that has a VOC content of 50 g/L or less 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Insulation Pins and Washers: 

1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully 
annealed for capacitor-discharge welding, 0.135-inch- diameter shank, length to suit 
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer. 

2. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-thick 
aluminum or stainless steel; with beveled edge sized as required to hold insulation 
securely in place but not less than 1-1/2 inches diameter. 

D. Shop Application of Duct Liner:  Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Figure 2-19, "Flexible Duct Liner Installation." 

1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent adhesive 
coverage at liner contact surface area.  Attaining indicated thickness with multiple layers 
of duct liner is prohibited. 

2. Apply adhesive to transverse edges of liner facing upstream that do not receive metal 
nosing. 

3. Butt transverse joints without gaps, and coat joint with adhesive. 
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4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-
edge overlapping. 

5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts, 
unless duct size and dimensions of standard liner make longitudinal joints necessary. 

6. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm . 
7. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 

exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not 
exceeding 18 inches longitudinally. 

8. Secure transversely oriented liner edges facing the airstream with metal nosings that 
have either channel or "Z" profiles or are integrally formed from duct wall.  Fabricate edge 
facings at the following locations: 

a. Fan discharges. 
b. Intervals of lined duct preceding unlined duct. 
c. Upstream edges of transverse joints in ducts where air velocities are higher than 

2500 fpm or where indicated. 

9. Secure insulation between perforated sheet metal inner duct of same thickness as 
specified for outer shell.  Use mechanical fasteners that maintain inner duct at uniform 
distance from outer shell without compressing insulation. 

a. Sheet Metal Inner Duct Perforations:  3/32-inch diameter, with an overall open 
area of 23 percent. 

10. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning 
vane assemblies, or other devices.  Fabricated buildouts (metal hat sections) or other 
buildout means are optional; when used, secure buildouts to duct walls with bolts, 
screws, rivets, or welds. 

2.5 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and 
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index 
of 50 when tested according to UL 723; certified by an NRTL. 

B. Two-Part Tape Sealing System: 

1. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified acrylic/silicone 
activator to react exothermically with tape to form hard, durable, airtight seal. 

2. Tape Width:  4 inches. 
3. Sealant:  Modified styrene acrylic. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. Maximum Static-Pressure Class:  10-inch wg , positive and negative. 
7. Service:  Indoor and outdoor. 
8. Service Temperature:  Minus 40 to plus 200 deg F. 
9. Substrate:  Compatible with galvanized sheet steel, stainless steel, or aluminum. 
10. For indoor applications, use sealant that has a VOC content of 250 g/L or less when 

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

C. Water-Based Joint and Seam Sealant: 

1. Application Method:  Brush on. 
2. Solids Content:  Minimum 65 percent. 
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3. Shore A Hardness:  Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC:  Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class:  10-inch wg, positive and negative. 
8. Service:  Indoor or outdoor. 
9. Substrate:  Compatible with galvanized sheet steel, stainless steel, or aluminum sheets. 

D. Solvent-Based Joint and Seam Sealant: 

1. Application Method:  Brush on. 
2. Base:  Synthetic rubber resin. 
3. Solvent:  Toluene and heptane. 
4. Solids Content:  Minimum 60 percent. 
5. Shore A Hardness:  Minimum 60. 
6. Water resistant. 
7. Mold and mildew resistant. 
8. For indoor applications, use sealant that has a VOC content of 250 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
9. VOC:  Maximum 395 g/L. 
10. Maximum Static-Pressure Class:  10-inch wg, positive or negative. 
11. Service:  Indoor or outdoor. 
12. Substrate:  Compatible with galvanized sheet steel, stainless steel, or aluminum sheets. 

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

1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
4. Class:  25. 
5. Use:  O. 
6. For indoor applications, use sealant that has a VOC content of 250 g/L or less when 

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

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

G. Round Duct Joint O-Ring Seals: 

1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and shall be 
rated for 10-inch wg static-pressure class, positive or negative. 

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings 

and fitting spigots. 

2.6 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 

B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized rods 
with threads painted with zinc-chromate primer after installation. 

C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum 
Hanger Sizes for Round Duct." 
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D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603. 

E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492. 

F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and 
bolts designed for duct hanger service; with an automatic-locking and clamping device. 

G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible 
with duct materials. 

H. Trapeze and Riser Supports: 

1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc chromate. 

2.7 SEISMIC-RESTRAINT DEVICES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Cooper B-Line, Inc.; a division of Cooper Industries. 
2. Ductmate Industries, Inc. 
3. Hilti Corp. 
4. Kinetics Noise Control. 
5. Unistrut Corporation; Tyco International, Ltd. 
6. Vibro Acoustics. 

 

B. Channel Support System:  Shop- or field-fabricated support assembly made of slotted steel 
channels rated in tension, compression, and torsion forces and with accessories for attachment 
to braced component at one end and to building structure at the other end.  Include matching 
components and corrosion-resistant coating. 

C. Restraint Cables:  ASTM A 603, galvanized-steel cables with end connections made of 
cadmium-plated steel assemblies with brackets, swivel, and bolts designed for restraining cable 
service; and with an automatic-locking and clamping device or double-cable clips. 

D. Hanger Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted 
connections to hanger rod. 

E. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type.  Select anchor bolts 
with strength required for anchor and as tested according to ASTM E 488. 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct 
system.  Indicated duct locations, configurations, and arrangements were used to size ducts 
and calculate friction loss for air-handling equipment sizing and for other design considerations.  
Install duct systems as indicated after coordination with all other trades. Submit Shop Drawings 
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and Coordination Drawings to insure ductwork system with fit.  Make necessary’s offsets and 
modifications to insure the ductwork system will fit in the allotted space. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" 
unless otherwise indicated. 

C. Install round and flat-oval ducts in maximum practical lengths. 

D. Install ducts with fewest possible joints. 

E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for 
branch connections. 

F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines. 

G. Install ducts close to walls, overhead construction, columns, and other structural and permanent 
enclosure elements of building. 

H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 

I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and 
enclosures. 

J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed 
to view, cover the opening between the partition and duct or duct insulation with sheet metal 
flanges of same metal thickness as the duct.  Overlap openings on four sides by at least 1-1/2 
inches. 

K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  
Comply with requirements in Division 23 Section "Air Duct Accessories" for fire and smoke 
dampers. 

L. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials.  Comply with SMACNA's "Duct Cleanliness for New Construction Guidelines." 

3.2 INSTALLATION OF EXPOSED DUCTWORK 

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 

B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do not use 
two-part tape sealing system. 

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  When 
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, 
and treat the welds to remove discoloration caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, 
hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 

F. Paint ductwork as directed by the architect. 
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3.3 DUCT SEALING 

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct 
Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible": 

1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
Below are general seal Class.  Refer to standards for exact Seal Class. 

2. Outdoor, Supply-Air Ducts:  Seal Class A. 
3. Outdoor, Exhaust Ducts:  Seal Class C. 
4. Outdoor, Return-Air Ducts:  Seal Class C. 
5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower:  Seal 

Class B. 
6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg:  

Seal Class A. 
7. Unconditioned Space, Exhaust Ducts:  Seal Class C. 
8. Unconditioned Space, Return-Air Ducts:  Seal Class B. 
9. Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower:  Seal 

Class C. 
10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg:  Seal 

Class B. 
11. Conditioned Space, Exhaust Ducts:  Seal Class B. 
12. Conditioned Space, Return-Air Ducts:  Seal Class C. 

3.4 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, 
"Hangers and Supports." 

B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel 
fasteners appropriate for construction materials to which hangers are being attached. 

1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and completely cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for 

slabs more than 4 inches thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for 

slabs less than 4 inches thick. 
5. Do not use powder-actuated concrete fasteners for seismic restraints. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Table 4-1 "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum 
Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports 
within 24 inches  of each elbow and within 48 inches  of each branch intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 

E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, 
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 
feet. 
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F. Install upper attachments to structures.  Select and size upper attachments with pull-out, 
tension, and shear capacities appropriate for supported loads and building materials where 
used. 

3.5 SEISMIC-RESTRAINT-DEVICE INSTALLATION 

A. Install ducts with hangers and braces designed to support the duct and to restrain against 
seismic forces required by applicable building codes.  Comply with SMACNA's "Seismic 
Restraint Manual:  Guidelines for Mechanical Systems. 

1. Space lateral supports a maximum of 40 feet  o.c., and longitudinal supports a maximum 
of 80 feet o.c. 

2. Brace a change of direction longer than 12 feet. 

B. Select seismic-restraint devices with capacities adequate to carry present and future static and 
seismic loads. 

C. Install cables so they do not bend across edges of adjacent equipment or building structure. 

D. Install cable restraints on ducts that are suspended with vibration isolators. 

E. Install seismic-restraint devices using methods approved by an agency acceptable to authorities 
having jurisdiction. 

F. Attachment to Structure:  If specific attachment is not indicated, anchor bracing and restraints to 
structure, to flanges of beams, to upper truss chords of bar joists, or to concrete members. 

G. Drilling for and Setting Anchors: 

1. Identify position of reinforcing steel and other embedded items prior to drilling holes for 
anchors.  Do not damage existing reinforcement or embedded items during drilling.  
Notify the Architect if reinforcing steel or other embedded items are encountered during 
drilling.  Locate and avoid prestressed tendons, electrical and telecommunications 
conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full 
design strength. 

3. Wedge Anchors:  Protect threads from damage during anchor installation.  Heavy-duty 
sleeve anchors shall be installed with sleeve fully engaged in the structural element to 
which anchor is to be fastened. 

4. Set anchors to manufacturer's recommended torque, using a torque wrench. 
5. Install zinc-coated steel anchors for interior applications and stainless-steel anchors for 

applications exposed to weather. 

3.6 CONNECTIONS 

A. Make connections to equipment with flexible connectors complying with Division 23 Section "Air 
Duct Accessories." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, 
outlet and inlet, and terminal unit connections. 
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3.7 PAINTING 

A. Paint interior of metal ducts that are visible through registers and grilles and that do not have 
duct liner.  Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.  
Paint materials and application requirements are specified in Division 09 painting Sections. 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Leakage Tests: 

1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual."  Submit a test report for 
each test. 

2. Test the following systems: 

a. Ducts with a Pressure Class Higher Than 3-Inch wg:  Test representative duct 
sections, selected by Architect from sections installed, totaling no less than 25 
percent of total installed duct area for each designated pressure class. 

b. Supply Ducts with a Pressure Class of 2-Inch wg or Higher:  Test representative 
duct sections, selected by Architect from sections installed, totaling no less than 50 
percent of total installed duct area for each designated pressure class. 

c. Return Ducts with a Pressure Class of 2-Inch wg or Higher:  Test representative 
duct sections, selected by Architect from sections installed, totaling no less than 50 
percent of total installed duct area for each designated pressure class. 

d. Exhaust Ducts with a Pressure Class of 2-Inch wg or Higher:  Test representative 
duct sections, selected by Architect from sections installed, totaling no less than 50 
percent of total installed duct area for each designated pressure class. 

e. Outdoor Air Ducts with a Pressure Class of 2-Inch wg or Higher:  Test 
representative duct sections, selected by Architect from sections installed, totaling 
no less than 50 percent of total installed duct area for each designated pressure 
class. 

3. Disassemble, reassemble, and seal segments of systems to accommodate leakage 
testing and for compliance with test requirements. 

4. Test for leaks before applying external insulation. 
5. Conduct tests at static pressures equal to maximum design pressure of system or section 

being tested.  If static-pressure classes are not indicated, test system at maximum 
system design pressure.  Do not pressurize systems above maximum design operating 
pressure. 

6. Give seven days' advance notice for testing. 

C. Duct System Cleanliness Tests: 

1. Visually inspect duct system to ensure that no visible contaminants are present. 
2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness 

according to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of 
HVAC Systems." 

a. Acceptable Cleanliness Level:  Net weight of debris collected on the filter media 
shall not exceed 0.75 mg/100 sq. cm. 

D. Duct system will be considered defective if it does not pass tests and inspections. 
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E. Prepare test and inspection reports. 

3.9 DUCT CLEANING 

A. Clean new and existing duct system(s) before testing, adjusting, and balancing. 

B. Use service openings for entry and inspection. 

1. Create new openings and install access panels appropriate for duct static-pressure class 
if required for cleaning access.  Provide insulated panels for insulated or lined duct.  
Patch insulation and liner as recommended by duct liner manufacturer.  Comply with 
Division 23 Section "Air Duct Accessories" for access panels and doors. 

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection. 
3. Remove and reinstall ceiling to gain access during the cleaning process. 

C. Particulate Collection and Odor Control: 

1. When venting vacuuming system inside the building, use HEPA filtration with 99.97 
percent collection efficiency for 0.3-micron-size (or larger) particles. 

2. When venting vacuuming system to outdoors, use filter to collect debris removed from 
HVAC system, and locate exhaust downwind and away from air intakes and other points 
of entry into building. 

