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 Addendum No. 1 

  
New Jersey Schools Development Authority 
32 East Front Street 
Trenton, NJ 08625 
Phone: 609-858-2981 
 

 
DATE:   March 29, 2021 
 
PROJECT #: EP-0113-C01  
 
DESCRIPTION: Paterson Public School No. 5  
 Roof Replacement, Masonry and Window Repairs (Emergent Project)   
 
This addendum shall be considered part of the Bid Documents issued in connection with the 
referenced project.  Should information conflict with the Bid Documents, this Addendum shall 
supersede the relevant information in the Bid Documents. 
 
 
NOTE:  Additions are shown in bold and underline text; deletions are shown in strikethrough and 
italics. 
 
A. CHANGES TO THE PROCUREMENT PROCESS 
 

1. Modifications to the Advertisement, Request for Proposals and Associated Documents 
 
(Not applicable) 
 

B. CHANGES TO VOLUME 1 OF THE PROJECT MANUAL 
 

1. Modifications to the Table of Contents 
 
a. REPLACE: Replace the Table of Contents in its entirety with the revised Table of 

Contents dated March 29, 2021 and included herewith as Attachment 1.01. 

2. Modifications to the Drawing List 
 
a. REPLACE: Replace the Drawing List in its entirety with the revised Drawing List dated 

March 23, 2021 and included herewith as Attachment 1.02. 

32 E FRONT STREET 
P.O. BOX 991 

TRENTON, NJ  08625-0991 
609-943-5955 
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3. Modifications to the Technical Proposal Forms 
 
(Not applicable) 

4. Modifications to the GCTO Agreement 
 
(Not applicable) 

5. Modifications to the General Requirements 
 
(Not applicable) 

   
6. Modifications to Supplementary Requirements and Reports 

 
(Not applicable) 

   
C. CHANGES TO VOLUME 2 OF THE PROJECT MANUAL 
 

1. REPLACE: Replace the Table of Contents in its entirety with the revised Table of Contents 
dated March 29, 2021 and included herewith as Attachment 1.01. 
 

2. REPLACE: Replace Specification Sections listed in Paragraph G.2. below in their entirety 
with updated Sections included herewith as Attachments 1.03 through 1.08. 
 

3. ADD: Add new Mechanical and Electrical Specification Sections listed in Paragraph 
G.3. below and included herewith as Attachments 1.09 through 1.15. 

 
D. CHANGES TO THE DRAWINGS 

 
1. REPLACE: Replace Drawings listed in Paragraph G.4. below in their entirety with updated 

Drawings dated 3.17.21 and included herewith as Attachments 1.16 through 
1.26. 

 
2. ADD: Add new Mechanical and Electrical Drawings dated 3.17.1 and listed in 

Paragraph G.5. below, included herewith as Attachments 1.27 through 1.34. 
 
E. BIDDER’S QUESTIONS, REQUESTS FOR INFORMATION AND RESPONSES 

 
(Not applicable) 
 

F. CHANGES TO PREVIOUS ADDENDA 
 
(Not applicable) 
  

G. ATTACHMENTS  
 

1. Bid Volume Revisions 
  
Attachment 1.01 Table of Contents, March 29, 2021 
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Attachment 1.02 Drawing List, March 23, 2021 
 

2. Revised Specifications 
  
Attachment 1.03 23 05 13 Common Motor Requirements for HVAC Equipment 
Attachment 1.04 23 07 13 Duct Insulation 
Attachment 1.05 23 07 19 HVAC Piping Insulation 
Attachment 1.06 23 21 13 Hydronic Piping and Specialties 
Attachment 1.07 23 31 13 Metal Ducts 
Attachment 1.08 23 51 00 Breechings, Chimneys and Stacks 
 

3. Added Specifications 
 
Attachment 1.09 23 05 29 Hangers and Supports for HVAC Piping and Equipment 
Attachment 1.10 23 05 93 Testing, Adjusting, Balancing for HVAC 
Attachment 1.11 23 73 13 Central Station Air Handler 
Attachment 1.12 26 27 26 Wiring Devices 
Attachment 1.13 26 28 13 Fuses 
Attachment 1.14 26 28 16 Enclosed switches and Circuit Breakers 
Attachment 1.15 26 51 19 LED Lighting 
 

