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SECTION 012500 
SUBSTITUTION PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for substitutions. 

1.3 DEFINITIONS 

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

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

2. Substitutions for Convenience:  Changes proposed by Contractor that are not 
required in order to meet other Project requirements but may offer advantage to 
the Owner. 

 

1.4 SUBMITTALS 

A. Substitution Requests: Submit documentation identifying product or fabrication or 
installation method to be replaced. Include Specification Section number and title, and 
Drawing numbers and titles. 

1. Substitution Request Form:  Use form provided at the end of this Section. 
2. Documentation:  Show compliance with requirements for substitutions and the 

following, as applicable: 

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

b. Coordination information, including a list of changes or modifications 
needed to other parts of the Work and to construction performed by Owner 
and separate contractors that will be necessary to accommodate proposed 
substitution. 
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c. Detailed comparison of significant qualities of proposed substitution with 
those of the Work specified.  Include annotated copy of applicable 
specification section.  Significant qualities may include attributes such as 
performance, weight, size, durability, visual effect, sustainable design 
characteristics, warranties, and specific features and requirements 
indicated.  Indicate deviations, if any, from the Work specified. 

d. Product Data, including drawings and descriptions of products and 
fabrication and installation procedures. 

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

addresses and names and addresses of Engineer and Owners. 
h. Material test reports from a qualified testing agency indicating and 

interpreting test results for compliance with requirements indicated. 
i. Research reports evidencing compliance with building code in effect for 

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

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

k. Cost information, including a proposal of change, if any, in the Contract 
Sum. 

l. Contractor's certification that proposed substitution complies with 
requirements in the Contract Documents except as indicated in substitution 
request, is compatible with related materials, and is appropriate for 
applications indicated. 

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

3. Engineer's Action:  If necessary, Engineer will request additional information or 
documentation for evaluation within 7 days of receipt of a request for substitution.  
Engineer will notify Contractor of acceptance or rejection of proposed substitution 
within 15 days of receipt of request, or 7 days of receipt of additional information 
or documentation, whichever is later.  Engineer will not act on any Post-Bid 
Substitutions until 7 days following the submission of the Schedule of Values per 
Division 01 Section “Payment Procedures.” 

a. Forms of Acceptance: 

1) Substitutions Prior to Bid:  Addenda will be issued for substitutions 
accepted prior to bid. 

2) Substitutions After Award of Contract:  Change Order, Construction 
Change Directive, or Engineer 's Supplemental Instructions for minor 
changes in the Work. 

b. Use product specified if Engineer does not issue a decision on use of a 
proposed substitution within time allocated. 
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1.5 QUALITY ASSURANCE 

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

1.6 PROCEDURES 

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

PART 2 - PRODUCTS 

2.1 SUBSTITUTIONS 

A. Substitutions Prior to Bid:  Engineer will consider requests for substitution if received 
within 21 days prior to the submission of bids.  Requests received after that time may 
be considered or rejected at discretion of Engineer. 

1. Conditions:  Engineer will consider bidder’s request for substitution when the 
following conditions are satisfied. 

a. Substitutions prior to bid shall also be subject to the requirements of 
applicable Division 00 Specification Sections. 

b. Substitutions prior to bid shall comply with the requirements for 
Substitutions for Cause or Substitutions for Convenience as applicable. 

2. Substitutions requested by bidders during the bidding period, and accepted by 
Addendum prior to award of the Contract, are considered as included in the 
Contract Documents. 

B. Substitutions After Award of Contract:  The Contractor after award of the Contract, as 
allowed by the General Conditions, may submit materials and methods to be 
considered for substitutions. 

1. The following are not considered to be substitutions: 

a. Revisions to the Contract Documents requested by the Owner or Engineer.  
b. Specified options of products and construction methods included in the 

Contract Documents.  
c. The Contractor’s compliance with governing regulations and orders issued 

by governing authorities.  

C. Substitutions for Cause:  Submit requests for substitution immediately upon discovery 
of need for change, but not later than 21 days prior to time required for preparation and 
review of related submittals. 
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1. Conditions:  Engineer will consider Contractor's request for substitution when the 
following conditions are satisfied.  If the following conditions are not satisfied, 
Engineer will return requests without action, except to record noncompliance with 
these requirements: 

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

b. Substitution request is fully documented and properly submitted. 
c. Requested substitution will not adversely affect Contractor's construction 

schedule. 
d. Requested substitution has received necessary approvals of authorities 

having jurisdiction. 
e. Requested substitution is compatible with other portions of the Work. 
f. Requested substitution has been coordinated with other portions of the 

Work. 
g. Requested substitution provides specified warranty. 
h. If requested substitution involves more than one contractor, requested 

substitution has been coordinated with other portions of the Work, is 
uniform and consistent, is compatible with other products, and is 
acceptable to all contractors involved. 

D. Substitutions for Convenience:  Engineer will consider requests for substitution if 
received within 30 days after the Notice to Proceed.  Requests received after that time 
may be considered or rejected at discretion of Engineer. 

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

a. Requested substitution offers Owner a substantial advantage in cost, time, 
energy conservation, or other considerations, after deducting additional 
responsibilities Owner must assume.  Owner's additional responsibilities 
may include compensation to Engineer for redesign and evaluation 
services, increased cost of other construction by Owner, and similar 
considerations. 

b. Requested substitution does not require extensive revisions to the Contract 
Documents. 

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

d. Substitution request is fully documented and properly submitted. 
e. Requested substitution will not adversely affect Contractor's construction 

schedule. 
f. Requested substitution has received necessary approvals of authorities 

having jurisdiction. 
g. Requested substitution is compatible with other portions of the Work. 
h. Requested substitution has been coordinated with other portions of the 

Work. 
i. Requested substitution provides specified warranty. 
j. If requested substitution involves more than one contractor, requested 

substitution has been coordinated with other portions of the Work, is 
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uniform and consistent, is compatible with other products, and is 
acceptable to all contractors involved. 

E. Cost to Contractor for Engineering Review of “Substitutions for Convenience”: Each 
“Substitution for Convenience” will be involved by the Owner at an hourly rate $250.00 
an hour, two-hour minimum and paid to the Engineer for review time incurred 

 
. 
 
 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 

(Substitution Request Form included on the following page) 
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SUBSTITUTION REQUEST FORM 
 
FOR: (Project Title) 
 
We hereby submit for your consideration the following product instead of the specified item for the above project: 
 
SECTION PARAGRAPH SPECIFIED ITEM 
 
________________________________       __________________________________        __________________________________ 
 
Proposed Substitution: _______________________________________________________________________________________ 
 
Attach complete technical data, including laboratory tests, if applicable. 
 
Include complete information on changes to Drawings and/or Specifications which proposed substitution will require for its proposed 
installation. 
 
Fill in the blanks below: 
 
A. Does the substitution affect dimension on Drawings: 
 
 __________________________________________________________________________________________________ 
 
B. Will the undersigned pay for changes to the building design, including engineering and detailing costs caused by the 
 requested substitution? 
 
 __________________________________________________________________________________________________ 
 
C. What affect does substitution have on other trades? 
 
 __________________________________________________________________________________________________ 
 
D. Difference between proposed substitution and specified item? 
 
 __________________________________________________________________________________________________ 
 
E. Manufacturer's guarantees of the proposed and specified items are: 
 
  ________  Same ________  Different (explain on attachment) 
 
F. Cost difference between proposed substitution and specified item - savings to Owner? 
 
 __________________________________________________________________________________________________ 
 
The undersigned states that the function, appearance and quality are equivalent or superior to the specified item and will be at no 
additional cost to the Owner. 
 
Cost to Contractor for Engineering Review of “Substitutions for Convenience”: Each “Substitution for Convenience” will be involved by 
the Owner at an hourly rate $250.00 an hour, two-hour minimum and paid to the Engineer for review time incurred. 
 
Submitted to the Engineer by: 
 
Signature: ______________________________________ For Use by Design Consultant 
 
 Firm:  ______________________________________ Accepted  ________ 
    Accepted as Noted ________ 
 Address:  ______________________________________ Not Accepted ________ 
    Received Too Late ________ 
  ______________________________________ 
 
 Date:  ______________________________________ By:  _________________________________________ 
 
Telephone:  ______________________________________ Date:  _________________________________________ 
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Remarks:  ______________________________________________________________________________________________ 
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SECTION 012613 
REQUEST FOR INFORMATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative provisions for preparation, submittal and response to 
Contractor’s Request for Information (RFI’s) during construction of project. 

B. Related Sections: 

1. General Conditions of the Contract. 

1.3 DEFINITIONS 

A. RFI, Request for Information:  Request from Contractor seeking information required 
by or clarification of the Contract Documents. 

1.4 SUBMITTALS 

A. RFI Submittals:  Submit RFI’s via email as PDF electronic files; include attachments in 
PDF electronic file format. 

1.5 REQUESTS FOR INFORMATION (RFIs) 

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

1. Engineer will return without response those RFIs submitted to Architect by other 
entities controlled by Contractor. 

2. Coordinate and submit RFIs in a prompt manner so as to avoid delays in 
Contractor's work or work of subcontractors. 
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B. Content of the RFI:  Include a detailed, legible description of item needing information 
or interpretation and the following: 

1. Project name. 
2. Project number. 
3. Date. 
4. Name of Contractor. 
5. Name of Engineer. 
6. RFI number, numbered sequentially. 
7. RFI subject. 
8. Specification Section number and title and related paragraphs, as appropriate. 
9. Drawing number and detail references, as appropriate. 
10. Field dimensions and conditions, as appropriate. 
11. Contractor's suggested resolution.  If Contractor's solution(s) impacts the 

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

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

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

C. RFI Form:  Use RFI form included at end of this Section or form acceptable to 
Engineer.  Upon request from the Contractor, the form at the end of this section will be 
made available in WORD format from the Engineer. 

D. Engineer's Action:  Engineer will review each RFI, determine action required, and 
respond.   

1. Allow 10 working days for Engineer's response for each RFI.  RFIs received by 
Engineer after 1:00 p.m. will be considered as received the following working 
day. 

2. Engineer will not act on any RFI’s until 7 days following the submission of the 
Schedule of Values per Division 01 Section “Payment Procedures.” 

3. The following RFIs will be returned without action: 

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

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

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

5. Engineer's action on RFIs that may result in a change to the Contract Time or the 
Contract Sum may be eligible for Contractor to submit Change Proposal 
according to Division 01 Section "Contract Modification Procedures." 
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a. If Contractor believes the RFI response warrants change in the Contract 
Time or the Contract Sum, notify Engineer in writing within 10 days of 
receipt of the RFI response. 

6. Distribution:  The Engineer shall distribute one electronic copy of each completed 
RFI review to the Contractor and the Owner.  

E. RFI Log:  Prepare, maintain, and submit a tabular log of RFIs organized by the 
sequential RFI number.  Submit log weekly unless otherwise directed in writing by 
Engineer. Include the following: 

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

F. On receipt of Engineer's action, update the RFI log and immediately distribute the RFI 
response to affected parties.  Review response and notify Engineer within 7 days if 
Contractor disagrees with response. 

G. Contractor’s Expense for RFI’s:  Engineer will review and respond to legitimate RFI’s at 
no additional cost to the Contractor.  RFI’s determined by the Engineer to be flagrant or 
unnecessary will have the expense for the Engineer’s time paid by the Owner with the 
amount being deducted from the Contract Sum.  The expense will be based on an 
hourly rate in accordance with the Engineer’s standard hourly rate schedule in effect at 
the time the work is performed with a minimum of one hour for each flagrant or 
unnecessary RFI. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 

(REQUEST FOR INFORMATION form included on the following page) 
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 REQUEST FOR INFORMATION 
 

 
Project:  

Project Title  

NET POSITIVE Project No. 

123 Street Address 

City, State, Zip  

Client Project No. 

 

DSA File No. 

DSA Appl No. 

Date: 
 
Request for Information No. ______ 

□ Deviation from Contract Docs  

□ Correction of Non-Compliant Work  

 

From:  

Name 

Company Name 

To:  

Name 

Title or Department 

NET POSITIVE 

123 Street Address 

City, State, Zip 

Drawing:_______________ 
 
Detail No.______________ 
 
Specification:___________ 
 
Addendum:_____________ 

Respond by: 
 
Priority 
(Low)    1     2     3     4     5    (High) 

Subject: ____________________________________________________________________________ 

Information Requested: 

 

Contractor’s Recommendation: 

 

Probable Cost Effect:  __________________  Probable Time Effect:  _________________________  

Engineer’s Response: 
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Disclaimer 
The work shall be carried out in accordance with the above supplemental instructions pursuant the Contract Documents, without change in the Contract Sum or Contract Time.  Proceeding with 
the Work, according to these instructions, indicates your acknowledgement that there will be no change in the Contract Sum or Contract Time.  If the Contractor considers that this response 
requires a change in the Contract Sum or Contract Time, the Contractor shall not proceed with this Work and shall promptly submit an item proposal. 
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SECTION 013300 
SUBMITTAL PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Submittal schedule requirements. 
2. Administrative and procedural requirements for submitting Shop Drawings, 

Product Data, Samples, and other submittals. 
3. Cost for multiple resubmittals. 

B. Related Sections: 

1. Division 01 Section “Payment Procedures” for submitting Applications for 
Payment and the schedule of values. 

2. Division 01 Section "Project Management and Coordination" for submitting 
coordination drawings. 

3. Division 01 Section "Construction Progress Documentation" for submitting 
schedules and reports, including Contractor's construction schedule. 

4. Division 01 Section "Photographic Documentation" for submitting preconstruction 
photographs, periodic construction photographs, and final completion 
construction photographs. 

5. Division 01 Section "Quality and Testing Requirements" for submitting test and 
inspection reports, and schedule of tests and inspections. 

6. Division 01 Section "Closeout Procedures" for submitting closeout submittals and 
maintenance material submittals. 

7. Division 01 Section "Operation and Maintenance Data" for submitting operation 
and maintenance manuals. 

8. Division 01 Section "Project Record Drawings" for submitting record Drawings. 
9. Division 01 Section "Demonstration and Training" for submitting video recordings 

of demonstration of equipment and training of Owner's personnel. 

1.3 SUBMITTAL SCHEDULE 

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

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

2. Initial Submittal:  Submit concurrently with start-up construction schedule.  
Include submittals required during the first 60 days of construction.  List those 
submittals required to maintain orderly progress of the Work and those required 
early because of long lead time for manufacture or fabrication. 

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

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

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

a. Scheduled date for first submittal. 
b. Specification Section number and title. 
c. Name of subcontractor. 
d. Description of the Work covered. 
e. Scheduled date for Engineer’s final release or approval. 
f. Scheduled dates for purchasing. 
g. Scheduled date of fabrication. 
h. Scheduled dates for installation. 
i. Activity or event number. 

1.4 SUBMITTAL FORMAT AND PROCEDURES 

A. General: Prepare and submit submittals required by individual Specification Sections. 

1. Engineer will not review submittals received from Contractor that do not have 
Contractor's review and approval. 

2. Engineer will not review submittals received from sources other than the 
Contractor. 

B. Electronic Digital Submittals: Prepare submittals as PDF package unless otherwise 
indicated, incorporate complete information into each PDF file, name PDF file with 
submittal number, and transmit submittal package to Engineer via email. 

1. Paper Submittals: Where paper submittals are requested, necessary, or required 
in lieu of electronic submittals, prepare submittals in paper form and deliver to 
Engineer. Transmit each paper submittal using transmittal form. Comply with the 
following: 

a. Place a permanent label or title block on each submittal item for 
identification; include name of firm or entity that prepared submittal. 

b. Provide a space approximately 6 by 8 inches on label or beside title block 
to record Contractor's review and approval markings and action taken by 
Engineer. 



Merced College 
Admin Multi-Zone Replacement 

 

1478 SUBMITTAL PROCEDURES 013300 - 3 of 10 

c. Number of Copies: Submit not less than five (5) paper copies of each 
submittal unless otherwise indicated. Engineer will return two copies. 

d. Transmittal for Submittals: Assemble each submittal individually and 
appropriately for transmittal and handling. Transmit each submittal using 
transmittal form. 

C. Submittal Cover Page Information: Include the following information on the submittal 
cover page for each submittal: 

1. Project name. 
2. Date. 
3. Name of Engineer. 
4. Name of Contractor. 
5. Name of firm or entity that prepared submittal. 
6. Names of subcontractor, manufacturer, and supplier. 
7. Unique submittal number, including revision identifier. Include Specification 

Section number with sequential alphanumeric identifier and alphanumeric suffix 
for resubmittals. 

8. Number and title of Specification Section, with paragraph number and generic 
name for each of multiple items. 

9. Drawing number and detail references, as appropriate. 
10. Indication of full or partial submittal. 
11. Location(s) where product is to be installed, as appropriate. 
12. Other necessary identification. 
13. Remarks. 
14. Signature of transmitter. 
15. Contractor’s review/approval stamp of size required by contractor, approximately 

3 inches by 3 inches, on or beside title block to record Contractor's review and 
approval. 

16. Space for Engineer’s review stamp of not less than 4 inches wide by 3-1/2 inches 
high on or beside title block to record Engineer’s review stamp and action taken 
by Engineer. 

D. Product Options:  

1. Clearly identify options requiring selection by Engineer. 
2. Clearly identify product options required to comply with the Contract Documents. 

E. Deviations and Additional Information: On each submittal, clearly indicate deviations 
from requirements in the Contract Documents, including minor variations and 
limitations; include relevant additional information and revisions, other than those 
requested by Engineer on previous submittals. Indicate by highlighting on each 
submittal or noting on attached separate sheet. 

F. Field Conditions: Indicate field conditions where applicable to the work associated with 
the submittal. 
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G. Coordination: Coordinate preparation and processing of submittals with performance of 
construction activities. 

1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other 
submittals, and related activities that require sequential activity. 

2. Submit all submittal items required for each Specification Section concurrently 
unless partial submittals for portions of the Work are indicated on approved 
submittal schedule. 

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

4. Coordinate timing of submitting submittals for related parts of the Work specified 
in different Sections so processing will not be delayed because of need to review 
related submittals concurrently for coordination. 

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

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

1. Initial Review: Allow 14 calendar days for initial review of each submittal. Allow 
additional time if coordination with subsequent submittals is required. Engineer 
will advise Contractor when a submittal being processed must be delayed for 
coordination. 

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

3. Resubmittal Review: Allow 14 calendar days for review of each resubmittal. 
4. Sequential Review: Where sequential review of submittals by Engineer's 

consultants, Owner, or other parties is indicated, allow 21 calendar days for initial 
review of each submittal. 

5. Concurrent Consultant Review: Where the Contract Documents indicate that 
submittals may be transmitted simultaneously to Engineer and to Engineer's 
consultants, allow 14 calendar days for review of each submittal. Submittal will 
be returned to Engineer before being returned to Contractor. 

a. Submit one copy of submittal to concurrent reviewer in addition to specified 
number of copies to Engineer. 

I. Resubmittals: Make resubmittals in same form and number of copies as initial 
submittal. 

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

of revision. 
3. Resubmit submittals until they are marked with approval notation from Engineer's 

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

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

1.5 SUBMITTAL REQUIREMENTS 

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

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

2. Mark each copy of each submittal to show which products and options are 
applicable. 

3. Include the following information, as applicable: 

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

4. For equipment, include the following in addition to the above, as applicable: 

a. Wiring diagrams that show factory-installed wiring. 
b. Printed performance curves. 
c. Operational range diagrams. 
d. Clearances required to other construction, if not indicated on 

accompanying Shop Drawings. 

5. Submit Product Data before Shop Drawings, and before or concurrently with 
Samples. 

B. Shop Drawings: Prepare Project-specific information, drawn accurately to scale. Do not 
base Shop Drawings on reproductions of the Contract Documents or standard printed 
data. 

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

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

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

3. Submit Shop Drawings in PDF format unless otherwise indicated. 

C. Samples: Submit Samples for review of kind, color, pattern, and texture for a check of 
these characteristics with other materials. 

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

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

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

3. Submit samples in PDF format unless physical samples are required. 
4. Disposition: Maintain sets of approved Samples at Project site, available for 

quality-control comparisons throughout the course of construction activity. 
Sample sets may be used to determine final acceptance of construction 
associated with each set. 

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

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

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

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

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

a. Number of Samples: Submit three (3) sets of Samples. Engineer will retain 
two (2) Sample sets; remainder will be returned. 

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

2) If variation in color, pattern, texture, or other characteristic is inherent 
in material or product represented by a Sample, submit at least three 
(3) sets of paired units that show approximate limits of variations. 

D. Product Schedule: As required in individual Specification Sections, prepare a written 
summary indicating types of products required for the Work and their intended location. 
Include the following information in tabular form: 

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

2. Manufacturer and product name, and model number if applicable. 
3. Number and name of room or space. 
4. Location within room or space. 

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

F. Design Data: Prepare and submit written and graphic information indicating compliance 
with indicated performance and design criteria in individual Specification Sections. 
Include list of assumptions and summary of loads. Include load diagrams if applicable. 
Provide name and version of software, if any, used for calculations. Number each page 
of submittal. 

G. Certificates: 

1. Certificates and Certifications Submittals: Submit a statement that includes 
signature of entity responsible for preparing certification. Certificates and 
certifications shall be signed by an officer or other individual authorized to sign 
documents on behalf of that entity. Provide a notarized signature where 
indicated. 

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

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

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

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

H. Test and Research Reports: 

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

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

3. Material Test Reports: Submit reports written by a qualified testing agency, on 
testing agency's standard form, indicating and interpreting test results of material 
for compliance with requirements in the Contract Documents. 

4. Preconstruction Test Reports: Submit reports written by a qualified testing 
agency, on testing agency's standard form, indicating and interpreting results of 
tests performed before installation of product, for compliance with performance 
requirements in the Contract Documents. 

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

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

a. Name of evaluation organization. 
b. Date of evaluation. 
c. Time period when report is in effect. 
d. Product and manufacturers' names. 
e. Description of product. 
f. Test procedures and results. 
g. Limitations of use. 

1.6 DELEGATED-DESIGN SERVICES 

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

1. If criteria indicated are insufficient to perform services or certification required, 
submit a written request for additional information to Engineer. 
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B. Delegated-Design Services Certification: In addition to Shop Drawings, Product Data, 
and other required submittals, submit digitally signed PDF file(s) of certificate, signed 
and sealed by the responsible design professional, for each product and system 
specifically assigned to Contractor to be designed or certified by a design professional. 

1. Indicate that products and systems comply with performance and design criteria 
in the Contract Documents. Include list of codes, loads, and other factors used in 
performing these services. 

1.7 CONTRACTOR'S REVIEW 

A. Contractor’s Review of Submittals: Contractor shall review each submittal and check 
for completeness, coordination with other Work of the Contract, and compliance with 
the Contract Documents. Note corrections and field dimensions. Mark with approval 
stamp before submitting to Engineer. 

B. Contractor's Approval: Indicate Contractor's approval for each submittal with a uniform 
approval stamp. Include name of reviewer, date of Contractor's approval, and 
statement certifying that submittal has been reviewed, checked, and approved for 
compliance with the Contract Documents. 

1. Engineer will not review submittals received from Contractor that do not have 
Contractor's review and approval. 

2. Contractor’s approval shall certify the following actions by the Contractor: 

a. Field measurements have been determined, verified, and indicated on 
submittal. 

b. Field conditions have been verified and coordinated with Work associated 
with the submittal. 

c. The Work associated with the submittal is in conformance with the Contract 
Documents. 

d. Work being performed by various subcontractors and trades is coordinated 
with Work associated with the submittal including work being performed by 
others for the Owner. 

e. Deviations from the Contract Documents are identified and notes. 

1.8 ENGINEER'S REVIEW 

A. Engineer’s Review and Action: Engineer will review each submittal, indicate corrections 
or revisions required, mark with an action stamp indicating one of the following actions, 
and return it.  

1. Reviewed:  Final unrestricted release, work may proceed, provided it complies 
with the Contract Documents. 

2. Furnish as Corrected:  Final but restricted release, work may proceed, provided 
written confirmation is delivered to Engineer by Contractor that installed work 
complied with notations and corrections on submittal and with Contract 
Documents. 
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3. Revise and Resubmit:  Returned for resubmittal, do not proceed with work.  
Revise submittal in accordance with notations thereon, and resubmit without 
delay to obtain an acceptable action marking.  Do not allow submittals with this 
marking (or unmarked submittals where a marking is required) to be used in 
connection with performance of the Work. 

4. Rejected:  Submittal content varies from the Contract Documents and is not 
acceptable for use on the Project, do not proceed with work.  Revise submittal in 
accordance with notations thereon, and resubmit without delay to obtain an 
acceptable action marking.  Do not allow submittals with this marking (or 
unmarked submittals where a marking is required) to be used in connection with 
performance of the Work. 

B. Non-conforming Submittals: The following are considered non-confirming submittals 
and will not be reviewed by the Engineer. 

1. Engineer will not review submittals received from Contractor that do not have 
Contractor's review and approval. 

2. Engineer will not review submittals received from sources other than the 
Contractor. 

3. Partial submittals are not acceptable, will be considered nonresponsive, and will 
be returned without review. 

4. Incomplete submittals are not acceptable, will be considered nonresponsive, and 
will be returned without review. 

C. Submittals not required by the Contract Documents may not be reviewed and may be 
discarded. 

1.9 COST FOR MULTIPLE RESUBMITTALS 

A. Contractor’s initial submittal and one resubmittal are included in the Engineer’s 
Construction Administration services to the Owner. Engineer’s services for review of 
subsequent resubmittals will be charged to the Owner at the Engineer’s current billing 
rate, and the Owner will deduct the charges from the Contract Amount by a change 
order. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 
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SECTION 015116 
FIRE SAFETY DURING CONSTRUCTION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes requirements for fire safety during construction and demolition. 

B. Related Sections: 

1. Division 01 Section "Temporary Facilities and Controls" for additional facilities, 
requirements, and procedures required during construction. 

1.3 SUBMITTALS 

A. Fire-Safety Program:  Show compliance with requirements of NFPA 241 and 
authorities having jurisdiction.  Indicate Contractor personnel responsible for 
management of fire-prevention program. 

1.4 REGULATORY REQUIREMENTS 

A. Regulatory Requirements:  Comply with applicable provisions of the following: 

1. NFPA 241. 
2. California Fire Code, 2019 Edition, Chapter 33 “Fire Safety During Construction 

and Demolition” and the 2019 Editions of the following California Codes as 
Referenced by the California Fire Code: 

a. California Building Code (CBC). 
b. California Mechanical Code (CMC). 
c. California Plumbing Code (CPC). 
d. California Electrical Code (CEC). 

B. Temporary Heating Equipment (CFC 3303): 

1. General: Temporary heating devices shall be listed and labeled in accordance 
with the California Mechanical Code.  Installation, maintenance and use of 
temporary heating devices shall be in accordance with the terms of the listing. 
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2. LP-Gas heaters:  Heating devices shall be temporary, self-contained, liquid-
propane-gas heaters with individual space thermostatic control. Fuel supplies for 
liquefied petroleum gas fired heaters shall comply with the California Fire Code, 
Chapter 61 Liquefied Petroleum Gases, and the California Mechanical Code. 

3. Refueling:  Refueling operations for liquid fueled equipment or appliances shall 
be conducted in accordance with the California Fire Code, Section 5705.  The 
equipment or appliance shall be allowed to cool prior to refueling. 

4. Installation:  Clearance to combustibles from temporary heating devices shall be 
maintained in accordance with the labeled equipment.  When in operation, 
temporary heating devices shall be fixed in place and protected from damage, 
dislodgement or overturning in accordance with the manufacturer’s instructions.   

5. Supervision:  The use of temporary heating devices shall be supervised and 
maintained only by competent personnel. 

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

C. Precautions Against Fire (CFC 3304): 

1. Smoking:  Smoking shall not be allowed on the project site. 
2. Combustible Debris, Rubbish and Waste:   

a. Combustible debris, rubbish and waste shall not be accumulated within 
buildings. 

b. Combustible debris, rubbish and waste material shall be removed from 
buildings at the end of each shift of work.   

c. Rubbish containers with a capacity exceeding 5.33 cubic feet (40 gallons) 
used for temporary storage of combustible debris, rubbish and waste 
materials, shall have tight fitting or self-closing lids. Such containers shall 
be constructed entirely of materials that are non-combustible or materials 
that meet a peak rate of heat release not exceeding 300 kW/m2 when 
tested in accordance with ASTM E 1354 at an incident heat flux of 50 
kW/m2 in the horizontal orientation. 

d. Materials susceptible to spontaneous ignition, such as oily rags, shall be 
stored in a listed disposal container. 