D. Clean the following components by removing surface contaminants and deposits: 

1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply 

and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive 
assemblies. 

3. Air-handling unit internal surfaces and components including mixing box, coil section, air 
wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, 
filters and filter sections, and condensate collectors and drains. 

4. Coils and related components. 
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and 

mechanical equipment rooms. 
6. Supply-air ducts, dampers, actuators, and turning vanes. 
7. Dedicated exhaust and ventilation components and makeup air systems. 

E. Mechanical Cleaning Methodology: 

1. Clean metal duct systems using mechanical cleaning methods that extract contaminants 
from within duct systems and remove contaminants from building. 

2. Use vacuum-collection devices that are operated continuously during cleaning.  Connect 
vacuum device to downstream end of duct sections so areas being cleaned are under 
negative pressure. 

3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without 
damaging integrity of metal ducts, duct liner, or duct accessories. 

4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner 
to get wet.  Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated 
or that has friable material, mold, or fungus growth. 

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan operational.  
Rinse coils with clean water to remove latent residues and cleaning materials; comb and 
straighten fins. 

6. Provide drainage and cleanup for wash-down procedures. 
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7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if fungus 
is present.  Apply antimicrobial agents according to manufacturer's written instructions 
after removal of surface deposits and debris. 

3.10 START UP 

A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and 
Balancing for HVAC." 

3.11 DUCT SCHEDULE 

A. General: All lined ductwork is to be increased in size to allow the required amount of insulation. 

B. Outside air/fresh air ductwork shall be wrapped not lined.  See section 230700 “Duct Insulation”. 

C. Supply Ducts: 

1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units: 

a. Pressure Class:  Positive 2-inch wg. 
b. Minimum SMACNA Seal Class:  C. 
c. SMACNA Leakage Class for Rectangular:  24. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 
e. Provide duct liner. See ductwork liner note at the end of this section. 
f. Round ductwork is to be wrapped with 1 ½ inch 1.5-lb/cut ft with foil cover. 

D. Return Ducts: 

1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units: 

a. Pressure Class:  Positive or negative 2-inch wg. 
b. Minimum SMACNA Seal Class:  C. 
c. SMACNA Leakage Class for Rectangular:  24. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 
e. Ductwork is to be lined. 
f. Round ductwork is to be wrapped with 2 inch thick 1.5-lb/cu. Ft density. 

E. Exhaust Ducts: 

1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air: 

a. Pressure Class:  Negative 2-inch wg. 
b. Minimum SMACNA Seal Class:  C if negative pressure, and A if positive pressure. 
c. SMACNA Leakage Class for Rectangular:  24. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 
e. Ductwork is be lined 25 ft upstream from each fan, if the fan is an inline fan the 

ductwork shall be line 25 ft upstream and downstream of the fan.. 

F. Liner: 

1. Supply Air Ducts:  Fibrous glass, Type I or Flexible elastomeric, 1 inch thick. 
2. Return Air Ducts:  Fibrous glass, Type I or Flexible elastomeric, 1 thick. 
3. Exhaust Air Ducts:  Fibrous glass, Type I or Flexible elastomeric, 1 thick. 
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4. Supply Fan Plenums:  Fibrous glass, Type II or Flexible elastomeric,1  thick. 
5. Return- and Exhaust-Fan Plenums:  Fibrous glass, Type II or Flexible elastomeric, 1 

thick. 
6. Transfer Ducts:  Fibrous glass, Type I or Flexible elastomeric, 1 inch thick. 

G. Double-Wall Duct Interstitial Insulation: 

1. Supply Air Ducts:  1 inch thick or as noted on the drawings. 
2. Return Air Ducts:  1 inch thick or as noted on the drawings. 
3. Exhaust Air Ducts:  1 inch thick or as noted on the drawings. 

H. Elbow Configuration: 

1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Figure 2-2, "Rectangular Elbows." 

a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes. 
c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane 
Runners," and Figure 2-4, "Vane Support in Elbows." 

I. Round Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Figure 3-3, "Round Duct Elbows.". Longitudinal Seams:  Not Allowed, provide spiral 
round ductwork. 

a. Minimum Radius-to-Diameter Ratio and Elbow Segments:  Comply with 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-1, 
"Mitered Elbows."  Elbows with less than 90-degree change of direction have 
proportionately fewer segments. 

1) Velocity 1000 fpm or Lower:  1.0 radius-to-diameter ratio and three 
segments for 90-degree elbow. 

2) Velocity 1000 to 1500 fpm:  1.5 radius-to-diameter ratio and four segments 
for 90-degree elbow. 

3) Velocity 1500 fpm or Higher:  1.5 radius-to-diameter ratio and five segments 
for 90-degree elbow. 

4) Radius-to Diameter Ratio:  1.5. 

b. Round Elbows, 12 Inches and Smaller in Diameter:  Stamped or pleated. 
c. Round Elbows, 14 Inches and Larger in Diameter:  Welded. 

J. Branch Configuration: 

1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Figure 2-6, "Branch Connections." 

a. Rectangular Main to Rectangular Branch:  45-degree entry. 
b. Rectangular Main to Round Branch:  Spin in. 

 
END OF SECTION 233113 
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SECTION 233300 – AIR DUCT ACCESSORIES 
 
 
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. Backdraft dampers. 
2. Manual-volume dampers. 
3. Fire and smoke dampers. 
4. Smoke dampers 
5. Fire dampers 
6. Turning vanes. 
7. Duct-mounted access doors and panels. 
8. Flexible ducts. 
9. Flexible connectors. 
10. Duct accessory hardware. 
11. High efficiency take-offs. 
12. Concealed damper regulators. 
13. Dryer vent booster fan. 
14. Rectangular & elbow silencers 
15. Remote damper adjustment 

 
B. Related Sections include the following: 

 
1. Division 8 Section "Access Doors" for wall- and ceiling-mounted access doors and 

panels. 
2. Division 23 Section "Air Terminals" for constant-volume and variable-air-volume control 

boxes, and reheat boxes. 
3. Division 23 Section "Diffusers, Registers, and Grilles." 
4. Division 26 Section "Fire Alarm Systems" for duct-mounted fire and smoke detectors. 

 
C. This division shall demonstrate that all Fire dampers and fire smoke dampers can be 

maintained and serviced and are operating correctly. 
 
 
1.3  SUBMITTALS 
 

A. Product Data:  For the following: 
 

1. Backdraft dampers. 
2. Manual-volume dampers. 
3. Fire and smoke dampers. 
4. Duct-mounted access doors and panels. 
5. Flexible ducts. 
6. Concealed damper regulators. 
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B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loadings, 
required clearances, method of field assembly, components, location, and size of each field 
connection.  Detail the following: 

 
1. Special fittings and manual- and automatic-volume-damper installations. 
2. Fire- and smoke-damper installations, including sleeves and duct-mounted access doors 

and panels. 
 

C. Product Certificates:  Submit certified test data on dynamic insertion loss; self-noise power 
levels; and airflow performance data, static-pressure loss, dimensions, and weights. 

 
 
1.4  QUALITY ASSURANCE 
 

A. NFPA Compliance:  Comply with the following NFPA standards: 
 

1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 
2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

 
 
1.5  EXTRA MATERIALS 
 

A. Furnish extra materials described below that match products installed, are packaged with 
protective covering for storage, and are identified with labels describing contents. 

 
1. Fusible Links:  Furnish quantity equal to 10 percent of amount installed. 

 
 
PART 2  - PRODUCTS 
 
 
2.1  SHEET METAL MATERIALS 
 

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 coating 
designation; mill-phosphatized finish for surfaces of ducts exposed to view. 

 
B. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets, commercial quality, with 

oiled, exposed matte finish. 
 

C. Aluminum Sheets:  ASTM B 209, Alloy 3003, Temper H14, sheet form; with standard, one-
side bright finish for ducts exposed to view and mill finish for concealed ducts. 

 
D. Extruded Aluminum:  ASTM B 221, Alloy 6063, Temper T6. 

 
E. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on 

galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts. 
 

F. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for 36-inch length or less; 3/8-inch 
minimum diameter for lengths longer than 36 inches. 

 
 
2.2  BACKDRAFT DAMPERS 
 

A. Description:  Suitable for horizontal or vertical installations. 
 

B. Frame:  0.063-inch- thick extruded aluminum, with mounting flange. 
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C. Blades:  0.050-inch- thick aluminum sheet. 

 
D. Blade Seals:  Neoprene. 

 
E. Blade Axles:  Nonferrous. 

 
F. Tie Bars and Brackets:  Aluminum. 

 
G. Return:   Spring with adjustable tension adjustable counter balance. 

 
 
2.3  MANUAL-VOLUME DAMPERS 
 

A. General:  Factory fabricated with required hardware and accessories.  Stiffen damper blades 
for stability.  Include locking device to hold single-blade dampers in a fixed position without 
vibration.  Close duct penetrations for damper components to seal duct consistent with 
pressure class. 

 
1. Pressure Classifications of 3-Inch wg or Higher:  End bearings or other seals for ducts 

with axles full length of damper blades and bearings at both ends of operating shaft. 
 

B. Volume Dampers: Dampers smaller than 4 square feet of face area.  Multiple- or single-
blade, opposed-blade design as indicated, low-leakage rating, with linkage outside airstream, 
and suitable for horizontal or vertical applications. 

 
1. Galvanized Steel Frames:  Hat-shaped, 16 gauge, Galvanized steel channels; frames 

with flanges where indicated for attaching to walls; and flangeless frames where indicated 
for installing in ducts. 

2. Galvanized Steel Blades:  Single skin 16 gauge galvanized steel. 
3. Blade Axles:  Nonferrous. 
4. Bearings:  Molder synthetic sleeve type. 

 
C. Jackshaft:  1-inch- diameter, galvanized steel pipe rotating within a pipe-bearing assembly 

mounted on supports at each mullion and at each end of multiple-damper assemblies. 
 

1. Length and Number of Mountings:  Appropriate to connect linkage of each damper of a 
multiple-damper assembly. 

 
D. Damper Hardware:  Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick 

zinc-plated steel, and a 3/4-inch hexagon locking nut.  Include center hole to suit damper 
operating-rod size.  Include elevated platform for insulated duct mounting. 

 
E. Each volume damper concealed above an inaccessible ceiling, etc., shall be provided with a 

shaft extended through the ceiling, to which shall be attached a chrome-plated or painted 
Ventlock No. 666 concealed damper regulator.  No. 680 Ventlock miter gears shall be used 
where necessary. 

 
 
2.4  COMBINATION FIRE-SMOKE DAMPERS 
 

A. General:  Labeled to UL 555S and meeting the code requirements.  Combination fire and 
smoke dampers shall be labeled for one-and-one-half-hour rating to UL 555 for rating 
assemblies less than 3 hours and three hours for rating assemblies 3 hours or more. 

 
B. Leakage Rate: Class 1 with less than 8 cfm square foot leakage at  4" w.g. static pressure. 
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C. Pressure Rating: Fully operational will velocities to 4000 FPM and pressures in excess of 4" 

w.g. 
 

D. Fire Stat: Remotely resetable damper position with switches for remote indication.  High 
Temperature limit returns damper to protection mode when temperature reaches operational 
limit of damper/actuator assembly.  

 
E. Frame and Blades:  0.064-inch- thick, galvanized, sheet steel, blades are to be Airfoil. 

 
F. Mounting Sleeve:  Factory-installed, 0.052-inch- thick, unless otherwise indicated, 

galvanized, sheet steel; length to suit wall or floor application. 
 

G. Damper Motors: Locate outside air stream unless otherwise indicated.  Provide for two-
position action. 

 
1. Electric of voltage to match fire alarm system (coordinate exact voltage).  UL listed as 

part of damper assembly.  
2. Outdoor Motors and Motors in Outside-Air Intakes:  Equip with O-ring gaskets designed 

to make motors weatherproof.  Equip motors with internal heaters to permit normal 
operation at minus 40 deg F. 

 
H. Provide smoke dampers with two contactor indicators, one for the open position & one for the 

closed position. 
 
I. Temperature ratings are to be 250 deg F. Minimum. 

 
J. Operational Ratings 2000 fpm at 4 in. wg. 

 
K. Provide a factory mounted single point smoke detector with the Damper.  UL Listed  S1383. 

This is not required if a Fire Alarm is provided by division 26. 
 

L. Provide a testable/resettable switch with each damper. 
 
 
2.5   SMOKE DAMPERS 

 
A. Ratings: 
 

1. Smoke Rating: Leakage Class II Smoke Damper in accordance with UL555S.  A Class ll 
smoke damper leaks no more than 20 cubic feet per minute (.57 m3/min) at 4 in. wg. (1 
kPa) differential pressure. 

2. Elevated Temperature Rating: 250°F.   
3. Air Flow Rating: 2000 fpm. 
4. Pressure Rating: 4 in. wg. 

 
B. Construction:   
 

1. Frame:  5 inches x minimum 16 gage (127 x minimum 1.6 mm) roll formed, galvanized 
steel hat-shaped channel, reinforced at corners.  Structurally equivalent to 13 gage (2.3 
mm) U-channel type frame. 