4. Revised Drawings 
 
Attachment 1.16 M-001 General Notes, Symbols and Abbreviations 
Attachment 1.17 M-200 Mechanical Demolition Partial Roof Plan 
Attachment 1.18 M-201 Mechanical Demolition Partial Roof Plan 
Attachment 1.19 M-300 Mechanical New Work Partial Roof Plan 
Attachment 1.20 M-301 Mechanical New Work Partial Roof Plan 
Attachment 1.21 M-400 Mechanical Schedule and Details 
Attachment 1.22 E-001 General Notes, Symbols and Abbreviations 
Attachment 1.23 E-200 Electrical Demolition Partial Roof Plan 
Attachment 1.24 E-201 Electrical Demolition Partial Roof Plan 
Attachment 1.25 E-300 Electrical New Work Partial Roof Plan 
Attachment 1.26 E-301 Electrical New Work Partial Roof Plan 
 

5. Added Drawings 
 
Attachment 1.27 M-401 Mechanical Details 
Attachment 1.28 E-001L Exterior Lighting Panel Schedule and Detail 
Attachment 1.29 E-100 Electrical Work – Existing Photometrics 
Attachment 1.30 E-200L Electrical New Work – Photometrics  
Attachment 1.31 E-300L Electrical New Work – Ground Floor Plan 
Attachment 1.32 E-400 New Work – Lighting Elevations 
Attachment 1.33 E-401 New Work – Lighting Elevations 
Attachment 1.34 E-402 New Work – Lighting Courtyard 
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H. SUPPLEMENTAL INFORMATION 
 
(Not applicable) 
  

Any bidder attempting to contact government officials (elected or appointed), including NJSDA Board 
members, NJSDA Staff (except for Procurement), Selection Committee members, NJSDA Consultants, and 
School District officials for information relating to this project or in an effort to influence the selection 
process may be immediately disqualified. 

 
End of Addendum No. 1 
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New Jersey Schools Development Authority 
32 East Front Street 
Trenton, NJ 08625 
Phone: 609-858-2981 
  
 
DATE: March 29, 2021 
 
PROJECT #: EP-0113-C01  
 
DESCRIPTION: Paterson Public School No. 5  
 Roof Replacement, Masonry and Window Repairs (Emergent Project)  
 
 
Acknowledgement of Receipt of Addendum 
 
Contractor must acknowledge the receipt of the Addendum by signing in the space provided below 
and returning via email to Alison Perry at aperry@njsda.gov.  Signed acknowledgement must be 
received prior to the Bid Due Date.  Acknowledgement of the Addendum must be made in Section 
F.5 of the Price Proposal Submission for Emergent Projects. 
 
 
 
 
    
Signature  Print Name 
 
 
 
    
Company Name  Date 
 

32 E FRONT STREET 
P.O. BOX 991 

TRENTON, NJ  08625-0991 
609-943-5955 





ROOF A


ROOF E


ROOF D


ROOF C


ROOF B


HVAC
RTU


MECHANICAL
EQUIPMENT ON
EXISTING STEEL
DUNNAGE


DEMOLITION KEY NOTES
EXISTING CAMERA TO BE DISCONNECTED AND LEAVE IN SAFE CONDITION.
COIL EXISTING COMMUNICATION WIRING FOR RECONNECTION BACK TO
CAMERA. REFER TO NEW WORK PLAN (TYPICAL).
EXISTING ANTENNA TO BE TEMPORARILY RELOCATED AND REINSTALLED
BY SCHOOL DISTRICT.


EXISTING CONDENSER POWER TO BE DISCONNECTED AND LEAVE IN SAFE
CONDITION. COIL EXISTING BRANCH CIRCUIT WIRING FOR RECONNECTION
BACK TO CONDENSER. REFER TO NEW WORK PLAN (TYPICAL).
VERIFY EXISTING EXHAUST FAN IS OPERATIONAL PRIOR TO REMOVAL.
PROVIDE REPORT TO ENGINEER/ARCHITECT FOR REVIEW.