3. Burning:  Burning of materials shall not be allowed on the project site. 
4. Fire Watch:  Where required by the fire code official, a fire watch shall be 

provided for building demolition and for building construction during working 
hours that is hazardous in nature, such as temporary heating or hot work. 

a. Trained personnel shall be provided to serve as an on-site fire watch.  Fire 
watch personnel shall be provided with not less than one approved means 
for notification of the fire department, and the sole duty of such personnel 
shall be to perform constant patrols and watch for the occurrence of fire. 
The combination of fire watch duties and site security is acceptable. Fire 
watch personnel shall be trained in the use of portable fire extinguishers. 

b. The fire watch personnel shall keep a record of all time periods of duty, 
including a log entry each time the site was patrolled, and each time a 
structure under construction was entered and inspected. The records and 
log entries shall be made available for review by the fire code official upon 
request. 
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5. Cutting and Welding:  Welding, cutting, open torches, and other hot work 
operations and equipment shall comply with California Fire Code, Chapter 35 
“Welding and Other Hot Work.’ 

6. Temporary Wiring for Electrical Power:  Temporary wiring for electrical power 
and lighting installations used in connection with the construction, alteration or 
demolition of buildings, structures, equipment or similar activities shall comply 
with the California Electrical Code. 

D. Flammable and Combustible Liquids (CFC 3305): 

1. Storage of Flammable and Combustible Liquids:  Storage of flammable and 
combustible liquids shall be in accordance with the California Fire Code, Section 
5704. 

2. Class I and Class II Liquids:  Storage, use, and handling of flammable and 
combustible liquids at construction sites shall be in accordance with the 
California Fire Code, Section 5706.2.  Ventilation shall be provided for operations 
involving the application of materials containing flammable solvents. 

3. Housekeeping:  Flammable and combustible liquid storage areas shall be 
maintained clear of combustible vegetation and waste materials.  Such storage 
areas shall not be used for the storage of combustible materials. 

4. Precautions Against Fire:  Sources of ignition and smoking shall be prohibited in 
flammable and combustible liquid storage areas.  Signs shall be posted in 
accordance the California Fire Code, Section 310. 

5. Handling at Point of Final Use:  Class I and Class II liquids shall be kept in 
approved safety containers. 

6. Leakage and Spills:  Leaking vessels shall be immediately repaired or taken out 
of service and spills shall be cleaned up and disposed of properly. 

E. Flammable Gases (CFC 3306): 

1. Storage and Handling:  Storage and handling of flammable gasses shall comply 
with the California Fire Code, Chapter 58 “Flammable Gases and Flammable 
Cryogenic Fluids.” 

2. Cleaning with Flammable Gases: Flammable gases shall not be used to clean or 
remove debris from piping open to the atmosphere. 

F. Explosive Materials (CFC 3307): Explosive materials shall not be allowed. 

G. Owner’s Responsibility for Fire Protection (CFC 3308) 

1. Program Development: The Contractor shall be responsible for the development, 
implementation and maintenance of a written plan establishing a fire prevention 
program at the project site applicable throughout all phases of the construction. 

2. Program Superintendent:  The Contractor shall a person to be the Fire 
Prevention Program Superintendent who shall be responsible for the fire 
prevention program and ensure that it is carried out through completion of the 
project.  The fire prevention program superintendent shall have the authority to 
enforce the provisions of the California Fire Code, Chapter 33, and other 
provisions as necessary to secure the intent of the California Fire Code, Chapter 
33.  Where guard service is provided in accordance with NFPA 241, the 
superintendent shall be responsible for the guard service. 
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3. Prefire Plans:  The fire prevention program superintendent shall develop and 
maintain an approved prefire plan in cooperation with the fire chief.  The fire chief 
and the fire code official shall be notified of changes affecting the utilization of 
information contained in such prefire plans. 

4. Training:  Training of responsible personnel in the use of fire protection 
equipment shall be the responsibility of the fire prevention program 
superintendent. Records of training shall be kept and made a part of the written 
plan for the fire prevention program. 

5. Fire Protection Devices:  The fire prevention program superintendent shall 
determine that all fire protection equipment is maintained and serviced in 
accordance with the California Fire Code.  The quantity and type of fire protection 
equipment shall be approved. Fire protection equipment shall be inspected in 
accordance with the fire prevention program. 

6. Hot Work Operations:  The fire prevention program superintendent shall be 
responsible for supervising the permit system for hot work operations in 
accordance with the California Fire Code, Chapter 35. 

7. Impairment of Fire Protection Systems:  Impairments to any fire protection 
system shall be in accordance with the California Fire Code, Section 901. 

a. Smoke detectors and smoke alarms located in an area where airborne 
construction dust is expected shall be covered to prevent exposure to dust 
or shall be temporarily removed. smoke detectors and alarms that were 
removed shall be replaced upon conclusion of dust producing work. Smoke 
detectors and smoke alarms that were covered shall be inspected and 
cleaned, as necessary, upon conclusion of dust producing work. 

8. Temporary Covering of Fire Protection Devices:  Temporary coverings placed on 
or over fire protection devices to protect them from damage during construction 
processes shall be immediately removed upon the completion of the construction 
processes in the room or area in which the devices are installed. 

H. Fire Reporting (CFC 3309) 

1. Emergency Telephone:  Emergency telephone facilities with ready access shall 
be provided in an approved location at the construction site, or an approved 
equivalent means of communication shall be provided.  The street address of the 
construction site and the emergency telephone number of the fire department 
shall be posted adjacent to the telephone. Alternatively, where an equivalent 
means of communication has been approved, the site address and fire 
department emergency telephone number shall be posted at the main entrance 
to the site, in guard shacks, and in the construction site office. 

I. Access for Fire Fighting (CFC 3310): 

1. Required Access:  Approved vehicle access for firefighting shall be provided to 
all construction or demolition sites.  Vehicle access shall be provided to within 
100 feet of temporary or permanent fire department connections.  Vehicle access 
shall be provided by either temporary or permanent roads capable of supporting 
vehicle loading under all weather conditions.  Vehicle access shall be maintained 
until permanent fire apparatus access roads are available. 
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2. Key Boxes:  Key boxes shall be provided as required by the California Fire Code, 
Chapter 5 “Fire Service Features.” 

J. Means of Egress (CFC 3311): 

1. Stairways Required:  (Requirements not applicable to buildings less than 50 feet 
in height or less than four stories). 

2. Means of Egress:  Required means of egress and required accessible means of 
egress shall be maintained during construction and demolition, remodeling or 
alterations and additions to any building unless an approved temporary means of 
egress system is provided. 

K. Water Supply for Fire Protection (CFC 3312): 

1. Water Supply for Fire Protection:  An approved water supply for fire protection, 
either temporary or permanent, shall be made available as soon as combustible 
material arrives on site. 

L. Standpipes (CFC 3313): 

1. Where Required:  In buildings required to have standpipes by California Fire 
Code Section 905.3.1, not less than one standpipe shall be provided for use 
during construction.  Such standpipes shall be installed prior to construction 
exceeding 40 feet in height above the lowest level of fire department vehicle 
access.  Such standpipes shall be provided with fire department hose 
connections at locations adjacent to stairways complying with California Fire 
Code Section 3311.11.  As construction progresses, such standpipes shall be 
extended to within one floor of the highest point of construction having secured 
decking or flooring. 

2. Buildings Being Demolished:  Where a building is being demolished and a 
standpipe is existing within such a building, such standpipe shall be maintained 
in an operable condition so as to be available for use by the fire department.  
Such standpipe shall be demolished with the building but shall not be demolished 
more than one floor below the floor being demolished. 

3. Detailed Requirements:  Standpipes shall be installed in accordance with the 
provisions of California Fire Code Section 905. 

a. Standpipes shall be either temporary or permanent in nature, and with or 
without a water supply, provided that such standpipes comply with the 
requirements of California Fire Code Section 905 as to capacity, outlets 
and materials. 

M. Automatic Sprinkler System (CFC 3314): 

1. Completion Before Occupancy:  In buildings where an automatic sprinkler system 
is required by the California Fire Code or California Building Code, it shall be 
unlawful to occupy any portion of a building or structure until the automatic 
sprinkler system installation has been tested and approved, except as provided 
in California Fire Code Section 105.3.4. 
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2. Operation of Valves:  In buildings where an automatic sprinkler system is 
provided, operation of sprinkler control valves shall be allowed only by properly 
authorized personnel and shall be accompanied by notification of duly 
designated parties.  Where the sprinkler protection is being regularly turned off 
and on to facilitate connection of newly completed segments, the sprinkler control 
valves shall be checked at the end of each work period to ascertain that 
protection is in service. 

N. Portable Fire Extinguishers (CFC 3315): 

1. Portable Fire Extinguishers:  Structures under construction, alteration or 
demolition shall be provided with not less than one approved portable fire 
extinguisher in  accordance with the California Fire Code, Section 906 and sized 
for not less than ordinary hazard, as follows: 

a. At each stairway on all floor levels where combustible materials have 
accumulated. 

b. In every storage and construction shed. 
c. Additional portable fire extinguishers shall be provided where special 

hazards exist including, but not limited to, the storage and use of 
flammable and combustible liquids. 

O. Motorized Construction Equipment (CFC 3316): 

1. Conditions of Use:  Internal combustion powered construction equipment shall be 
used in accordance with all of the following conditions: 

a. Equipment shall be located so that exhausts do not discharge against 
combustible material. 

b. Exhausts shall be piped to the outside of the building. 
c. Equipment shall not be refueled while in operation. 
d. Fuel for equipment shall be stored in approved areas outside of the 

building. 

P. Safeguarding Roofing Operations (CFC 3317): 

1. General:  Roofing operations utilizing heat producing systems or other ignition 
sources shall be conducted in accordance with California Fire Code Sections 
3317.2 and 3317.3, and Chapter 35. 

2. Asphalt and Tar Kettles:  Asphalt and tar kettles shall be operated in accordance 
with the California Fire Code, Section 303. 

3. Fire Extinguishers for Roofing Operations:  Fire extinguishers shall comply with 
the California Fire Code, Section 906.  There shall be not less than one multi-
purpose portable fire extinguisher with a minimum 3-A 40-B:C rating on the roof 
being covered or repaired. 
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PART 2 - PRODUCTS 

2.1 TEMPORARY EQUIPMENT, GENERAL 

A. Temporary Equipment: Temporary equipment shall comply with requirements of 
Division 01 Section “Temporary Facilities and Controls,” and shall comply with the 
requirements of this Section. 

PART 3 - EXECUTION 

A. Fire Safety Observation, Procedures, and Features: Provide fire safety observation 
activities, procedures, and features as required and in compliance with regulatory 
requirements. 

END OF SECTION 
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SECTION 017836 
WARRANTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for warranties required by 
the Contract Documents, including manufacturers’ standard warranties on products 
and special warranties. 

B. Related Sections include but are not limited to the following: 

1. Division 02 through 23 Sections for specific warranty requirements. 

1.3 DEFINITIONS 

A. Standard product warranties are preprinted written warranties published by individual 
manufacturers for particular products and are specifically endorsed by the 
manufacturer to the Owner. 

B. Special project warranties are written warranties required by or incorporated in the 
Contract Documents, either to extend time limits provided by standard warranties or to 
provide greater rights for the Owner. 

1.4 WARRANTY REQUIREMENTS 

A. Disclaimers and Limitations:  Manufacturer's disclaimers and limitations on product 
warranties do not relieve the Contractor of the warranty on the Work that incorporates 
the products.  Manufacturer's disclaimers and limitations on product warranties do not 
relieve suppliers, manufacturers, and subcontractors required to countersign special 
warranties with the Contractor. 

B. Related Damages and Losses:  When correcting failed or damaged warranted 
construction, remove and replace construction that has been damaged as a result of 
such failure or must be removed and replaced to provide access for correction of 
warranted construction. 

C. Reinstatement of Warranty:  When Work covered by a warranty has failed and been 
corrected by replacement or rebuilding, reinstate the warranty by written endorsement.  
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The reinstated warranty shall be equal to the original warranty with an equitable 
adjustment for depreciation. 

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

E. Owner's Recourse:  Expressed warranties made to the Owner are in addition to implied 
warranties and shall not limit the duties, obligations, rights, and remedies otherwise 
available under the law.  Expressed warranty periods shall not be interpreted as 
limitations on the time in which the Owner can enforce such other duties, obligations, 
rights, or remedies. 

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

F. Where the Contract Documents require a special warranty, or similar commitment on 
the Work or part of the Work, the Owner reserves the right to refuse to accept the 
Work, until the Contractor presents evidence that entities required to countersign such 
commitments are willing to do so. 

1.5 SUBMITTAL OF PROJECT WARRANTIES 

A. Time of Submittal:  Submit written warranties on request of Engineer for designated 
portions of the Work where commencement of warranties other than date of 
Substantial Completion is indicated, or when delay in submittal of warranties might limit 
Owner's rights under warranty. 

B. Organize warranty documents into an orderly sequence based on the table of contents 
of Project Manual. 

C. Warranties:  Submit (2) copies of each required warranty properly executed by the 
Contractor, or by the Contractor, subcontractor, supplier, or manufacturer.  Organize 
warranty documents into an orderly sequence based on the table of contents of the 
Project Manual. 

1. Warranty Electronic File:  Scan warranties and bonds and assemble complete 
warranty and bond submittal package into a single indexed electronic PDF file 
with links enabling navigation to each item.  Provide bookmarked table of 
contents at beginning of document. 

2. Include copy of each warranty in operation and maintenance documentation. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 
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SECTION 024119 
SELECTIVE DEMOLITION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following:  

1. Demolition and removal of selected portions of building or structure. 

1.3 DEFINITIONS 

A. Remove:  Detach items from existing construction and legally dispose of them off-site, 
unless indicated to be salvaged or reinstalled. 

B. Existing to Remain:  Existing items or improvements that are to remain and not be 
removed.  Existing items to remain shall be protected from damage during the course of 
construction. 

1.4 MATERIALS OWNERSHIP 

A. Unless otherwise indicated, demolition waste becomes property of Contractor. 
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1.5 SUBMITTALS 

A. Predemolition Photographs:  Show existing conditions of adjoining construction, 
including finish surfaces, that might be misconstrued as damage caused by demolition 
operations. Comply with Division 01 Section "Photographic Documentation." Submit 
before Work begins. 

1.6 QUALITY ASSURANCE 

A. Demolition Firm Qualifications:  An experienced firm that has specialized in demolition 
work similar in material and extent to that indicated for this Project. 

B. Predemolition Conference: Conduct conference at Project site to comply with 
requirements in Division 01 Section "Project Management and Coordination." Review 
methods and procedures related to selective demolition. 

1.7 FIELD CONDITIONS 

A. Conditions existing at time of inspection for bidding purpose will be maintained by Owner 
as far as practical. 

B. Owner will occupy portions of building immediately adjacent to selective demolition area.  
Conduct selective demolition so Owner's operations will not be disrupted. 

C. Notify Architect of discrepancies between existing conditions and Drawings before 
proceeding with selective demolition. 

D. Hazardous Materials:  It is expected that hazardous materials will not be encountered in 
the Work. 

1. If materials suspected of containing hazardous materials are encountered, do not 
disturb; immediately notify Architect and Owner.  Owner will remove hazardous 
materials under a separate contract. 

E. Utility Services:  Maintain existing utilities indicated to remain in service and protect them 
against damage during selective demolition operations. 

1. Maintain fire-protection facilities in service during selective demolition operations. 

F. Storage or sale of removed items or materials on-site is not permitted. 

1.8 WARRANTY 

A. Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or 
damaged during selective demolition, by methods and with materials and using approved 
contractors so as not to void existing warranties. Notify warrantor before proceeding.  
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B. Notify warrantor on completion of selective demolition, and obtain documentation 
verifying that existing system has been inspected and warranty remains in effect. Submit 
documentation at Project closeout. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Regulatory Requirements:  Comply with governing EPA notification regulations before 
beginning selective demolition.  Comply with hauling and disposal regulations of 
authorities having jurisdiction. 

B. Standards:  Comply with ASSE A10.6 and NFPA 241. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that utilities have been disconnected and capped before starting selective 
demolition operations. 

B. Survey existing conditions and correlate with requirements indicated to determine extent 
of selective demolition required. 

1. If unanticipated mechanical, electrical, or structural elements are encountered and 
found to be in conflict with intended function or design, investigate and measure 
the nature and extent of conflict.  Promptly submit a written report to Architect. 

C. Inventory and record the condition of items to be removed and salvaged or removed and 
reinstalled. Provide photographs of conditions that might be misconstrued as damage 
caused by salvage operations. 

3.2 PREPARATION 

A. Site Access and Temporary Controls:  Conduct selective demolition and debris-removal 
operations to ensure minimum interference with roads, streets, walks, walkways, and 
other adjacent occupied and used facilities. 

1. Comply with requirements for access and protection specified in Division 01 
Section "TEMPORARY FACILITIES AND CONTROLS." 

B. Temporary Facilities:  Provide temporary barricades and other protection required to 
prevent injury to people and damage to adjacent buildings and facilities to remain. 

1. Provide temporary weather protection, during interval between selective 
demolition of existing construction on exterior surfaces and new construction, to 
prevent water leakage and damage to structure and interior areas. 
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2. Protect walls, ceilings, floors, and other existing finish work that are to remain or 
that are exposed during selective demolition operations. 

3.3 PROTECTION 

A. Temporary Protection: Provide temporary barricades and other protection required to 
prevent injury to people and damage to adjacent buildings and facilities to remain. 

1. Provide protection to ensure safe passage of people around selective demolition 
area and to and from occupied portions of building. 

2. Provide temporary weather protection, during interval between selective 
demolition of existing construction on exterior surfaces and new construction, to 
prevent water leakage and damage to structure and interior areas. 

3. Protect walls, ceilings, floors, and other existing finish work that are to remain or 
that are exposed during selective demolition operations. 

4. Cover and protect furniture, furnishings, and equipment that have not been 
removed. 

5. Comply with requirements for temporary enclosures, dust control, heating, and 
cooling specified in Division 01 Section "TEMPORARY FACILITIES AND 
CONTROLS." 

B. Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural 
supports as required to preserve stability and prevent movement, settlement, or collapse 
of construction and finishes to remain, and to prevent unexpected or uncontrolled 
movement or collapse of construction being demolished. 

1. Strengthen or add new supports when required during progress of selective 
demolition. 

C. Remove temporary barricades and protections where hazards no longer exist. 

3.4 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS 

A. Existing Services/Systems to Remain:  Maintain services/systems indicated to remain 
and protect them against damage. 

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned:  Locate, identify, 
disconnect, and seal or cap off utility services and mechanical/electrical systems serving 
areas to be selectively demolished. 

1. Arrange to shut off utilities with Owner and/or utility companies. 
2. If services/systems are required to be removed, relocated, or abandoned, provide 

temporary services/systems that bypass area of selective demolition and that 
maintain continuity of services/systems to other parts of building. 

3. Disconnect, demolish, and remove fire-suppression systems, plumbing, and 
HVAC systems, equipment, and components indicated on Drawings to be 
removed. 
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a. Piping to Be Removed:  Remove portion of piping indicated to be removed 
and cap or plug remaining piping with same or compatible piping material. 

b. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with 
same or compatible piping material and leave in place. 

c. Equipment to Be Removed:  Disconnect and cap services and remove 
equipment. 

d. Equipment to Be Removed and Reinstalled:  Disconnect and cap services 
and remove, clean, and store equipment; when appropriate, reinstall, 
reconnect, and make equipment operational. 

e. Equipment to Be Removed and Salvaged:  Disconnect and cap services and 
remove equipment and deliver to Owner. 

f. Ducts to Be Removed:  Remove portion of ducts indicated to be removed 
and plug remaining ducts with same or compatible ductwork material. 

g. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or compatible 
ductwork material and leave in place. 

3.5 SELECTIVE DEMOLITION, GENERAL 

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

1. Proceed with selective demolition systematically, from higher to lower level. 
Complete selective demolition operations above each floor or tier before disturbing 
supporting members on the next lower level. 

2. Neatly cut openings and holes plumb, square, and true to dimensions required.  
Use cutting methods least likely to damage construction to remain or adjoining 
construction.  Use hand tools or small power tools designed for sawing or grinding, 
not hammering and chopping, to minimize disturbance of adjacent surfaces.  
Temporarily cover openings to remain. 

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

4. Do not use plasma or flame cutting torches without written approval from Architect.  
Where allowed, clear area 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.  Maintain fire watch during and for at least two 
hours after flame-cutting operations.  Maintain adequate ventilation when using 
cutting torches. 

5. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials 
and promptly dispose of off-site. 

6. Locate selective demolition equipment and remove debris and materials so as not 
to impose excessive loads on supporting walls, floors, or framing. 

7. Dispose of demolished items and materials promptly, comply with requirements of 
Division 01 Section “CONSTRUCTION WASTE MANAGEMENT.” 

B. Minor Accessories and Fixtures:  Remove minor accessories and fixtures as required to 
accommodate removal of existing finishes or application new finishes whether items are 
indicated to be removed or not. 
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1. Minor accessories and fixtures shall include but not be limited to toilet room 
accessories; classroom accessories such as pencil sharpeners coat hooks, flag 
holders, and similar items. 

2. Where new replacement items are not indicated or specified in other sections, 
minor accessories and fixtures shall be considered to be items to be removed and 
reinstalled. 

C. Existing Items to Remain:  Protect construction indicated to remain against damage and 
soiling during selective demolition.  When permitted by Architect, items may be removed 
to a suitable, protected storage location during selective demolition and reinstalled in 
their original locations after selective demolition operations are complete. 

1. Items removed, salvaged, and reinstalled for the Contractor’s convenience shall 
be considered the same as items to be removed and salvaged for reinstallation. 

3.6 SELECTIVE DEMOLITION PROCEDURES FOR SPECIFIC MATERIALS 

A. Suspended Acoustic Panel Ceilings: 

1. Ceiling Panels:  Ceiling panels may be removed and reinstalled, or replaced, as 
necessary to accomplish Work above suspended acoustic panel ceilings as 
required by the Project conditions. 

2. Suspended Ceiling Grid:  Suspended ceiling grid systems and grid members shall 
not be cut or altered in any way unless indicated on drawings. 

a. Unauthorized alteration of suspended ceiling grid systems or members will 
result in the Contractor upgrading the suspension system to current code 
requirements at no additional cost to the Owner. 

3.7 DISPOSAL OF DEMOLISHED MATERIALS 

A. Recycle or dispose demolition waste materials.  Remove demolition waste materials 
from Project site and legally dispose of them in an EPA-approved construction and 
demolition waste landfill acceptable to authorities having jurisdiction. 

1. Do not allow demolished materials to accumulate on-site. 
2. Remove and transport debris in accordance with local regulations and in a manner 

that will prevent spillage on adjacent surfaces and areas. 

B. Burning:  Do not burn demolished materials. 

3.8 CLEANING 

A. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective 
demolition operations.  Return adjacent areas to condition existing before selective 
demolition operations began. 

END OF SECTION 
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SECTION 055000 
METAL FABRICATIONS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

1.3 SUBMITTALS 

A. Shop Drawings: For metal fabrications, include plans, elevations, sections, and details 
of metal fabrications and their connections; show anchorage and accessory items. Show 
fabrication and installation details for metal fabrications. 

B. Welding certificates. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications: Fabricator of products. 

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

1. AWS D1.1, "Structural Welding Code--Steel." 
2. AWS D1.3, "Structural Welding Code--Sheet Steel." 

1.5 FIELD CONDITIONS 

A. Field Measurements: Verify actual locations of in-place construction contiguous with 
metal fabrications by field measurements before fabrication and indicate measurements 
on Shop Drawings. 

1. Established Dimensions: Where field measurements cannot be made without 
delaying the Work, establish dimensions and proceed with fabricating metal 
fabrications without field measurements. Coordinate contiguous construction to 
ensure that actual dimensions correspond to established dimensions. 

1.6 COORDINATION 

A. Coordinate selection of shop primers with topcoats to be applied over them. Comply with 
paint and coating manufacturers' written instructions to ensure that shop primers and 
topcoats are compatible with one another. 
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B. Coordinate installation of metal fabrications that are anchored to or that receive other 
work. Furnish setting drawings, templates, and directions for installing anchorages, 
including sleeves, concrete inserts, anchor bolts, and items with integral anchors, that 
are to be embedded in concrete or masonry. Deliver such items to Project site in time 
for installation. 

C. Schedule installation so wall attachments are made only to completed walls. Do not 
support metal fabrications temporarily by any means that do not satisfy structural 
performance requirements. 

PART 2 - PRODUCTS 

2.1 METAL PRODUCTS 

A. Metal Surfaces, General: Provide materials with smooth, flat surfaces, unless otherwise 
indicated. For metal fabrications exposed to view in the completed Work, provide 
materials without seam marks, roller marks, rolled trade names, or blemishes. 

B. Steel Plates, Shapes, and Bars: ASTM A 36/A 36M. 

C. Steel Tubing: ASTM A 500, cold-formed steel tubing. 

D. Steel Pipe: ASTM A 53/A 53M, standard weight (Schedule 40), unless another weight is 
indicated or required by structural loads. 

1. Provide galvanized finish for exterior installations where indicated. 

2.2 FASTENERS 

A. General: Unless otherwise indicated, provide Type 304 stainless-steel fasteners for 
exterior use and zinc-plated fasteners with coating complying with ASTM B 633, 
Class Fe/Zn 5, at exterior walls. Select fasteners for type, grade, and class required. 

2.3 MISCELLANEOUS MATERIALS 

A. Welding Rods and Bare Electrodes: Select according to AWS specifications for metal 
alloy welded. 

B. Galvanizing Repair Paint: High-zinc-dust-content paint complying with SSPC-Paint 20 
and compatible with paints specified to be used over it. 

C. Bituminous Paint: Cold-applied asphalt emulsion complying with ASTM D 1187. 

D. Shrinkage-Resistant Grout: Factory-packaged, nonmetallic, nonstaining, noncorrosive, 
nongaseous grout complying with ASTM C1107/C1107M. Provide grout specifically 
recommended by manufacturer for interior and exterior applications. 
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2.4 FABRICATION, GENERAL 

A. Shop Assembly: Preassemble items in the shop to greatest extent possible. 
Disassemble units only as necessary for shipping and handling limitations. Use 
connections that maintain structural value of joined pieces. Clearly mark units for 
reassembly and coordinated installation. 

B. Cut, drill, and punch metals cleanly and accurately. Remove burrs and ease edges to a 
radius of approximately 1/32 inch, unless otherwise indicated. Remove sharp or rough 
areas on exposed surfaces. 

C. Form bent-metal corners to smallest radius possible without causing grain separation or 
otherwise impairing work. 

D. Form exposed work true to line and level with accurate angles and surfaces and straight 
edges. 

E. Weld connections, corners, and seams continuously, unless otherwise indicated, to 
comply 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. At exposed connections, finish exposed welds and surfaces smooth and blended 

so no roughness shows after finishing and contour of welded surface matches that 
of adjacent surface. 

5. Cope ends of pipe or round tubing at connections to provide close fit. 

F. Form exposed connections with hairline joints, flush and smooth, using concealed 
fasteners where possible. Where exposed fasteners are required, use Phillips flat-head 
(countersunk) screws or bolts, unless otherwise indicated. Locate joints where least 
conspicuous. 

G. Fabricate seams and connections that will be exposed to weather in a manner that 
excludes water. Provide weep holes for drainage where water may accumulate. 

H. Cut, reinforce, drill, and tap metal fabrications as indicated to receive finish hardware, 
screws, and similar items. 

I. Provide for anchorage of type indicated on Drawings; coordinate with supporting 
structure. Space anchoring devices to secure metal fabrications rigidly in place and to 
support indicated loads. 

2.5 MISCELLANEOUS FRAMING AND SUPPORTS 

A. General: Provide steel framing and supports not specified in other Sections as indicated 
on the Drawings and as needed to complete the Work. 
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B. Fabricate miscellaneous framing and supports from steel shapes, plates, and bars of 
welded construction to sizes, shapes, and profiles indicated and as necessary to receive 
adjacent construction retained by miscellaneous framing and supports. 

1. Drill, cut, and tap miscellaneous framing and supports to field bolted connections 
and to receive hardware, hangers, and similar items. 

C. Galvanize miscellaneous framing and supports used for exterior applications or where 
indicated. 

2.6 RAILINGS  

A. General: Fabricate railings and guards to comply with requirements indicated for design, 
dimensions, member sizes and spacing, details, finish, and anchorage. 

B. Handrails: 

1. Finish:  

a. Exterior Handrails: Galvanize after fabrication. 

C. Connections: Fabricate railings with welded connections unless otherwise indicated.  

D. Close exposed ends of railing members with prefabricated end fittings. 

E. Provide wall returns at ends of wall-mounted handrails unless otherwise indicated; Close 
ends of returns. 

2.7 STEEL FINISHES 

A. Finish metal fabrications after assembly. 

B. Finish exposed surfaces to remove tool and die marks and stretch lines, and to blend 
into surrounding surface. 

C. Galvanizing: Hot-dip galvanize exterior items and items indicated to be galvanized after 
fabrication to comply with ASTM A153/A153M for steel and iron hardware and with 
ASTM A123/A123M for other steel and iron products. 