2. Blades: 
 
a. Style:  True airfoil-shaped, single piece, double skin.  
b. Action:  Opposed. 
c. Orientation:  Horizontal.  
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d. Material:  Minimum 14 gage (2.0 mm) equivalent thickness, galvanized steel. 
e. Width:  Maximum 6 inches (152 mm). 

    
3. Bearings:  Self-lubricating stainless steel sleeve, turning in extruded hole in frame. 
4. Seals: 
 

a. Blade:  Inflatable silicone fiberglass material to maintain smoke leakage rating to a 
minimum of 450°F (232°C).  Mechanically attached to blade edge (glue-on or grip                             
type seals are not acceptable). 

b. Jamb:  Stainless steel, flexible metal compression type. 
   

5. Linkage:  Concealed in frame. 
6. Axles:  Minimum ½ inch (13) diameter plated steel, hex-shaped, mechanically attached to                     

blade. 
7. Mounting:  Vertical and/or Horizontal. 
8. Actuator: Type: Electric 120 V, 60 Hz, two-position, fail close. Mounting: External.. 
9. Finish:  Mill galvanized. 
10. Indicator or Auxiliary Switch Packages: Provide a device attached to the blade or within 

the actuator to provide damper close status. 
11. Provide damper momentary test switch factory mounted on damper. 
12. DSD – Duct Smoke Detector: Factory Mounted. Type: Photoelectronic (not required if a 

central fire/smoke system is provided). 
13. Factory Sleeve: Minimum 20 gage (1.0 mm) thickness. Minimum 17 inches (432 mm) 

long. 
 
 
2.6    FIRE DAMPERS 
 

A. Curtain type fire dampers. 
 

1. Ratings Fire Resistance: 1½ hours in accordance with UL 555.    
2. Dynamic Closure Rating: Dampers shall be classified for dynamic closure to 2000 fpm 

and 4 inches w.g. (1 kPa) static pressure. 
 

B. Construction: 
 

1. Integral Sleeve Frame: Minimum 20 gauge roll formed galvanized steel. 
2. Blades: 
 

a. Style:  Curtain type, out of airstream. 
b. Action: Spring or gravity closure upon fusible link release. 
c. Orientation:  Horizontal. 
d. Material:  Minimum 24 gage (0.6 mm) roll formed galvanized steel. 
 

3. Closure Springs: Type 301 stainless steel, constant force type, if required. 
4. Temperature Release Device: 212 degrees F (100 degrees C) fusible link. 
5. Mounting: Vertical and/or Horizontal. Duct Transition Connection, Damper Style: Blades 

out of air stream, high free area. 
6. Finish:  Mill galvanized. 
7. Indicator Switches: Microswitch. 
8.  Mounting Angles: FAST, 1-1/2 x 1-1/2 inches (38 x 38 mm). Provide steel mullions for 

dampers in oversized masonry walls.  Provide duct breakaway connection in all 
duct/damper connections. 
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2.7  TURNING VANES 
 

A. Fabricate single blade vanes to comply with SMACNA's "HVAC Duct Construction Standards-
Metal and Flexible." 

 
B. Acoustic Turning Vanes:  Fabricate of airfoil-shaped aluminum extrusions with perforated 

faces and fibrous-glass fill. 
 
 
2.8  DUCT-MOUNTED ACCESS DOORS AND PANELS 
 

A. General:  Fabricate doors and panels airtight and suitable for duct pressure class. 
 

B. Frame:  Galvanized, sheet steel, with bend-over tabs and foam gaskets. 
 

C. Door:  Double-wall, galvanized, sheet metal construction with insulation fill and thickness, and 
number of hinges and locks as indicated for duct pressure class.  Include vision panel where 
indicated.  Include 1-by-1-inch butt or piano hinge and cam latches. 

 
D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber. 

 
E. Insulation:  1-inch- thick, fibrous-glass or polystyrene-foam board. 

 
 
2.9  FLEXIBLE CONNECTORS 
 

A. General:  Flame-retarded or noncombustible fabrics, coatings, and adhesives complying with 
UL 181, Class 1. 

 
B. Standard Metal-Edged Connectors:  Factory fabricated with a strip of fabric 3-1/2 inches wide 

attached to two strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized, sheet steel or 0.032-
inch aluminum sheets.  Select metal compatible with connected ducts. 

 
C. Flexible Connector Fabric:  Glass fabric double coated with a synthetic-rubber, weatherproof 

coating resistant to the sun's ultraviolet rays and ozone environment. 
 

1. Minimum Weight:  26 oz./sq. yd.. 
2. Tensile Strength:  530 lbf/inch in the warp, and 440 lbf/inch in the filling. 

 
 
2.10 FLEXIBLE DUCTS 
 

A. General:  Comply with UL 181, Class 1. 
 

B. Flexible Ducts, Insulated:  Factory-fabricated, insulated, round duct, with an outer jacket 
enclosing 1-1/2-inch- thick, glass-fiber insulation around a continuous inner liner. 

 
1. Reinforcement:  Steel-wire helix encapsulated in inner liner. 
2. Outer Jacket:  Glass-reinforced, silver Mylar with a continuous hanging tab, integral 

fibrous-glass tape, and nylon hanging cord. 
3. Inner Liner:  Polyethylene film. 

 
C. Pressure Rating:  6-inch wg positive, 1/2-inch wg negative. 
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D. Flexible duct connections from the main trunk ducts to diffuser boots shall be furnished and 
installed as shown on the drawings.  Flexible ducts shall have compression fittings on both 
ends.  Flexible ducts shall connect to trunk duct with high efficiency takeoffs.  A balance 
damper with locking quadrant will be provided downstream of take-off from trunk duct.  

 
E. Ducts shall conform to the requirements for Class I connectors when tested in accordance 

with "Standard for Factory Made Air Ducts Materials and Air Duct Connectors" (UL 181).  
Ducts shall also pass the 15 minute U.L. flame penetration test as specified in the UL 181 
Standard. 

 
F. Flexible ducts shall not extend more than 5’-0”. Flexible ductwork shall be run in straight 

lengths.  Flexible ductwork is not allowed to bend 90 degrees.  If a bend is needed use sheet-
metal hard elbows. 

 
G. For round ductwork 24” and smaller a True round fire damper with the same rating may be 

used. 
 
 
2.11 ACCESS DOORS 
 

A. Provide access doors for visual inspection of fire damper blades. 
 
 
2.12 ACCESSORY HARDWARE 
 

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap 
and gasket.  Size to allow insertion of pitot tube and other testing instruments, and length to 
suit duct insulation thickness. 

 
B. Splitter Damper Accessories:  Zinc-plated damper blade bracket; 1/4-inch, zinc-plated 

operating rod; and a duct-mounted, ball-joint bracket with flat rubber gasket and square-head 
set screw. 

 
C. Flexible Duct Clamps:  Stainless-steel band with cadmium-plated hex screw to tighten band 

with a worm-gear action, in sizes 3 to 18 inches to suit duct size. 
 

D. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to 
gasoline and grease. 

 
 
2.13 DRYER VENT BOOSTER FAN 
 

A. Booster System 
 

1. Inline fan shall be of the centrifugal, direct driven type. 
 

B. Construction 
 

1. Fan housing shall be constructed of heavy gauge galvanized sheet metal.  Internal air 
turning vanes shall be provided for maximum air performance.  Fan shall be supplied with 
externally mounted electrical terminal box and pre-wired terminal strip connections.  
Capacitor shall be enclosed within the fan electrical junction box. 

2. Motorized impeller shall be an external rotor type, class B insulation, totally enclosed 
permanent split capacitor type.  Bearings shall be permanently sealed self lubricating ball 
type.  Motor shall be equipped with automatic reset thermal overload protection.  Motor 
shall be acceptable for continuous duty. 
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3. Fan wheel shall be of the backward inclined centrifugal type with a well designed inlet 
venturi for maximum performance.  Motorized impeller shall be both statically and 
dynamically balanced as one integral unit to provide for vibration free performance. 

4. Integral DB 10 positive pressure sensing switch shall be mounted on the fan and 
prewired to the terminal strip provided in fan electrical junction box.  Switch shall 
incorporate a delay-on-make timer cycle to maintain fan performance for intervals of 10 
minutes until drying cycle is completed. 

 
C. Performance 

 
1. Fan air and sound performance shall be certified by AMCA and licensed to bear the 

AMCA seal. 
 

D. Code Approval 
 

1. Fan shall be tested and approved by UL and CSA (or equal) for safety. Fan shall be 
Kanalflakt. 

 
 
2.14 SILENCERS 
 

A. Rectangular Silencers:  All rectangular silencers, including models RFL shall be constructed    
with a 22 gauge galvanized steel outer casing and 26 gauge galvanized perforated steel. (By 
Vibro-Acoustics) 

 
B. Elbow Silencers:  All elbow silencers, including models REFL, EX-REFL shall be constructed 

with an 18 gauge galvanized steel outer casing and 22 gauge galvanized perforated steel.  
All acoustical splitters shall be internally radiused and aerodynamically designed for efficient 
turning of the air.  Half and full splitters are required as necessary to achieve the scheduled 
insertion loss.  All elbow silencers with a turning cross-section dimension greater than 48” 
shall have at least two half splitters and one full splitter. (By Vibro-Acoustics) 

 
C. Acoustic Media  

 
1. Dissipative and Film Lined silencers, including models RFL, REFL, EX-RFL: 

Media shall be of acoustic quality, shot-free glass fiber insulation with long, resilient fibers 
bonded with a thermosetting resin.  Glass fiber density and compression shall be as 
required to insure conformance with laboratory test data.  Glass fiber shall be packed 
with a minimum of 15% compression during silencer assembly.  Media shall be resilient 
such that it will not crumble or break, and conform to irregular surfaces.  Media shall not 
cause or accelerate corrosion of aluminum or steel.  Mineral wool will not be permitted as 
a substitute for glass fiber. 

 
D. Media Protection:  
 

1.  Film Lined silencers, including models RFL, REFL, EX-RFL: The acoustic media shall be 
completely wrapped with Tedlar film to help prevent  shedding, erosion and impregnation.  
The wrapped acoustic media shall be separated from the perforated metal by a factory 
installed ½” thick acoustically transparent spacer.  The spacer shall be flame retardant 
and erosion resistant.  A mesh, screen or corrugated perforated liner will not be 
acceptable as a substitute for the specified spacer. 

 
E. Combustion Ratings:   
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1.  Film Lined silencers, including models RFL, REFL, EX-RFL: Silencer materials, including 
acoustic media, Tedlar film and acoustical spacer shall   have maximum combustion 
ratings as noted below when tested in accordance with ASTM E84, NFPA 255 or UL 723. 
 
Flame Spread Index:   20 

  Smoke Developed Index:  45 
 
F. CONSTRUCTION 

 
1. Silencers shall be constructed in accordance with ASHRAE and SMACNA standards for 

the pressure and velocity classification specified for the air distribution system in which it 
is installed. Material gauges noted in “Section B Materials”, are minimums.  Material 
gauges shall be increased as required for the system pressure and velocity classification.  
The silencers shall not fail structurally when subjected to a differential air pressure of 8 
inches water gauge. 
 

2. Casings shall be lockformed and sealed, except as noted in Section B Materials, to 
provide leakage-resistant construction.  Airtight construction shall be achieved by use of 
a duct-sealing compound supplied and installed by the contractor at the jobsite. 

 
3. All perforated steel shall be adequately stiffened to insure flatness and form.  All spot 

welds shall be painted. 
 

G. ACOUSTIC PERFORMANCE 
 

1. Silencer dynamic insertion loss shall not be less than that listed in the silencer schedule. 
 

2. Silencer generated noise shall not be greater than that listed in the silencer schedule. 
 

3. Acoustic performance shall include dynamic insertion loss and generated noise for 
forward flow (air and noise in same direction) or reverse flow (air and noise in opposite 
direction) in accordance with the project’s air distribution system requirements. 

 
4. All silencer ratings shall be determined in a duct-to-reverberant room test facility which 

provides for airflow in both directions through the test silencer in accordance with the 
ASTM E-477-06a test standard.  The test set-up, procedure and facility shall eliminate all 
effects due to flanking, directivity, end reflection, standing waves and reverberation room 
absorption. 

 
H. AERODYNAMIC PERFORMANCE 

 
1. Silencer pressure drops shall not exceed those listed in the silencer schedule.  Silencer 

pressure drop measurements shall be made in accordance with the ASTM E-477-06a 
test standard.  Tests shall be conducted and reported on the identical units for which 
acoustical data is presented. 