EXISTING EXHAUST FAN POWER TO BE DISCONNECTED AND LEAVE IN
SAFE CONDITION. COIL EXISTING BRANCH CIRCUIT WIRING FOR
RECONNECTION BACK TO FAN. REFER TO NEW WORK PLAN (TYPICAL).
EXISTING ROOFTOP UNIT TO BE REMOVED. EXISTING ROOF TOP UNIT
DISCONNECT SWITCH TO BE DISCONNECTED AND REMOVED. COIL
EXISTING BRANCH CIRCUIT WIRING FOR RECONNECTION BACK TO NEW
UNIT. REFER TO NEW WORK PLAN (TYPICAL).
EXISTING GFI RECEPTACLE TO BE DISCONNECTED AND REMOVED. COIL
EXISTING BRANCH CIRCUIT WIRING FOR RECONNECTION BACK TO NEW GFI
RECEPTACLE. REFER TO NEW WORK PLAN (TYPICAL).


1
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3


4


5


6


SHEET NOTES
1. ALL EXISTING ELECTRICAL ROOF TOP LIGHTING FIXTURES SHOWN ON THIS


PLAN TO BE REMOVED AND REPLACED WITH NEW, UNLESS OTHERWISE
NOTED. EXISTING CIRCUIT PRESENTLY SERVING EXISTING FIXTURES TO
REMOVED. REFER TO ELECTRICAL ROOF PLANS FOR ADDITIONAL
INFORMATION.


2. ALL EXISTING ELECTRICAL BRANCH FEEDERS AND CONDUIT FEEDING
EXISTING LIGHTING SHALL BE REMOVED AT ENTRY POINT ON THE ROOF.
REFER TO ELECTRICAL ROOF PLANS FOR ADDITIONAL INFORMATION.


3. ALL EXISTING COMMUNICATION WIRING, UNUSED AND DETERIORATING
SHALL BE REMOVED BACK TO SOURCE.


ELECTRICAL DEMOLITION - PARTIAL ROOF PLAN - AREAS A, B, C, D AND E
SCALE: 1/8" = 1'-0"
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SECTION 233113 - METAL DUCTS 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


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


1.2 SUMMARY 


A. Section Includes: 
1. Single-wall rectangular ducts and fittings. 
2. Sheet metal materials. 
3. Duct liner. 
4. Sealants and gaskets. 
5. Hangers and supports. 


1.3 PERFORMANCE REQUIREMENTS 


A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint 
construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible" and performance requirements and design 
criteria indicated in "Duct Schedule" Article. 


B. Structural Performance:  Duct hangers and supports shall withstand the effects of gravity loads 
and stresses within limits and under conditions described in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible"  


C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in 
ASHRAE 62.1. 


1.4 SUBMITTALS 


A. Product Data:  For each type of the following products: 
1. Liners and adhesives. 
2. Sealants and gaskets. 


B. Shop Drawings: 
1. Fabrication, assembly, and installation, including plans, elevations, sections, components, 


and attachments to other work. 
2. Factory- and shop-fabricated ducts and fittings. 
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3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes. 
4. Elevation of bottom of ducts. 
5. Dimensions of main duct runs from building grid lines. 
6. Fittings. 
7. Reinforcement and spacing. 
8. Seam and joint construction. 
9. Penetrations through fire-rated and other partitions. 
10. Equipment installation based on equipment being used on Project. 
11. Locations for duct accessories, including dampers, turning vanes, and access doors and 


panels. 
12. Hangers and supports, including methods for duct and building attachment, and vibration 


isolation. 


C. Delegated-Design Submittal: 
1. Sheet metal thicknesses. 
2. Joint and seam construction and sealing. 
3. Reinforcement details and spacing. 
4. Materials, fabrication, assembly, and spacing of hangers and supports. 
5. Design Calculations: Calculations, including analysis data signed and sealed by the 


qualified professional engineer responsible for their preparation for selecting hangers 
and supports. 


D. Coordination Drawings:  Plans, drawn to scale, on which the following items are shown and 
coordinated with each other, using input from installers of the items involved: 
1. Duct installation in congested spaces, indicating coordination with general construction, 


building components, and other building services.  Indicate proposed changes to duct 
layout. 


2. Suspended ceiling components. 
3. Structural members to which duct will be attached. 
4. Size and location of initial access modules for acoustical tile. 
5. Penetrations of smoke barriers and fire-rated construction. 
6. Items penetrating finished ceiling including the following: 


a. Lighting fixtures. 
b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Perimeter moldings. 


E. Welding certificates. 


F. Field quality-control reports. 


1.5 QUALITY ASSURANCE 


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


B. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and 
Equipment" and Section 7 - "Construction and System Start-Up." 