1. Do not quench or apply post galvanizing treatments that might interfere with paint 
adhesion. 

2. Fill vent and drain holes that are exposed in the finished Work, unless indicated to 
remain as weep holes, by plugging with zinc solder and filing off smooth. 



Merced College 
Admin Multi-Zone Replacement 

 

1478 METAL FABRICATIONS 055000 - 5 of 6 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine framing and conditions by other Specification Sections where reinforced to 
receive anchors, to verify that locations of concealed reinforcements are clearly marked 
for Installer. Locate reinforcements and mark locations if not already done. 

3.2 INSTALLATION, GENERAL 

A. Cutting, Fitting, and Placement: Perform cutting, drilling, and fitting required for installing 
metal fabrications. Set metal fabrications accurately in location, alignment, and elevation; 
with edges and surfaces level, plumb, true, and free of rack; and measured from 
established lines and levels. 

B. Fit exposed connections accurately together to form hairline joints. Weld connections 
that are not to be left as exposed joints but cannot be shop welded because of shipping 
size limitations. Do not weld, cut, or abrade surfaces of exterior units that have been hot-
dip galvanized after fabrication and are for bolted or screwed field connections. 

C. Field Welding: Comply with the following requirements: 

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. At exposed connections, finish exposed welds and surfaces smooth and blended 

so no roughness shows after finishing and contour of welded surface matches that 
of adjacent surface. 

D. Fastening to In-Place Construction: Provide anchorage devices and fasteners where 
metal fabrications are required to be fastened to in-place construction. Provide threaded 
fasteners for use with concrete and masonry inserts, toggle bolts, through bolts, lag bolts, 
wood screws, and other connectors. 

E. Provide temporary bracing or anchors in formwork for items that are to be built into 
concrete, masonry, or similar construction. 

3.3 INSTALLING MISCELLANEOUS FRAMING AND SUPPORTS 

A. General: Install framing and supports as indicated on Drawings and to comply with 
requirements of items being supported, including manufacturers' written instructions and 
requirements indicated on Shop Drawings. 

B. Anchor support framing securely to, and rigidly brace from, building structure. 
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3.4 INSTALLING RAILINGS AND GUARDS 

A. Attaching Railings to Walls: Locate brackets as indicated or, if not indicated, at spacing 
required to support structural loads; equally space brackets. Attach railings to walls with 
wall brackets as indicated on Drawings and as follows: 

1. Secure wall brackets as follows: 

a. Wood Stud Walls: Use lag bolts set into studs or wood backing between 
studs; coordinate backing with carpentry work to locate backing members. 

3.5 REPAIRS 

A. Touchup Painting: Immediately after erection, clean field welds, bolted connections, and 
abraded areas. Paint uncoated and abraded areas with the same material as used for 
shop painting to comply with SSPC-PA 1 for touching up shop-painted surfaces. 

1. Apply by brush or spray to provide a minimum 2.0-mil dry film thickness. 

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

END OF SECTION 
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SECTION 079200 
JOINT SEALANTS 

PART 1 - GENERAL 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplementary 
Conditions apply to this Section. 

SUMMARY 

Section Includes: 

1. Urethane joint sealants. 
2. Latex joint sealants. 
3. Joint sealant Backings 

QUALITY ASSURANCE 

Installer Qualifications: An entity employing installers trained and experienced in installing joint 
sealants similar in material, design, and extent to that indicated for this Project, whose 
work has resulted in construction with a record of successful performance. 

FIELD CONDITIONS 

Do not proceed with installation of joint sealants under the following conditions: 

4. When ambient and substrate temperature conditions are outside limits permitted 
by joint-sealant manufacturer or are below 40 deg F. 

5. When joint substrates are wet. 
6. Where joint widths are less than those allowed by joint-sealant manufacturer for 

applications indicated. 
7. Where contaminants capable of interfering with adhesion have not yet been 

removed from joint substrates. 

WARRANTY 

Special Installer's Warranty: Installer agrees to repair or replace joint sealants that do not 
comply with performance and other requirements specified in this Section within 
specified warranty period. 

8. Warranty Period: Two years from date of Substantial Completion. 
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Special Manufacturer's Warranty: Manufacturer agrees to furnish joint sealants to repair or 
replace those that do not comply with performance and other requirements specified in 
this Section within specified warranty period. 

9. Warranty Period: Five years from date of Substantial Completion. 

Special warranties shall warrant that all exposed sealants will be guaranteed against any 
crazing developing on the surfaces of the material, any staining of adjacent surfaces by 
sealant or by primer (yellowing, etc.), chalking, or color changes on surface of cured 
sealant. 

Special warranties specified in this article exclude deterioration or failure of joint sealants from 
the following: 

10. Movement of the structure caused by structural settlement or errors attributable to 
design or construction resulting in stresses on the sealant exceeding sealant 
manufacturer's written specifications for sealant elongation and compression. 

11. Disintegration of joint substrates from causes exceeding design specifications. 
12. Mechanical damage caused by individuals, tools, or other outside agents. 
13. Changes in sealant appearance caused by accumulation of dirt or other 

atmospheric contaminants. 

PART 2 - PRODUCTS 

JOINT SEALANTS, GENERAL 

Compatibility: Provide joint sealants, backings, and other related materials that are compatible 
with one another and with joint substrates under conditions of service and application, 
as demonstrated by joint-sealant manufacturer, based on testing and field experience. 

VOC Content: Sealants and primers applied at the Project site shall comply with VOC limits of 
authorities having jurisdiction; VOC limits, exclusive of colorants added to a tint base, 
when calculated according to 40 CFR 59, Subpart D (EPA Method 24); and VOC limits 
of the California Green Building Standards Code (CGBSC), Section 5.504.4.1 and Table 
504.4.2 as follows: 

1. Architectural Sealants: 250 g/L. 
2. Sealant Primers for Nonporous Substrates: 250 g/L. 
3. Sealant Primers for Porous Substrates: 775 g/L. 

Liquid-Applied Joint Sealants: Comply with ASTM C 920 and other requirements indicated for 
each liquid-applied joint sealant specified, including those referencing ASTM C 920 
classifications for type, grade, class, and uses related to exposure and joint substrates. 

Stain-Test-Response Characteristics: Where sealants are indicated to be nonstaining to 
porous substrates, provide products that have undergone testing according to 
ASTM C 1248 and have not stained porous joint substrates indicated for Project. 

Colors of Exposed Joint Sealants: As selected by Owner from manufacturer's full range. 
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Source Limitations: Obtain each kind of joint sealant from a single source from a single 
manufacturer. 

URETHANE JOINT SEALANTS 

Urethane, S, P, 25, T, NT: Single-component, pourable, plus 25 percent and minus 25 percent 
movement capability, traffic- and nontraffic-use, urethane joint sealant; ASTM C920, 
Type S, Grade P, Class 25, Uses T and NT. 

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

a. BASF Building Systems; Sonolastic SL 1. 
b. Pecora Corporation; Urexpan NR-201. 
c. Sika Corporation. Construction Products Division; Sikaflex - 1CSL. 

5. Joint Sealant Application: Interior concrete slab floor joints. 

LATEX JOINT SEALANTS 

Latex Joint Sealant: Acrylic latex or siliconized acrylic latex, ASTM C 834, Type OP, Grade NF. 

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

a. BASF Building Systems; Sonolac. 
b. Pecora Corporation; AC-20+. 
c. Tremco Incorporated; Tremflex 834. 

7. Joint Sealant Application: Interior non-moving joints between gypsum board and 
adjacent materials, trim, or similar surfaces. 

JOINT SEALANT BACKING 

General: Provide sealant backings of material that are nonstaining; are compatible with joint 
substrates, sealants, primers, and other joint fillers; and are approved for applications 
indicated by sealant manufacturer based on field experience and laboratory testing. 

Cylindrical Sealant Backings: ASTM C 1330, Type C (closed-cell material with a surface skin) 
or Type B (bicellular material with a surface skin), as approved in writing by joint-sealant 
manufacturer for joint application indicated, and of size and density to control sealant 
depth and otherwise contribute to producing optimum sealant performance. 

Bond-Breaker Tape: Polyethylene tape or other plastic tape recommended by sealant 
manufacturer for preventing sealant from adhering to rigid, inflexible joint-filler materials 
or joint surfaces at back of joint. Provide self-adhesive tape where applicable. 

http://www.specagent.com/LookUp/?ulid=5289&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456801361&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456801364&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456801367&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=5289&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456801412&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456801415&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456801417&mf=04&src=wd
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MISCELLANEOUS MATERIALS 

Primer: Material recommended by joint-sealant manufacturer where required for adhesion of 
sealant to joint substrates. 

Cleaners for Nonporous Surfaces: Chemical cleaners acceptable to manufacturers of sealants 
and sealant backing materials, free of oily residues or other substances capable of 
staining or harming joint substrates and adjacent nonporous surfaces in any way, and 
formulated to promote optimum adhesion of sealants to joint substrates. 

Masking Tape: Non-staining, nonabsorbent material compatible with joint sealants and 
surfaces adjacent to joints. 

PART 3 - EXECUTION 

EXAMINATION 

Examine joints indicated to receive joint sealants, with Installer present, for compliance with 
requirements for joint configuration, installation tolerances, and other conditions affecting 
joint-sealant performance. 

Proceed with installation only after unsatisfactory conditions have been corrected. 

PREPARATION 

Surface Cleaning of Joints: Clean out joints immediately before installing joint sealants to 
comply with joint-sealant manufacturer's written instructions and the following 
requirements: 

1. Remove all foreign material from joint substrates that could interfere with adhesion 
of joint sealant, including dust, paints (except for permanent, protective coatings 
tested and approved for sealant adhesion and compatibility by sealant 
manufacturer), old joint sealants, oil, grease, waterproofing, water repellents, 
water, surface dirt, and frost. 

2. Clean porous joint substrate surfaces by brushing, grinding, mechanical abrading, 
or a combination of these methods to produce a clean, sound substrate capable 
of developing optimum bond with joint sealants. Remove loose particles remaining 
after cleaning operations above by vacuuming or blowing out joints with oil-free 
compressed air. Porous joint substrates include the following: 

a. Concrete. 

3. Remove laitance and form-release agents from concrete. 
4. Clean nonporous joint substrate surfaces with chemical cleaners or other means 

that do not stain, harm substrates, or leave residues capable of interfering with 
adhesion of joint sealants. Nonporous joint substrates include the following: 

a. Metal. 
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b. Glass. 

Joint Priming: Prime joint substrates where recommended by joint-sealant manufacturer. Apply 
primer to comply with joint-sealant manufacturer's written instructions. Confine primers 
to areas of joint-sealant bond; do not allow spillage or migration onto adjoining surfaces. 

Masking Tape: Use masking tape where required to prevent contact of sealant or primer with 
adjoining surfaces that otherwise would be permanently stained or damaged by such 
contact or by cleaning methods required to remove sealant smears. Remove tape 
immediately after tooling without disturbing joint seal. 

INSTALLATION OF JOINT SEALANTS 

General: Comply with joint-sealant manufacturer's written installation instructions for products 
and applications indicated, unless more stringent requirements apply. 

Sealant Installation Standard: Comply with recommendations in ASTM C 1193 for use of joint 
sealants as applicable to materials, applications, and conditions indicated. 

Install sealant backings of kind indicated to support sealants during application and at position 
required to produce cross-sectional shapes and depths of installed sealants relative to 
joint widths that allow optimum sealant movement capability. 

5. Do not leave gaps between ends of sealant backings. 
6. Do not stretch, twist, puncture, or tear sealant backings. 
7. Remove absorbent sealant backings that have become wet before sealant 

application and replace them with dry materials. 

Install bond-breaker tape behind sealants where sealant backings are not used between 
sealants and backs of joints. 

Install sealants using proven techniques that comply with the following and at the same time 
backings are installed: 

8. Place sealants so they directly contact and fully wet joint substrates. 
9. Completely fill recesses in each joint configuration. 
10. Produce uniform, cross-sectional shapes and depths relative to joint widths that 

allow optimum sealant movement capability. 

Install sealant to depths as shown or, if not shown, as recommended by sealant manufacturer 
but within the following general limitations, measured at center (thin) section of bead: 

11. For normal moving joints sealed with elastomeric sealants but not subject to traffic, 
fill joints to a depth equal to 50 percent of joint width, but neither more than 1/2 
inch deep nor less than 1/4 inch deep. 

12. For joints sealed with non-elastomeric sealants and caulking compounds, fill joints 
to a depth in range of 75 to 125 percent of joint width. 

Do not allow sealants or compounds to overflow or spill onto adjoining surfaces, or to migrate 
into voids of adjoining surfaces. 
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CLEANING 

Clean off excess sealant or sealant smears adjacent to joints as the Work progresses by 
methods and with cleaning materials approved in writing by manufacturers of joint 
sealants and of products in which joints occur. 

PROTECTION 

Protect joint sealants during and after curing period from contact with contaminating 
substances and from damage resulting from construction operations or other causes so 
sealants are without deterioration or damage at time of Substantial Completion. If, 
despite such protection, damage or deterioration occurs, cut out and remove damaged 
or deteriorated joint sealants immediately so installations with repaired areas are 
indistinguishable from original work. 

END OF SECTION 



Merced College 
Admin Multi-Zone Replacement 

 

 
1478 GENERAL PLUMBING PROVISIONS   220000 - 1 of 10 
  
  

SECTION 220000 
 

GENERAL PLUMBING PROVISIONS 
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 covers and applies to all work included in Divisions 22.  
 
B. Work in this Section includes providing labor, materials, equipment, services 

necessary, fabrication, installation and testing for fully operational and safe 
systems including all necessary materials, appurtenances and features whether 
specified or shown in the contract documents or not, in conformity with all 
applicable codes and authorities having jurisdiction for the following: 

1. Plumbing work covered by all sections within Division 22 of the 
specifications, including, but not limited to: 

a. Plumbing systems and equipment. 

1.3 CODES AND REGULATIONS 
 

A. All work and materials shall be in accordance with current rules and regulations of 
applicable codes. Nothing in these Drawings or Specifications is to be construed to 
permit work not conforming to these codes. Should the Drawings or Specifications 
call for material or methods of construction of a higher quality or standard than 
required by these codes, the Drawings and Specifications shall govern. Applicable 
codes and regulations include, but are not necessarily limited to, the following: 

 
 California Building Code CCR Title 24, Part 2 
 California Electrical Code CCR Title 24, Part 3 
 California Mechanical Code CCR Title 24, Part 4 
 California Plumbing Code CCR Title 24, Part 5 
 California Energy Code CCR Title 24, Part 6 
 California Fire Code CCR Title 24, Part 9 
  

 
1.4 DEFINITIONS 
 

A. Provide:  The term "provide" as used in these specifications or on the drawings shall 
mean furnish and install. 

 
B. Piping:  The term "piping" as used in these specifications or on the drawings shall 

mean all pipe, fittings, valves, hangers, insulation, etc. as may be required for a 
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complete and functional system. 
 

C. Ductwork:  The terms "duct" or "ductwork" as used in these specifications or on the 
drawings shall mean all ducts, fittings, joints, dampers, hangers, insulation, etc. as 
may be required for a complete and functional system. 

 
D. Wiring:  The term "wiring" as used in these specifications or on the drawings shall 

mean all wiring, conduit, boxes, connections, transformers, relays, switches etc. as 
may be required for a complete and functional system. 

 
1.5 PERMITS AND FEES 
 

A. The Contractor shall take out all permits and arrange for all tests in connection with 
his work as required. All charges are to be included in the work.   

 
1.6 COORDINATION OF WORK 
 

A. Examination:  Before starting work, thoroughly examine existing and newly 
completed underlying and adjoining work and conditions on which the installation of 
this work depends. Report to the Engineer in writing all conditions which might 
adversely affect this work. 

 
B. Layout:  Layout of materials, equipment and systems is generally diagrammatic 

unless specifically dimensioned. Some work may be shown offset for clarity. The 
actual locations of all materials, piping, ductwork, fixtures, equipment, supports, etc. 
shall be carefully planned prior to installation of any work in order to avoid all 
interference with each other, or with structural, electrical, architectural or other 
elements.  

 
C. Verification: If discrepancies are discovered between drawing and specification 

requirements, the more stringent requirement shall apply. All conflicts shall be called 
to the attention of the Engineer prior to the installation of any work or the ordering of 
any equipment.  No work shall be prefabricated or installed prior to this coordination. 
No costs will be allowed to the Contractor for any prefabrication or installation 
performed prior to this coordination.  Verify the proper voltage and phase of all 
equipment with the electrical plans. 

 
D. Location of Utilities Prior to Trenching or Earthwork:  The Contractor shall notify 

the Owner a minimum of two business days prior to beginning trenching or 
earthwork.  Prior to this notification, the Contractor shall have marked all proposed 
trenches with paint and shall have contacted a utility locating company and have 
had this company mark all found underground utilities with paint.  The Contractor 
shall then coordinate and arrange for a site visit with the Owner to review the 
proposed trenching and/or earthwork areas.  Trenching and/or earthwork shall not 
begin until the Owner agrees.  Repair and/or compensation for repair of marked 
utilities is the responsibility of the Contractor.  The Owner retains the right to either 
self-perform the repair or require the Contractor to complete the repair, as directed 
by the Owner.  If while performing the work, the Contractor discovers utilities that 
have not been marked, the Contractor shall immediately notify the Owner verbally 
and in writing. 
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1.7 GUARANTEE 
 

A. Guarantee shall be in accordance with the General Conditions. The Contractor shall 
repair any defects due to faulty materials or workmanship and pay for any resulting 
damage to other work which appears within the guarantee period.  These 
Specifications may extend the period of the guarantee for certain items. Where such 
extensions are called for, or where items are normally provided with guarantee 
periods in excess of that called for in the General Conditions, the certificate of 
guarantee shall be furnished to the Owner through the Engineer. 

 
1.8 QUIETNESS 
 

A. Piping, ductwork and equipment shall be arranged and supported so that vibration 
is a minimum and is not transmitted to the structure. 

 
1.9 DAMAGES BY LEAKS 
 

A. The Contractor shall be responsible for damages caused by leaks in the temporary 
or permanent piping systems prior to completion of work and during the period of 
the guarantee, and for damages caused by disconnected pipes or fittings, and the 
overflow of equipment prior to completion of the work. 

 
1.10 EXAMINATION OF SITE 
 

A. The Contractor shall examine the site, compare it with Plans and Specifications, and 
shall have satisfied himself as to the conditions under which the work is to be 
performed. No allowance shall subsequently be made in his behalf for any extra 
expense to which he may be put due to failure or neglect on his part to make such 
an examination. 

 
1.11 COMPATIBILITY WITH EXISTING SYSTEMS 
 

A. Any work which is done as an addition, expansion or remodel of an existing system 
shall be compatible with that system. 

 
1.12 MATERIALS AND EQUIPMENT 
 

A. Materials and equipment shall be new unless otherwise noted. Materials and 
equipment of a given type shall be by the same manufacturer. Materials and 
equipment shall be free of dents, scratches, marks, shipping tags and all defacing 
features at time of project acceptance. Materials and equipment shall be covered or 
otherwise protected during construction as required to maintain the material and 
equipment in new factory condition until project acceptance. 

 
1.13 SUBMITTALS 
 

A. Shop Drawings: Within 30 days of contract award, the Contractor shall submit six 
copies of shop drawings for all materials, equipment, etc. proposed for use on this 
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project. Material or equipment shall not be ordered or installed until written review is 
processed by the Engineer.  

 
All shop drawings must comply with the following:  

 
1. Shop drawings are required for all material and equipment items and shall 

include manufacturer's name and catalog numbers, dimensions, capacities, 
performance curves, and all other characteristics and accessories as listed 
in the specifications or on the drawings. Descriptive literature shall be current 
factory brochures and submittal sheets. Capacities shall be certified by the 
factory. FAX submittals are not acceptable. 

 
2. All shop drawings shall be submitted at one time in a neat and orderly fashion 

in a suitable binder with title sheet including Project, Engineer and 
Contractor, table of contents, and indexed tabs dividing each group of 
materials or item of equipment. All items shall be identified by the 
specification paragraph number for which they are proposed. All equipment 
shall also be identified by the mark number as indicated on drawings. 

 
3. All capacities, characteristics, and accessories called for in the specifications 

or on the drawings shall be high-lighted, circled or underlined on the shop 
drawings. Calculations and other detailed data indicating how the item was 
selected shall be included for items that are not scheduled. Data must be 
complete enough to permit detailed comparison of every significant 
characteristic which is specified, scheduled or detailed. 

 
B. Substitutions: Manufacturers and model numbers listed in the specifications or on 

the drawings represent the standard of quality and features desired.  Proposed 
substitutions shall comply with the Owner’s General Requirements.  Calculations 
and other detailed data indicating how the item was selected shall be included. The 
Contractor shall assume full responsibility that substituted items or procedures will 
meet the specifications and job requirements and shall be responsible for the cost 
of redesign and modifications to the work caused by these items. At the Engineer's 
request, furnish locations where equipment similar to the substituted equipment is 
installed and operating along with the user's phone numbers and contact person. 
Satisfactory operation and service history will be considered in the acceptance or 
rejection of the proposed substitution. 

 
C. Review: Submittals will be reviewed for general conformance with the design 

concept, but this review does not guarantee quantity shown, nor does it supersede 
the responsibility of the Contractor to provide all materials, equipment and 
installation in accordance with the drawings and specifications. The Contractor shall 
agree that shop drawing submittals processed by the Engineer are not Change 
Orders; that the purpose of shop drawing submittals by the Contractor is to 
demonstrate to the Engineer that the Contractor understands the design concept, 
that he demonstrates his understanding by indicating which equipment and material 
he intends to furnish and install and by detailing the fabrication and installation 
methods he intends to use. The Contractor shall agree that if deviations, 
discrepancies or conflicts between shop drawings and design drawings and 
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specifications are discovered either prior to or after shop drawing submittals are 
processed by the Engineer, the design drawings and specifications shall control and 
shall be followed. If a resubmittal is required, submit a complete copy of the 
Engineer's review letter requiring such with the resubmittal. 

 
1.14 MANUFACTURER'S RECOMMENDATIONS 
 

A. All material, equipment, devices, etc., shall be installed in accordance with the 
recommendations of the manufacturer of the particular item. The Contractor shall be 
responsible for all installations contrary to the manufacturer's recommendations. The 
Contractor shall make all necessary changes and revisions to achieve such 
compliance. Manufacturer's installation instructions shall be delivered to and 
maintained at the job site through the construction of the project. 

 
1.15 SCHEDULING OF WORK 
 

A. All work shall be scheduled subject to the review of the Engineer and the Owner. No 
work shall interfere with the operation of the existing facilities on or adjacent to the 
site. The Contractor shall have at all times, as conditions permit, a sufficient force of 
workmen and quantity of materials to install the work contracted for as rapidly as 
possible consistent with good work, and shall cause no delay to other Contractors 
engaged upon this project or to the Owner.  HVAC equipment and functions, whether 
existing or new, shall be maintained in operating condition whenever the facility is 
occupied, unless otherwise approved by the Owner. 

 
1.16 DEMOLITION 
 

A. Existing equipment, ducts, piping, etc. noted for removal shall be removed and 
delivered to the Owner at a location to be determined by the Owner.  Those items 
determined by the Owner to be of no value shall become the property of the 
Contractor and shall be removed from the job site by the Contractor at the 
Contractor's expense.  Existing piping, ducts, services, etc. requiring capping shall 
be capped below floors, behind walls, above ceilings or above roof unless otherwise 
noted.  Where items are removed, patch the surfaces to match the existing surfaces. 

 
1.17 HAZARDOUS MATERIAL REMOVAL 
 

A. All hazardous material removal will be by the Owner. Hazardous material is to be 
removed before the work is started. If the Contractor discovers hazardous material 
which has not been removed, the Contractor shall immediately cease work in that 
area and promptly notify the Owner.   

 
1.18 OPENINGS, CUTTING AND PATCHING 
 

A. The locations and dimensions for openings through walls, floors, ceilings, 
foundations, footings, etc. required to accomplish the work under this Specification 
Division shall be provided under this Division.  Except as noted below, the actual 
openings and the required cutting and patching shall be provided by other Divisions.  
Coring through existing concrete or masonry walls, floors, ceilings, foundations, 
footings, etc., and saw cutting of concrete floors or asphaltic concrete required to 
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accomplish the work under this Specification Division shall be provided under this 
Division.  Patching of these surfaces shall be provided by other Divisions.  Cutting 
or coring shall not impair the strength of the structure.  Any damage resulting from 
this work shall be repaired at the Contractor’s expense to the satisfaction of the 
Engineer. 

 
1.19 EXCAVATION AND BACKFILL 
 

A. General:  Barrel of pipe shall have uniform support on sand bed.  Sand shall be free 
from clay or organic material, suitable for the purpose intended and shall be of such 
size that 90 percent to 100 percent will pass a No. 4 sieve and not more than 5 
percent will pass a No. 200 sieve.  Unless otherwise noted, minimum earth cover 
above top of pipe or tubing outside building walls shall be 24”, not including base 
and paving in paved areas. 

 
B. Excavation:  Width of trench at top of pipe shall be minimum of 16”, plus the outside 

diameter of the pipe.  Provide all shoring required by site conditions.  Where over 
excavation occurs, provide compacted sand backfill to pipe bottom.  Where 
groundwater is encountered, remove to keep excavation dry, using well points and 
pumps as required. 

 
C. Backfill: 

 
1. 6” Below, Around, and to 12” Above Pipe:  Material shall be sand.  Place 

carefully around and on top of pipe, taking care not to disturb piping, 
consolidate with vibrator. 

 
2. One Foot Above Pipe to Grade:  Material shall be sandy or silty loam, free of 

lumps, laid in 6” layers, uniformly mixed to proper moisture and compacted 
to required density.  If backfill is determined to be suitable and required 
compaction is demonstrated by laboratory test, water compaction in 6” layers 
may be used, subject to review by Engineer. 

 
D. Compaction:  Compact to density of 95% within building and under walkways, 

driveways, traffic areas, paved areas, etc. and to 90% elsewhere.  Demonstrate 
proper compaction by testing at top, bottom and one-half of the trench depth.  
Perform these tests at three locations per 100’ of trench.    

 
1.20 CONTINUITY OF SERVICES 
 

A. Existing services and systems shall be maintained except for short intervals when 
connections are made.  The Contractor shall be responsible for interruptions of 
services and shall repair damage done to any existing service caused by the work.  
If utilities not indicated on the drawings are uncovered during excavation, the 
Contractor shall notify the Engineer immediately. 

 
1.21 PROTECTIVE COATING FOR UNDERGROUND PIPING 
 

A. All ferrous pipe below grade (except cast iron) shall have a factory applied protective 
coating of extruded high density polyethylene, 35 to 70 mils total thickness, X-Tru-
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Coat, Scotchkote.  All fittings and areas of damaged coating shall be covered with 
two layer double wrap of 10 mil polyvinyl tape to total thickness of 40 mils. John-
Mansville.  Protective coating shall be extended 6” above surrounding grade. 
 

B. All cast iron pipe shall have field applied tubular polyethylene encasement 
(polywrap) conforming to ANSI/AWWA C105/A21.5.  All joints and transitions to 
have 2 layers of polywrap with ends sealed with adhesive tape or plastic tie straps 
around the poly wrap at 2’-0” intervals.  Vertical risers to be wrapped thru vapor 
barrier.  Wet seal joint water tight.   

 
1.22 ACCESS DOORS 
 

A. Provide access doors as required where equipment, piping, valves, ductwork, etc. 
are not otherwise accessible.  Access doors shall match the wall or ceiling finish and 
fire rating as indicated on the Architectural drawings.  16-gage steel frame and 14-
gage steel door with paintable finish, except in ceramic tile, where door shall be 16-
gage stainless steel with satin finish.  Continuous hinge.  Deliver doors to the 
General Contractor for installation.  Milcor.  Unless otherwise noted, the minimum 
sizes shall be as follows: 

 
1 valve up to 1-1/2”  12” x 12” 
1 valve up to 3”  16” x 16” 

 
1.23 CONCRETE ANCHORS 
 

A. Steel stud with expansion wedge requiring a drilled hole – powder driven anchors 
are not acceptable.  Minimum spacing shall be 12 diameters center to center and 10 
diameters center to edge of concrete.  Maximum allowable stresses for tension and 
shear shall be 80% of the ICC Evaluation Service Report (ESR) values.  Minimum 
concrete embedment shall be the nominal embedment listed in the ESR table.  Hilti 
Kwik Bolt TZ2. 
 