 
 
2.15 REMOTE DAMPER OPERATOR 

 
1. Use one of the two options below: 

 
A. Damper controller and cable shall be concealed above the ceiling or in the walls. 

Cable to consist of Bowden cable .054” stainless steel control wire encapsulated in 
1/16” flexible galvanized spiral wire sheath. Control kit shall consist of 2-5/8” diameter 
die cast aluminum housing with 3” diameter zinc plated [polished chrome is optional] 
cover, and 14 gauge steel rack and pinion gear drive converting rotary motion to 
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push-pull motion. Control shaft shall be D-style flatted 1/4” diameter with 265 degree 
rotation providing graduations for positive locking and control, and 1-1/2” linear travel 
capability. Control kit is designed to be imbedded in the ceiling flush with the finished 
surface or flush will the wall. Control kit shall be manually operated using Young 
Regulator Model 030-12 wrench. Control kit shall be Young Regulator Model 270-301 
or prior approved equal. 
 

B. Damper controller.  Provide a remote control operated zone control damper.  Damper 
shall be a butterfly type, consisting of a circular blade, fastened to a continuous 3/8” 
mild steel square shaft.  Inside frame surface shall be clan and smooth with no blade 
stops or similarly inward projections that increase pressure drop.  Frame shall be 20 
gage minimum G60 galvanized steel and include full circumference rolled stiffener.  
The blade shall be of the same material as the frame.  The bearing shall be molded 
lexan GE141 and shall be formed to shape the axle.  A 9 volt DC operated damper 
motor shall be factory installed and commissioned prior to shipping.  The actuator 
shall include a factory wired RJ11 connector. Damper shall be installed with plenum 
rated RJ11 cable terminating at the damper motor connector on one end and the wall 
box or diffuser on the other end.  The unit shall be a Ruskin Model ZPD25. 

 
 
PART 3  - EXECUTION 
 
 
3.1  INSTALLATION 
 

A. Install duct accessories according to applicable details shown in SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible" for metal ducts and NAIMA's "Fibrous Glass 
Duct Construction Standards" for fibrous-glass ducts. 

 
B. Install volume dampers in lined duct; avoid damage to and erosion of duct liner. 

 
C. Provide test holes at fan inlet and outlet and elsewhere as indicated. 

 
D. Install fire and smoke dampers according to manufacturer's UL-approved written instructions. 

 
1. Install fusible links in fire dampers. 

 
E. Install duct access panels for access to both sides of duct coils.  Install duct access panels 

downstream from volume dampers, fire dampers, turning vanes, and equipment. 
 

1. Install duct access panels to allow access to interior of ducts for cleaning, inspecting, 
adjusting, and maintaining accessories and terminal units. 

2. Install access panels on side of duct where adequate clearance is available. 
 

F. Label access doors according to Division 26 Section "Identification for Piping and 
Equipment." 

 
G. Where flexible duct is indicated, use insulated flexible duct for supply air return and exhaust 

air.  Flexible ductwork shall only be used as indicated on the drawings and shall not exceed 6 
feet.  Hard turns, offsets, or kinks will not be allowed. Provide support every three feet. 

 
H. Use the remote damper operator when they are called out on the drawings or when the 

damper cannot be easily accessed. 
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3.2  ADJUSTING 
 

A. Adjust duct accessories for proper settings. 
 

B. Adjust fire and smoke dampers for proper action. 
 

C. Final positioning of manual-volume dampers is specified in Division 23 Section "Testing, 
Adjusting, and Balancing." 

 
 
 
END OF SECTION 233300 
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SECTION 233423 - POWER VENTILATORS 
 
 
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. Utility set fans. 
2. Centrifugal roof ventilators. 
3. In-line centrifugal fans. 
4. Kitchen exhaust fans. 
5. Tubular centrifugal fans. 
6. Backward inclined fans. 
7. Ceiling Fans 

 
B. Related Sections:  The following Sections contain requirements that relate to this Section: 

 
1. Division 7 Section "Manufactured Roof Specialties" for roof curbs and equipment 

supports. 
2. Division 23 Section "Instrumentation and Controls for HVAC" for control devices. 
3. Division 26 Section "Disconnects and Circuit Breakers" for disconnect switches. 
4. Division 26 Section "Motor Controllers" for motor starters. 

 
C. Products furnished, but not installed, under this Section include roof curbs for roof-mounted 

exhaust fans. 
 
D. Provide neoprene gasket between fan-mounted curbs and the fan for sound transmission 

also isolated fans with rubber grommet.  
 
 
1.3  PERFORMANCE REQUIREMENTS 
 

A. Project Altitude:  Base air ratings on actual site elevations. 
 

B. Operating Limits:  Classify according to AMCA 99. 
 

C. Fan Unit Schedule:  The following information is described in an equipment schedule on the 
Drawings. 

 
1. Fan performance data including capacities, outlet velocities, static pressures, sound 

power characteristics, motor requirements, and electrical characteristics. 
2. Fan arrangement including wheel configuration, inlet and discharge configurations, and 

required accessories. 
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1.4  SUBMITTALS 
 

A. General:  Submit each item in this Article according to the Conditions of the Contract and 
Division 1 Specification Sections. 

 
B. Product Data including rated capacities of each unit, weights (shipping, installed, and 

operating), furnished specialties, accessories, and the following: 
 

1. Certified fan performance curves with system operating conditions indicated. 
2. Certified fan sound power ratings. 
3. Motor ratings and electrical characteristics plus motor and electrical accessories. 
4. Material gages and finishes, including color charts. 
5. Dampers, including housings, linkages, and operators. 

 
C. Shop Drawings from manufacturer detailing equipment assemblies and indicating 

dimensions, weights, loadings, required clearances, method of field assembly, components, 
and location and size of each field connection. 

 
D. Coordination Drawings, according to Division 23 Section "Basic Mechanical Requirements," 

for roof penetration requirements and for reflected ceiling plans drawn accurately to scale and 
coordinating penetrations and units mounted above ceiling.  Show the following: 

 
1. Roof framing and support members relative to duct penetrations. 
2. Ceiling suspension assembly members. 
3. Size and location of initial access modules for acoustical tile. 
4. Ceiling-mounted items including light fixtures, diffusers, grilles, speakers, sprinklers, 

access panels, and special moldings. 
 

E. Wiring diagrams detailing wiring for power and control systems and differentiating clearly 
between manufacturer-installed and field-installed wiring. 

 
F. Maintenance data for power ventilators to include in the operation and maintenance manual 

specified in Division 1 and in Division 23 Section "Basic Mechanical Requirements." 
 
 
1.5  QUALITY ASSURANCE 
 

A. Electrical Component Standard:  Provide components that comply with NFPA 70 and that are 
listed and labeled by UL where available. 

 
B. Listing and Labeling:  Provide electrically operated fixtures specified in this Section that are 

listed and labeled. 
 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, Article 
100. 

2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing 
Laboratory" (NRTL) as defined in OSHA Regulation 1910.7. 

 
C. AMCA Compliance:  Provide products that meet performance requirements and are licensed 

to use the AMCA Seal. 
 

D. NEMA Compliance:  Provide components required as part of fans that comply with applicable 
NEMA standards. 

 
E. UL Standard:  Provide power ventilators that comply with UL 705. 
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1.6  PROJECT CONDITIONS 
 

A. Field Measurements:  Verify dimensions by field measurements.  Verify clearances. 
 

B. Do not operate fans until ductwork is clean, filters are in place, bearings are lubricated, and 
fans have been commissioned. 

 
 
1.7  COORDINATION AND SCHEDULING 
 

A. Coordinate the size and location of structural steel support members. 
 

B. Coordinate the installation of roof curbs, equipment supports, and roof penetrations.  Roof 
specialties are specified in Division 7 Sections. 

 
 
1.8  EXTRA MATERIALS 
 

A. Furnish one set of belts for each belt-driven fan that match products installed, are packaged 
with protective covering for storage, and are identified with labels clearly describing contents. 

 
 
PART 2  - PRODUCTS 
 
 
2.1  MANUFACTURERS 
 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

 
1. Utility Set Fans and Stair Pressurization and Kitchen Fan : 

 
a. Cook (Loren) Co. 
b. ILG Industries, Inc. 
c. Trane Co. (The). 
d. Twin City Fan & Blower Co. 
e. Greenheck 

 
2. Centrifugal Roof Dome Ventilators: 

 
a. Penn Ventilator Co. 
b. Broan Mfg. Co., Inc. 
c. Central Blower Co. 
d. Cook (Loren) Co. 
e. Greenheck Fan Corp. 
f. ILG Industries, Inc. 
g. Jenn Industries Inc. 
h. Captive Air. 

 
3. In-Line Centrifugal Fans, Mixed Flow Fans, Tubular and Inclined Fans: 

 
a. Cook (Loren) Co. 
b. Woods 
c. ILG Industries, Inc. 
d. Jenn Industries Inc. 
e. Greenheck 
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4. Ceiling Fans: 

a. Big Ass Fan Co.. 
 
 

2.2  CENTRIFUGAL ROOF DOME  VENTILATORS 
 

A. Description:  Belt-driven or direct-drive centrifugal fans, as indicated, consisting of housing, 
wheel, fan shaft, bearings, motor and disconnect switch, drive assembly, curb base, and 
accessories. 

 
B. Housing:  Removable, spun-aluminum, dome top and outlet baffle; square, one-piece, 

aluminum base with venturi inlet cone. 
 

C. Housing:  Removable, extruded-aluminum, rectangular top; square, one-piece, aluminum 
base with venturi inlet cone. 

 
D. Fan Wheels:  Aluminum hub and wheel with backward-inclined blades. 

 
E. Belt-Driven Drive Assembly:  Resiliently mounted to the housing, with the following features: 

 
1. Fan Shaft:  Turned, ground, and polished steel drive shaft keyed to wheel hub. 
2. Shaft Bearings:  Permanently lubricated, permanently sealed, self-aligning ball bearings. 
3. Pulleys:  Cast-iron, adjustable-pitch motor pulley. 
4. Fan and motor isolated from exhaust air stream. 

 
F. Accessories:  The following items are required as indicated: 

 
1. Disconnect Switch:  Nonfusible type, with thermal-overload protection mounted inside fan 

housing, factory wired through an internal aluminum conduit. 
2. Bird Screens:  Removable 1/2-inch mesh, aluminum or brass wire. 
3. Dampers:  Counterbalanced, parallel-blade, backdraft dampers mounted in curb base; 

factory set to close when fan stops. 
4. Roof Curbs:  Galvanized steel; mitered and welded corners; 2-inch- thick, rigid, fiberglass 

insulation adhered to inside walls; and 2-inch wood nailer.  Size as required to suit roof 
opening and fan base. 

 
a. Configuration:  Self-flashing without a cant strip, with mounting flange. 
b. Overall Height:  14 inches. 

 
 
2.3  IN-LINE CENTRIFUGAL FANS  
 

A. Description:  In-line, belt-driven centrifugal fans consisting of housing, wheel, outlet guide 
vanes, fan shaft, bearings, drive assembly, motor and disconnect switch, mounting brackets, 
and accessories. 

 
B. Housing: Heavy gauge steel with straightening vanes; inlet and outlet flanges; and support 

bracket. 
 

C. Belt-Driven Units:  Motor mounted on adjustable base, with adjustable sheaves, enclosure 
around belts within fan housing, and lubricating tubes from fan bearings extended to outside 
of fan housing. 

 
D. Fan Wheels: Steel backward inclined blades  welded to steel  hub. 
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E. Accessories:  The following accessories are required as indicated: 

 
1. Companion Flanges:  For inlet and outlet duct connections. 
2. Fan Guards:  Expanded metal in removable frame.  Provide belt guards for units not 

connected to ductwork. 
 
 
2.4   UTILITY SET FANS 
 

A. Description:  Belt-driven centrifugal fans consisting of housing, wheel, fan shaft, bearings,  
motor, drive assembly, and accessories. 

 
B. Housings:  Fabricated of steel with side sheets fastened with a deep lock seam or welded to 

scroll sheets. 
 

1. Housings Discharge Arrangement:  Adjustable to 8 standard positions. 
 

C. Fan Wheels:  Single width, single inlet, welded to cast-iron or       cast-steel hub and spun 
steel inlet cone, with hub keyed to       shaft. 

 
1. Blade Materials:  Steel, or type 304 stainless steel 
2. Blade Type:  Die formed, backward inclined airfoil.  

 
D. Fan Shaft:  Turned, ground, and polished steel keyed to wheel hub. 

 
E. Shaft Bearings:  Prelubricated and sealed, self-aligning, pillow-block-type ball bearings with 

AFBMA 9, L-50 of 200,000 hours. 
 

F. Belt Drives:  Factory mounted, with final alignment and belt adjustment made after 
installation. 

 
1. Service Factor Based on Fan Motor:  1.5. 
2. Motor Pulleys:  Adjustable pitch for use with motors through 5 horsepower  (HP); fixed 

pitch for use with       motors larger than 5 HP.  Select pulley so pitch adjustment is at the 
middle of the adjustment range at fan design conditions. 

3. Belts:  Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt drives. 
4. Belt Guards:  Fabricate of steel for motors mounted on the outside of the fan cabinet. 