C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, Section 6.4.4 - 
"HVAC System Construction and Insulation." 


PART 2 - PRODUCTS 


2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 


A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible" based on indicated static-pressure class unless otherwise indicated. 


B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse 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 2-2, "Rectangular Duct/Longitudinal 
Seams," 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." 


D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types 
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible." 


2.2 SHEET METAL MATERIALS 


A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible" for acceptable materials, material thicknesses, and duct construction 
methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, 
roller marks, stains, discolorations, and other imperfections. 


B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation:  G90 
2. Finishes for Surfaces Exposed to View:  Hot dipped galvanized steel. 
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C. Carbon-Steel Sheets:  ASTM A 1008/A 1008M, with oiled, matte finish for exposed ducts. 


D. Stainless Steel:  ASTM A 480/A 480M, Type 304 or 316; cold rolled, annealed sheet. Exposed 
surface finish shall be No. 2B, No. 2D, No. 3, or No. 4 as indicated in the “Duct Schedule.” 


E. Aluminum Sheets:  ASTM B 209, alloy 3003, temper H14; with mill finish for concealed ducts 
and standard, 1-side bright finish for exposed ducts. 


F. 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. 


G. 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. 


H. 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 DUCT LINER 


A. Fibrous-Glass Duct Liner:  Comply with ASTM C 1071, NFPA 90A, or NFPA 90B; and with 
NAIMA AH124, "Fibrous Glass Duct Liner Standard." 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Johns Manville Linacoustic RC or R-300 (minimum 1” thick or as indicated on the 


drawings, whichever is greater). 
b. Or approved equal. 
c.  


2. Maximum Thermal Conductivity: 
a. Type I Flexible: 0.24 Btu x in./h x sq. ft. x deg F at 75 deg F mean temperature. 
b. Type II, Rigid 0.23 Btu x in./h x sq. ft. x deg F at 75 deg F mean temperature. 


3. Antimicrobial Erosion-Resistant Coating:  Apply to the surface of the liner that will form 
the interior surface of the duct to act as a moisture repellent and erosion-resistant 
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coating.  Antimicrobial compound shall be tested for efficacy by an NRTL and registered 
by the EPA for use in HVAC systems. 


4. Water-Based Liner Adhesive:  Comply with NFPA 90A or NFPA 90B and with ASTM C 916. 
a. For indoor applications, use adhesive that has a VOC content of 80 g/L or less 


when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
b. Adhesive shall comply with the testing and product requirements of the California 


Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental 
Chambers." 


B. Insulation Pins and Washers: 
1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully 


annealed for capacitor-discharge welding, 0.135-inch-diameter shank, length to suit 
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer. 


2. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-thick 
aluminum; with beveled edge sized as required to hold insulation securely in place but 
not less than 1-1/2 inches in diameter. 


C. Shop Application of Duct Liner:  Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation." 
1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent adhesive 


coverage at liner contact surface area.  Attaining indicated thickness with multiple layers 
of duct liner is prohibited. 


2. Apply adhesive to transverse edges of liner facing upstream that do not receive metal 
nosing. 


3. Butt transverse joints without gaps, and coat joint with adhesive. 
4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-


edge overlapping. 
5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts, 


unless duct size and dimensions of standard liner make longitudinal joints necessary. 
6. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm. 
7. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 


exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not 
exceeding 18 inches longitudinally or as recommended by manufacturer. 


8. Secure transversely oriented liner edges facing the airstream with metal nosings that 
have either channel or "Z" profiles or are integrally formed from duct wall.  Fabricate 
edge facings at the following locations: 
a. Fan discharges. 
b. Intervals of lined duct preceding unlined duct. 
c. Upstream edges of transverse joints in ducts where air velocities are higher than 


2500 fpm or where indicated. 
9. Secure insulation between perforated sheet metal inner duct of same thickness as 


specified for outer shell.  Use mechanical fasteners that maintain inner duct at uniform 
distance from outer shell without compressing insulation. 
a. Sheet Metal Inner Duct Perforations:  3/32-inch diameter, with an overall open 


area of 23 percent. 
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10. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning 
vane assemblies, or other devices.  Fabricated buildouts (metal hat sections) or other 
buildout means are optional; when used, secure buildouts to duct walls with bolts, 
screws, rivets, or welds. 