1.24 EQUIPMENT ANCHORING AND OTHER SUPPORTS 
 

A. Mechanical systems (equipment, ductwork, piping, conduit, etc.) shall be anchored 
in accordance with the CBC. All systems mounted on concrete shall be secured with 
a concrete anchor at each mounting point.  All air handlers shall be mounted on 
spring isolators.  Secure base plate as indicated above.  Attachment of equipment, 
ductwork, piping, conduit, etc. supported on curbs or platforms shall be made to the 
side of curbs and platforms, where possible.  Where screws or lag bolts must be 
installed through the top of a sheet metal cap, the installation shall be as follows.  
Pre-drill pilot hole.  Fill pilot hole with polyurethane sealant. Install screw or lag bolt 
with a flat washer and an EPDM washer adjacent to the sheet metal. 

 
1.25 SUPPORTS AND SEISMIC RESTRAINTS 
 

A. Any structural element required to hang or support piping, ducts or equipment 
provided under this Division and not shown on other drawings shall be provided 
under this Division. 
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B. Mechanical systems (equipment, ductwork, piping, etc.) shall be provided with 

supports and seismic restraints in accordance with the CBC.  Submit anchorage 
calculations and details stamped and signed by a structural engineer registered in 
the State of California.  Submit shop drawings showing location, type and detail of 
restraints.  Submit manufacturer’s data for restraints.  Restraint system shall be 
Mason West, Inc. (OSHPD OPM 0043-13). 

 
1.26 PAINTING 
  
 A. Paint all black iron supports, hangers, anchors, etc. with two coats of rust 

resisting primer. Also paint all uninsulated black iron piping exposed to weather with 
two coats of rust resisting primer. 

 
1.27 ROOF PENETRATIONS AND PATCHING 
 

A. Whenever any part of the mechanical systems penetrates the roof or exterior wall, 
the openings shall be flashed and counter-flashed water tight with minimum 22 
gauge galvanized sheet metal.  Flashing shall extend not less than eight inches from 
the duct, pipe, or supporting member in all directions unless detailed otherwise.  All 
roof penetrations and patching shall be in accordance with the recommendations of 
the National Roofing Contractor's Association and the Owner’s roofing standards. 

 
1.28 SYSTEM IDENTIFICATION 
 

A. Above Grade Piping: Provide markers on piping which is either exposed or 
concealed in accessible spaces. For piping systems, other than drain and vent lines, 
indicate the fluid conveyed or its abbreviation, either by pre-printed markers or 
stenciled marking, and include arrows to show direction of flow. Pre-printed markers 
shall be the type that wrap completely around the pipe, requiring no other means of 
fastening such as tape, adhesive, etc. Comply with ANSI A13.1 for colors. Locate 
markers at ends of lines, near major branches and other interruptions including 
equipment in the line, where lines pass through floors, walls or ceilings or otherwise 
pass into inaccessible spaces, and at 50' maximum intervals along exposed portions 
of lines. Marking of short branches and repetitive branches for equipment 
connections is not required. 

 
B. Below Grade Piping:  Bury a continuous, pre-printed, bright-colored, metallic ribbon 

marker capable of being located with a metal detector with each underground pipe.  
Locate directly over buried pipe, 6” to 8” below finished grade. 

 
C. Equipment: All equipment shall be identified with a plastic laminated, engraved 

nameplate which bears the unit mark number as indicated on the drawings (e.g. 
AC-4). Provide 1/2" high lettering - white on black background. Nameplates shall be 
permanently secured to the exterior of the unit. 

 
D. Valves:  Provide brass valve tags with brass hooks or chains on all valves of each 

piping system, excluding check valves, valves within equipment, faucets, stops and 
shut-off valves at fixtures and other repetitive terminal units.  Prepare and submit a 
tagged-valve schedule, listing each valve by tag number, location and piping service.  
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Deliver to Owner through the Engineer.  
 
1.29 CLEANING 
 

A. Progressively and at completion of the job, the Contractor shall thoroughly clean all 
of his work, removing all debris, stain and marks resulting from his work. This 
includes but is not limited to building surfaces, piping, equipment and ductwork, 
inside and out. Surfaces shall be free of dirt, grease, labels, tags, tape, rust, and all 
foreign material.  

 
1.30 OPERATION AND MAINTENANCE INSTRUCTIONS 
 

A. Printed: Three copies of Operation and Maintenance Instructions and Wiring 
Diagrams for all equipment and parts list for all faucets, trim, valves, etc. shall be 
submitted to the Engineer. All instructions shall be clearly identified by marking them 
with the same designation as the equipment item to which they apply (e.g. AC-3). 
All Wiring Diagrams shall agree with reviewed Shop Drawings and indicate the exact 
field installation. All instructions shall be submitted at the same time and shall be 
bound in a suitable binder with tabs dividing each type of equipment (e.g. Pumps, 
Fans, Motors, etc.). Each binder shall be labeled indicating "Operating and 
Maintenance Instructions, Project Title, Contractor, Date" and shall have a Table of 
Contents listing all items included. 

 
B. Verbal: The Contractor shall verbally instruct the Owner's maintenance staff in the 

operation and maintenance of all equipment and systems. The controls contractor 
shall present that portion of the instructions that apply to the control system. The 
Engineer's office shall be notified 48 hours prior to this meeting. 

 
C. Acknowledgment: The Contractor shall prepare a letter indicating that all operation 

and maintenance instructions (printed and verbal) have been given to the Owner, to 
the Owner's satisfaction. This letter shall be acknowledged (signed) by the Owner 
and submitted to the Engineer. 

 
1.31 RECORD DRAWINGS 
 

A. The Contractor shall obtain one set of prints for the project, upon which a record of 
all construction changes shall be made. As the work progresses, the Contractor shall 
maintain a record of all deviations in the work from that indicated on the drawings. 
Final location of all underground work shall be recorded by depth from finished grade 
and by offset distance from permanent surface structures, i.e. building, curbs, walks. 
In addition, the water, gas, sewer, under floor duct, etc. within the building shall be 
recorded by offset distances from building walls.  An electronic copy of the original 
drawings will be made available to the Contractor. The Contractor shall transfer the 
changes, notations, etc. from the marked-up prints to the electronic copy. The record 
drawings (marked-up prints, electronic drawings disc and a hard copy) shall be 
submitted to the Engineer for review. 

 
1.32 ACCEPTANCE TESTING 
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 A. The Contractor shall perform, document and submit all acceptance testing 
as required by California Code of Regulations, Title 24, Part 6. 

 
 
 

END OF SECTION 
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SECTION 220050 
PLUMBING 

 
 
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 
Division. 

 
1.2 GENERAL MECHANICAL PROVISIONS 
 

A. The preceding General Mechanical Provisions shall form a part of this Division with 
the same force and effect as though repeated here. 

 
1.3 SCOPE 
 

A. Included: Provide all labor, materials and services necessary for complete, lawful 
and operating systems as shown or noted on the drawings or as specified here. The 
work includes, but is not necessarily limited to, the following: 

 
1. Sanitary sewer system. 
2. Domestic water system. 
3. Fuel gas system. 
4. Storm drain system (including rainwater leaders). 
5. Drain system (including condensate drain). 
6. All equipment as shown or noted on the drawings or as specified. 
7. Demolition as indicated on drawings. Where demolition is called for, remove 

all equipment, piping, braces, housekeeping pads, supports and related 
items no longer required. 

 
 
PART 2 - PRODUCTS  
 
 
2.1  PIPING MATERIALS 
 

A. Sanitary Sewer: 
 

1. Soil, Waste and Vent Piping: Inside Building and Within Five Feet of Building 
Walls: Standard weight coated cast iron pipe and fittings, CISPI 301, or hub 
end with rubber gaskets, ASTM A74, ASTM C564. All cast iron pipe and 
fittings shall be marked with the collective trademark of the Cast Iron Soil 
Pipe Institute as manufactured by Tyler, AB&I or Charlotte.   Heavy-duty 
shielded couplings, Type 304 stainless steel, with neoprene gasket, ASTM 
C1540. Husky HD 2000, Clamp-All 80. Mission HeavyWeight MG Couplings 
are also acceptable. Size 2" and smaller above grade may be standard 
weight galvanized steel, ASTM A120/A53, with coated cast iron recessed 
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drainage fittings, ANSI B16.12. 2" and smaller exposed to view shall be 
galvanized steel, ASTM A120/A53, with coated cast iron recessed drainage 
fittings, ANSI B16.12.   
 
All cast iron pipe shall have field applied tubular polyethylene encasement 
(polywrap) conforming to ANSI/AWWA C105/A21.5.  All joints and 
transitions to have 2 layers of polywrap with ends sealed with adhesive tape 
or plastic tie straps around the poly wrap at 2’-0” intervals.  Vertical risers to 
be wrapped thru vapor barrier.  Wet seal joint water tight.   

 
2. Cleanouts: Comparable models of Josam, Wade or Zurn are acceptable. 

Floor Cleanouts: Smith 4028 with nickel bronze top in finished areas; Smith 
4228 in utility areas. Wall Cleanouts: Smith 4532 with stainless steel cover 
and screw. Pipe Cleanouts: Iron body with threaded brass plug. 
 

3. Cleanout Box: Precast reinforced concrete. Cast iron lid marked for service. 
Christy F22 in foot traffic areas; G5 in roadways. 

 

B. Storm Drain (Including Rain Water Leader, RWL): 
 

1. Piping: Inside Building and Within Five Feet of Building Walls: Same as 
Soil, Waste and Vent Piping, except as otherwise noted on drawings. 
Where exposed to view on exterior of building, piping shall be galvanized 
steel with recessed drainage fittings. 

 
C. Water and Gas: 

 
1. Cold Water Piping: 

 
a. Inside Building, Within Five Feet of Building Walls, and All Above 

Grade: 
 

1) Hard temper seamless copper, ASTM B88. Wrought copper 
fittings, ANSI B16.22. Type L with brazed joints (1100F, min.).  
1-1/2" and smaller above grade may be soldered, 95-5 tin-
antimony solder. All nipples shall be red brass (85% copper).  
Above grade fittings may be copper (1/2” to 2”) or bronze (2-
1/2” to 4”) press fittings, ASME B16.18 or ASME B16.22. 
EPDM O-rings. Installation shall be in accordance with the 
manufacturer’s installation instructions. Nibco, ProPress. 

 
b. Outside Building - Below Grade:  

 
1) Schedule 40 galvanized steel pipe, ASTM A120/A53. 150 psi 

galvanized malleable iron screwed fittings, ANSI B16.3. 
Galvanized steel shall have protective coating. 

   -or- 
2) Same as Inside Building.  Press fittings are not acceptable 

below grade. 
   -or- 

3) 3" and Smaller: Schedule 40 Polyvinyl chloride (PVC) with 
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solvent weld fittings where approved by administrative 
authority. 

 
2. Hot Water Piping: 

 
a. Inside Building - Above Slab: Same as Cold Water Piping - Inside 

Building. 
 

b. Outside Building or Below slab: Pre-insulated. Type L copper core. 
1" foamed polyurethane insulation. Polyvinyl chloride jacket. Sealed 
ends. Rubber ring internal slip joint. Fittings shall be wrought copper, 
with brazed joints (1100F, min.). Ricwil, Thermal Pipe Systems. 

 
3. Gas Piping: 

 
a. Inside Building and All Above Grade: 2" and Smaller: Schedule 40 

galvanized steel pipe, ASTM A120/A53. 150 psi galvanized 
malleable iron screwed fittings, ANSI B16.3, ANSI B31.8. Flexible 
connections shall be convoluted yellow brass with dielectric 
couplings, AGA approved.  2-1/2" and larger: Schedule 40 black steel 

pipe, ASTM A120/A53. Standard weight carbon steel welding fittings, 
long radius ells, ANSI B16.9. 

 
b. Inside Building - Below Grade to Five Feet Outside Building: Same 

as Inside Building and All Above Grade. Provide sleeves and vents 
acceptable to administrative authority. 

 
c. Outside Building - Below Grade: Polyethylene pipe and fittings, 

ASTM D2513.  PolyPipe GDY 20, PE 2406/2708.  Otherwise, piping 
shall be coated schedule 40 steel. 

 
4. Valves and Specialties: 

 
a. Valves: 

 
1) General: Manufacturer's model numbers are listed to 

complete description. Equivalent models of Crane, Grinnell, 
Milwaukee, Nibco, Stockham or Walworth are acceptable. All 
valves of a particular type or for a particular service shall be 
by the same manufacturer. Butterfly valves may be 
substituted for 2-1/2" and larger gate valves above grade; see 
specification below. Use full port ball valve for 2” and smaller 
water shutoff valves; see specification below.  

 
2) Gate Valve: 2" and Smaller: All bronze. Rising stem. Union 

bonnet. Wedge disk. Malleable iron handwheel. 200 psi 
WOG. Stockham B-105. 2-1/2" and Larger: Iron body, bronze 
mounted. Non-rising stem. Wedge disk. 200 psi WOG. 
Flanged or AWWA hub end as applicable. Stockham G-612. 
Underground valves shall have square operating nut. Provide 
one operating "T" handle for underground valves. 
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3) Butterfly Valve: Iron threaded lug body. Aluminum bronze 

disk. O-ring seals. Resilient, removable seat. 416 stainless 
steel shaft. 6" and smaller valves shall have multi-position 
lever handle. 8" and larger valves shall have gear operator. 
Provide 2" extension neck at insulated pipes. Demco Series 
NE, Grinnell, Stockham 

 
4) Check Valve: 2" and Smaller: All bronze swing check, 

regrinding. 200 psi WOG. Stockham B-319.  
 

5) Ball Valve: Full port. Bronze body, cap, stem, disk and ball. 
Screwed connection. Lever handle. TFE seat. O-ring seals. 
300 psi WOG. Apollo, Grinnell, Jomar.  

 
6) Plug Valve: Valves in gas piping systems must be UL listed 

for gas distribution. 4" and Smaller: Eccentric bronze or nickel 
plated semi-steel plug. Semi-steel body. Bronze bushings. 
Buna-N-rings. 175 psi WOG. DeZurik Series 400. 1-1/2" and 
smaller natural gas valves may be full port ball valves. Apollo, 
Jomar, Grinnell. 

 
7) Valve Box: Precast reinforced concrete. Cast iron lid marked 

for service. Christy G5 in roadways (use B-9 for ball valves). 
 

8) Earthquake Valve: Valves must be UL listed for gas 
distribution and comply with ASCE 25. Cast-aluminum body 
with stainless-steel internal parts; horizontal orientation; 
nitrile-rubber, reset-stem o-ring seal; open-or-closet valve 
position indicator; composition valve seat with calpper held 
by spring or magnet locking mechanism; level indicator. 2” 
and Smaller: threaded connections. 2-1/2” and Larger: 
flanged connections. Pacific Seismic Products. 

 
 

c. Miscellaneous Specialties: 
 

1) Temperature and Pressure Relief Valve: ASME rated fully 
automatic, reseating combination temperature and pressure 
relief valve sized in accordance with energy input. Sensing 
element immersed within upper 6" of tank. Watts. 

 
2) Union: 2" and Smaller: AAR malleable iron, bronze to iron 

ground seat. 300 psi. Grinnell. Size 2-1/2" and Larger: 
Grooved pipe, synthetic gasket, malleable iron housing. 
Victaulic Style 77, Type "E" gasket, Grinnell. 

 
3) Dielectric Coupling: Insulating union or flange rated for 250 

psig. EPCO. 
 

4) Shock Absorber: Multiple bellows. Seamless copper 
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chamber approved for concealed installations. Designed and 
applied in accordance with PDI WH201. Sioux Chief, Watts. 

5) Flexible Connection: Corrugated bronze core covered with 
high tensile bronze tubular braid. 150 psi working pressure. 
2" and smaller shall have screwed connections. 2-1/2" and 
larger shall have flanged connections. Flexonics, Keflex. 

 
D. Drain Piping (including Condensate): Copper Type L with brazed joints as specified 

above for inside building cold water piping. No press fittings for drain piping. 
 

E. Miscellaneous Piping Items: 
 

1. Pipe Support: 
 

a. Pipe Hanger: Steel "J" hanger with side bolt for piping 4" and smaller; 
steel clevis hanger for piping 5" and larger. Load and jam nuts. Size 
and maximum load per manufacturer's recommendation. Felt liner 
for copper piping. Hanger and rod shall have galvanized finish. 
B-Line, Grinnell, Unistrut. 
 

b. Isolating Shield: Galvanized steel shell and reinforcing ribs. 1/4" 
non-conducting hair felt pad. Pipe hanger in accordance with 
paragraph above. Increase hanger size per manufacturer's 
recommendation. B-Line, Semco, Superstrut. 

 
c. Construction Channel: 12-gage, 1-5/8" x 1-5/8" galvanized steel 

channel. Single or multiple section. Self-locking nuts and fittings. 
B-Line, Grinnell, Unistrut. 

2. Flashing: Vent flashing shall be 4 lb/ft2 lead, 16" sq. flange, length sufficient 
to be turned down 2" into vent. Oatey. Flashing for other piping through roof 
shall be prefabricated galvanized steel roof jacks with 16" sq. flange. Provide 
clamp-on storm collar and seal water tight with mastic. For cold process built-
up roof, material shall be 4 lb/ft2 lead instead of galvanized steel. 

 
 
2.2 PIPING INSULATION MATERIALS 
 

A. General: All piping insulation materials shall have fire and smoke hazard ratings as 
tested under ASTM E-84 and UL 723 not exceeding a flame spread of 25 and smoke 
developed of 50. 

 
B. Pre-Molded Fiberglass: Heavy density sectional pre-molded fiberglass with vapor 

barrier laminated all service jacket and pressure sealing vapor barrier lap. Thermal 
conductivity shall not exceed 0.25 Btu-in/hr-ft2-F at a mean temperature of 50F. 
Perm rating 0.02, ASTM E96. Puncture rating 50 Beach units, ASTM D781. Provide 
3" (min.) wide tape of same material as lap for butt joints. For hot water piping, 
thickness shall be 1" for pipe sizes 3/4" and less; 1-1/2" thickness for pipe sizes 1" 
and larger. Certainteed, Knauf, Johns-Manville, Owens-Corning. 
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C. Fiberglass Blanket: Unfaced. Thermal conductivity shall not exceed 0.25 
Btu-in/hr-ft2-F at a mean temperature of 50F. 1-1/2" thickness. Knauf, Johns-
Manville, Owens-Corning.  

 
D. PVC Jacket (for pipe, fittings and valves): Pre-molded polyvinyl chloride (PVC) 

jackets, 0.020" thickness. Size to match application. Provide solvent weld adhesive 
and PVC vapor barrier pressure sealing tape by same manufacturer. Zeston. 

 
E. Stretchable Glass Fabric: Reinforcing mesh. 10 X 20 continuous filament glass 

yarns per inch. Johns-Manville. 
 

F. Vapor Barrier Coating: Childers CP-30, Foster 30-25. 
 

G. Lagging Adhesive: Childers CP-50A, Foster 30-36. 
 

H. Outdoor Mastic: Childers CP-21, Foster 65-05. 
 

I. Insulating Tape: Ground virgin cork and synthetic elastomeric. Black, odorless, and 
non-toxic. K factor 0.43 Btu-in/hr-ft2-F or less. Non-shrinking. For outdoor use, 
provide protective finish by same manufacturer. Halstead.  

 
J. Molded Closed Cell Vinyl (Piping Insulation Under Disabled Accessible Lavatories 

and Sinks): Fully molded closed cell vinyl, 3/16" thick. Internal ribs on drain insulation 
to provide air gap. Thermal conductivity shall not exceed 1.17 BTU-in/hr-ft2-°F at an 
average temperature of 73°F. Weep hole in cleanout nut enclosure. Out of sight 
nylon fastening system. Hinged cap over valve to allow access for servicing. Truebro 
Lav-guard. 

 
 
2.3  FIXTURES 
 

A. General: Provide rough-in for and install all plumbing fixtures shown on drawings. 
Except in equipment rooms, all trim, valves and piping not concealed in wall 
structure, above ceiling or below floors, shall be brass with polished chrome plate 
finish, unless noted otherwise. All enameled fixtures shall be acid resisting. Standard 
color is white unless otherwise noted. 

 
B. Schedule: Refer to Plumbing Fixture Schedule on the drawings for list of fixtures and 

trim. Manufacturer's model numbers are listed to complete description. Equivalent 
models of American Standard, Eljer, Elkay, Haws, Kohler or T&S Brass are 
acceptable. For drainage fixtures, equivalent models of Josam, Smith or Zurn are 
acceptable. 

 
C. Stops and P-Traps: All fixtures shall be provided with stops and P-Traps as 

applicable. Wall mounted faucets, valves, etc. shall have integral stops or wall 
mounted stops. 

 
1. Stops: All hot and cold water supplies shall be 1/2" I.P.S. inlet angle stops 

with stuffing box, loose key lock shield, and brass riser (3/8" for 2-1/2 gpm 
and less, otherwise 1/2"). McGuire, Speedway. 
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2. P-Traps: Semi-cast brass, ground joint. 17-gage. Clean-out plug. 
Unobstructed waterway. California Tubular, McGuire.  

 
 
2.4  EQUIPMENT 
 

A. General Requirements: 
 

1. Capacity: Capacities shall be in accordance with schedules shown on 
drawings. Capacities are to be considered minimum. 

 
2. Dimensions: Equipment must conform to space requirements and limitations 

as indicated on drawings and as required for operation and maintenance. 
Equipment will not be accepted that does not readily conform to space 
conditions. Prepare and submit layout drawings for all proposed equipment 
(different than scheduled units) showing actual job conditions, required 
clearances for proper operation, maintenance, etc. 

 
3. Ratings: 

 
a. Electrical: Electrical equipment shall be in accordance with NEMA 

standards and UL or ETL listed where applicable standards have 
been established. 

b. Gas: Gas burning equipment shall be furnished with 100% safety gas 
shut-off, intermittent pilot ignition, and be approved by AGA. 
 

4. Piping: Each item or assembly of items shall be furnished completely piped 
for connection to services. Control valves and devices shall be provided. 
Equipment requiring domestic water for non-potable use shall be provided 
with backflow preventer acceptable for intended use by local governing 
authorities. 

 
5. Electrical: 

 
a. General: Each item or assembly of items shall be furnished 

completely wired to individual terminal blocks for connection to single 
branch electrical circuit. All electrical accessories and controls 
required by equipment shall be furnished. Provide terminal blocks for 
controls and interlocks not included in equipment package. 
Controllers and other devices shall be in NEMA 1 or 3R enclosures 
as applicable. 

 
b. Wiring: Conductors, conduit, and wiring shall be in accordance with 

Electrical Specifications. Individual items within assembly shall be 
separately protected with dead front, fused disconnect, fuse block, or 
circuit breaker for each ungrounded conductor, all accessible on 
operating side of equipment. Switches, contacts and other devices 
shall be in ungrounded conductors. 

 
c. Submittals: Included in shop drawings shall be internal wiring 
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diagrams and manufacturer's recommended external wiring.  
 

B. Water Heater: Electric. Glass lined tank with magnesium anode protection. 150 psi 
working pressure. Fully insulated. Automatic temperature control. High limit control. 
Provide ASME rated temperature and pressure relief valve sized in accordance with 
energy input, dielectric couplings and drain cock. UL listed. A.O. Smith, American 
Appliance, State Industries. 
 

C. Water Heater: Electric. Tankless point-of-use instant hot water heater.  Cast 
aluminum housing, celcon waterways and nichrome coils.  Maximum 150 psi rating.  
UL listed. Chronomite, Eemax. 

  
D. Circulating Pump: In-line centrifugal. Aluminum housing. All parts exposed to fluid, 

stainless steel. Water lubricated ceramic shaft and bearings. Epoxy encapsulated 
windings. Grundfos, Bell and Gossett, Taco. 

 
 

PART 3 - EXECUTION  
 
3.1 PIPING INSTALLATION 
 

A. General:  
 

1. Piping Layout: Piping shall be concealed in walls, above the ceilings, or 
below grade unless otherwise noted. Exposed piping shall run parallel to 
room surfaces; location to be approved by the Engineer. No structural 
member shall be weakened by cutting, notching, boring or otherwise, unless 
specifically allowed by structural drawings and/or specifications. Where such 
cutting is required, reinforcement shall be provided as specified or detailed. 
All piping shall be installed in a manner to ensure unrestricted flow, eliminate 
air pockets, prevent any unusual noise, and permit complete drainage of the 
system. All piping shall be installed to permit expansion and contraction 
without strain on piping or equipment. Vertical lines shall be installed to allow 
for building settlement without damage to piping. Pipe sizes indicated on the 
drawings are nominal sizes unless otherwise noted. Provide secondary drain 
piping where required. 

 
2. Joints: 

 
a. Threaded: Pipe shall be cut square and reamed to full size. Threads 

shall be in accordance with ANSI B2.1. Joint compound or tape 
suitable for conveyed fluid shall be applied to male thread only. Joints 
shall be made with three threads exposed. 

 
b. Welded or Brazed: Filler rod shall be of suitable or the same alloy as 

pipe. Brazing filler metal shall have a minimum melting point of 
1100F. Welding or brazing shall be performed by a Certified Welder 
or Brazer as certified by an organization/institution that uses 
standards recognized by the American Welding Society (AWS) and 
meets the requirements of the ASME Boiler and Pressure Vessels 
Code, Section 9. 
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c. Open Ends: Open ends of piping shall be capped during progress of 

work to preclude foreign matter.  
 

d. Electrical Equipment: Piping shall not be run over electrical panels, 
motor control centers or switchboards. 

 
3. Fittings and Valves:   

 
a. Standard Fittings: All joints and changes in direction shall be made 

with standard fittings. Close nipples shall not be used. 
b. Reducers: Pipe size reduction shall be made with bell reducer 

fittings. Bushings shall not be used.  

 
c. Unions: A union shall be installed on the leaving side of each valve, 

at all sides of automatic valves, at equipment connections, and 
elsewhere as necessary for assembly or disassembly of piping. 

 
d. Valves: All valves shall be full line size. Provide shut-off valve for 

each building and each equipment connection. Provide shut-off valve 
at each point of connection to existing piping. At equipment 
connections, valves shall be full size of upstream piping, except that 
gas valves within 18" of the point of connection to the equipment may 
be the same size as the equipment connection.  

 
e. Valve Accessibility: All valves shall be located so that they are easily 

accessible. Valves located above ceilings shall be installed within 24" 
of the ceiling. Refer to specification 200000 for access requirements. 

 
4. Pipe Support: 

 
a. General: Hangers shall be placed to support piping without strain on 

joints or fittings. Maximum spacing between supports shall be as 
specified below. Actual spacing requirements will depend on 
structural system. Side beam clamps shall be provided with retaining 
straps to secure the clamp to the opposite side of the beam. Vertical 
piping shall be supported with riser clamp at 20' on center 
(maximum). Support pipe within 12" of all changes in direction. 
Support individual pipes with pipe hanger. Copper piping systems 
which protrude through a surface for connection to a fixture stop or 
other outlet shall be secured with a drop ell, Grinnell No. 9788; nipple 
through surface shall be threaded brass.  
1) Pressure Pipe: 

                      Maximum Spacing*  
    Pipe Size (Inches)         Between Supports (ft.) 
              Copper        Sch. 40       Plastic 
                 steel 
    1/2     6   6  4 
    3/4     6   8  4 
    1     6   8  4 
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    1-1/4     6  10  4 
    1-1/2      6  10  4 
    2     10  10  4 
    2-1/2     10  10  4 
    3     10  10  4 
    4     10  10  4 
 

   *Based on straight lengths of pipe with couplings only. Provide 
additional supports for equipment, valves or other fittings. Plastic 
piping shall be supported per the manufacturer's recommendations. 
Seismic requirements may reduce maximum spacing. 

 
2) Gravity Drain Pipe: Piping shall be supported at each length 

of pipe or fitting, but in no case at greater spacing than 
indicated above for pressure pipe. 

 
b. Hot and Cold Water Piping: All hot and cold water piping shall have 

isolating shield; no portion of this piping shall touch the structure 
without an isolating shield except at anchor points for fixture rough-in.  

 
c. Trapeze: Trapeze hangers of construction channel and pipe clamps 

may be used. Submit design to Engineer for review. 
 

5. Miscellaneous:     
 

a. Escutcheons: Provide chrome plated metal escutcheons where 
piping penetrates walls, ceilings, or floors in finished areas. 

 
b. Pipe Sleeves: All piping passing through concrete shall be provided 

with pipe sleeves. Allow 1" annular clearance between sleeve and 
pipe for piping 3" and smaller, otherwise 2" annular clearance. Piping 
through walls below grade shall be sealed with Link-Seal. 

 
c. Pipes Passing through Fire Rated Surfaces: Pipes passing through 

fire rated walls, floors, ceilings, partitions, etc. shall have the annular 
space surrounding the pipe or pipe insulation sealed with fire rated 
materials in accordance with the requirements of the fire authority 
having jurisdiction.  

 
d. Dielectric Couplings: Dielectric couplings shall be installed wherever 

piping of dissimilar metals are joined, except that bronze valves may 
be installed in ferrous piping without dielectric couplings. 

 
e. Thermometer or Pressure Gage Tap: Provide tee for instrument well. 