 
G. Accessories:  The following accessories are required as indicated: 

 
1. Access Doors:  Gasketed doors with latch-type handles. 
2. Spark-Resistant Construction:  AMCA 99 construction, if required. 
3. Drain Connections:  3/4-inch threaded coupling drain connection installed at lowest point 

of housing. 
4. Weather Hoods:  Weather resistant with stamped vents over motor and drive 

compartment. 
 
 
2.5 BACKWARD INCLINED AIRFOIL 
 

A. Description: Fan shall be a single width, single inlet, backward inclined airfoil, belt driven 
centrifugal vent set featuring spark resistant AMCA Type A construction. 

 
B. Certifications: Fan shall be manufactured at an ISO 9001 certified facility. Fan shall be listed 

by Underwriters Laboratories (UL/cUL 705) for US and Canada. For restaurant applications, 
fan shall be listed by Underwriters Laboratories (UL/cUL 762) for US and Canada. Fan shall 
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bear the AMCA certified ratings seal for sound and air performance. 
 

C. Construction: The fan shall be of bolted and welded construction utilizing corrosion resistant 
fasteners. The scroll wrapper shall be a minimum 0.100" aluminum and the scroll side panels 
shall be a minimum 0.100" aluminum. The entire fan housing shall have continuously welded 
seams for leakproof operation. A performance cut-off shall be furnished to prevent the 
recirculation of air in the fan housing. The fan housing shall be field rotatable to any one of 
eight discharge positions and shall have a minimum 1-1/2 inch outlet discharge flange. 
Bearing support shall be minimum 10 gauge welded steel. Side access inspection ports shall 
be provided with quick release latches for access to the motor compartment without removing 
the weather cover. Lifting lugs shall be provided for ease of installation. Unit shall bear an 
engraved aluminum nameplate. Nameplate shall indicate design CFM, static pressure, and 
maximum fan RPM. Unit shall be shipped in ISTA certified transit tested packaging. 

 
D. Coating: Steel fan components shall be LorenizedTM with an electrostatically applied, baked 

polyester powder coating. Each powder coated component shall be subject to a five stage 
environmentally friendly wash system, followed by a minimum 2 mil thick baked powder  
finish. Paint must exceed 1,000 hour salt spray under ASTM B117 test method. 

 
E. Wheel: Wheel shall be aluminum centrifugal airfoil blade type. Blades shall be continuously 

welded to the backplate and deep spun inlet shroud. Wheel hub shall be keyed and securely 
attached to the fan shaft. Wheel inlet shall overlap an aerodynamic aluminum inlet cone to 
provide maximum performance and efficiency. Wheel shall be balanced in accordance with 
AMCA Standard 204-96, Balance Quality and Vibration Levels for Fans. 

 
F. Motor: Motor shall be heavy duty type with permanently lubricated sealed ball bearings and 

furnished at the specified voltage, phase and enclosure. 
 

G. Bearings: Bearings shall be designed and tested specifically for use in air handling 
applications. Construction shall be heavy duty regreasable ball or roller type in a cast iron 
pillow block housing selected for a minimum L50 life in excess of 200,000 hours at maximum 
cataloged operating speed. 

 
H. Blower Shaft: Blower shaft shall be Type 316 Stainless Steel accurately turned, ground and 

polished. Shafting shall be sized for a critical speed of at least 125% of maximum RPM. 
 

I.   Belts and Drives: Belts shall be oil and heat resistant, non-static type. Drives shall be 
precision machined cast iron type, keyed and securely attached to the wheel and motor 
shafts. Drives shall be sized for 150% of the installed motor horsepower. The variable pitch 
motor drive must be factory set to the specified fan RPM. 

1. CEILING FAN 

a. Complete Unit: The fan shall be designed to move the maximum amount of free air 
contained within a given space with the least amount of electrical power. Free air is 
defined as that air within a given space at a constant static pressure. 

b. Airfoils: Each fan shall have ten (10) low speed airfoils of precision extruded 6063 
aluminum alloy, weighing no more than 1.25 pounds per foot of length. All airfoils 
shall be heat treated for strength. Each airfoil shall incorporate a "Wickerbill" aka 
"Gurney Flap" molded along the trailing edge of the airfoil. The foils shall be 
connected to the hub section of the fan by means of 2 locking bolts per foil, providing 
no less than 16,000 pounds shear strength. Additionally, the airfoils shall be 
interlocked with a Safetystrap 14 galvanized A36 Steel to prevent an individual airfoil 
from becoming accidentally disconnected from the hub. 
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c. Motor: (HP) Stöber Motor or equivalent, 1730 RPM, Inverter rated with Class F 
Insulation, 40ºC Ambient-Continuous, Thermal Protection 150ºC. 

d. Gear Reducer: The gear reducer shall be a Stöber C-Style MGS Helical Gear 
Reducer or equivalent hardened to 58-62 Rockwell C. The gear reducer shall be 
precision finished for low noise and long service life with double lip seals to keep oil 
in and contaminants out, and be lubricated for life. The gear reducer shall have a 
standard backlash of less than 20 arc minutes and be equipped with a 17-4 Stainless 
Steel shaft of 1.125" diameter conditioned to 1140. 

e. Motor Frame: The fan motor and mount shall be constructed of 1/4" powder-coated 
steel. The mount shall be designed so that both guy wires and safety cables can 
easily and securely attached.  

f. Hub: The fan hub assembly shall be constructed of a precision cast of prime 713 
aluminum alloy or equivalent. The hub shall incorporate four safety clips made of 1/4" 
steel that will brake the motor in case of shaft failure. 

g. Mount: The fan mount shall be designed for quick and secure mounting of the fan 
from a structure's support beams. The mounting system of the fan shall allow easy 
removal and relocation, if required. The fan mount shall be lightweight and 
constructed of 1/4" powder coated steel. 

h. Guy Wires: Four (4) sets of self locking wire rope and grip locks of sufficient length 
shall be provided in order to guy the fan to the building structure. Each of the guy 
wires shall be of stranded galvanized steel of 3/16 inch diameter with a minimum 
breaking load of not less than 1,000 pounds. 

i. Safety Cabling: The safety cable shall consist of a 7 X 19 class stranded galvanized 
steel of 3/16 inch diameter with 4 clamps to secure the motor frame to the structural 
member from which the fan is attached. The safety cable shall have a breaking 
strength of not less than 4,200 pounds. 

j. Fan Controller:  
Each fan controller will be UL listed as Enclosed Industrial Control Panels and built 
pursuant to construction guidelines set forth by Underwriters Laboratories article 
508A, and the National Electrical Code. 
 
Each fan controller will include a factory programmed Variable Frequency Drive 
(VFD) to provide a soft-start for the fan as well as infinite speed control capability for 
the fan(s). The VFD will be sized per the motor's maximum current requirements 
under locked rotor torque demands. When more than one fan motor is controlled by a 
VFD, the size of the VFD will be based on the maximum current requirements of the 
total peak currents of all motor loads under the worst operating conditions. Multiple 
motor systems will also include a Solid State Overload relay for each motor. 
 
Each fan controller built for 480 volt power will be equipped with a properly rated load 
reactor for handling voltage irregularities. Load reactors shall be minimum 3% 
impedance per unit and shall be provided integral to the VFD as a part of the fan 
controller package. 
 
Each fan controller will be equipped with an ON/OFF switch, speed control 
potentiometer, safety disconnect, and properly sized fuse block. The controls shall be 
housed in a Nema type 1 enclosure to prevent accidental contact with the enclosed 
equipment, and to exclude entry of unwanted substances. 
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k. Fan Controller Program: The controller shall be factory programmed to minimize the 
starting torque of the fan to approximately 15 foot pounds. This will extend the 
operating life of the fan by minimizing the stress on all components. Additionally, the 
controller will allow the speed of the fan to be altered easily to optimize the fans use 
in any conditions. 

 
 
2.6 MOTORS 
 

A. Refer to Division 23 Section "Motors" for general requirements for factory-installed motors. 
The Fan for the Grease utility only needs a spark rating of C 

 
 

2.7 FACTORY FINISHES 
 

A. Sheet Metal Parts:  Prime coat before final assembly. 
 

B.  Exterior Surfaces:  Baked-enamel finish coat after assembly. 
 

C.  Aluminum Parts:  No finish required. 
 
 
2.8 SOURCE QUALITY CONTROL 
 

A. Testing Requirements:  The following factory tests are required as indicated: 
 

1. Sound Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan 
Sound Ratings From Laboratory Test Data."  Test fans according to AMCA 300, 
"Reverberant Room Method for Sound Testing of Fans."  Label fans with the AMCA Seal. 

2. Fan Performance Ratings:  Establish flow rate, pressure, power, air density, speed of 
rotation, and efficiency by factory tests and ratings according to AMCA 210, "Laboratory 
Methods of Testing Fans for Rating." 

 
 
PART 3 - EXECUTION 
 
 
3.1 EXAMINATION 
 

A. Examine areas and conditions for compliance with requirements of installation tolerances and 
other conditions affecting performance of the power ventilators.  Do not proceed with 
installation until unsatisfactory conditions have been corrected. 

 
 
3.2 INSTALLATION 
 

A. Install power ventilators according to manufacturer's written instructions. 
 

B. Support units using the vibration-control devices indicated.  Vibration-control devices are 
specified in Division 23 Section "Vibration Control." 

 
1. Support utility set fans on steel bases  or roof supports using housed spring isolators.  

Secure units to anchor bolts installed in housekeeping base. 
2. Secure roof-mounted fans to roof curbs with cadmium-plated hardware. 
 

a. Installation of roof curbs is specified in Division 7 Sections. 
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3. Suspend units from structural steel support frame using threaded steel rods and vibration 
isolation springs. 

 
C. Install units with clearances for service and maintenance. 

 
D. Label units according to requirements specified in Division 23 Section "Mechanical 

Identification." 
 
   
3.3 CONNECTIONS 
 

A. Duct installation and connection requirements are specified in other Division 23 Sections.  
Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connectors. 

 
B. Electrical:  Conform to applicable requirements in Division 26 Sections. 

 
C. Grounding:  Ground equipment.  Tighten electrical connectors and terminals, including 

grounding connections, according to manufacturer's published torque-tightening values.  
Where manufacturer's torque values are not indicated, use those specified in UL 486A and 
UL 486B. 

 
 
3.4 FIELD QUALITY CONTROL 
 

A. Manufacturer's Field Service:  Provide services of a factory-authorized service representative 
to supervise the field assembly of components and installation of fans, including duct and 
electrical connections, and to report results in writing. 

 
 
3.5 ADJUSTING 
 

A. Adjust damper linkages for proper damper operation. 
 

B. Adjust belt tension. 
 

C. Lubricate bearings. 
 
 
3.6 CLEANING 
 

A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction 
debris, and repair damaged finishes including chips, scratches, and abrasions. 

 
B. Clean fan interiors to remove foreign material and construction debris.  Vacuum clean fan 

wheel and cabinet. 
 
 
3.7 COMMISSIONING 
 

A. Final Checks before Startup:  Perform the following operations and checks before startup: 
 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that connections for 

piping, ducts, and electrical components are complete.  Verify that proper thermal-
overload protection is installed in motors, starters, and disconnects. 

3. Perform cleaning and adjusting specified in this Section. 
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4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan 
wheel free rotation and smooth bearing operation.  Reconnect fan drive system, align and 
adjust belts, and install belt guards. 

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-recommended 
lubricants. 

6. Verify that manual and automatic volume control and fire and smoke dampers in 
connected ductwork systems are in the fully open position. 

7. Disable automatic temperature-control operators. 
 

B. Starting procedures for fans are as follows: 
 

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust fan 
to indicated RPM. 

2. Measure and record motor voltage and amperage. 
 

C. Shut unit down and reconnect automatic temperature-control operators. 
 

D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for procedures for air-
handling-system testing, adjusting, and balancing. 

 
E. Replace fan and motor pulleys as required to achieve design conditions. 
 

 
3.8 DEMONSTRATION 
 

A. Train Owner's maintenance personnel on procedures and schedules related to startup and 
shutdown, troubleshooting, servicing, and preventive maintenance. 

 
B. Review data in the operation and maintenance manuals.  Refer to Division 1 Section 

"Contract Closeout." 
 
C. Schedule training with Owner, through Architect, with at least 7 days' advance notice. 
 
D. Demonstrate operation of power ventilators.  Conduct walking tour of the Project.  Briefly 

identify location and describe function, operation, and maintenance of each power ventilator. 
 
END OF SECTION 233423 
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SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES 

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 ceiling- and wall-mounted diffusers, registers, and grilles. 

B. Related Sections include the following: 

1. Division 10 Section "Louvers and Vents" for fixed and adjustable louvers and wall vents, 
whether or not they are connected to ducts. 

2. Division 23 Section "Duct Accessories" for fire and smoke dampers and volume-control 
dampers not integral to diffusers, registers, and grilles. 