Minimum size of pipe surrounding well shall be 1-1/2". 
 

f. Exposed Pipe at Fixtures:  Piping extending from finished surfaces 
into a finished room shall be chrome plated brass, except under 
kitchen sinks in commercial kitchens. 
 

B. Sanitary Sewer Piping: 
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1. General: Where inverts are not indicated, sanitary sewer piping shall be 

installed at 1/4" per foot pitch. Piping 4" and larger may be installed at 1/8" 
per foot pitch where structural or other limitations prevent installation at a 
greater pitch. Bell and spigot piping shall be installed with barrel on sand 
bed; excavate hole for bell.  

 
2. Cleanouts: Install cleanouts at ends of lines, at changes of direction greater 

than 45 degrees, and at not greater than 100 foot intervals. Locate interior 
cleanouts in accessible locations and bring flush to finished surface. 

 
3. Vents: Vents shall terminate not less than 6" above the roof nor less than 24" 

from any vertical surface nor within 10' of any outside air intake. Install 
horizontal vent lines at 1/4" per foot pitch. Offset vents 2' minimum from 
gutters, parapets, ridges and roof flashing.  

 
C. Storm Drain (Including Rain Water Leader, RWL): Similar to Sanitary Sewer. 

 
D. Water Piping: Connections to branches and risers shall be made from top of main. 

Supply header in fixture battery shall be full size to last fixture, reducing in size only 
on individual connections to each fixture in battery. Minimum pipe size shall be 3/4", 
unless otherwise noted. Exposed fixture stops and flush valves shall be installed 
with brass nipples for copper piping and galvanized nipples for galvanized piping. 
Nipples are to extend from outside of wall to fitting at header or drop behind finish 
wall surfaces. Pipe nipples shall be same size as stop or flush valve. Provide shut 
off for each building and each connection to equipment. Shock absorbers shall be 
installed in a vertical position per manufacturer’s instructions and per PDI-WH 201 
where flush valves, metering faucets or other fast acting valves are connected to the 
domestic piping system. Only equipment mounted on vibration isolators shall be 
connected with flexible connections. Underground hot water and cold water piping 
which run parallel to each other shall be installed a minimum of 3 feet apart. 

 
E. Gas Piping: Installation shall comply with CPC and NFPA 54 (National Fuel Gas 

Code). Shall be pitched to drain to dirt legs at low points. No unions shall be installed 
except at connections to equipment. Provide shutoff and dirt leg at each equipment 
connection. Only equipment mounted on vibration isolators shall be connected with 
flexible connectors. Under floor piping shall be sleeved and vented. Underground 
Polyethylene pipe and butt fusion fittings shall be joined in accordance with 
manufacturer's recommendations. Metal to plastic transition fittings shall be installed 
at all transitions. Provide 14-gage insulated tracer wire secured to pipe at 10' 
intervals with nylon ties. Terminate tracer 6" above grade at both ends.  

 
F. Drain Piping (Including Condensate): Install with constant pitch to receptacle, 1/4" 

per foot where possible, otherwise 1/8" per foot minimum. Provide TEE with 
clean-out plug at all changes of direction. Provide trap at each air handling unit to 
prevent air leakage. Only equipment mounted on vibration isolators shall be 
connected with flexible connection. Piping not concealed in wall structure, above 
ceilings or below floors shall be chrome plated brass. 

 
G. PVC Piping: Shall be cut square and assembled prior to solvent weld. Apply primer 

per manufacturer's recommendations. Coat male joint fully with solvent, make joint 
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before solvent dries and wipe exterior clean. 
 
3.2 PIPING INSULATION INSTALLATION: 
 

A. Domestic Hot Water: 
 

1. General: All domestic hot water piping, fittings and accessories shall be 
insulated. 
 

2. Pipe: Apply pre-molded fiberglass sections to pipe using integral pressure 
sealing lap adhesive in accordance with manufacturer's recommendations. 
Stagger longitudinal joints. Seal butt joints with factory supplied pressure 
sealing tape. 

 
3. Fittings and Valves: 

 
a. Wrap all fittings and valves with pre-cut fiberglass blanket to 

thickness matching adjoining insulation. Cover blanket with PVC 
jacket in accordance with manufacturer's recommendations. Solvent 
weld. Seal all joints with factory supplied pressure sealing vapor 
barrier tape with 1-1/2" (min.) overlap on both sides of joint. Insulate 
valves to stem. Do not insulate unions, flanges or valves unless water 
temperature exceeds 140ºF or the piping is exposed to weather. 

 
b. For miscellaneous fittings and accessories for which PVC jackets are 

not available or where proximity of fittings precludes a 
neat-appearing installation, the Contractor may cover the fiberglass 
blanket with stretchable glass fabric, one coat of lagging adhesive 
and a final coat of vapor barrier coating. All exposed ends of 
insulation shall be adequately sealed. 

 
4. Additional Finish for Exposed Piping and Equipment: All piping and 

equipment exposed to view but protected from the weather shall be given an 
additional finish of PVC jackets. 

 
B. Cold Water Piping-Freeze Protection: All cold water piping exposed to weather shall 

be wrapped with insulating tape, 50% overlap. Cover valves to stem. Apply at least 
two coats of protective finish. 

 
C. Piping Insulation Under Disabled Accessible Lavatories and Sinks: Hot and cold 

water piping, hot and cold water stop and drain piping under disabled accessible 
lavatories and sinks shall be insulated with 3/16" thick molded closed cell vinyl to 
prevent accidental injury due to contact or temperature extremes. Installation shall 
be in accordance with manufacturer's instructions.  There shall be no sharp or 
abrasive surfaces under disabled accessible lavatories and sinks. 

 
 
3.3 FIXTURE INSTALLATION 
 

A. Fixture Height: Shall be as indicated on Architectural drawings.  
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B. Floor Drains or Floor Sinks: Shall be placed parallel to room surfaces, set level, flush 
with floor, and adjusted to proper height to drain. Cover openings during construction 
to keep all foreign matter out of drain line. 
 

C. Wall Hung Fixtures: Shall be provided with proper backing and hanger plates 
secured to wall. Lavatories shall be supported with concealed arm supports.  
Fixtures mounted on carriers shall bear against stop nuts, clear of wall surface. 
Caulk fixtures against walls with white G.E. "Sanitary 1700" silicone sealant. 
Caulking shall be smooth and flush with fixture surface (not concave). 

 
D. Floor Mounted Fixtures: Shall be provided with proper support plates. Grout at the 

floor with waterproof ceramic tile grout. 
 

E. Other Connections: Rough-in and connection for trim or fixtures supplied by others 
shall be included in this specification section. 

 
 
3.4 EQUIPMENT INSTALLATION  
 

A. General: It shall be the responsibility of the equipment installer to insure that no work 
done under other specification sections shall in any way block, or otherwise hinder 
the equipment. All equipment shall be securely anchored in place. 

 
B. Connections to Equipment: Where size changes are required for connections to 

equipment, they shall be made immediately adjacent to the equipment and, if 
possible, inside the equipment cabinet. 

 
 
 
 
 
3.5 TESTS AND ADJUSTMENTS 
 

A. General: Unless otherwise directed, tests shall be witnessed by a representative of 
the Engineer. Work to be concealed shall not be enclosed until prescribed tests are 
made. Should any work be enclosed before such tests, the Contractor shall, at his 
expense, uncover, test and repair all work to original conditions. Leaks and defects 
shown by tests shall be repaired and entire work retested. Tests may be made in 
sections, however, all connections between sections previously tested and new 
section shall be included in the new test. 

 
B. Gravity Systems: 

 
1. Sanitary Sewer: All ends of the sanitary sewer system shall be capped and 

lines filled with water to the top of the highest vent, 10' above grade minimum. 
This test shall be made before any fixtures are installed. Test shall be 
maintained until all joints have been inspected, but no less than 2 hours. 
 

2. Storm Drain (Including Rainwater leader): Similar to Sanitary Sewer. 
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3. Drains (Including Condensate): Similar to Sanitary Sewer. 
 

C. Pressure Systems: 
 

1. General: There shall be no drop in pressure during test except that due to 
ambient temperature changes. All components of system not rated for test 
pressure shall be isolated from system before test is made. 
 

2. Domestic Hot and Cold Water Piping: Maintain 100 psig water pressure for 
4 hours. 

 
3. Gas Piping: Maintain 100 psig air pressure for 4 hours. 

 
 
3.6 DISINFECTION 
 

A. Disinfect all domestic water piping systems in accordance with AWWA Standard 
C651, "AWWA Standard for Disinfecting Water Mains", and in accordance with 
administrative authority. Disinfection process shall be performed in cooperation with 
health department having jurisdiction and witnessed by a representative of the 
Engineer. During procedure signs shall be posted at each water outlet stating, 
"Chlorination - Do Not Drink". After disinfection, water samples shall be collected for 
bacteriological analysis. Certificate of Bacteriological Purity shall be obtained and 
delivered to the Owner through the Engineer. 

 
 
 END OF SECTION 
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SECTION 230500 
COMMON WORK RESULTS FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions 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. HVAC demolition. 
9. Equipment installation requirements common to equipment sections. 
10. Painting and finishing. 
11. Supports and anchorages. 

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. 
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2. PE:  Polyethylene plastic. 
3. PVC:  Polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 

1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
2. NBR:  Acrylonitrile-butadiene rubber. 

1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. 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. 
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1.7 COORDINATION 

A. Arrange for pipe spaces, chases, slots, and openings in building structure during 
progress of construction, to allow for HVAC installations. 

B. Coordinate installation of required supporting devices and set sleeves in poured-in-place 
concrete and other structural components as they are constructed. 

C. Coordinate requirements for access panels and doors for HVAC items requiring access 
that are concealed behind finished surfaces.   

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the manufacturers specified. 

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

2.2 PIPE, TUBE, AND FITTINGS 

A. Refer to individual Division 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 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 thick, unless otherwise indicated; and full-
face or ring type, unless otherwise indicated. 
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C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by 
piping system manufacturer, unless otherwise indicated. 

E. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux 
according to ASTM B 813. 

F. 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. 

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 

H. Solvent Cements for Joining Plastic Piping: 

1. CPVC Piping:  ASTM F 493. 
2. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 

I. Fiberglass Pipe Adhesive:  As furnished or recommended by pipe manufacturer. 

2.4 TRANSITION FITTINGS 

A. 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. Description:  Combination fitting of copper alloy and ferrous materials with threaded, 
solder-joint, plain, or weld-neck end connections that match piping system materials. 

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

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

1. Manufacturers: 

a. Capitol Manufacturing Co. 
b. Central Plastics Company. 
c. Eclipse, Inc. 
d. Epco Sales, Inc. 
e. Hart Industries, International, Inc. 
f. Watts Industries, Inc.; Water Products Div. 
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g. Zurn Industries, Inc.; Wilkins Div. 

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

1. Manufacturers: 

a. Capitol Manufacturing Co. 
b. Central Plastics Company. 
c. Epco Sales, Inc. 
d. Watts Industries, Inc.; Water Products Div. 

E. Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, 
full-face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, 
phenolic washers, and steel backing washers. 

1. Manufacturers: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Central Plastics Company. 
d. Pipeline Seal and Insulator, Inc. 

2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig 
minimum working pressure where required to suit system pressures. 

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

1. Manufacturers: 

a. Calpico, Inc. 
b. Lochinvar Corp. 

G. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic 
lining; plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 
deg F. 

1. Manufacturers: 

a. Perfection Corp. 
b. Precision Plumbing Products, Inc. 
c. Sioux Chief Manufacturing Co., Inc. 
d. Victaulic Co. of America. 

2.6 SLEEVES 

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

G. Molded PE:  Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing 
flange for attaching to wooden forms. 

2.7 ESCUTCHEONS 

A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to 
closely fit around pipe, tube, and insulation of insulated piping and an OD that completely 
covers opening. 

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with polished chrome-
plated finish. 

C. One-Piece, Cast-Brass Type:  With set screw. 

1. Finish: Polished chrome-plated. 

D. Split-Casting, Cast-Brass Type:  With concealed hinge and set screw. 

1. Finish: Polished chrome-plated. 

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

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

2.8 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. 
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PART 3 - EXECUTION 

3.1 HVAC DEMOLITION 

A. Refer to Division 02 Section "Selective Structure Demolition" for general demolition 
requirements and procedures. 

B. Disconnect, demolish, and remove HVAC systems, equipment, and components 
indicated to be removed. 

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and 
cap or plug remaining piping with same or compatible piping material. 

2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same 
or compatible piping material. 

3. Ducts to Be Removed:  Remove portion of ducts indicated to be removed and plug 
remaining ducts with same or compatible ductwork material. 

4. Equipment to Be Removed:  Disconnect and cap services and remove equipment. 
5. Equipment to Be Removed and Salvaged:  Disconnect and cap services and 

remove equipment and deliver to Owner. 

C. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, 
remove damaged or unserviceable portions and replace with new products of equal 
capacity and quality. 

3.2 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. 

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. 
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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 in Equipment Rooms:  One-piece, cast-brass type. 
g. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type with set 

screw or spring clips. 

M. Sleeves are not required for core-drilled holes. 

N. Permanent sleeves are not required for holes formed by removable PE sleeves. 

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

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

board partitions. 
c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane 

waterproofing.  Secure flashing between clamping flanges.  Install section of 
cast-iron soil pipe to extend sleeve to 2 inches above finished floor level.  
Refer to Division 07 Section "Sheet Metal Flashing and Trim" for flashing. 
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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. 

Q. 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. 

R. Verify final equipment locations for roughing-in. 

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

3.3 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 23 Sections 
specifying piping systems. 

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, 
to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube 
Handbook," using lead-free solder alloy complying with ASTM B 32. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and 
Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8. 

F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  
Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs 
and restore full ID.  Join pipe fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads unless dry 
seal threading is specified. 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded 
or damaged.  Do not use pipe sections that have cracked or open welds. 
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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. 

I. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and 
fittings according to the following: 

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and 
solvent cements. 

2. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix. 
3. 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. PVC Nonpressure Piping:  Join according to ASTM D 2855. 

J. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139. 

K. Plastic Nonpressure Piping Gasketed Joints:  Join according to ASTM D 3212. 

L. PE Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with clean cloth 
or paper towels.  Join according to ASTM D 2657. 

1. Plain-End Pipe and Fittings:  Use butt fusion. 
2. Plain-End Pipe and Socket Fittings:  Use socket fusion. 

M. Fiberglass Bonded Joints:  Prepare pipe ends and fittings, apply adhesive, and join 
according to pipe manufacturer's written instructions. 

3.4 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. 

3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights 
are not indicated. 
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B. Install equipment level and plumb, parallel and perpendicular to other building systems 
and components in exposed interior spaces, unless otherwise indicated. 

C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference 
to other installations.  Extend grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

3.6 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. 

3.7 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

A. Refer to Division 05 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 ERECTION OF WOOD SUPPORTS AND ANCHORAGES 

A. Cut, fit, and place wood grounds, nailers, blocking, and anchorages to support, and 
anchor HVAC materials and equipment. 

B. Select fastener sizes that will not penetrate members if opposite side will be exposed to 
view or will receive finish materials.  Tighten connections between members.  Install 
fasteners without splitting wood members. 

C. Attach to substrates as required to support applied loads. 

3.9 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. 
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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. 

H. Cure placed grout. 

END OF SECTION 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Merced College 
Admin Multi-Zone Replacement 

 

1478                                  COMMON MOTOR REQUIREMENTS 
                                                     FOR HVAC EQUIPMENT 

230513 - 1 of 3 
 

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 apply to this Section. 

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-
purpose, horizontal, small and medium, squirrel-cage induction motors for use on ac 
power systems up to 600 V and installed at equipment manufacturer's factory or shipped 
separately by equipment manufacturer for field installation. 

1.3 COORDINATION 

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

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

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. 

C. Comply with IEEE 841 for severe-duty motors. 

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 
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indicated operating sequence, and without exceeding nameplate ratings or considering 
service factor. 

2.3 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. Efficiency:  Energy efficient, as defined in NEMA MG 1. 

C. Service Factor:  1.15. 

D. Multispeed Motors:  Variable torque. 

1. For motors with 2:1 speed ratio, consequent pole, single winding. 
2. For motors with other than 2:1 speed ratio, separate winding for each speed. 

E. Multispeed Motors:  Separate winding for each speed. 

F. Rotor:  Random-wound, squirrel cage. 

G. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust 
loading. 

H. Temperature Rise:  Match insulation rating. 

I. Insulation: Class F. 

J. Code Letter Designation: 

1. Motors 15 HP and Larger:  NEMA starting Code F or Code G. 
2. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic. 

K. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for 
motor frame sizes smaller than 324T. 

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring 
connection requirements for controller with required motor leads.  Provide terminals in 
motor terminal box, suited to control method. 

B. Motors Used with Variable Frequency Controllers: Ratings, characteristics, and features 
coordinated with and approved by controller manufacturer. 

1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, 
designed and tested to resist transient spikes, high frequencies, and short time 
rise pulses produced by pulse-width modulated inverters. 

2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F 
insulation. 

3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation. 
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4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally 
protected motors. 

C. Severe-Duty Motors:  Comply with IEEE 841, with 1.15 minimum service factor. 

2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and 
requirements of specific motor application: 

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

B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type. 

C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial 
and thrust loading. 

D. Motors 1/20 HP and Smaller:  Shaded-pole type. 

E. Thermal Protection:  Internal protection to automatically open power supply circuit to 
motor when winding temperature exceeds a safe value calibrated to temperature rating 
of motor insulation.  Thermal-protection device shall automatically reset when motor 
temperature returns to normal range. 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 
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SECTION 23 05 19 
METERS AND GAGES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Bimetallic-actuated thermometers. 
2. Filled-system thermometers. 
3. Liquid-in-glass thermometers. 
4. Thermowells. 
5. Dial-type pressure gages. 
6. Gage attachments. 
7. Test plugs. 
8. Test-plug kits. 
9. Sight flow indicators. 
10. Orifice flowmeters. 
11. Pitot-tube flowmeters. 
12. Turbine flowmeters. 
13. Venturi flowmeters. 
14. Vortex-shedding flowmeters. 
15. Impeller-turbine, thermal-energy meters. 
16. Ultrasonic, thermal-energy meters. 

1.3 SUBMITTALS 

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

B. Wiring Diagrams:  For power, signal, and control wiring. 

C. Product Certificates:  For each type of meter and gage, from manufacturer. 

D. Operation and Maintenance Data:  For meters and gages to include in operation and 
maintenance manuals. 
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PART 2 - PRODUCTS 

2.1 BIMETALLIC-ACTUATED THERMOMETERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Trerice, H. O. Co. 
2. Tel-Tru Manufacturing Company. 
3. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 
4. Weiss Instruments, Inc. 
5. WIKA Instrument Corporation - USA. 

B. Standard:  ASME B40.200. 

C. Case:  Hermetically sealed type(s); stainless steel with 3-inch nominal diameter. 

D. Dial:  Nonreflective aluminum white background with permanently etched black and blue 
scale markings and scales in deg F and deg C. 

E. Connector Type(s):  Union joint, adjustable angle, with unified-inch screw threads. 

F. Connector Size:  1/2 inch, with ASME B1.1 screw threads. 

G. Stem:  0.25 or 0.375 inch in diameter; stainless steel. 

H. Window:  Double strength glass]. 

I. Ring:  Stainless steel. 

J. Element:  Bimetal coil. 

K. Pointer:  Dark-colored metal. 

L. Accuracy:  Plus or minus 1 percent of scale range. 

2.2 LIQUID-IN-GLASS THERMOMETERS 

A. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

a. Trerice, H. O. Co. 
b. Tel-Tru Manufacturing Company. 
c. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 
d. Weiss Instruments, Inc. 
e. WIKA Instrument Corporation - USA. 

2. Standard:  ASME B40.200. 
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3. Case:  Cast aluminum; 9-inch nominal size. 
4. Case Form:  Adjustable angle unless otherwise indicated. 
5. Tube:  Glass with magnifying lens and blue organic liquid. 
6. Tube Background:  Nonreflective aluminum white background with permanently 

etched black scale markings graduated in deg F and deg C. 
7. Window:  Glass or Ultraviolet protective acrylic. 
8. Stem:  Aluminum or brass and of length to suit installation. 

a. Design for Thermowell Installation:  Bare stem. 

9. Connector:  1-1/4 inch, with ASME B1.1 screw threads. 
10. Accuracy:  Plus or minus 1 percent of scale range or one scale division. 

2.3 THERMOWELLS 

A. Thermowells: 

1. Standard:  ASME B40.200. 
2. Description:  Pressure-tight, socket-type fitting made for insertion into piping tee 

fitting. 
3. Material for Use with Copper Tubing:  CNR or CUNI. 
4. Material for Use with Steel Piping:  CRES. 
5. Type:  Stepped shank unless straight or tapered shank is indicated. 
6. External Threads:  NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads. 
7. Internal Threads:  1/2, 3/4, and 1 inch, with ASME B1.1 screw threads. 
8. Bore:  Diameter required to match thermometer bulb or stem. 
9. Insertion Length:  Length required to match thermometer bulb or stem. 
10. Lagging Extension:  Include on thermowells for insulated piping and tubing. 
11. Bushings:  For converting size of thermowell's internal screw thread to size of 

thermometer connection. 

B. Heat-Transfer Medium:  Mixture of graphite and glycerin. 

2.4 PRESSURE GAGES 

A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

a. Trerice, H. O. Co. 
b. AMETEK, Inc.; U.S. Gauge. 
c. Flo Fab Inc. 
d. Tel-Tru Manufacturing Company. 
e. Trerice, H. O. Co. 
f. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 
g. Weiss Instruments, Inc. 
h. WIKA Instrument Corporation - USA. 
i. Winters Instruments - U.S. 
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2. Standard:  ASME B40.100. 
3. Case:  Liquid-filled type(s); stainless steel>; 4-inch nominal diameter. 
4. Pressure-Element Assembly:  Bourdon tube unless otherwise indicated. 
5. Pressure Connection:  Brass, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe 

threads and bottom-outlet type unless back-outlet type is indicated. 
6. Movement:  Mechanical, with link to pressure element and connection to pointer. 
7. Dial:  Nonreflective aluminum white background with permanently etched black 

scale markings graduated in psi. 
8. Pointer:  Dark-colored metal. 
9. Window:  Laminated Safety Glass. 
10. Ring:  Stainless steel. 
11. Accuracy:  [Grade 1A, plus or minus 1 percent of full scale range. 

2.5 GAGE ATTACHMENTS 

A. Snubbers:  ASME B40.100, brass; with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe 
threads and piston-type surge-dampening device.  Include extension for use on insulated 
piping. 

B. Siphons:  Loop-shaped section of brass or stainless-steel pipe with NPS 1/4 or NPS 1/2 
pipe threads. 

C. Valves:  Brass ball or Brass or stainless-steel needle, with NPS 1/4 or NPS 1/2, 
ASME B1.20.1 pipe threads. 

2.6 TEST PLUGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Flow Design, Inc. 
2. Miljoco Corporation. 
3. National Meter, Inc. 
4. Peterson Equipment Co., Inc. 
5. Sisco Manufacturing Company, Inc. 
6. Trerice, H. O. Co. 
7. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 
8. Weiss Instruments, Inc. 

B. Description:  Test-station fitting made for insertion into piping tee fitting. 

C. Body:  Brass or stainless steel with core inserts and gasketed and threaded cap.  Include 
extended stem on units to be installed in insulated piping. 

D. Thread Size:  NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe thread. 

E. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F. 

F. Core Inserts:  Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber. 
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2.7 TEST-PLUG KITS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Flow Design, Inc. 
2. Miljoco Corporation. 
3. National Meter, Inc. 
4. Peterson Equipment Co., Inc. 
5. Sisco Manufacturing Company, Inc. 
6. Trerice, H. O. Co. 
7. Watts Regulator Co.; a div. of Watts Water Technologies, Inc. 
8. Weiss Instruments, Inc. 

B. Furnish two test-plug kit(s) containing two thermometer(s), one pressure gage and 
adapter, and carrying case.  Thermometer sensing elements, pressure gage, and 
adapter probes shall be of diameter to fit test plugs and of length to project into piping. 

C. High-Range Thermometer:  Small, bimetallic insertion type with 1- to 2-inch diameter dial 
and tapered-end sensing element.  Dial range shall be at least 0 to 220 deg F. 

D. Pressure Gage:  Small, Bourdon-tube insertion type with 2- to 3-inch diameter dial and 
probe.  Dial range shall be at least 0 to 200 psig. 

E. Carrying Case:  Metal or plastic, with formed instrument padding. 

2.8 FLOWMETERS 

A. Turbine Flowmeters: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

a. ONICON Incorporated. 
b. ABB; Instrumentation and Analytical. 
c. Data Industrial Corp. 
d. EMCO Flow Systems; a division of Spirax Sarco, Inc. 
e. ERDCO Engineering Corp. 
f. Hoffer Flow Controls, Inc. 
g. Liquid Controls; a unit of IDEX Corporation. 
h. McCrometer, Inc. 
i. Midwest Instruments & Controls Corp. 
j. SeaMetrics, Inc. 

2. Description:  Flowmeter with sensor and indicator. 
3. Flow Range:  Sensor and indicator shall cover operating range of equipment or 

system served. 
4. Sensor:  Impeller turbine; for inserting into pipe fitting or for installing in piping and 

measuring flow directly in gallons per minute. 
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a. Design:  Device or pipe fitting with inline turbine and integral direct-reading 
scale for water]. 

b. Construction:  Bronze or stainless-steel body, with plastic turbine or impeller. 
c. Minimum Pressure Rating:  150 psig. 
d. Minimum Temperature Rating:  300 deg F. 

5. Indicator:  Hand-held meter; either an integral part of sensor or a separate meter. 
6. Accuracy:  Plus or minus 1-1/2 percent from 3-30 ft/sec. 
7. Display:  Shows rate of flow. 
8. Operating Instructions:  Include complete instructions with each flowmeter. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install thermowells with socket extending one-third of pipe diameter and in vertical 
position in piping tees. 

B. Install thermowells of sizes required to match thermometer connectors.  Include 
bushings if required to match sizes. 

C. Install thermowells with extension on insulated piping. 

D. Fill thermowells with heat-transfer medium. 

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted 
positions. 

F. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe 
at the most readable position. 

G. Install valve and snubber in piping for each pressure gage for fluids (except steam). 

H. Install valve and syphon fitting in piping for each pressure gage for steam. 

I. Install test plugs in piping tees. 

J. Assemble and install connections, tubing, and accessories between flow-measuring 
elements and flowmeters according to manufacturer's written instructions. 

K. Install flowmeter elements in accessible positions in piping systems. 

L. Install differential-pressure-type flowmeter elements, with at least minimum straight 
lengths of pipe, upstream and downstream from element according to manufacturer's 
written instructions. 

M. Install permanent indicators on walls or brackets in accessible and readable positions. 

N. Install connection fittings in accessible locations for attachment to portable indicators. 
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O. Install thermometers in the following locations: 

1. Inlet and outlet of each hydronic zone. 
2. Inlet and outlet of each hydronic boiler. 
3. Inlet and outlet of each hydronic coil in air-handling units. 
4. Two inlets and two outlets of each hydronic heat exchanger. 
5. Inlet and outlet of each thermal-storage tank. 
6. Refer to plans for additional locations. 

P. Install pressure gages in the following locations: 

1. Discharge of each pressure-reducing valve. 
2. Suction and discharge of each pump. 
3. Refer to plans for additional locations. 

3.2 CONNECTIONS 

A. Install meters and gages adjacent to machines and equipment to allow service and 
maintenance of meters, gages, machines, and equipment. 

B. Connect flowmeter-system elements to meters. 

C. Connect flowmeter transmitters to meters. 

3.3 ADJUSTING 

A. After installation, calibrate meters according to manufacturer's written instructions. 

B. Adjust faces of meters and gages to proper angle for best visibility. 

3.4 THERMOMETER SCHEDULE 

A. Thermometers at inlet and outlet of each hydronic zone shall be the following: 
1. Industrial-style, liquid-in-glass type. 
2. Test plug with EPDM self-sealing rubber inserts. 

B. Thermometers at inlet and outlet of each hydronic boiler shall be the following: 
1. Industrial-style, liquid-in-glass type. 
2. Test plug with EPDM self-sealing rubber inserts. 

C. Thermometers at inlet and outlet of each hydronic coil in air-handling units and built-up 
central systems shall be one of the following: 

1. Sealed, bimetallic-actuated type. 
2. Industrial-style, liquid-in-glass type. 
3. Test plug with EPDM self-sealing rubber inserts. 

D. Thermometers at inlets and outlets of each hydronic heat exchanger shall be one of the 
following: 
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1. Sealed, bimetallic-actuated type. 
2. Industrial-style, liquid-in-glass type. 
3. Test plug with EPDM self-sealing rubber inserts. 

E. Thermometers at inlet and outlet of each thermal-storage tank shall be one of the 
following: 

1. Sealed, bimetallic-actuated type. 
2. Industrial-style, liquid-in-glass type. 
3. Test plug with EPDM self-sealing rubber inserts. 

F. Thermometer stems shall be of length to match thermowell insertion length. 

3.5 THERMOMETER SCALE-RANGE SCHEDULE 

A. Scale Range for Heating, Hot-Water Piping:  30 to 240 deg F and 0 to plus 115 deg C. 

B. Scale Range for Steam and Steam-Condensate Piping:  50 to 400 deg F and 0 to 200 
deg C. 

3.6 PRESSURE-GAGE SCHEDULE 

A. Pressure gages at discharge of each pressure-reducing valve shall be the following: 

1. Liquid-filled, direct-mounted, metal case. 
2. Test plug with EPDM self-sealing rubber inserts. 

B. Pressure gages at suction and discharge of each pump shall be the following: 

1. Liquid-filled, direct-mounted, metal case. 
2. Test plug with EPDM self-sealing rubber inserts. 

3.7 PRESSURE-GAGE SCALE-RANGE SCHEDULE 

A. Scale Range for Heating, Hot-Water Piping:  0 to 100 psi. 

B. Scale Range for Steam Piping:  0 to 100 psi. 

 

END OF SECTION 
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SECTION 230529 
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Metal pipe hangers and supports. 
2. Trapeze pipe hangers. 
3. Metal framing systems. 
4. Fastener systems. 
5. Equipment supports. 

B. Related Sections: 

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

1.3 DEFINITIONS 

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

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design trapeze pipe hangers and equipment supports, including 
comprehensive engineering analysis by a qualified professional engineer, using 
performance requirements and design criteria indicated. 

B. Structural Performance:  Hangers and supports for HVAC piping and equipment shall 
withstand the effects of gravity loads and stresses within limits and under conditions 
indicated according to ASCE/SEI 7. 

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

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

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



Merced College 
Admin Multi-Zone Replacement 

 

1478                                        HANGERS AND SUPPORTS FOR  
                                                  HVAC PIPING AND EQUIPMENT 

230529 - 2 of 10 
 

1.5 SUBMITTALS 

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

B. Shop Drawings: Show fabrication and installation details and include calculations for the 
following; include Product Data for components: 

1. Trapeze pipe hangers. 
2. Metal framing systems. 
3. Equipment supports. 

C. Delegated-Design Submittal:  For trapeze hangers indicated to comply with performance 
requirements and design criteria, including analysis data signed and sealed by the 
qualified professional engineer responsible for their preparation. 

1. Detail fabrication and assembly of trapeze hangers. 
2. Design Calculations:  Calculate requirements for designing trapeze hangers. 

D. Welding certificates. 

1.6 QUALITY ASSURANCE 

A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME 
Boiler and Pressure Vessel Code. 

PART 2 - PRODUCTS 

2.1 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Galvanized Metallic Coatings:  Pregalvanized or hot dipped. 
3. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 
4. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion 

to support bearing surface of piping. 
5. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel. 

B. Stainless-Steel Pipe Hangers and Supports: 

1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion 

to support bearing surface of piping. 
3. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel. 

C. Copper Pipe Hangers: 
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1. Description:  MSS SP-58, Types 1 through 58, copper-coated-steel, factory-
fabricated components. 

2. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel. 

2.2 TRAPEZE PIPE HANGERS 

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

2.3 METAL FRAMING SYSTEMS 

A. MFMA Manufacturer Metal Framing Systems: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

a. Allied Tube & Conduit. 
b. Cooper B-Line, Inc. 
c. Flex-Strut Inc. 
d. GS Metals Corp. 
e. Thomas & Betts Corporation. 
f. Unistrut Corporation; Tyco International, Ltd. 
g. Wesanco, Inc. 

2. Description:  Shop- or field-fabricated pipe-support assembly for supporting 
multiple parallel pipes. 

3. Standard:  MFMA-4. 
4. Channels:  Continuous slotted steel channel with inturned lips. 
5. Channel Nuts:  Formed or stamped steel nuts or other devices designed to fit into 

channel slot and, when tightened, prevent slipping along channel. 
6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of stainless steel. 
7. Paint Coating:  Epoxy. 
8. Plastic Coating: PVC. 

2.4 FASTENER SYSTEMS 

A. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless-steel anchors, for use in 
hardened portland cement concrete; with pull-out, tension, and shear capacities 
appropriate for supported loads and building materials where used. 

2.5 EQUIPMENT SUPPORTS 

A. Description:  Welded, shop- or field-fabricated equipment support made from structural 
carbon-steel shapes. 
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2.6 MISCELLANEOUS MATERIALS 

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

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install 
hangers, supports, clamps, and attachments as required to properly support piping from 
the building structure. 

B. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  
Arrange for grouping of parallel runs of horizontal piping, and support together on field-
fabricated trapeze pipe hangers. 

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

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

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

D. Fastener System Installation: 

1. Install mechanical-expansion anchors in concrete after concrete is placed and 
completely cured.  Install fasteners according to manufacturer's written 
instructions. 

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

F. Equipment Support Installation:  Fabricate from welded-structural-steel shapes. 

G. Install hangers and supports to allow controlled thermal and seismic movement of piping 
systems, to permit freedom of movement between pipe anchors, and to facilitate action 
of expansion joints, expansion loops, expansion bends, and similar units. 

H. Install lateral bracing with pipe hangers and supports to prevent swaying. 

I. Install building attachments within concrete slabs or attach to structural steel.  Install 
additional attachments at concentrated loads, including valves, flanges, and strainers, 
NPS 2-1/2 and larger and at changes in direction of piping.  Install concrete inserts before 
concrete is placed; fasten inserts to forms and install reinforcing bars through openings 
at top of inserts. 
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J. Load Distribution:  Install hangers and supports so that piping live and dead loads and 
stresses from movement will not be transmitted to connected equipment. 

K. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and to not 
exceed maximum pipe deflections allowed by ASME B31.9 for building services piping. 

L. Insulated Piping: 

1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature:  Clamp may project 
through insulation. 

b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger 
shield insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building 
services piping. 

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier 
is indicated.  Fill interior voids with insulation that matches adjoining insulation. 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.  
Shields shall span an arc of 180 degrees. 

a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers. 

4. Shield Dimensions for Pipe:  Not less than the following: 

a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick. 
b. NPS 4:  12 inches long and 0.06 inch thick. 
c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick. 
d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick. 
e. NPS 16 to NPS 24:  24 inches long and 0.105 inch thick. 

3.2 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to 
support equipment above floor. 

B. Provide lateral bracing, to prevent swaying, for equipment supports. 

3.3 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and 
equipment supports. 
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B. Fit exposed connections together to form hairline joints.  Field weld connections that 
cannot be shop welded because of shipping size limitations. 

C. Field Welding:  Comply with AWS D1.1/D1.1M procedures for shielded, metal arc 
welding; appearance and quality of welds; and methods used in correcting welding work; 
and with the following: 

1. Use materials and methods that minimize distortion and develop strength and 
corrosion resistance of base metals. 

2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and 

so contours of welded surfaces match adjacent contours. 

3.4 ADJUSTING 

A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to 
achieve indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches. 

3.5 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas 
immediately after erecting hangers and supports.  Use same materials as used for shop 
painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils. 

B. Touchup:  Cleaning and touchup painting of field welds, bolted connections, and abraded 
areas of shop paint on miscellaneous metal are specified in Division 09 painting 
Sections. 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780. 

3.6 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems and 
equipment. 

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. 
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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 up to 1050 deg F,pipes 
NPS 4 to NPS 24, requiring up to 4 inches of insulation. 

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3):  For suspension 
of pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of 
insulation. 

4. 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 8. 

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

11. Extension Hinged or Two-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 or carbon-steel 
plate. 

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 or carbon-steel 
plate, and with U-bolt to retain pipe. 

16. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for 
pipes NPS 2-1/2 to NPS 36 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 
two rods if longitudinal movement caused by expansion and contraction might 
occur. 

18. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes NPS 2-1/2 to 
NPS 24, 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 24. 

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers 
NPS 3/4 to NPS 24 if longer ends are required for riser clamps. 

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):  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. 
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12. Welded-Steel Brackets:  For support of pipes from below or for suspending from 
above by using clip and rod.  Use one of the following for indicated loads: 

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

13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams. 
14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is 

required. 
15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to 

linear horizontal movement where headroom is limited. 

J. Saddles and Shields:  Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with 
insulation that matches adjoining insulation. 

2. Protection Shields (MSS Type 40):  Of length recommended in writing by 
manufacturer to prevent crushing insulation. 

3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe. 

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

1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping 
movement. 

2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not 
exceed 1-1/4 inches. 

3. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41, roll hanger 
with springs. 

4. Spring Sway Braces (MSS Type 50):  To retard sway, shock, vibration, or thermal 
expansion in piping systems. 

5. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and limit 
variability factor to 25 percent to allow expansion and contraction of piping system 
from hanger. 

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

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

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

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

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

M. Comply with MFMA-103 for metal framing system selections and applications that are 
not specified in piping system Sections. 

N. Use mechanical-expansion anchors instead of building attachments where required in 
concrete construction. 

 

END OF SECTION 
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SECTION 23 05 53 
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 
2. Pipe labels. 
3. Valve tags. 

1.3 SUBMITTALS 

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

B. Valve numbering scheme. 

C. Valve Schedules:  For each piping system to be included in maintenance manuals. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Plastic Labels for Indoor Equipment: 

1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical 
engraving, 1/8 inch thick, and having predrilled holes for attachment hardware. 

2. Letter Color:  Black. 
3. Background Color:  White. 
4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 
5. Minimum Label Size:  Length and width vary for required label content, but not less 

than 2-1/2 by 3/4 inch. 
6. Minimum Letter Size:  1/2 inch.  Include secondary lettering two-thirds to three-

fourths the size of principal lettering. 
7. Fasteners:  Stainless-steel rivets or self-tapping screws. 
8. Adhesive:  Contact-type permanent adhesive, compatible with label and with 

substrate. 

B. Label Content:  Include equipment's Drawing designation or unique equipment number. 
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C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-
inch bond paper.  Tabulate equipment identification number and identify Drawing 
numbers where equipment is indicated (plans, details, and schedules), plus the 
Specification Section number and title where equipment is specified.  Equipment 
schedule shall be included in operation and maintenance data. 

2.2 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with 
lettering indicating service, and showing flow direction. 

B. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference 
of pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive 
backing. 

D. Pipe Label Contents: Include identification of piping service using same designations or 
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 

1. Flow-Direction Arrows: Integral with piping system service lettering to 
accommodate both directions, or as separate unit on each pipe label to indicate 
flow direction. 

2. Lettering Size: At least 1-1/2 inches high. 

2.3 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation 
and 1/2-inch numbers. 

1. Tag Material:  Brass, 0.032-inch or anodized aluminum, 0.032-inch minimum 
thickness, and having predrilled or stamped holes for attachment hardware. 

2. Fasteners:  Brass wire-link or beaded chain; or S-hook. 

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate 
valve number, piping system, system abbreviation (as shown on valve tag), location of 
valve (room or space), normal-operating position (open, closed, or modulating), and 
variations for identification.  Mark valves for emergency shutoff and similar special uses. 

1. Valve-tag schedule shall be included in operation and maintenance data. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of 
identification devices, including dirt, oil, grease, release agents, and incompatible 
primers, paints, and encapsulants. 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical equipment. 

B. Locate equipment labels where accessible and visible. 

3.3 PIPE LABEL INSTALLATION 

A. Piping Color-Coding:  Painting of piping is specified in Division 09 Section "Interior 
Painting." 

B. Locate pipe labels where piping is exposed or above accessible ceilings in finished 
spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and 
plenums; and exterior exposed locations as follows: 

1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal 

units.  Where flow pattern is not obvious, mark each pipe at branch. 
3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures. 
4. At access doors, manholes, and similar access points that permit view of 

concealed piping. 
5. Near major equipment items and other points of origination and termination. 
6. Spaced at maximum intervals of 20 feet along each run.  Reduce intervals to 10 

feet in areas of congested piping and equipment. 
7. On piping above removable acoustical ceilings.  Omit intermediately spaced labels. 

C. Pipe Label Color Schedule: 

1. Chilled-Water Piping: 

a. Background Color:  Blue 
b. Letter Color:  White 

2. System-Water Piping: 

a. Background Color:  Green 
b. Letter Color:  White 

3. Heating Water Piping: 

a. Background Color:  Red 
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b. Letter Color:  White 

3.4 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; valves 
within factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-
watering hose connections; and HVAC terminal devices and similar roughing-in 
connections of end-use fixtures and units.  List tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme 
and with captions similar to those indicated in the following subparagraphs: 

1. Valve-Tag Size and Shape: 

a. Chilled Water:  2 inches, round 
b. System:  2 inches, round 
c. Hot Water:  2 inches, round 
d. Gas:  2 inches, round 

2. Valve-Tag Color: 

a. Chilled Water:  Natural 
b. System Water:  Natural 
c. Hot Water:  Natural 
d. Gas:  Natural 

3. Letter Color: 

a. Chilled Water:  Black  
b. System Water:  Black 
c. Hot Water:  Black 
d. Gas:  Black 

 

END OF SECTION 
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SECTION 230553 
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 
2. Warning signs and labels. 
3. Pipe labels. 
4. Duct labels. 
5. Valve tags. 
6. Warning tags. 

1.3 SUBMITTALS 

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

B. Samples:  For color, letter style, and graphic representation required for each 
identification material and device. 

C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the 
proposed content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules:  For each piping system to include in maintenance manuals. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and painting 
of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Metal Labels for Equipment: 

1. Material and Thickness:  Aluminum, 0.032-inch minimum thickness, and having 
predrilled or stamped holes for attachment hardware. 

2. Minimum Label Size:  Length and width vary for required label content, but not 
less than 2-1/2 by 3/4 inch. 

3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 
24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately 
larger lettering for greater viewing distances.  Include secondary lettering two-
thirds to three-fourths the size of principal lettering. 

4. Fasteners:  Stainless-steel rivets or self-tapping screws. 
5. Adhesive:  Contact-type permanent adhesive, compatible with label and with 

substrate. 

2.2 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with 
lettering indicating service, and showing flow direction. 

B. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to cover full 
circumference of pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive 
backing. 

D. Pipe Label Contents:  Include identification of piping service using same designations 
or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 

1. Flow-Direction Arrows:  Integral with piping system service lettering to 
accommodate both directions, or as separate unit on each pipe label to indicate 
flow direction. 

2. Lettering Size:  At least 1-1/2 inches high. 

2.3 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation 
and 1/2-inch numbers. 

1. Tag Material:  Aluminum, 0.032-inch minimum thickness, and having predrilled or 
stamped holes for attachment hardware. 

2. Fasteners:  Brass wire-link or beaded chain; or S-hook. 

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate 
valve number, piping system, system abbreviation (as shown on valve tag), location of 
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valve (room or space), normal-operating position (open, closed, or modulating), and 
variations for identification.  Mark valves for emergency shutoff and similar special 
uses. 

1. Valve-tag schedule shall be included in operation and maintenance data. 

2.4 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of 
plasticized card stock with matte finish suitable for writing. 

1. Size:  3 by 5-1/4 inches minimum 
2. Fasteners:  Brass grommet and wire 
3. Nomenclature:  Large-size primary caption such as "DANGER," "CAUTION," or 

"DO NOT OPERATE." 
4. Color:  Yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of 
identification devices, including dirt, oil, grease, release agents, and incompatible 
primers, paints, and encapsulants. 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical equipment. 

B. Locate equipment labels where accessible and visible. 

3.3 PIPE LABEL INSTALLATION 

A. Locate pipe labels where piping is exposed or above accessible ceilings in finished 
spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and 
plenums; and exterior exposed locations as follows: 

1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal 

units.  Where flow pattern is not obvious, mark each pipe at branch. 
3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures. 
4. At access doors, manholes, and similar access points that permit view of 

concealed piping. 
5. Near major equipment items and other points of origination and termination. 
6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 

feet in areas of congested piping and equipment. 
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7. On piping above removable acoustical ceilings.  Omit intermediately spaced 
labels. 

B. Pipe Label Color Schedule: 

1. Chilled-Water Piping: 

a. Background Color:  Blue 
b. Letter Color:  White 

2. Heating Water Piping: 

a. Background Color:  Green 
b. Letter Color:  White 

3.4 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; 
valves within factory-fabricated equipment units; shutoff valves; faucets; convenience 
and lawn-watering hose connections; and HVAC terminal devices and similar roughing-
in connections of end-use fixtures and units.  List tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color 
scheme and with captions similar to those indicated in the following subparagraphs: 

1. Valve-Tag Size and Shape: 

a. Chilled Water:  1-1/2 inches round>. 
b. Hot Water:  1-1/2 inches round>. 

2. Valve-Tag Color: 

a. Chilled Water:  Natural. 
b. Hot Water:  Natural. 

3. Letter Color: 

a. Chilled Water:  Black. 
b. Hot Water:  Black. 

3.5 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other items 
where required. 

END OF SECTION 
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SECTION 23 05 93 
TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Balancing Air Systems: 
a. Constant-volume systems. 

2. Building Flush-Out Requirements 

1.2 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 

B. NEBB:  National Environmental Balancing Bureau. 

C. TAB:  Testing, adjusting, and balancing. 

D. TABB:  Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist:  An entity engaged to perform TAB Work. 

1.3 SUBMITTALS 

A. Certified TAB reports. 

1.4 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC NEBB or TABB 
with a minimum of 15 years of successful testing, adjusting, and balancing experience. 

1. TAB Field Supervisor:  Employee of the TAB contractor and certified by AABC 
NEBB or TABB. 

2. TAB Technician:  Employee of the TAB contractor and who is certified by AABC 
NEBB or TABB as a TAB technician. 

B. Certify TAB field data reports and perform the following: 

1. Review field data reports to validate accuracy of data and to prepare certified 
TAB reports. 

2. Certify that the TAB team complied with the approved TAB plan and the 
procedures specified and referenced in this Specification. 
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C. TAB Report Forms:  Use standard TAB contractor's forms approved by Engineer. 

D. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in 
ASHRAE 111, Section 5, "Instrumentation." 

1.5 PROJECT CONDITIONS 

A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire 
TAB period.  Cooperate with Owner during TAB operations to minimize conflicts with 
Owner's operations. 

1.6 COORDINATION 

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

B. Perform TAB after leakage and pressure tests on air and water distribution systems 
have been satisfactorily completed. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to 
discover conditions in systems' designs that may preclude proper TAB of systems and 
equipment. 

B. Examine systems for installed balancing devices, such as test ports, gage cocks, 
thermometer wells, flow-control devices, balancing valves and fittings, and manual 
volume dampers.  Verify that locations of these balancing devices are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data including HVAC system descriptions, statements of design 
assumptions for environmental conditions and systems' output, and statements of 
philosophies and assumptions about HVAC system and equipment controls. 

E. Examine equipment performance data including fan and pump curves. 

1. Relate performance data to Project conditions and requirements, including 
system effects that can create undesired or unpredicted conditions that cause 
reduced capacities in all or part of a system. 

2. Calculate system-effect factors to reduce performance ratings of HVAC 
equipment when installed under conditions different from the conditions used to 
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rate equipment performance.  To calculate system effects for air systems, use 
tables and charts found in AMCA 201, "Fans and Systems," or in SMACNA's "HVAC 

Systems - Duct Design."  Compare results with the design data and installed conditions. 

F. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed. 

G. Examine test reports specified in individual system and equipment Sections. 

H. Examine HVAC equipment and filters and verify that bearings are greased, belts are 
aligned and tight, and equipment with functioning controls is ready for operation. 

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

J. Examine operating safety interlocks and controls on HVAC equipment. 

K. Report deficiencies discovered before and during performance of TAB procedures.  
Observe and record system reactions to changes in conditions.  Record default set 
points if different from indicated values. 

3.2 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

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

1. Permanent electrical-power wiring is complete. 
2. Automatic temperature-control systems are operational. 
3. Equipment and duct access doors are securely closed. 
4. Balance, smoke, and fire dampers are open. 
5. Ceilings are installed in critical areas where air-pattern adjustments are required 

and access to balancing devices is provided. 
6. Windows and doors can be closed so indicated conditions for system operations 

can be met. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures 
contained in ASHRAE 111 and in this Section. 

1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing." 

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

1. After testing and balancing, patch probe holes in ducts with same material and 
thickness as used to construct ducts. 
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2. Install and join new insulation that matches removed materials.  Restore 
insulation, coverings, vapor barrier, and finish according to Division 23 Section 
"HVAC Insulation." 

C. Mark equipment and balancing devices, including damper-control positions, valve 
position indicators, fan-speed-control levers, and similar controls and devices, with 
paint or other suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

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

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

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

D. Check airflow patterns from the outdoor-air louvers and dampers and the return- and 
exhaust-air dampers through the supply-fan discharge and mixing dampers. 

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

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

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

H. Check for airflow blockages. 

I. Check condensate drains for proper connections and functioning. 

J. Check for proper sealing of air-handling-unit components. 

K. Verify that air duct system is sealed as specified in Division 23 Section "Metal Ducts." 

3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed 
listed by fan manufacturer. 

1. Measure total airflow. 

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse 
measurements, measure airflow at terminal outlets and inlets and calculate 
the total airflow. 
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2. Measure fan static pressures as follows to determine actual static pressure: 

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

3. Measure static pressure across each component that makes up an air-handling 
unit, rooftop unit, and other air-handling and -treating equipment. 

a. Report the cleanliness status of filters and the time static pressures are 
measured. 

4. Measure static pressures entering and leaving other devices, such as sound 
traps, heat-recovery equipment, and air washers, under final balanced 
conditions. 

5. Review Record Documents to determine variations in design static pressures 
versus actual static pressures.  Calculate actual system-effect factors.  
Recommend adjustments to accommodate actual conditions. 

6. Obtain approval from Engineer for adjustment of fan speed higher or lower than 
indicated speed.  Comply with requirements in Division 23 Sections for air-
handling units for adjustment of fans, belts, and pulley sizes to achieve indicated 
air-handling-unit performance. 

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

3.6 PROCEDURES FOR MOTORS 

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

1. Manufacturer's name, model number, and serial number. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds 
varying from minimum to maximum.  Test the manual bypass of the controller to prove 
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proper operation.  Record observations including name of controller manufacturer, 
model number, serial number, and nameplate data. 

3.7 TOLERANCES 

A. Set HVAC system's air flow rates within the following tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 
percent. 

2. Air Outlets and Inlets:  Plus or minus 10 percent. 
3. Outside Air Rates: Plus or minus 10 percent. 

3.8 REPORTING 

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

3.9 FINAL REPORT 

A. General:  Prepare a certified written report; tabulate and divide the report into separate 
sections for tested systems and balanced systems. 

1. Include a certification sheet at the front of the report's binder, signed and sealed 
by the certified testing and balancing engineer. 

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

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

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

Drawings and product data. 

C. General Report Data:  In addition to form titles and entries, include the following data: 

1. Title page. 
2. Name and address of the TAB contractor. 
3. Project name. 
4. Project location. 
5. Engineer's name and address. 
6. Contractor's name and address. 
7. Report date. 
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8. Signature of TAB supervisor who certifies the report. 
9. Table of Contents with the total number of pages defined for each section of the 

report.  Number each page in the report. 
10. Summary of contents including the following: 

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

Documents. 

11. Nomenclature sheets for each item of equipment. 
12. Data for terminal units, including manufacturer's name, type, size, and fittings. 
13. Notes to explain why certain final data in the body of reports vary from indicated 

values. 
14. Test conditions for fans and pump performance forms including the following: 

a. Settings for outdoor-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Face and bypass damper settings at coils. 
e. Fan drive settings including settings and percentage of maximum pitch 

diameter. 
f. Inlet vane settings for variable-air-volume systems. 
g. Settings for supply-air, static-pressure controller. 
h. Other system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of air distribution systems.  Present each 
system with single-line diagram and include the following: 

1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Duct, outlet, and inlet sizes. 
3. Terminal units. 
4. Balancing stations. 
5. Position of balancing devices. 

                                                            END OF SECTION 
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SECTION 23 07 00 
HVAC 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: 

1. Insulation Materials: 

a. Calcium silicate. 
b. Cellular glass. 
c. Flexible elastomeric. 
d. Mineral fiber. 

2. Fire-rated insulation systems. 
3. Insulating cements. 
4. Adhesives. 
5. Mastics. 
6. Lagging adhesives. 
7. Sealants. 
8. Factory-applied jackets. 
9. Field-applied fabric-reinforcing mesh. 
10. Field-applied cloths. 
11. Field-applied jackets. 
12. Tapes. 
13. Securements. 
14. Corner angles. 

B. Related Sections: 

1. Division 21 Section "Fire-Suppression Systems Insulation." 
2. Division 22 Section "Plumbing Insulation." 
3. Division 23 Section "Metal Ducts" for duct liners. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 
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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. Fire-Test-Response Characteristics:  Insulation and related materials shall have fire-
test-response characteristics indicated, as determined by testing identical products per 
ASTM E 84, by a testing and inspecting agency acceptable to authorities having 
jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, 
and cement material containers, with appropriate markings of applicable testing and 
inspecting agency. 

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

2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-
developed index of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

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

1.6 COORDINATION 

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

B. Coordinate clearance requirements with piping Installer for piping insulation 
application, duct Installer for duct insulation application, and equipment Installer for 
equipment insulation application.  Before preparing piping and 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. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 
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PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in Part 3 schedule articles for where insulating materials 
shall be applied. 

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

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

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Calcium Silicate: 

1. Preformed Pipe Sections:  Flat-, curved-, and grooved-block sections of 
noncombustible, inorganic, hydrous calcium silicate with a non-asbestos fibrous 
reinforcement.  Comply with ASTM C 533, Type I. 

2. Flat-, curved-, and grooved-block sections of noncombustible, inorganic, hydrous 
calcium silicate with a non-asbestos fibrous reinforcement.  Comply with 
ASTM C 533, Type I. 

3. Prefabricated Fitting Covers:  Comply with ASTM C 450 and ASTM C 585 for 
dimensions used in preforming insulation to cover valves, elbows, tees, and 
flanges. 

G. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with annealed, 
rigid, hermetically sealed cells.  Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Cell-U-Foam Corporation; Ultra-CUF. 
b. Pittsburgh Corning Corporation; Foamglas Super K. 

2. Block Insulation:  ASTM C 552, Type I. 
3. Special-Shaped Insulation:  ASTM C 552, Type III. 
4. Preformed Pipe Insulation without Jacket:  Comply with ASTM C 552, Type II, 

Class 1. 
5. Preformed Pipe Insulation with Factory-Applied ASJ:  Comply with ASTM C 552, 

Type II, Class 2. 
6. Factory fabricate shapes according to ASTM C 450 and ASTM C 585. 
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H. Flexible Elastomeric:  Closed-cell, sponge- or expanded-rubber materials.  Comply with 
ASTM C 534, Type I for tubular materials and Type II for sheet materials. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Aeroflex USA Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. RBX Corporation; Insul-Sheet 1800 and Insul-Tube 180. 

I. 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, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

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

J. Mineral-Fiber, Preformed Pipe Insulation: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Fibrex Insulations Inc.; Coreplus 1200. 
b. Johns Manville; Micro-Lok. 
c. Knauf Insulation; 1000 Pipe Insulation. 
d. Manson Insulation Inc.; Alley-K. 
e. Owens Corning; Fiberglas Pipe Insulation. 

2. Type I, 850 deg F Materials:  Mineral or glass fibers bonded with a thermosetting 
resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ.  
Factory-applied jacket requirements are specified in "Factory-Applied Jackets" 
Article. 

3. Type II, 1200 deg F Materials:  Mineral or glass fibers bonded with a 
thermosetting resin.  Comply with ASTM C 547, Type II, Grade A, with factory-
applied ASJ.  Factory-applied jacket requirements are specified in "Factory-
Applied Jackets" Article. 

K. Mineral-Fiber, Pipe and Tank Insulation:  Mineral or glass fibers bonded with a 
thermosetting resin.  Semirigid board material with factory-applied FSK jacket 
complying with ASTM C 1393, Type II or Type IIIA Category 2, or with properties 
similar to ASTM C 612, Type IB.  Nominal density is 2.5 lb/cu. ft. or more.  Thermal 
conductivity (k-value) at 100 deg F is 0.29 Btu x in./h x sq. ft. x deg F or less.  Factory-
applied jacket requirements are specified in "Factory-Applied Jackets" Article. 