3. Division 23 Section "Testing, Adjusting, and Balancing" for balancing diffusers, registers, 
and grilles. 

1.3 DEFINITIONS 

A. Diffuser:  Circular, square, or rectangular air distribution outlet, generally located in the ceiling 
and comprised of deflecting members discharging supply air in various directions and planes 
and arranged to promote mixing of primary air with secondary room air. 

B. Grille:  A louvered or perforated covering for an opening in an air passage, which can be located 
in a sidewall, ceiling, or floor. 

C. Register:  A combination grille and damper assembly over an air opening. 

1.4 SUBMITTALS 

A. Product Data:  For each model indicated, include the following: 
 

1. Data Sheet:  For each type of air outlet and inlet, and accessory furnished; indicate 
construction, finish, and mounting details. 

2. Performance Data:  Include throw and drop, static-pressure drop, and noise ratings for 
each type of air outlet and inlet. 

3. Schedule of diffusers, registers, and grilles indicating drawing designation, room location, 
quantity, model number, size, and accessories furnished. 

4. Assembly Drawing:  For each type of air outlet and inlet; indicate materials and methods 
of assembly of components. 

B. Coordination Drawings:  Reflected ceiling plans and wall elevations drawn to scale to show 
locations and coordination of diffusers, registers, and grilles with other items installed in ceilings 
and walls. 
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C. Samples for Initial Selection:  Manufacturer's color charts showing the full range of colors 
available for diffusers, registers, and grilles with factory-applied color finishes.  Colors to be off-
white, unless otherwise selected by Architect during submittal stage. 

D. Samples for Verification:  Of diffusers, registers, and grilles, in manufacturer's standard sizes, 
showing the full range of colors.  Prepare Samples from the same material to be used for the 
Work. 

1.5 QUALITY ASSURANCE 

A. Product Options:  Drawings and schedules indicate specific requirements of diffusers, registers, 
and grilles and are based on the specific requirements of the systems indicated.  

B. NFPA Compliance:  Install diffusers, registers, and grilles according to NFPA 90A, "Standard for 
the Installation of Air-Conditioning and Ventilating Systems." 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Air Factors  
2. Krueger  
3. Metal Aire 
4. Nailor 
5. Price  
6. Titus  

2.2 REGISTERS, GRILLES, & DIFFUSERS 

A. General:  The frames for all registers, grilles, and diffusers shall match type of ceiling where 
they are to be installed.  Special frames shall be provided for narrow T-bar ceilings.  Refer to 
reflected ceiling plan and other specification divisions for ceiling type. See drawings schedules 
for additional information.  

 
1. Ceiling supply air diffusers in rooms with ceilings shall be Titus Omni Architectural 

Square Panel with baked enameled finish, directional blow clips, and earthquake tabs.  
Border type shall match ceiling system. 

2. Ceiling return-air grilles in lay-in ceiling shall be Titus PAR-3, with removable perforated 
faceplate for lay-in T-bar application, baked enamel finish. 

3. Ceiling return-air grilles in other than lay-in ceiling shall be Titus 8F with perforated 
faceplate, baked enamel finish. 

4. Exhaust-air registers in lay-in T-bar ceiling shall be Titus PAR-3 with removable 
perforated faceplate and opposed-blade damper, baked enamel finish. 

5. Exhaust-air registers in other than lay-in ceilings shall be Titus 355FL or 355FS with 40-
degree deflection horizontal extruded aluminum blades with opposed-blade damper, 
baked enamel finish.  Exhaust registers from 6 feet 0 inches above floor shall be sight-
proof, heavy-duty gymnasium type equal to Titus 33RL or 33RS with horizontal 40-
degree deflection blades, baked enamel finish with opposed blade damper. 

6. Return-air registers shall be the same as specified for exhaust registers.   
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2.3 SOURCE QUALITY CONTROL 

A. Testing:  Test performance according to ASHRAE 70, "Method of Testing for Rating the 
Performance of Air Outlets and Inlets." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
equipment.  Do not proceed with installation until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install diffusers, registers, and grilles level and plumb, according to manufacturer's written 
instructions, Coordination Drawings, original design, and referenced standards. 

B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, 
and accessories.  Air outlet and inlet locations have been indicated to achieve design 
requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop.  Make final 
locations where indicated, as much as practicable.  For units installed in lay-in ceiling panels, 
locate units in the center of the panel.  Where architectural features or other items conflict with 
installation, notify Architect for a determination of final location. 

C. Install diffusers, registers, and grilles with airtight connection to ducts and to allow service and 
maintenance of dampers, air extractors, and fire dampers. 

3.3 ADJUSTING 

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, 
before starting air balancing. 

3.4 CLEANING 

A. After installation of diffusers, registers, and grilles, inspect exposed finish.  Clean exposed 
surfaces to remove burrs, dirt, and smudges.  Replace diffusers, registers, and grilles that have 
damaged finishes. 

END OF SECTION 233713 
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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 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 
1. Listed double-wall vents . 
2. Listed grease ducts. 
3. The Listed grease ductwork shall be used for all the boilers, water heaters and the diesel 

driven fire pump between the rated boiler room and the rated shafts and any other area 
that requires a rated listing. All fittings and transitions shall be rated. 

1.3 SUBMITTALS 

A. Product Data:  For the following: 
1. Type B and BW vents. 
2. Type L vents. 
3. Special gas vents. 
4. Grease ducts. 
5. Guy wires and connectors. 

B. Shop Drawings:  For vents, breechings, chimneys, and stacks.  Include plans, elevations, 
sections, details, and attachments to other work. 
1. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, methods of field assembly, components, hangers and seismic restraints, and 
location and size of each field connection. 

2. For installed products indicated to comply with design loads, include calculations required 
for selecting seismic restraints and structural analysis data signed and sealed by the 
qualified professional engineer responsible for their preparation. 

3. Shop drawings shall include a detailed drawing showing each vent/stack lengths and 
materials proposed. 

C. Welding certificates. 

D. Manufacturer Seismic Qualification Certification:  Submit certification that factory-fabricated 
breeching, chimneys, and stacks; accessories; and components will withstand seismic forces 
defined in Division 23 Section "Vibration and Isolation and Seismic Restraints." Include the 
following: 
1. Basis for 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." 



UBATC ROOSEVELT HVAC PROJECT 
AG BUILDING HVAC UPGRADE 

 

BREECHINGS, CHIMNEYS, AND STACKS    235100 - 2 
 

b. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified and the unit 
will be fully operational after the seismic event." 

2. Dimensioned Outline Drawings of Breeching, Chimneys, and Stacks:  Identify center of 
gravity and locate and describe mounting and anchorage provisions. 

3. Detailed description of anchorage devices on which the certification is based and their 
installation requirements. 

E. 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 and AWS D9.1/D9.1M, "Sheet Metal Welding Code," for 
shop and field welding of joints and seams in vents, breechings, and stacks. 

C. Certified Sizing Calculations:  Manufacturer shall certify venting system sizing calculations. 

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. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items 
are specified in Division 07 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:  10   years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 LISTED TYPE B AND BW VENTS  (Category 1) 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. Ampco. 
2. Cleaver-Brooks; Div. of Aqua-Chem Inc. 
3. Heat-Fab, Inc. 
4. Metal-Fab, Inc. 
5. Schebler Co. (The). 
6. Selkirk Inc.; Selkirk Metalbestos and Air Mate. 
7. Simpson Dura-Vent Co., Inc.; Subsidiary of Simpson Manufacturing Co. 
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8. Tru-Flex Metal Hose Corp. 
9. Van-Packer Company, Inc. 

B. Description:  Double-wall metal vents tested according to UL 441 and rated for 480 deg F 
continuously for Type B, or 550 deg F continuously for Type BW; with neutral or negative flue 
pressure complying with NFPA 211. 

C. Construction:  Inner shell and outer jacket separated by at least a 1/4-inch airspace. 

D. Inner Shell:     ASTM A 666, Type 430 stainless steel. 

E. Outer Jacket:   Aluminized steel. 

F. 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. 
1. Termination:  Stack cap designed to exclude minimum 90 percent of rainfall. 
2. Termination:  Round chimney top designed to exclude minimum 98 percent of rainfall. 
3. Termination:  Exit cone with drain section incorporated into riser. 
4. Termination:  Antibackdraft. 
5. Termination:  Insert termination. 

2.2 LISTED TYPE L VENTS (Category II). Negative flue pressure condensing. 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. AMPCO. 
2. Heat-Fab, Inc. 
3. Metal-Fab, Inc. 
4. Schebler Co. (The). 
5. Selkirk Inc.; Selkirk Metalbestos and Air Mate. 
6. Simpson Dura-Vent Co., Inc.; Subsidiary of Simpson Manufacturing Co. 
7. Van-Packer Company, Inc. 

B. Description:  Double-wall metal vents tested according to UL 641 and rated for 570 deg F 
continuously, or 1700 deg F for 10 minutes; with neutral or negative flue pressure complying 
with NFPA 211. 

C. Construction:  Inner shell and outer jacket separated by at least a  1-inch airspace filled with 
high-temperature, ceramic-fiber mineral-wool insulation. 

D. Inner Shell:  ASTM A 666, Type 304 Type 316 stainless steel. 

E. Outer Jacket:   Aluminized Stainless steel. 

F. 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. 
1. Termination:  Stack cap designed to exclude 90 percent of rainfall. 
2. Termination:  Round chimney top designed to exclude 98 percent of rainfall. 
3. Termination:  Exit cone with drain section incorporated into riser. 
4. Termination:  Insert termination. 
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2.3 LISTED SPECIAL GAS VENTS (Category III) Positive pressure. 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. AMPCO 
2. Heat-Fab, Inc. 
3. Metal-Fab, Inc. 
4. Selkirk Inc.; Selkirk Metalbestos and Air Mate. 
5. Z-Flex; Flexmaster Canada Limited. 

B. Description:  Double-wall metal vents tested according to UL 1738 and rated for 480 deg F 
continuously, with positive or negative flue pressure complying with NFPA 211. 

C. Construction:  Inner shell and outer jacket separated by at least a 1/2-inch airspace. 

D. Inner Shell:  ASTM A 666, type 304 stainless steel fo the following thicknesses: 
1. 6 to 22 inch size: 0.035 inch thick 
2. 23 to 48 inch size: 0.048 inch thick 

E. Outer Jacket:   Aluminum-coated steel of the following thicknesses. 
1. 6 to 24 inch size: 0.025 inch thick 
2. 26 to 48 inch size: 0.034 inch thick. 

F. 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. 
1. Termination:  Stack cap designed to exclude minimum 90 percent of rainfall. 
2. Termination:  Round chimney top designed to exclude minimum 98 percent of rainfall. 
3. Termination:  Exit cone with drain section incorporated into riser. 

2.4 LISTED SPECIAL GAS VENTS (Category IV) Positive pressure condensing. 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. AMPCO 
2. Heat-Fab, Inc. 
3. Metal-Fab, Inc. 
4. Selkirk Inc.; Selkirk Metalbestos and Air Mate. 
5. Z-Flex; Flexmaster Canada Limited. 

B. Description:  Double-wall metal vents tested according to UL 1738 and rated for 480 deg F 
continuously, with positive or negative flue pressure complying with NFPA 211. 

C. Construction:  Inner shell and outer jacket separated by at least a 1/2-inch airspace. 

D. Inner Shell:  ASTM A 959, Type  AL29-4C stainless steel. 

E. Outer Jacket:  Aluminized Stainless steel. 

F. 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:  Stack cap designed to exclude minimum 90 percent of rainfall. 
2. Termination:  Round chimney top designed to exclude minimum 98 percent of rainfall. 
3. Termination:  Exit cone with drain section incorporated into riser. 

2.5 GUYING AND BRACING MATERIALS 

A. Cable:  Three  galvanized, stranded wires of the following thickness: 
1. Minimum Size:  1/4 inch in diameter. 
2. For ID Sizes 4 to 15 Inches:  5/16 inch. 
3. For ID Sizes 18 to 24 Inches:  3/8 inch. 
4. For ID Sizes 27 to 30 Inches:  7/16 inch. 
5. For ID Sizes 33 to 36 Inches:  1/2 inch. 
6. For ID Sizes 39 to 48 Inches:  9/16 inch. 
7. For ID Sizes 51 to 60 Inches:  5/8 inch. 

B. Pipe:   Three galvanized steel, NPS 1-1/4. 

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 Type B and BW Vents:  Vents for certified gas appliances. 

B. Listed Type L Vent:  Vents for low-heat appliances. 

C. Listed Special Gas Vent:  Condensing gas appliances. 

D. Listed Building-Heating-Appliance Chimneys:  Dual-fuel boilers, oven vents, water heaters, and 
exhaust for engines.  Fireplaces and other solid-fuel-burning appliances. 

E. Listed Grease Ducts:  Type I commercial kitchen grease duct. 

3.3 INSTALLATION OF LISTED VENTS AND CHIMNEYS 

A. Locate to comply with minimum clearances from combustibles and minimum termination heights 
according to product listing or NFPA 211, whichever is most stringent. 