Merced College 
Admin Multi-Zone Replacement 

 

 
1478                                          HVAC INSULATION           0230700 - 5 of 19 
 

 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. CertainTeed Corp.; CrimpWrap. 
b. Johns Manville; MicroFlex. 
c. Knauf Insulation; Pipe and Tank Insulation. 
d. Manson Insulation Inc.; AK Flex. 
e. Owens Corning; Fiberglas Pipe and Tank Insulation. 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 

B. Expanded or Exfoliated Vermiculite Insulating Cement:  Comply with ASTM C 196. 

C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with 
ASTM C 449/C 449M. 

2.3 ADHESIVES 

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

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

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

1. 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). 

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

1. 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). 

E. PVC Jacket Adhesive:  Compatible with PVC jacket. 

1. 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). 
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2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 
with MIL-C-19565C, Type II. 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor and outdoor use on below 
ambient services. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Products, Division of ITW; CP-35. 
b. Foster Products Corporation, H. B. Fuller Company; 30-90. 
c. ITW TACC, Division of Illinois Tool Works; CB-50. 
d. Marathon Industries, Inc.; 590. 
e. Mon-Eco Industries, Inc.; 55-40. 
f. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96, 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, 59 percent by volume and 71 percent by weight. 
5. Color:  White. 

2.5 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C Class I, Grade A and shall be compatible with 
insulation materials, jackets, and substrates. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 

a. Childers Products, Division of ITW; CP-52. 
b. Foster Products Corporation, H. B. Fuller Company; 81-42. 
c. Marathon Industries, Inc.; 130. 
d. Mon-Eco Industries, Inc.; 11-30. 
e. Vimasco Corporation; 136. 

2. Fire-resistant, water-based lagging adhesive and coating for use indoors to 
adhere fire-resistant lagging cloths over duct, equipment, and pipe insulation. 

3. Service Temperature Range:  Minus 50 to plus 180 deg F. 
4. Color:  White. 

2.6 SEALANTS 

A. Joint Sealants: 

1. Materials shall be compatible with insulation materials, jackets, and substrates. 
2. Permanently flexible, elastomeric sealant. 
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3. Service Temperature Range:  Minus 100 to plus 300 deg F. 
4. Color:  White or gray. 
5. For indoor applications, use sealants that have a VOC content of 250 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Products, Division of ITW; CP-76-8. 
b. Foster Products Corporation, H. B. Fuller Company; 95-44. 
c. Marathon Industries, Inc.; 405. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Vimasco Corporation; 750. 

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 250 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Products, Division of ITW; CP-76. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  White. 
6. For indoor applications, use sealants that have a VOC content of 250 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2.7 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  
When factory-applied jackets are indicated, comply with the following: 

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C 1136, Type I. 

2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 
covered by a removable protective strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C 1136, Type II. 
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4. FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene 
backing; complying with ASTM C 1136, Type II. 

5. PVDC Jacket for Indoor Applications:  4-mil-thick, white PVDC biaxially oriented 
barrier film with a permeance at 0.02 perms when tested according to 
ASTM E 96 and with a flame-spread index of 5 and a smoke-developed index of 
20 when tested according to ASTM E 84. 

a. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following: 

1) Dow Chemical Company (The); Saran 540 Vapor Retarder Film and 
Saran 560 Vapor Retarder Film. 

2.8 FIELD-APPLIED FABRIC-REINFORCING MESH 

A. Woven Glass-Fiber Fabric for Pipe Insulation:  Approximately 2 oz./sq. yd. with a 
thread count of 10 strands by 10 strands/sq. inch for covering pipe and pipe fittings. 

B. Woven Glass-Fiber Fabric for Duct and Equipment Insulation:  Approximately 6 oz./sq. 
yd. with a thread count of 5 strands by 5 strands/sq. inch for covering equipment. 

2.9 FIELD-APPLIED CLOTHS 

A. Woven Glass-Fiber Fabric:  Comply with MIL-C-20079H, Type I, plain weave, and 
presized a minimum of 8 oz./sq. yd.. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Alpha Associates, Inc.; Alpha-Maritex 84215 and 84217/9485RW, 
Luben 59. 

2.10 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. 

C. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and 
forming.  Thickness is indicated in field-applied jacket schedules. 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 
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a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto PVC Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 
e. <Insert manufacturer's name; product name or designation.> 

2. Adhesive:  As recommended by jacket material manufacturer. 
3. Color:  Color-code jackets based on system within Central Plant.  Color as 

selected by Architect.  All other areas to be white.   
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field 

fabricate. 

a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, 
flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical 
joints, and P-trap and supply covers for lavatories. 

5. Factory-fabricated tank heads and tank side panels. 

D. Metal Jacket: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Products, Division of ITW; Metal Jacketing Systems. 
b. PABCO Metals Corporation; Surefit. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105 or 5005, 
Temper H-14. 
a. Finish and thickness are indicated in field-applied jacket schedules. 
b. Moisture Barrier for Indoor Applications:  1-mil-thick, heat-bonded 

polyethylene and kraft paper 
c. Moisture Barrier for Outdoor Applications:  3-mil-thick, heat-bonded 

polyethylene and kraft paper. 
d. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 
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2.11 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive, complying with ASTM C 1136. 

1. Width:  3 inches. 
2. Thickness:  11.5 mils. 
3. Adhesion:  90 ounces force/inch in width. 
4. Elongation:  2 percent. 
5. Tensile Strength:  40 lbf/inch in width. 
6. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive; complying with ASTM C 1136. 

1. Width:  3 inches. 
2. Thickness:  6.5 mils. 
3. Adhesion:  90 ounces force/inch in width. 
4. Elongation:  2 percent. 
5. Tensile Strength:  40 lbf/inch in width. 
6. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

2.12 SECUREMENTS 

A. Bands: 

1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 

a. Childers Products; Bands. 
b. PABCO Metals Corporation; Bands. 
c. RPR Products, Inc.; Bands. 

2. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 
inch thick, 3/4 inch wide with closed seal. 

B. Insulation Pins and Hangers: 

1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed 
for capacitor-discharge welding, 0.106-inch diameter shank, length to suit depth 
of insulation indicated. 

a. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following: 

1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; CD. 
3) Midwest Fasteners, Inc.; CD. 
4) Nelson Stud Welding; TPA, TPC, and TPS. 
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2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel 
pin, fully annealed for capacitor-discharge welding, 0.106-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, [available products 
that may be incorporated into the Work include, but are not limited to, the 
following: 

1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; Cupped Head Weld Pin. 
3) Midwest Fasteners, Inc.; Cupped Head. 
4) Nelson Stud Welding; CHP. 

3. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-
thick, galvanized-steel sheet, with beveled edge sized as required to hold 
insulation securely in place but not less than 1-1/2 inches in diameter. 

a. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following: 

1) AGM Industries, Inc.; RC-150. 
2) GEMCO; R-150. 
3) Midwest Fasteners, Inc.; WA-150. 
4) Nelson Stud Welding; Speed Clips. 

b. Protect ends with capped self-locking washers incorporating a spring steel 
insert to ensure permanent retention of cap in exposed locations. 

2.13 CORNER ANGLES 

A. PVC Corner Angles:  30 mils thick, minimum 1 by 1 inch, PVC according to 
ASTM D 1784, Class 16354-C.  White or color-coded to match adjacent surface. 

B. Aluminum Corner Angles:  0.040 inch thick, minimum 1 by 1 inch, aluminum according 
to ASTM B 209, Alloy 3003, 3005, 3105 or 5005; Temper H-14. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation 
and other conditions affecting performance of insulation application. 

1. Verify that systems and equipment to be insulated have been tested and are free 
of defects. 
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2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been 

corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials 
that will adversely affect insulation application. 

B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, 
apply a corrosion coating to insulated surfaces as follows: 

1. Stainless Steel:  Coat 300 series stainless steel with an epoxy primer 5 mils thick 
and an epoxy finish 5 mils thick if operating in a temperature range between 140 
and 300 deg F.  Consult coating manufacturer for appropriate coating materials 
and application methods for operating temperature range. 

2. Carbon Steel:  Coat carbon steel operating at a service temperature between 32 
and 300 deg F with an epoxy coating.  Consult coating manufacturer for 
appropriate coating materials and application methods for operating temperature 
range. 

C. Coordinate insulation installation with the trade installing heat tracing.  Comply with 
requirements for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to be in 
contact with stainless-steel surfaces, use demineralized water. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even 
surfaces; free of voids throughout the length of equipment, ducts and fittings, and 
piping including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses 
required for each item of equipment, duct system, and pipe system as specified in 
insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and 
specialties. 
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G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints 
with adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure.  Taper and seal ends at attachment to structure with vapor-barrier 
mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal 
insulation to insulation inserts with adhesive or sealing compound recommended 
by insulation material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install 
shields over jacket, arranged to protect jacket from tear or puncture by hanger, 
support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation 

jacket.  Secure strips with adhesive and outward clinching staples along both 
edges of strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Install insulation with 
longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-
sealing lap.  Staple laps with outward clinching staples along edge at [2 inches] 
[4 inches] o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape as recommended by insulation material 
manufacturer to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to duct and pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its 
nominal thickness. 

N. Finish installation with systems at operating conditions.  Repair joint separations and 
cracking due to thermal movement. 
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O. Repair damaged insulation facings by applying same facing material over damaged 
areas.  Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and 
seal patches similar to butt joints. 

P. For above ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

3.4 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:  Install insulation 
continuously through penetrations of fire-rated walls and partitions.  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. 
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1. Comply with requirements in Division 07 Section "Penetration 
Firestopping"irestopping and fire-resistive joint sealers. 

E. Insulation Installation at Floor Penetrations: 

1. Duct:  Install insulation continuously through floor penetrations that are not fire 
rated.  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. Pipe:  Install insulation continuously through floor penetrations. 
3. Seal penetrations through fire-rated assemblies.  Comply with requirements in 

Division 07 Section "Penetration Firestopping." 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except where 
more specific requirements are specified in various pipe insulation material installation 
articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other 
specialties with continuous thermal and vapor-retarder integrity, unless otherwise 
indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made 
from same material and density as adjacent pipe insulation.  Each piece shall be 
butted tightly against adjoining piece and bonded with adhesive.  Fill joints, 
seams, voids, and irregular surfaces with insulating cement finished to a smooth, 
hard, and uniform contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of 
same material and thickness as used for adjacent pipe.  Cut sectional pipe 
insulation to fit.  Butt each section closely to the next and hold in place with tie 
wire.  Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.  For valves, insulate up to 
and including the bonnets, valve stuffing-box studs, bolts, and nuts.  Fill joints, 
seams, and irregular surfaces with insulating cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.  Fill joints, seams, and 
irregular surfaces with insulating cement.  Insulate strainers so strainer basket 
flange or plug can be easily removed and replaced without damaging the 
insulation and jacket.  Provide a removable reusable insulation cover.  For below 
ambient services, provide a design that maintains vapor barrier. 
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6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation.  Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat 
with a mastic.  Install vapor-barrier mastic for below ambient services and a 
breather mastic for above ambient services.  Reinforce the mastic with fabric-
reinforcing mesh.  Trowel the mastic to a smooth and well-shaped contour. 

8. For services not specified to receive a field-applied jacket except for flexible 
elastomeric and polyolefin, install fitted PVC cover over elbows, tees, strainers, 
valves, flanges, and unions.  Terminate ends with PVC end caps.  Tape PVC 
covers to adjoining insulation facing using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the word 
"UNION."  Match size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure 
temperature taps, test connections, flow meters, sensors, switches, and transmitters on 
insulated pipes, vessels, and equipment.  Shape insulation at these connections by 
tapering it to and around the connection with insulating cement and finish with finishing 
cement, mastic, and flashing sealant. 

D. Install removable insulation covers at locations indicated.  Installation shall conform to 
the following: 

1. Make removable flange and union insulation from sectional pipe insulation of 
same thickness as that on adjoining pipe.  Install same insulation jacket as 
adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend 
insulation from flanges or union long at least two times the insulation thickness 
over adjacent pipe insulation on each side of flange or union.  Secure flange 
cover in place with stainless-steel or aluminum bands.  Select band material 
compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges 
except divide the two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting 
of mitered blocks wired to stainless-steel fabric.  Secure this wire frame, with its 
attached insulation, to flanges with tie wire.  Extend insulation at least 2 inches 
over adjacent pipe insulation on each side of valve.  Fill space between flange or 
union cover and pipe insulation with insulating cement.  Finish cover assembly 
with insulating cement applied in two coats.  After first coat is dry, apply and 
trowel second coat to a smooth finish. 

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 
surfaces with a metal jacket. 

3.6 CELLULAR-GLASS INSULATION INSTALLATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of insulation to pipe with wire or bands and tighten bands 
without deforming insulation materials. 
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2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above ambient services, secure 
laps with outward clinched staples at 6 inches o.c. 

4. For insulation with factory-applied jackets on below ambient services, do not 
staple longitudinal tabs but secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of cellular-
glass block insulation of same thickness as pipe insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as straight segments of pipe 
insulation when available.  Secure according to manufacturer's written 
instructions. 

2. When preformed sections of insulation are not available, install mitered sections 
of cellular-glass insulation.  Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of cellular-glass insulation to valve body. 
2. Arrange insulation to permit access to packing and to allow valve operation 

without disturbing insulation. 
3. Install insulation to flanges as specified for flange insulation application. 

E. 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. 

F. 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. 
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3.7 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
identified for each piping system and pipe size range.  If more than one material is 
listed for a piping system, selection from materials listed is Contractor's option. 

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the 
following: 

1. Drainage piping located in crawl spaces. 
2. Underground piping. 
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 

 

3.8 INDOOR PIPING INSULATION SCHEDULE 

A. Chilled or Heating Water Supply and Return: 

1. NPS 2-1/2 and Smaller:  Insulation shall be the following: 
a. Mineral-Fiber, Preformed Pipe, Type I:  1-1/2 inches thick. 

2. NPS 3 and larger:  Insulation shall be the following: 
a. Mineral-Fiber, Preformed Pipe, Type I:  2 inches thick. 

3.9 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 

A. Chilled or Heating Water Supply and Return: 

1. All Pipe Sizes:  Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I:  2 inches thick. 

3.10 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install 
the field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Ducts and Plenums, Concealed: 

1. None. 

D. Piping, Concealed: 

1. PVC: 20 mil thick 

E. Piping, Exposed: 
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1. PVC: 20 mil thick 

3.11 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install 
the field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Piping, Concealed: 
1. Aluminum, Smooth:  0.020 inch thick. 

D. Piping, Exposed: 
1. Aluminum, Smooth:  0.020 inch thick. 

END OF SECTION 
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SECTION 232113 
HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes pipe and fitting materials, joining methods, special-duty valves, 
and specialties for the following: 

1. Hot-water heating piping. 
2. Chilled-water piping. 
3. Dual-temperature heating and cooling water piping. 
4. Condensate-drain piping. 
5. Blowdown-drain piping. 
6. Air-vent piping. 
7. Safety-valve-inlet and -outlet piping. 

B. Related Sections include the following: 

1. Division 23 Section "Hydronic Pumps" for pumps, motors, and accessories for 
hydronic piping. 

1.3 DEFINITIONS 

A. PTFE:  Polytetrafluoroethylene. 

B. RTRF:  Reinforced thermosetting resin (fiberglass) fittings. 

C. RTRP:  Reinforced thermosetting resin (fiberglass) pipe. 

1.4 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the 
following minimum working pressure and temperature: 

1. Hot-Water Heating Piping:  150 psig at 200 deg F. 
2. Chilled-Water Piping:  150 psig at 200 deg F. 
3. Dual-Temperature Heating and Cooling Water Piping: 150 psig at 200 deg F 
4. Condensate-Drain Piping:  150 deg F. 
5. Air-Vent Piping:  200 deg F. 
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6. Safety-Valve-Inlet and -Outlet Piping:  Equal to the pressure of the piping system 
to which it is attached. 

1.5 SUBMITTALS 

A. Product Data:  For each type of the following: 

B. Welding certificates. 

C. Qualification Data:  For Installer. 

D. Field quality-control test reports. 

E. Operation and Maintenance Data:  For air control devices, hydronic specialties, and 
special-duty valves to include in emergency, operation, and maintenance manuals. 

F. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available 
at Project site. 

1.6 QUALITY ASSURANCE 

A. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 
products, and installation.  Safety valves and pressure vessels shall bear the appropriate 
ASME label.  Fabricate and stamp air separators and expansion tanks to comply with 
ASME Boiler and Pressure Vessel Code:  Section VIII, Division 01. 

1.7 EXTRA MATERIALS 

A. Water-Treatment Chemicals:  Furnish enough chemicals for initial system startup and 
for preventive maintenance for one year from date of Substantial Completion. 

B. Differential Pressure Meter:  For each type of balancing valve and automatic flow control 
valve, include flowmeter, probes, hoses, flow charts, and carrying case. 

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L. 

B. Wrought-Copper Fittings:  ASME B16.22. 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Anvil International, Inc. 
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b. S. P. Fittings; a division of Star Pipe Products. 
c. Victaulic Company of America. 

2. Grooved-End Copper Fittings:  ASTM B 75, copper tube or ASTM B 584, bronze 
casting. 

3. Grooved-End-Tube Couplings:  Rigid pattern, unless otherwise indicated; 
gasketed fitting.  Ductile-iron housing with keys matching pipe and fitting 
grooves, prelubricated EPDM gasket rated for minimum 230 deg F for use with 
housing, and steel bolts and nuts. 

C. Copper or Bronze Pressure-Seal Fittings: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. Stadler-Viega. 

2. Housing:  Copper. 
3. O-Rings and Pipe Stops:  EPDM. 
4. Tools:  Manufacturer's special tools. 
5. Minimum 200-psig working-pressure rating at 250 deg F. 

D. Copper, Mechanically Formed Tee Option:  For forming T-branch on copper water tube. 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

a. T-DRILL Industries Inc. 

E. Wrought-Copper Unions:  ASME B16.22. 

2.2 STEEL PIPE AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall 
thickness as indicated in Part 3 "Piping Applications" Article. 

B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in Part 3 
"Piping Applications" Article. 

C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in 
Part 3 "Piping Applications" Article. 

D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 
"Piping Applications" Article. 

E. Cast-Iron Pipe Flanges and Flanged Fittings:  ASME B16.1, Classes 25, 125, and 250; 
raised ground face, and bolt holes spot faced as indicated in Part 3 "Piping Applications" 
Article. 
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F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe. 

G. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including 
bolts, nuts, and gaskets of the following material group, end connections, and facings: 

1. Material Group:  1.1. 
2. End Connections:  Butt welding. 
3. Facings:  Raised face. 

H. Grooved Mechanical-Joint Fittings and Couplings: 

1. NOT PERMITTED. 

2.3 JOINING MATERIALS 

A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping 
system contents. 

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness 
unless thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. 
b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by 
piping system manufacturer, 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 joining 
copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 

F. 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. 

G. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and 
working temperatures and pressures. 

2.4 DIELECTRIC FITTINGS 

A. Description:  Combination fitting of copper-alloy and ferrous materials with threaded, 
solder-joint, plain, or weld-neck end connections that match piping system materials. 

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

C. Dielectric Unions: 
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1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

2. 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. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 
e. Zurn Plumbing Products Group; AquaSpec Commercial Products Division. 

3. Factory-fabricated union assembly, for 250-psig minimum working pressure at 180 
deg F. 

D. Dielectric Flanges: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

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

a. Capitol Manufacturing Company. 
b. Central Plastics Company. 
c. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

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

E. Dielectric-Flange Kits: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

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

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Central Plastics Company. 
d. Pipeline Seal and Insulator, Inc. 

3. Companion-flange assembly for field assembly.  Include flanges, full-face- or ring-
type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic 
washers, and steel backing washers. 

4. Separate companion flanges and steel bolts and nuts shall have 150psig minimum 
working pressure where required to suit system pressures. 

F. Dielectric Couplings: 
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1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

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

a. Calpico, Inc. 
b. Lochinvar Corporation. 

3. Galvanized-steel coupling with inert and noncorrosive thermoplastic lining; 
threaded ends; and 300-psig minimum working pressure at 225 deg F. 

G. Dielectric Nipples: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to, the following: 

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

a. Perfection Corporation; a subsidiary of American Meter Company. 
b. Precision Plumbing Products, Inc. 
c. Sioux Chief Manufacturing Company, Inc. 
d. Victaulic Company of America. 

3. Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, 
threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F. 

2.5 VALVES 

A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in 
Division 23 Section "General-Duty Valves for HVAC Piping." 

B. Automatic Temperature-Control Valves, Actuators, and Sensors:  Comply with 
requirements specified in Division 23 Section "Instrumentation and Control for HVAC." 

C. Bronze, Calibrated-Orifice, Balancing Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

a. Armstrong Pumps, Inc. 
b. Bell & Gossett Domestic Pump; a division of ITT Industries. 
c. Flow Design Inc. 
d. Griswold Controls. 
e. Taco. 

2. Body:  Bronze, ball or plug type with calibrated orifice or venturi. 
3. Ball:  Brass or stainless steel. 
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4. Plug:  Resin. 
5. Seat:  PTFE. 
6. End Connections:  Threaded or socket. 
7. Pressure Gage Connections:  Integral seals for portable differential pressure 

meter. 
8. Handle Style:  Lever, with memory stop to retain set position. 
9. CWP Rating:  Minimum 125 psig. 
10. Maximum Operating Temperature:  250 deg F. 

D. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves: 

1. Available Manufacturers: Subject to compliance with requirements, provide 
products by one of the following: 

a. Armstrong Pumps, Inc. 
b. Bell & Gossett Domestic Pump; a division of ITT Industries. 
c. Flow Design Inc. 
d. Gerand Engineering Co. 
e. Griswold Controls. 
f. Taco. 
g. Tour & Andersson; available through Victaulic Company of America. 

2. Body:  Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or 
venturi. 

3. Ball:  Brass or stainless steel. 
4. Stem Seals:  EPDM O-rings. 
5. Disc:  Glass and carbon-filled PTFE. 
6. Seat:  PTFE. 
7. End Connections:  Flanged or grooved. 
8. Pressure Gage Connections:  Integral seals for portable differential pressure 

meter. 
9. Handle Style:  Lever, with memory stop to retain set position. 
10. CWP Rating:  Minimum 125 psig. 
11. Maximum Operating Temperature:  250 deg F. 

E. Diaphragm-Operated, Pressure-Reducing Valves: 

1. Available Manufacturers: Subject to compliance with requirements, provide 
products by one of the following: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. Bell & Gossett Domestic Pump; a division of ITT Industries. 
d. Conbraco Industries, Inc. 
e. Spence Engineering Company, Inc. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 
g. < 

2. Body:  Bronze or brass. 
3. Disc:  Glass and carbon-filled PTFE. 
4. Seat:  Brass. 
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5. Stem Seals:  EPDM O-rings. 
6. Diaphragm:  EPT. 
7. Low inlet-pressure check valve. 
8. Inlet Strainer:  Stainless steel, removable without system shutdown. 
9. Valve Seat and Stem:  Noncorrosive. 
10. Valve Size, Capacity, and Operating Pressure:  Selected to suit system in which 

installed, with operating pressure and capacity factory set and field adjustable. 

F. Diaphragm-Operated Safety Valves: 

1. Available Manufacturers: Subject to compliance with requirements, provide 
products by one of the following: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. Bell & Gossett Domestic Pump; a division of ITT Industries. 
d. Conbraco Industries, Inc. 
e. Spence Engineering Company, Inc. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Body:  Bronze or brass. 
3. Disc:  Glass and carbon-filled PTFE. 
4. Seat:  Brass. 
5. Stem Seals:  EPDM O-rings. 
6. Diaphragm:  EPT. 
7. Wetted, Internal Work Parts:  Brass and rubber. 
8. Inlet Strainer:  Stainless Steel, removable without system shutdown. 
9. Valve Seat and Stem:  Noncorrosive. 
10. Valve Size, Capacity, and Operating Pressure:  Comply with ASME Boiler and 

Pressure Vessel Code:  Section IV, and selected to suit system in which installed, 
with operating pressure and capacity factory set and field adjustable. 

G. Automatic Flow-Control Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

a. Flow Design Inc. 
b. Griswold Controls. 

2. Body:  Brass or ferrous metal. 
3. Piston and Spring Assembly: Stainless Steel, tamper proof, self cleaning, and 

removable. 
4. Combination Assemblies:  Include bonze or brass-alloy ball valve. 
5. Identification Tag:  Marked with zone identification, valve number, and flow rate. 
6. Size:  Same as pipe in which installed. 
7. Performance:  Maintain constant flow, plus or minus 5 percent over system 

pressure fluctuations. 
8. Minimum CWP Rating: 175 psig. 
9. Maximum Operating Temperature: 250 deg F. 
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2.6 AIR CONTROL DEVICES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Taco. 
2. Armstrong Pumps, Inc. 
3. Bell & Gossett Domestic Pump; a division of ITT Industries. 
4. Amtrol, Inc. 

B. Manual Air Vents: 

1. Body:  Bronze. 
2. Internal Parts:  Nonferrous. 
3. Operator:  Screwdriver or thumbscrew. 
4. Inlet Connection:  NPS 1/2. 
5. Discharge Connection:  NPS 1/8. 
6. CWP Rating:  150 psig. 
7. Maximum Operating Temperature:  225 deg F. 

C. Automatic Air Vents: 

1. Body:  Bronze or cast iron. 
2. Internal Parts:  Nonferrous. 
3. Operator:  Noncorrosive metal float. 
4. Inlet Connection:  NPS 1/2. 
5. Discharge Connection:  NPS 1/4. 
6. CWP Rating:  150 psig. 
7. Maximum Operating Temperature:  240 deg F. 

D. Expansion Tanks: 

1. Tank:  Welded steel, rated for 125-psig working pressure and 375 deg F maximum 
operating temperature, with taps in bottom of tank for tank fitting and taps in end 
of tank for gage glass.  Tanks shall be factory tested with taps fabricated and 
labeled according to ASME Boiler and Pressure Vessel Code:  Section VIII, 
Division 1. 

2. Air-Control Tank Fitting:  Cast-iron body, copper-plated tube, brass vent tube plug, 
and stainless-steel ball check, 100-gal. unit only; sized for compression-tank 
diameter.  Provide tank fittings for 125-psig working pressure and 250 deg F 
maximum operating temperature. 

3. Tank Drain Fitting:  Brass body, nonferrous internal parts; 125-psig working 
pressure and 240 deg F maximum operating temperature; constructed to admit air 
to compression tank, drain water, and close off system. 

4. Gage Glass: Full height with dual manual shutoff valves, 3/4-inch-diameter gage 
glass, and slotted-metal glass guard. 

E. Bladder-Type Expansion Tanks: 

1. Tank:  Welded steel, rated for 125-psig working pressure and 375 deg F maximum 
operating temperature.  Factory test with taps fabricated and supports installed 
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and labeled according to ASME Boiler and Pressure Vessel Code:  Section VIII, 
Division 1. 

2. Bladder:  Securely sealed into tank to separate air charge from system water to 
maintain required expansion capacity. 

3. Air-Charge Fittings:  Schrader valve, stainless steel with EPDM seats. 

A. Combination Air and Dirt Separators: 

1. Full-flow coalescing type combination air eliminator and dirt separator shall be 
fabricated steel, rated for 150 psig working pressure, stamped and registered in 
accordance with ASME Section VIII, Division 1 for unfired pressure vessels, and 
include two equal chambers above and below the inlet / outlet nozzles. 

2. Unit shall include internal structured elements filling the entire vessel to suppress 
turbulence and provide air elimination efficiency of 100% free air, 100% entrained 
air, and 99.6% dissolved air at the installed location. Dirt separation efficiency shall 
be a minimum of 80% of all particles 30 micron and larger within 100 passes. The 
elements must be fabricated by the manufacturer and consist of a copper core 
tube with continuous wound copper wire medium permanently attached and 
followed by a separate continuous wound copper wire permanently affixed. 

3. Each unit shall have a separate venting chamber to prevent system contaminants 
from harming the float and venting valve operation. At the top of the venting 
chamber shall be an integral full port float actuated brass venting mechanism. 
Units shall include a side tap valve to flush floating dirt or liquids and for quick 
bleeding of large amounts of air during system fill or refill. Unit shall be 
manufactured with a removable lower head for internal inspection. 

4. Maximum Working Pressure:  Up to 150 psig. 
5. Maximum Operating Temperature:  Up to 300 deg F. 

2.7 CHEMICAL TREATMENT 

A. Bypass Chemical Feeder:  Welded steel construction; 125-psig working pressure; 5-gal. 
capacity; with fill funnel and inlet, outlet, and drain valves. 

1. Chemicals:  Specially formulated, based on analysis of makeup water, to prevent 
accumulation of scale and corrosion in piping and connected equipment. 

B. Ethylene and Propylene Glycol:  Industrial grade with corrosion inhibitors and 
environmental-stabilizer additives for mixing with water in systems indicated to contain 
antifreeze or glycol solutions. 

2.8 HYDRONIC PIPING SPECIALTIES 

A. Y-Pattern Strainers: 

1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain 
connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-
1/2 and larger. 
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3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket 
with 50 percent free area. 

4. CWP Rating:  125 psig. 

B. Basket Strainers: 

1. Body:  ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom 
drain connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-
1/2 and larger. 

3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket 
with 50 percent free area. 

4. CWP Rating:  125 psig. 

C. T-Pattern Strainers: 

1. Body:  Ductile or malleable iron with removable access coupling and end cap for 
strainer maintenance. 

2. End Connections:  Grooved ends. 
3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket 

with 57 percent free area. 
4. CWP Rating:  750 psig. 

D. Stainless-Steel Bellow, Flexible Connectors: 

1. Body:  Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing 
protective jacket. 

2. End Connections:  Threaded or flanged to match equipment connected. 
3. Performance:  Capable of 3/4-inch misalignment. 
4. CWP Rating:  150 psig. 
5. Maximum Operating Temperature:  250 deg F. 

E. Expansion fittings are specified in Division 23 Section "Expansion Fittings and Loops for 
HVAC Piping." 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS  

A. Hot-water heating piping, aboveground, [NPS 2 and smaller,] shall be any of the 
following: 

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints. 
2. Schedule 40 steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and 

flange fittings; and threaded joints. 

A. Hot-water heating piping, aboveground, [NPS 2-1/2 and larger,] shall be the following: 
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1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel 
flanges and flange fittings, and welded and flanged joints. 

A. Chilled-water piping, aboveground, NPS 2 and smaller, shall be any of the following: 

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints. 
2. Schedule 40 steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and 

flange fittings; and threaded joints. 

B. Chilled-water piping, aboveground, NPS 2-1/2 and larger, shall be the following: 

1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel 
flanges and flange fittings, and welded and flanged joints. 

C. Dual-temperature heating and cooling water piping, aboveground, NPS 2 and smaller, 
shall be any of the following: 

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints. 
2. Schedule 40 steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and 

flange fittings; and threaded joints. 

D. Dual-temperature heating and cooling water piping, aboveground, NPS 2-1/2 and larger, 
shall be the following: 

1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel 
flanges and flange fittings, and welded and flanged joints. 

E. Condensate-Drain Piping:  Type M, drawn-temper copper tubing, wrought-copper 
fittings, and soldered joints. 

F. Air-Vent Piping: 

1. Inlet:  Same as service where installed with metal-to-plastic transition fittings for 
plastic piping systems according to the piping manufacturer's written instructions. 

2. Outlet:  Type K, annealed-temper copper tubing with soldered or flared joints. 

G. Safety-Valve-Inlet and -Outlet Piping for Hot-Water Piping:  Same materials and joining 
methods as for piping specified for the service in which safety valve is installed with 
metal-to-plastic transition fittings for plastic piping systems according to the piping 
manufacturer's written instructions. 

3.2 VALVE APPLICATIONS 

A. Install shutoff-duty valves at each branch connection to supply mains, and at supply 
connection to each piece of equipment. 

B. Install throttling-duty valves at each branch connection to return main. 

C. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling 
terminal. 
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D. Install check valves at each pump discharge and elsewhere as required to control flow 
direction. 

E. Install safety valves at hot-water generators and elsewhere as required by ASME Boiler 
and Pressure Vessel Code.  Install drip-pan elbow on safety-valve outlet and pipe without 
valves to the outdoors; and pipe drain to nearest floor drain or as indicated on Drawings.  
Comply with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1, for 
installation requirements. 

F. Install pressure-reducing valves at makeup-water connection to regulate system fill 
pressure. 

3.3 PIPING INSTALLATIONS 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
piping systems.  Indicate piping locations and arrangements if such were used to size 
pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  
Install piping as indicated unless deviations to layout are approved on Coordination 
Drawings. 

B. Install piping in concealed locations, unless otherwise indicated and except in equipment 
rooms and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas 
at right angles or parallel to building walls.  Diagonal runs are prohibited unless 
specifically indicated otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Install piping to allow application of insulation. 

J. Select system components with pressure rating equal to or greater than system 
operating pressure. 

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and 
servicing of valves. 

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded 
nipple with cap, at low points in piping system mains and elsewhere as required for 
system drainage. 

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 
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N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

O. Install branch connections to mains using mechanically formed tee fittings in main pipe, 
with the branch connected to the bottom of the main pipe.  For up-feed risers, connect 
the branch to the top of the main pipe. 

P. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping." 

Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated. 

R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and 
elsewhere as indicated. 

S. Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid 
valve, in-line pump, and elsewhere as indicated.  Install NPS 3/4 nipple and ball valve in 
blowdown connection of strainers NPS 2 and larger.  Match size of strainer blowoff 
connection for strainers smaller than NPS 2. 

T. Install expansion loops, expansion joints, anchors, and pipe alignment guides as 
specified in Division 23 Section "Expansion Fittings and Loops for HVAC Piping." 

U. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and 
Equipment." 

3.4 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and 
Supports for HVAC Piping and Equipment." Comply with the following requirements for 
maximum spacing of supports. 

B. Seismic restraints are specified in Division 23 Section "Vibration and Seismic Controls 
for HVAC Piping and Equipment." 

C. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet 
long. 

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet 
or longer. 

3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 
supported on a trapeze. 

4. Spring hangers to support vertical runs. 
5. Provide copper-clad hangers and supports for hangers and supports in direct 

contact with copper pipe. 
6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger 

from scratching pipe. 

D. Install hangers for steel piping with the following maximum spacing and minimum rod 
sizes: 
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1. NPS 3/4:  Maximum span, 7 feet; minimum rod size, 3/8 inch. 
2. NPS 1:  Maximum span, 7 feet; minimum rod size, 3/8 inch. 
3. NPS 1-1/4:  Maximum span, 7 feet; minimum rod size, 3/8 inch. 
4. NPS 1-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
5. NPS 2:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 
6. NPS 2-1/2:  Maximum span, 11 feet; minimum rod size, 1/2 inch. 
7. NPS 3:  Maximum span, 12 feet; minimum rod size, 1/2 inch. 
8. NPS 3-1/2:  Maximum span, 13 feet; minimum rod size, 1/2 inch. 
9. NPS 4:  Maximum span, 14 feet; minimum rod size, 5/8 inch. 

E. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors. 

3.5 PIPE JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 23 Sections 
specifying piping systems. 

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, 
to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube 
Handbook," using lead-free solder alloy complying with ASTM B 32. 

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/D10.12M, 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. 

3.6 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as 
required for system air venting. 
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B. Install automatic air vents at high points of system piping in mechanical equipment rooms 
only.  Manual vents at heat-transfer coils and elsewhere as required for air venting. 

C. Install piping from boiler air outlet, air separator, or air purger to expansion tank with a 2 
percent upward slope toward tank. 

D. Install in-line air separators in pump suction.  Install drain valve on air separators NPS 2 
and larger. 

E. Install tangential air separator in pump suction.  Install blowdown piping with gate or full-
port ball valve; extend full size to nearest floor drain. 

F. Install bypass chemical feeders in each hydronic system where indicated, in upright 
position with top of funnel not more than 48 inches above the floor.  Install feeder in 
minimum NPS 3/4 bypass line, from main with full-size, full-port, ball valve in the main 
between bypass connections.  Install NPS 3/4 pipe from chemical feeder drain, to 
nearest equipment drain and include a full-size, full-port, ball valve. 

G. Install expansion tanks above the air separator.  Install tank fitting in tank bottom and 
charge tank.  Use manual vent for initial fill to establish proper water level in tank. 

1. Install tank fittings that are shipped loose. 
2. Support tank from floor or structure above with sufficient strength to carry weight 

of tank, piping connections, fittings, plus tank full of water.  Do not overload building 
components and structural members. 

H. Install expansion tanks on the floor.  Vent and purge air from hydronic system, and 
ensure tank is properly charged with air to suit system Project requirements. 

3.7 TERMINAL EQUIPMENT CONNECTIONS 

A. Sizes for supply and return piping connections shall be the same as or larger than 
equipment connections. 

B. Install control valves in accessible locations close to connected equipment. 

C. Install bypass piping with globe valve around control valve.  If parallel control valves are 
installed, only one bypass is required. 

D. Install ports for pressure gages and thermometers at coil inlet and outlet connections 
according to Division 23 Section "Meters and Gages for HVAC Piping." 

3.8 CHEMICAL TREATMENT 

A. Perform an analysis of makeup water to determine type and quantities of chemical 
treatment needed to keep system free of scale, corrosion, and fouling, and to sustain the 
following water characteristics: 

1. pH:  9.0 to 10.5. 
2. "P" Alkalinity:  100 to 500 ppm. 
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3. Boron:  100 to 200 ppm. 
4. Chemical Oxygen Demand:  Maximum 100 ppm.   
5. Corrosion Inhibitor: 

a. Sodium Nitrate:  1000 to 1500 ppm. 
b. Molybdate:  200 to 300 ppm. 
c. Chromate:  200 to 300 ppm. 
d. Sodium Nitrate Plus Molybdate:  100 to 200 ppm each. 
e. Chromate Plus Molybdate:  50 to 100 ppm each. 

6. Soluble Copper:  Maximum 0.20 ppm. 
7. Tolyiriazole Copper and Yellow Metal Corrosion Inhibitor:  Minimum 10 ppm. 
8. Total Suspended Solids:  Maximum 10 ppm. 
9. Ammonia:  Maximum 20 ppm. 
10. Free Caustic Alkalinity:  Maximum 20 ppm. 
11. Microbiological Limits: 

a. Total Aerobic Plate Count:  Maximum 1000 organisms/ml. 
b. Total Anaerobic Plate Count:  Maximum 100 organisms/ml. 
c. Nitrate Reducers:  100 organisms/ml. 
d. Sulfate Reducers:  Maximum 0 organisms/ml. 
e. Iron Bacteria:  Maximum 0 organisms/ml. 

B. Fill system with fresh water and add liquid alkaline compound with emulsifying agents 
and detergents to remove grease and petroleum products from piping.  Circulate solution 
for a minimum of 24 hours, drain, clean strainer screens, and refill with fresh water. 

C. Add initial chemical treatment and maintain water quality in ranges noted above for the 
first year of operation. 

3.9 FIELD QUALITY CONTROL 

A. Prepare hydronic piping according to ASME B31.9 and as follows: 

1. Leave joints, including welds, uninsulated and exposed for examination during test. 
2. Provide temporary restraints for expansion joints that cannot sustain reactions due 

to test pressure.  If temporary restraints are impractical, isolate expansion joints 
from testing. 

3. Flush hydronic piping systems with clean water; then remove and clean or replace 
strainer screens. 

4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure 
shall be capable of sealing against test pressure without damage to valve.  Install 
blinds in flanged joints to isolate equipment. 

5. Install safety valve, set at a pressure no more than one-third higher than test 
pressure, to protect against damage by expanding liquid or other source of 
overpressure during test. 

B. Perform the following tests on hydronic piping: 
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1. Use ambient temperature water as a testing medium unless there is risk of damage 
due to freezing.  Another liquid that is safe for workers and compatible with piping 
may be used. 

2. While filling system, use vents installed at high points of system to release air.  Use 
drains installed at low points for complete draining of test liquid. 

3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times 

the system's working pressure.  Test pressure shall not exceed maximum pressure 
for any vessel, pump, valve, or other component in system under test.  Verify that 
stress due to pressure at bottom of vertical runs does not exceed 90 percent of 
specified minimum yield strength or 1.7 times "SE" value in Appendix A in 
ASME B31.9, "Building Services Piping." 

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine 
piping, joints, and connections for leakage.  Eliminate leaks by tightening, 
repairing, or replacing components, and repeat hydrostatic test until there are no 
leaks. 

6. Prepare written report of testing. 

C. Perform the following before operating the system: 

1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
4. Inspect air vents at high points of system and determine if all are installed and 

operating freely (automatic type), or bleed air completely (manual type). 
5. Set temperature controls so all coils are calling for full flow. 
6. Inspect and set operating temperatures of hydronic equipment, such as boilers, 

chillers, cooling towers, to specified values. 
7. Verify lubrication of motors and bearings. 

 

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 apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Single-wall rectangular ducts and fittings. 
2. Sheet metal materials. 
3. Sealants and gaskets. 

B. Related Sections: 

1. Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, 
adjusting, and balancing requirements for metal 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. 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: 

1. Liners and adhesives. 
2. Sealants and gaskets. 
3. Seismic-restraint devices. 

B. Shop Drawings: 

1. Fabrication, assembly, and installation, including plans, sections, components, 
and attachments to other work. 

2. Factory- and shop-fabricated ducts and fittings. 
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3. Duct layout indicating sizes, configuration, liner material, and static-pressure 
classes. 

4. Dimensions of main duct runs from building grid lines. 
5. Fittings. 
6. Reinforcement and spacing. 
7. Seam and joint construction. 
8. Penetrations through fire-rated and other partitions. 
9. Equipment installation based on equipment being used on Project. 
10. Locations for duct accessories, including dampers, turning vanes, and access 

doors and panels. 

C. 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. Air outlets and inlets. 
b. Sprinklers. 
c. Perimeter moldings. 

D. Welding certificates. 

E. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to 
AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports and 
AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

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

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports. 
3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

C. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - 
"Systems and Equipment" and Section 7 - "Construction and System Start-Up." 

D. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004, 
Section 6.4.4 - "HVAC System Construction and Insulation." 
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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. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 1-5, "Longitudinal Seams - 
Rectangular Ducts," 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 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: G60. 
2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

C. PVC-Coated, Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G60.  
2. Minimum Thickness for Factory-Applied PVC Coating:  4 mils thick. 
3. Coating Materials:  Acceptable to authorities having jurisdiction for use on ducts 

listed and labeled by an NRTL for compliance with UL 181, Class 1. 

D. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte finish for 
exposed ducts. 

E. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304 or 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. 
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F. Aluminum Sheets:  Comply with ASTM B 209 and Alloy 3003, H14 temper; with mill 
finish for concealed ducts, and standard, one-side bright finish for duct surfaces exposed 
to view. 

G. Factory- or Shop-Applied Antimicrobial Coating: 

1. Apply to the surface of sheet metal that will form the interior surface of the duct.  
An untreated clear coating shall be applied to the exterior surface. 

2. Antimicrobial compound shall be tested for efficacy by an NRTL and registered by 
the EPA for use in HVAC systems. 

3. Coating containing the antimicrobial compound shall have a hardness of 2H, 
minimum, when tested according to ASTM D 3363. 

4. 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. 

5. Shop-Applied Coating Color: Black. 
6. Antimicrobial coating on sheet metal is not required for duct containing liner treated 

with antimicrobial coating. 

H. 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. 

I. 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. 

2.3 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:  3 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 (both PVC coated and bare), 

stainless steel, or aluminum. 
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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. 
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 (both PVC coated and bare), 

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 (both PVC coated and bare), 

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. 
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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 unless deviations to layout are 
approved on Shop Drawings and Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" unless otherwise indicated. 

C. Install round 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 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." 
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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." 

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. 

3.3 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. 

3.4 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. 

3.5 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: 
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a. Ducts with a Pressure Class Higher Than 3-Inch wg:  Test representative 
duct sections totaling no less than 25 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 sevendays' advance notice for testing. 

C. Duct system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.6 START UP 

A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and 
Balancing for HVAC." 

3.7 DUCT SCHEDULE 

A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows: 

B. Outdoor-Air (Not Filtered, Heated, or Cooled) Ducts: 

1. Ducts Connected to Equipment Not Listed Above: 

a. Pressure Class:  Positive or negative 2-inch wg 
b. Minimum SMACNA Seal Class:  B. 

SMACNA Leakage Class for Rectangular:  3  

2. 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." 

END OF SECTION 
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SECTION 23 73 23 

CUSTOM AIR HANDLING UNIT 
 

PART 1 - GENERAL 
 
1.01 SECTION INCLUDES 
 

Design, performance criteria, controls, and installation requirements for Custom Indoor 
Central Station Air Handling Units. 

1.02 REFERENCES 
 

A. AMCA Standard 99: Standards Handbook 
B. AMCA /ANSI Standard 204: Balance Quality and Vibration Levels for Fans 
C. AMCA Standard 210: Laboratory Methods of Testing Fans for Ratings 
D. AMCA Standard 300: Reverberant Room Method for Sound Testing of Fans 
E. AMCA Standard 500:Test Methods for Louvers, Dampers and Shutters 
F. ARI Standard 410: Forced-Circulation Air-Cooling and Air-Heating Coil 
G. ASHRAE Standard 52: Gravimetric and Dust Spot Procedures for Testing Air Cleaning 

Devices Used in General Ventilation for Removing Particulate Matter  
H. ASHRAE/ANSI Standard 111: Practices for Measurement, Testing, Adjusting and 

Balancing of Building Heating, Ventilation, Air-Conditioning and Refrigeration Systems  
I. UL Standard 1995: Heating and Cooling Equipment 
J. ASTM A-525: Specification for General Requirements for Steel Sheet, Zinc-Coated 

(Galvanized) by the Hot-Dip Process 
 
1.03 SUBMITTALS 
 

A. Submit shop drawings and product data in accordance with Division 1. 
 
B. Submittals shall include the following: 

1. Dimensioned plan and elevation view drawings, including motor starter and 
control cabinets, required clearances, and location of all field connections. 

2. Summary of all auxiliary utility requirements such as: electricity, water, 
compressed air, etc. Summary shall indicate quality and quantity of each 
required utility. 

3. Ladder type schematic drawing of the power and ancillary utility field hookup 
requirements, indicating all items that are furnished. 

4. Manufacturer’s performance of each unit. Selection shall indicate, as a minimum, 
the following: 

a. Input data used for selection. 
b. Model number of the unit. 
c. Net capacity. 
d. Rated load amp draw. 
e. Noise levels produced by equipment. 
f. Fan curves. 
g. Approximate unit shipping weight. 

 
 
1.04 OPERATION AND MAINTENANCE DATA  
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A. Include data on design, inspection and procedures related to preventative maintenance. 
Operation and Maintenance manuals shall be submitted at the time of unit shipment.  

 
1.05 QUALIFICATIONS 
 

A. Manufacturer shall be a company specializing in the design and manufacture of 
commercial / industrial custom HVAC equipment. Manufacturer shall have been in 
production of custom HVAC equipment for a minimum of 5 years. 

 
B. Each unit shall bear an ETL or UL label under UL Standard 1995 indicating the complete 

unit is listed as an assembly. ETL or UL listing of individual components, or control 
panels only, is not acceptable.  

 
1.06 DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver, store, protect and handle products to site under the supervision of the owner. 
 
1.07 SEQUENCING AND SCHEDULING 
 

A. Coordinate work performed under this section with work performed under the separate 
installation contract. 

 
1.08 WARRANTY 
 

A. The complete unit shall be covered by a parts warranty issued by the manufacturer 
covering the first year of operation. This warranty period shall start upon receipt of start-
up forms for the unit or eighteen months after the date of shipment, whichever occurs 
first. 

 
B. The installing contractor shall provide labor warranty during the unit’s first year of 

operation. 
 
PART TWO:  PRODUCTS 
 
2.01  MANUFACTURERS 
 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Alliance 
2. Concepts and Designs, Inc. 
3. Energy Labs 
4. Wils Energy 

 
2.02 GENERAL 
 

A. Furnish and install where shown on the plans, mechanical frame style air handling units 
specifically designed for indoor application with construction features as specified below. 
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The units shall be provided and installed in strict accordance with the specifications. All 
units shall be complete with all components and accessories as specified. Any 
exceptions must be clearly defined. The contractor shall be responsible for any 
additional expenses that may occur due to any exception made. 

  
2.03 Factory Testing and Quality Control 
 

A. Standard Factory Tests: The fans shall be factory run tested to ensure structural integrity 
and proper RPM. All electrical circuits shall be tested to ensure correct operation before 
shipment of unit. Units shall pass quality control and be thoroughly cleaned prior to 
shipment. 

 
2.04 UNIT CONSTRUCTION DESCRIPTION 
 

A. General:  Provide factory-fabricated air handling units with capacity as indicated on the 
schedule. Units shall have overall dimensions as indicated and fit into the space 
available with adequate clearance for service as determined by the Engineer. Units shall 
be completely assembled.  Multiple sectioned units shall be shipped as a single factory 
assembled piece (except where shipping limitations prevent) de-mounted into modular 
sections in the field by the contractor. Units shall be furnished with sufficient gasket and 
bolts for reassembly in the field by the contractor. Unit manufacturer shall provide 
certified ratings conforming to the latest edition of AMCA 210, 310, 500 and ARI 410. All 
electrical components and assemblies shall comply with NEMA standards. Unit internal 
insulation must have a flame spread rating not over 25 and smoke developed rating no 
higher than 50 complying with NFPA 90A, “Standard for the Installation of Air 
Conditioning and Ventilating Systems.” Units shall comply with NFPA 70, “National 
Electrical Code,” as applicable for installation and electrical connections of ancillary 
electrical components of air handling units.  Tags and decals to aid in service or indicate 
caution areas shall be provided. Electrical wiring diagrams shall be attached to the 
control panel access doors. Operation and maintenance manuals shall be furnished with 
each unit.  Units shall be UL or ETL listed.  

 
B. Rigging Provision – Multiple Piece Units:  Units shipped in multiple sections shall be 

engineered for field assembly.  The base frame shall have integral lifting lugs. Lifting 
lugs shall be located at the corner of each section (and along the sides if required) and 
sized to allow rigging and handling of the unit.  All gasket and necessary assembly 
hardware shall ship loose with unit.  Junction boxes with a factory supplied numbered 
terminal strip shall be supplied at each shipping split for reconnection of control wiring. 

 
Unit Base - Floor: Unit perimeter base shall be completely welded and fabricated using 
heavy gauge aluminum tubing. (Note: bolted bases are not acceptable) C-Channel cross 
supports shall be welded to perimeter base aluminum tubing and located on maximum 
24” centers to provide support for internal components. Base rails shall include lifting 
lugs welded to perimeter base at the corner of the unit or each section if de-mounted.   
 

C. Unit Casing –Provide necessary support to limit casing deflection to L/200 of the 
narrowest panel dimension. If panels cannot meet this deflection, additional internal 
reinforcing is required. All panel seams shall be caulked and sealed for an airtight unit. 
Leakage rates shall be less than 1% at design static pressure or 9” W.C. whichever is 
greater.  
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      The exterior panel finish shall be Painted with a polyester resin coating designed for long 

Term corrosion resistance meeting or exceeding (ASTM B-117) Salt Spray Resistance 
at 95 degrees F. 2500 hrs. and (ASTM D-2247) Humidity  Resistance at 95 degrees F. 
2500 hrs. The color shall be Manufacturer standard color. 

 
D. Double Wall Liner - Each unit shall have double wall construction.  
 
E. Insulation - Entire unit to be insulated with a full 3” (R12.5) thick non-compressed 

fiberglass insulation. The insulation shall have an effective thermal conductivity (C) of 
.24 (BTU in./sq.ft. F°) and a noise reduction coefficient (NRC) of 0.70 / per inch thick 
(based on a type "A" mounting). The coefficients shall meet or exceed a 3.0 P.C.F. 
density material rating.  Insulation shall meet the erosion requirements of UL 181 facing 
the air stream and fire hazard classification of 25/50 (per ASTM-84 and UL 723 and 
CAN/ULC S102-M88) and meet NFPA 90A and 90B. All insulation edges shall be 
encapsulated within the panel. All perforated sections shall have Micromat® or equal 
insulation with non-woven mat facing, 5000 fpm rating and non-hygroscopic fibers as 
manufactured by Johns Manville or approved equal.  
 

F. Access Doors - The unit shall be equipped with a solid double wall insulated (same as 
the unit casing), hinged access doors as shown on the plans. The doorframe shall be 
foam filled with a built in thermal break barrier and full perimeter gasket. There shall be a 
minimum of two heavy duty handles per door. Provide ETL, UL 1995, and CAL-OSHA 
approved tool operated safety latch on all fan section access doors.  Access doors (in 
the fan section) (all sections) shall be provided with a 10 x 10 dual thermal pane safety 
glass window. 
 

 
2.05 UNIT COMPONENT DESCRIPTION 
 

A. Unit Fans: All fans shall meet the air flow performance specified and shall not exceed 
the break horsepower or sound power levels specified on the mechanical equipment 
schedule.  Fan performance shall be based on testing and be in accordance with AMCA 
Standards 210 and 300.  All fans shall have a steep pressure/volume curve.  Fan shaft 
shall be turned, ground and polished solid steel rated at maximum RPM below critical 
speed.  Fan wheel and sheaves shall be keyed to the shaft. Fan shall be balanced per 
ANSI / AMCA 204-96 fan application category BV-3 using a digital signal analyzer at the 
design RPM with belts and drives in place to a vibration velocity less than or equal to 
0.157 inches per second measured horizontal and vertical at each bearing pad. Vibration 
amplitudes are in inches/second-Peak. All values are filter-in at the fan speed.  Fan 
assemblies shall be designed for heavy-duty industrial applications. Formed load 
bearing members are not acceptable.  Fan assemblies shall be independently isolated 
with spring-type vibration isolators.  Inlet cones shall be precision spun or die formed.  
Inlet cones shall be aerodynamically matched to the wheel side plate to provide 
streamlined airflow in the wheel and ensure full loading of the blades. 

 

 
B. Coils – Water Coil 
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1. All coil assemblies shall be leak tested under water at 315 PSIG and 
PERFORMANCE is to be CERTIFIED under ARI Standard 410. Coils exceeding 
the range of ARI standard rating conditions shall be noted. 

 
2. Coils shall be mounted on stainless steel support rack to permit coils to slide out 

individually from the unit. Provide intermediate drain pans on all stacked cooling 
coils. The intermediate pan shall drain to the main drain pan through a copper 
downspout. Water coils shall be constructed of seamless copper tubing 
mechanically expanded into fin collars. All fins shall be continuous within the coil 
casing to eliminate carryover inherent with a split fin design. Fins are die formed 
Plate type. 

 
3. Headers are to be seamless copper with die formed tube holes.  
 
4. Connections shall be male pipe thread (MPT) Schedule 40 Red Brass with 1/8" 

vent and drain provided on coil header for coil drainage. All coil connections shall 
be extended to the exterior of the unit casing by the manufacturer. Coils shall be 
suitable for 250 PSIG working pressure. Intermediate tube supports shall be 
supplied on coils over 44" fin length with an additional support every 42" multiple 
thereafter. 

 
5. Water coils shall have the following construction: 

 
Standard 5/8”: 

• 5/8" o.d. x .025" wall copper tube with .028 return bends.  

• .008" aluminum fins 

• 16 gauge 304 stainless steel casing. 
 

C. Condensate / Drain Pans - Drain pans shall be provided under all cooling coils as shown 
on the drawings. All pans are to be triple pitched for complete drainage with no standing 
water in the unit. They shall be insulated minimum 3-inch "Double Bottom" construction 
with welded corners. All drain connections shall be piped and trapped separately for 
proper drainage. 

 
D. Filters - Provide filters of the type indicated on the schedule. Factory fabricated filter 

sections shall be of the same construction and finish as the unit. Face loaded pre and 
final filters shall have MERV-13 frames as manufactured by BLC, FARR or equal. Filter 
racks over 72" in length shall require an angle center reinforcement support.   

 
1. Filter Gauge:  Each Filter bank shall be furnished with Dwyer Series 2000 filter 

gauge or equal. 
  

2. MERV 13 Pleated filters – Provide 2” filters. The filters shall be as manufactured 
by AAF, FARR or equal. Filters shall be in compliance with ANSI/UL 900 – Test 
Performance of Air Filters. Option: Provide (2) total sets of media. 

 
E. Dampers – Provide Class 1 rated, ultra low leak dampers (less than 3 cfm/sq ft. @ 1” 

w.g.) as indicated on the unit drawings.  
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2.06 ELECTRICAL POWER AND CONTROLS 
 

A. All electrical and automatic control devices not previously called out or listed below are 
to be furnished and installed in the field by the controls contractor. 
 

B. All wiring shall be (75°C) Insulated copper wires. 
 

C. The unit shall feature a mounted permanent nameplate displaying at a minimum the 
manufacturer, serial number, model number and current and amps voltage.  The unit 
must have an ETL or UL Listing and bear the appropriate mark. 

 
D. The unit shall feature a main non-fused disconnect of the proper amp rating to allow 

shutoff of all electrical motors and control items.  
 

E. Motor Starters and Accessories – Provide a motor starter panel with main disconnect for 
each unit. Furnish electromechanical starters for all auxiliary electric motors required.  
Starter shall include overload protection devices in each of 3 phases. Contactors for 
electromechanical starters shall be UL.  
 

END OF SECTION 