B. Seal between sections of positive-pressure vents and grease exhaust ducts according to 
manufacturer's written installation instructions, using sealants recommended by manufacturer. 

C. Support vents at intervals recommended by manufacturer to support weight of vents and all 
accessories, without exceeding appliance loading. 
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D. Slope breechings down in direction of appliance, with condensate drain connection at lowest 
point piped to nearest drain. 

E. Lap joints in direction of flow. 

F. Connect base section to foundation using anchor lugs of size and number recommended by 
manufacturer. 

G. Join sections with acid-resistant joint cement to provide continuous joint and smooth interior 
finish. 

H. Erect stacks plumb to finished tolerance of no more than 1 inch out of plumb from top to bottom. 

END OF SECTION 235100 
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SECTION 235400 - FURNACES 

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. Gas-fired, condensing furnaces and accessories complete with controls. 
2. Air Filters. 
3. Refrigeration components. 

1.3 SUBMITTALS 

A. Product Data:  Include rated capacities, operating characteristics, furnished specialties, and 
accessories for each of the following: 

1. Furnace. 
2. Thermostat. 
3. Air filter. 
4. Refrigeration components. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of each field 
connection. 

1. Wiring Diagrams:  Power, signal, and control wiring. 

C. Operation and Maintenance Data:  For each furnace to include in emergency, operation, and 
maintenance manuals for each of the following: 

1. Furnace and accessories complete with controls. 
2. Air filter. 
3. Refrigeration components. 

D. Warranty:  Special warranty specified in this Section. 

1.4 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. 
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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 3. 

B. 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 the following components of furnaces that fail in materials or workmanship within 
specified warranty period: 

1. Warranty Period, Commencing on Date of Substantial Completion: 

a. Furnace Heat Exchanger:  10 years. 
b. Integrated Ignition and Blower Control Circuit Board:  Five years. 
c. Draft-Inducer Motor:  Five years. 
d. Refrigeration Compressors:  10 years. 
e. Evaporator and Condenser Coils:  Five years. 

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. Disposable Air Filters:  Furnish two complete sets. 

PART 2 - PRODUCTS 

2.1 GAS-FIRED FURNACES, CONDENSING 

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

1. Carrier Corporation; Div. of United Technologies Corp. 
2. Luxaire Corporation; a division of Unitary Products Group. 
3. Trane. 
4. York International Corp.; a division of Unitary Products Group. 

B. General Requirements for Gas-Fired, Condensing Furnaces:  Factory assembled, piped, wired, 
and tested; complying with ANSI Z21.47/CSA 2.3, "Gas-Fired Central Furnaces," and with 
NFPA 54. 

C. Cabinet:  Galvanized steel. 

1. Cabinet interior around heat exchanger shall be factory-installed insulation. 
2. Lift-out panels shall expose burners and all other items requiring access for maintenance. 
3. Factory paint external cabinets in manufacturer's standard color. 
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D. Fan:  Centrifugal, factory balanced, resilient mounted, direct drive. 

1. Fan Motors:  Comply with requirements in Division 23 Section "Motors." 
2. Special Motor Features:  Multitapped, multispeed with internal thermal protection and 

permanent lubrication. 

E. Type of Gas:  Natural. 

F. AFUE:  93 percent. 

G. Heat Exchanger: 

1. Primary:  Aluminized steel. 
2. Secondary:  Polyethylene-coated steel. 

H. Burner: 

1. Gas Valve:  100 percent safety modulating main gas valve, main shutoff valve, pressure 
regulator, safety pilot with electronic flame sensor, limit control, transformer, and 
combination ignition/fan timer control board. 

2. Ignition:  Electric pilot ignition, with hot-surface igniter or electric spark ignition. 

I. Gas-Burner Safety Controls: 

1. Electronic Flame Sensor:  Prevents gas valve from opening until pilot flame is proven; 
stops gas flow on ignition failure. 

2. Flame Rollout Switch:  Installed on burner box; prevents burner operation. 
3. Limit Control:  Fixed stop at maximum permissible setting; de-energizes burner on 

excessive bonnet temperature; automatic reset. 

J. Combustion-Air Inducer:  Centrifugal fan with thermally protected motor and sleeve bearings 
prepurges heat exchanger and vents combustion products; pressure switch prevents furnace 
operation if combustion-air inlet or flue outlet is blocked. 

K. Furnace Controls:  Solid-state board integrates ignition, heat, cooling, and fan speeds; 
adjustable fan-on and fan-off timing; terminals for connection to accessories. 

L. Accessories: 

1. Combination Combustion-Air Intake and Vent:  PVC plastic fitting to combine 
combustion-air inlet and vent through outside wall roof. 

2. Plastic Vent Materials. 

a. CPVC Plastic, Schedule 40 Pipe:  ASTM F 441/F 441M. 

1) CPVC Plastic, Schedule 40 Fittings:  ASTM F 438, socket type. 
2) CPVC Solvent Cement:  ASTM F 493. 

b. PVC Plastic, Schedule 40 Pipe:  ASTM D 1785. 

1) PVC Plastic, Schedule 40 Fittings:  ASTM D 2466, socket type. 
2) PVC Solvent Cement:  ASTM D 2564. 
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2.2 THERMOSTATS 

A. Solid-State Thermostat:  Wall-mounting, programmable, microprocessor-based unit with 
automatic switching from heating to cooling, preferential rate control, seven-day 
programmability with minimum of four temperature presets per day, vacation mode,  and battery 
backup protection against power failure for program settings. Thermostat shall be capable of 
operating ventilation fan as specified. See furnace schedule. 

B. Control Wiring:  Unshielded twisted-pair cabling. 

1. No. 24 AWG, 100 ohm, four pair. 

2.3 AIR FILTERS 

A. Disposable Filters:  1-inch- thick, disposable, fiberglass type in sheet metal frame. 

2.4 REFRIGERATION COMPONENTS 

A. General Refrigeration Component Requirements: 

1. Refrigeration compressor, coils, and specialties shall be designed to operate with HCFC-
free refrigerants. 

2. Energy-Efficiency Ratio:  Equal to or greater than prescribed by ASHRAE/IESNA 90.1, 
"Energy Standard for Buildings except Low-Rise Residential Buildings." 

3. Coefficient of Performance:  Equal to or greater than prescribed by 
ASHRAE/IESNA 90.1, "Energy Efficient Standard for Buildings except Low-Rise 
Residential Buildings." 

B. Refrigerant Coil:  Copper tubes mechanically expanded into aluminum fins.  Comply with 
ARI 210/240, "Unitary Air-Conditioning and Air-Source Heat Pump Equipment."  Match size with 
furnace.  Include condensate drain pan with accessible drain outlet. 

1. Refrigerant Coil Enclosure:  Steel, matching furnace and evaporator coil, with access 
panel and flanges for integral mounting at or on furnace cabinet and galvanized sheet 
metal drain pan coated with black asphaltic base paint. 

C. Refrigerant Line Kits:  Annealed-copper suction and liquid lines factory cleaned, dried, 
pressurized with nitrogen, sealed, and with suction line insulated.  Provide in standard lengths 
for installation without joints, except at equipment connections. 

1. Flexible Elastomeric:  Closed-cell, sponge- or expanded-rubber materials.  Comply with 
ASTM C 534, Type I, 3/8 inch thick. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions, with Installer present, for compliance with requirements for 
installation tolerances and other conditions affecting performance of the Work. 
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B. Examine factory-installed insulation before furnace installation.  Reject units that are wet, 
moisture damaged, or mold damaged. 

C. Examine roughing-in for gas and refrigerant piping systems to verify actual locations of piping 
connections before equipment installation. 

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

3.2 INSTALLATION 

A. Install gas-fired furnaces and associated fuel and vent features and systems according to 
NFPA 54. 

B. Install oil-fired furnaces and associated fuel and vent piping according to NFPA 31. 

C. Base-Mounted Units:  Secure units to substrate.  Provide optional bottom closure base if 
required by installation conditions. 

1. Anchor furnace to substrate to resist code-required seismic acceleration. 

D. Controls:  Install thermostats at mounting height of 60 inches above floor. 

E. Wiring Method:  Install control wiring in accessible ceiling spaces and in gypsum board 
partitions where unenclosed wiring method may be used.  Conceal control wiring except in 
unfinished spaces. 

F. Install ground-mounted, compressor-condenser components on 4-inch- thick, reinforced 
concrete base; 4 inches larger on each side than unit.  Concrete, reinforcement, and formwork 
are specified in Division 3 Section "Cast-in-Place Concrete."  Coordinate anchor installation with 
concrete base. 

G. Install ground-mounted, compressor-condenser components on 4” concrete base. 

3.3 CONNECTIONS 

A. Gas piping installation requirements are specified in Division 23 Section "Fuel Gas Piping."  
Drawings indicate general arrangement of piping, fittings, and specialties.  Connect gas piping 
with union or flange and appliance connector valve. 

B. Install piping adjacent to equipment to allow service and maintenance. 

C. Vent and Outside-Air Connection, Condensing, Gas-Fired Furnaces:  Connect plastic piping 
vent material to furnace connections and extend outdoors.  Terminate vent outdoors with a cap 
and in an arrangement that will protect against entry of birds, insects, and dirt. 

1. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 
2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 
3. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and 

fittings according to the following: 

a. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and 
solvent cements. 
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b. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix. 
c. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC 

socket fittings according to ASTM D 2672.  Join other-than-schedule-number PVC 
pipe and socket fittings according to ASTM D 2855. 

4. Slope pipe vent back to furnace or to outside terminal. 

D. Vent and Outside-Air Connection, Condensing, Gas-Fired Furnaces: Connect plastic piping vent 
material to furnace connections and extend outdoors. Terminate vent outdoors with a cap and in 
an arrangement that will protect against entry of birds, insects, and dirt. 

E. Connect ducts to furnace with flexible connector.  Comply with requirements in Division 23 
Section "Duct Accessories." 

F. Connect refrigerant tubing kits to refrigerant coil in furnace and to air-cooled, compressor-
condenser unit. 

1. Flared Joints:  Use ASME B16.26 fitting and flared ends, following procedures in CDA's 
"Copper Tube Handbook." 

2. 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. 

3. 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. 

G. Comply with requirements in Division 23 Section "Refrigerant Piping" for installation and joint 
construction of refrigerant piping. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports: 

1. Perform electrical test and visual and mechanical inspection. 
2. Leak Test:  After installation, charge systems with refrigerant and oil and test for leaks.  

Repair leaks, replace lost refrigerant and oil, and retest until no leaks exist. 
3. Operational Test:  After electrical circuitry has been energized, start units to confirm 

proper operation, product capability, and compliance with requirements. 
4. Verify that fan wheel is rotating in the correct direction and is not vibrating or binding. 
5. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls 

and equipment. 

B. Verify that vibration isolation and flexible connections properly dampen vibration transmission to 
structure. 

3.5 STARTUP SERVICE 

A. Complete installation and startup checks according to manufacturer's written instructions and 
perform the following: 

1. Inspect for physical damage to unit casings. 
2. Verify that access doors move freely and are weathertight. 
3. Clean units and inspect for construction debris. 
4. Verify that all bolts and screws are tight. 
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5. Adjust vibration isolation and flexible connections. 
6. Verify that controls are connected and operational. 

B. Adjust fan belts to proper alignment and tension. 

C. Start unit according to manufacturer's written instructions and complete manufacturer's 
operational checklist. 

D. Measure and record airflows. 

E. Verify proper operation of capacity control device. 

F. After startup and performance test, lubricate bearings and adjust belt tension. 

3.6 ADJUSTING 

A. Adjust initial temperature and humidity set points. 

B. Set controls, burner, and other adjustments for optimum heating performance and efficiency.  
Adjust heat-distribution features, including shutters, dampers, and relays, to provide optimum 
heating performance and system efficiency. 

3.7 CLEANING 

A. After completing installation, clean furnaces internally according to manufacturer's written 
instructions. 

B. Install new filters in each furnace within 14 days after Substantial Completion. 

3.8 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain condensing units.  Refer to Division 1 Section "Demonstration and 
Training." 

END OF SECTION 235400 
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SECTION 235524 - GAS-FIRED RADIANT TUBE HEATERS 

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 gas-fired, tubular infrared radiant heaters. 

1.3 SUBMITTALS 

A. Product Data:  For each type of gas-fired radiant heater indicated.  Include rated capacities, 
operating characteristics, and accessories. 

B. Shop Drawings:  For gas-fired radiant heaters.  Include plans, elevations, sections, details, and 
attachments to other work. 

1. Prepared by or under the supervision of a qualified professional engineer detailing 
fabrication and assembly of gas-fired radiant heaters, as well as procedures and 
diagrams. 

2. Design Calculations:  Calculate requirements for selecting vibration isolators and seismic 
restraints and for designing vibration isolation bases. 

3. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each field 
connection. 

4. Wiring Diagrams:  Power, signal, and control wiring. 

C. Coordination Drawings:  Plans, elevations, and other details, 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 to which equipment will be attached. 
2. Items penetrating roof and the following: 

a. Vent and gas piping rough-ins and connections. 

D. Manufacturer Seismic Qualification Certification:  Submit certification that gas-fired radiant 
heaters, accessories, and components will withstand seismic forces defined in Division 15 
Section "Mechanical Vibration and Seismic Controls." Include the following: 

1. Basis for 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." 
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b. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified and the unit 
will be fully operational after the seismic event." 

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. 

E. Field quality-control test reports. 

F. Operation and Maintenance Data:  For gas-fired radiant heaters to include in emergency, 
operation, and maintenance manuals. 

G. Warranty:  Special warranty specified in this Section. 

1.4 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. 

1.5 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace components of gas-fired radiant heater that fails in materials or workmanship within 
specified warranty period. 

1. Warranty Period:  Three years from date of Substantial Completion. 

1.6 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. Burner Igniters:  One hot-surface burner igniter(s) for each style of gas-fired radiant 
heater furnished. 

PART 2 - PRODUCTS 

2.1 TUBULAR INFRARED HEATERS 

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. Reznor/Thomas & Betts Corporation. 
2. Roberts-Gordon, Inc. 
3. Sterling HVAC Products; Div. of Mestek Technology Inc. 
4. Re-Verber-Ray 

B. Description:  Factory assembled, piped, and wired, and complying with ANSI Z83.20/CSA 2.34. 
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C. Fuel Type:  Design burner for natural gas having characteristics same as those of gas available 
at Project site. 

D. Combustion Tubing:  4-inch diameter aluminized steel with high-emissivity, high-temperature, 
corrosion-resistant external finish. 

E. Tubing Connections:  Stainless-steel couplings or flared joints with stainless-steel draw bolts. 

F. Reflector:  Polished aluminum, 97 percent minimum reflectivity, with end caps.  Shape to control 
radiation from tubing for uniform intensity at floor level with 100 percent cutoff above centerline 
of tubing.  Provide for rotating reflector or heater around a horizontal axis for minimum 30-
degree tilt from vertical. 

1. Reflector Extension Shields:  Same material as reflectors, arranged for fixed connection 
to lower reflector lip and rigid support to provide 100 percent cutoff of direct radiation from 
tubing at angles greater than 30 degrees from vertical. 

2. Include hanger kit. 

G. Burner Safety Controls: 

1. Gas Control Valve:  Single-stage, regulated redundant 24-V ac gas valve containing pilot 
solenoid valve, electric gas valve, pilot filter, pressure regulator, pilot shutoff, and manual 
shutoff all in one body. 

2. Blocked Vent Safety:  Differential pressure switch in burner safety circuit to stop burner 
operation with high discharge or suction pressure. 

3. Control Panel Interlock:  Stops burner if panel is open. 
4. Indicator Lights:  Burner-on indicator light. 

H. Burner and Emitter Type:  Gravity-vented power burner, with the following features: 

1. Emitter Tube:  4-inch diameter, aluminized-steel tubing with sight glass for burner and 
pilot flame observation. 

2. Venting:  Connector at exit end of emitter tubing for vent-pipe connection roof vent for 
combustion air and flue gas with rain cap for both. 

a. Vent Terminal: See Drawings. 

3. Burner/Ignition:  Power gas burner with electronic spark and electronic flame safety. 
4. Combustion-Air Connection:  Duct connection for combustion air to be drawn directly 

from outdoors by burner fan. 

2.2 CONTROLS 

A. Thermostat:  2-stage, wall-mounting type with (50 to 90 deg F) operating range and fan on 
switch. 

1. Control Transformer:  Integrally mounted. 

PART 3 - EXECUTION 

3.1 INSTALLATION 
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A. Install and connect gas-fired radiant heaters and associated fuel and vent features and systems 
according to NFPA 54, applicable local codes and regulations, and manufacturer's written 
installation instructions. 

B. Suspended Units:  Suspend from substrate using chain hanger kits and building attachments. 

1. Spring hangers and seismic restraints are specified in Division 15 Section "Mechanical 
Vibration and Seismic Controls." 

2. Restrain the unit to resist code-required horizontal acceleration.   

C. Maintain manufacturers' recommended clearances to combustibles. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to gas-fired radiant heaters to allow service and maintenance. 

C. Gas Piping:  Comply with Division 15 Section "Fuel Gas Piping."  Connect gas piping to gas 
train inlet; provide union with enough clearance for burner removal and service. 

D. Vent Connections:  Comply with Division 15 Section "Breechings, Chimneys, and Stacks." 

E. Electrical Connections:  Comply with applicable requirements in Division 16 Sections. 

1. Install electrical devices furnished with heaters but not specified to be factory mounted. 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 
test, and adjust components, assemblies, and equipment installations, including connections.  
Report results in writing. 

B. Tests and Inspections: 

1. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls 
and equipment. 

2. Verify bearing lubrication. 
3. Verify proper motor rotation. 
4. Test Reports:  Prepare a written report to record the following: 

a. Test procedures used. 
b. Test results that comply with requirements. 
c. Test results that do not comply with requirements and corrective action taken to 

achieve compliance with requirements. 

C. Remove and replace malfunctioning units and retest as specified above. 

3.4 ADJUSTING 

A. Adjust initial temperature set points. 
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B. Adjust burner and other unit components for optimum heating performance and efficiency. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain gas-fired radiant heaters.  Refer to Division 1 Section 
"Demonstration and Training." 

END OF SECTION 
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SECTION 236200 - CONDENSING UNITS 
 
 
PART 1 - GENERAL 
 
 
1.1  SUMMARY 
 

A. This Section includes the following: 
 

1. Air-cooled condensing units. 
2.  Seer to be a minimum of 14.0. 

     
 
1.2  SUBMITTALS 
 

A. Product Data:  Include rated capacities; shipping, installed, and operating weights; 
dimensions; required clearances; methods for assembling components; furnished specialties; 
accessories; and installation and startup instructions for each model indicated. 

 
B. Wiring Diagrams:  Detail wiring for power, signal, and control systems and differentiate 

between manufacturer-installed and field-installed wiring. 
 

C. Maintenance Data:  For each condensing unit to include in the maintenance manuals 
specified in Division 1. 

 
1. Include a parts list for each condensing unit, control, and accessory; troubleshooting 

maintenance guide; and servicing and preventive maintenance procedures and schedule. 
 

D. Warranties:  Special warranties specified in this Section. 
 
 
1.3  QUALITY ASSURANCE 
 

A. Listing and Labeling:  Provide electrically operated equipment specified in this Section that is 
listed and labeled. 

 
1. The Terms "Listed" and "Labeled":  As defined in NFPA 70, Article 100. 
2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing 

Laboratory" as defined in OSHA Regulation 1910.7. 
 

B. Fabricate and label refrigeration system according to ASHRAE 15, "Safety Code for 
Mechanical Refrigeration." 

 
C. Fabricate and label water-cooled condensers according to ASME Boiler and Pressure Vessel 

Code:  Section VIII, "Pressure Vessels," Division 1. 
 

D. Comply with NFPA 70. 
 

E. Comply with UL 303, "Refrigeration and Air-Conditioning Condensing and Compressor Units." 
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1.4  COORDINATION 
 

A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into 
pad.  Concrete, reinforcement, and formwork requirements are specified in Division 3 Section 
"Cast-in-Place Concrete." 

 
 
1.5  WARRANTY 
 

A. General Warranty:  The special warranty specified in this Article shall not deprive the Owner 
of other rights the Owner may have under other provisions of the Contract Documents and 
shall be in addition to, and run concurrent with, other warranties made by the Contractor 
under requirements of the Contract Documents. 

 
B. Special Warranty:  A written warranty, executed by Contractor and signed by manufacturer, 

agreeing to replace components that fail in materials and workmanship within the specified 
warranty period, provided manufacturer's written instructions for installation, operation, and 
maintenance have been followed. 

 
1. Warranty Period:  Manufacturers standard, but not less than 5 years from date of 

Substantial Completion. 
 
 
PART 2 - PRODUCTS 
 
 
2.1  MANUFACTURERS 
 

A. Manufacturers:  Subject to compliance with requirements, provide condensing units by one of 
the following: 

 
1. Condensing Units, Air Cooled, 1 to 5 Tons: 

 
a. Carrier Corp.: Carrier Air Conditioning Div. 
b.  Trane Co. (The); North American Commercial Groups. 
c.  York International Corp. 

 
 
2.2  CONDENSING UNITS, AIR COOLED, 1 TO 5 TONS 
 

A. Description:  Factory assembled and tested, air cooled; consisting of compressors, 
condenser coils, fans, motors, refrigerant reservoirs, and operating controls. 

 
B. Compressor:  Hermetically sealed and isolated for vibration. 

 
1. Motor:  Include thermal- and current-sensitive overload devices, start capacitor, relay, 

and contactor. 
2. Two-Speed Compressor:  Include manual reset, high-pressure switch and automatic 

reset, low-pressure switch. 
 

C. Condenser:  Copper-tube, aluminum-fin coil, with liquid subcooler. 
 

D. Condenser Fan:  Direct-drive, aluminum propeller fan; with permanently lubricated fan motor 
with thermal-overload protection. 

 
E. Accessories include the following: 
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1. Low-voltage thermostat and subbase to control condensing unit and evaporator fan. 
2. Precharged and insulated suction and liquid tubing. 
3. Low ambient kit to permit operation down to 45 deg F. 
4. Crankcase heater. 
5. Automatic reset timer to prevent compressor rapid cycle. 
6. Polyethylene mounting base to provide a permanent foundation. 

 
F. Casing:  Steel, finished with baked enamel; with removable panels for access to controls, 

weep holes for water drainage, and mounting holes in base.  Mount service valves, fittings, 
and gage ports on exterior of casing. 

 
 
2.3  MOTORS 
 

A. Motor Construction:  NEMA MG 1, general purpose, continuous duty, Design B. 
 
 
2.4  SOURCE QUALITY CONTROL 
 

A. Verification of Performance:  Rate condensing units according to ARI 210/240. 
 

1. Coefficient of Performance:  Equal to or greater than prescribed by ASHRAE 90.1, 
"Energy Efficient Design of New Buildings except Low-Rise Residential Buildings." 

 
B. Test and inspect shell and tube condensers according to ASME Boiler and Pressure Vessel 

Code:  Section VIII, "Pressure Vessels," Division 1. 
 

C. Testing Requirements:  Factory test sound-power-level ratings according to ARI 270. 
 
 
PART 3 - EXECUTION 
 
 
3.1  INSTALLATION 
 

A. Install condensing units according to manufacturer's written instructions. 
 

B. Install units level and plumb, firmly anchored in locations indicated; maintain manufacturer's 
recommended clearances. 

 
C. Install ground-mounted units on 4-inch- thick, reinforced concrete base, 4 inches larger than 

condensing unit on each side.  Concrete, reinforcement, and formwork requirements are 
specified in Division 3.  Coordinate installation of anchoring devices. 

     
 
3.2  CONNECTIONS 
 

A. Connect precharged refrigerant tubing to unit's quick-connect fittings.  Install tubing so it does 
not interfere with access to unit.  Install furnished accessories. 

 
B. Connect refrigerant piping to air-cooled condensing units; maintain required access to unit.  

Install furnished field-mounted accessories. 
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3.3  FIELD QUALITY CONTROL 
 

A. Leak Test:  After installation, charge systems with refrigerant and oil and test for leaks.  
Repair leaks and replace lost refrigerant and oil. 

 
B. Operational Test:  After electrical circuitry has been energized, start units to confirm proper 

operation, product capability, and compliance with requirements. 
 

1. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls 
and equipment. 

 
C. Remove and replace malfunctioning units with new units and retest. 

 
 
3.4  CLEANING 
 

A. After completing system installation, including outlet fittings and devices, inspect exposed 
finish.  Clean units to remove dirt and construction debris and repair damaged finishes. 

 
 
3.5  COMMISSIONING 
 

A. Verify that units are installed and connected according to the Contract Documents. 
 

B. Complete installation and startup checks according to manufacturer's written instructions and 
do the following: 

 
1. Inspect for physical damage to unit casing. 
2. Verify that access doors move freely and are weathertight. 
3. Clean units and inspect for construction debris. 
4. Check that all bolts and screws are tight. 
5. Adjust vibration isolation and flexible connections. 
6. Verify that controls are connected and operational. 

 
C. Lubricate bearings on fans. 

 
D. Verify that fan wheel is rotating in the correct direction and is not vibrating or binding. 

 
E. Adjust fan belts to proper alignment and tension. 

 
F. Start unit according to manufacturer's written instructions. 

 
1. Complete manufacturer's starting checklist. 

 
G. Measure and record airflow over coils. 

 
H. Check operation of condenser capacity control device. 

 
I.   Verify that vibration isolation and flexible connections properly dampen vibration transmission 

to structure. 
 

J. After startup and performance test, lubricate bearings and adjust belt tension. 
 
 
 END OF SECTION 236200  
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