2.4 SEALANT AND GASKETS 


A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and 
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index 
of 50 when tested according to UL 723; certified by an NRTL. 


B. Two-Part Tape Sealing System: 
1. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified 


acrylic/silicone activator to react exothermically with tape to form hard, durable, airtight 
seal. 


2. Tape Width:  4 inches. 
3. Sealant:  Modified styrene acrylic. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. Maximum Static-Pressure Class:  10-inch wg, positive and negative. 
7. Service:  Indoor and outdoor. 
8. Service Temperature:  Minus 40 to plus 200 deg F. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless 


steel, or aluminum. 
10. For indoor applications, use sealant that has a VOC content of 250 g/L or less when 


calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
11. Sealant shall comply with the testing and product requirements of the California 


Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers." 


C. 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. Flanged Joint Sealant:  Comply with ASTM C 920. 
1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
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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). 
7. Sealant shall comply with the testing and product requirements of the California 


Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers." 


E. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer. 


F. Round Duct Joint O-Ring Seals: 
1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and shall be 


rated for 10-inch wg static-pressure class, positive or negative. 
2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings 


and fitting spigots. 


2.5 HANGERS AND SUPPORTS 


A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 


B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized rods 
with threads painted with zinc-chromate primer after installation. 


C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum 
Hanger Sizes for Round Duct." 


D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603. 


E. Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492. 


F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and bolts 
designed for duct hanger service; with an automatic-locking and clamping device. 


G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible 
with duct materials. 


H. Trapeze and Riser Supports: 
1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc chromate. 
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PART 3 - EXECUTION 


3.1 DUCT INSTALLATION 


A. Drawing plans, schematics, and diagrams indicate clear inside dimension, 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.  Increase sheet metal sizes to 
compensate for lining thickness. 


B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" 
unless otherwise indicated. 


C. Install round and flat-oval ducts in maximum practical lengths. 


D. Install ducts with fewest possible joints. 


E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for 
branch connections. 


F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines. 


G. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building. 


H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 


I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and 
enclosures. 


J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed 
to view, cover the opening between the partition and duct or duct insulation with sheet metal 
flanges of same metal thickness as the duct.  Overlap openings on four sides by at least 1-1/2 
inches. 


K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  
Comply with requirements in Division 23 Section "Air Duct Accessories" for fire and smoke 
dampers. 


L. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials.  Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under Construction," 
Appendix G, "Duct Cleanliness for New Construction Guidelines." 
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3.2 INSTALLATION OF EXPOSED DUCTWORK 


A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 


B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do not use 
two-part tape sealing system. 


C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  When 
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, 
and treat the welds to remove discoloration caused by welding. 


D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, 
hangers and supports, duct accessories, and air outlets. 


E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 


3.3 DUCT SEALING 


A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule" 
Article according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 


3.4 HANGER AND SUPPORT INSTALLATION 


A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, 
"Hangers and Supports." 


B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel 
fasteners appropriate for construction materials to which hangers are being attached. 
1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and completely 


cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for 


slabs more than 4 inches thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or 


for slabs less than 4 inches thick. 
5. Do not use powder-actuated concrete fasteners for seismic restraints. 


C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum 
Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports within 
24 inches of each elbow and within 48 inches of each branch intersection. 


D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 
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E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, 
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 
16 feet. 


F. Install upper attachments to structures.  Select and size upper attachments with pull-out, 
tension, and shear capacities appropriate for supported loads and building materials where 
used. 


3.5 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. 


3.6 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.   


3.7 FIELD QUALITY CONTROL 


A. Perform tests and inspections. 


B. Duct System Cleanliness Tests: 
1. Visually inspect duct system to ensure that no visible contaminants are present. 
2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according 


to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC 
Systems." 
a. Acceptable Cleanliness Level:  Net weight of debris collected on the filter media 


shall not exceed 0.75 mg/100 sq. cm. 


C. Duct system will be considered defective if it does not pass tests and inspections. 


D. Prepare test and inspection reports. 


3.8 DUCT CLEANING 


A. Clean new duct system(s) before testing, adjusting, and balancing.   


B. Use service openings for entry and inspection. 
1. Create new openings and install access panels appropriate for duct static-pressure class if 


required for cleaning access.  Provide insulated panels for insulated or lined duct.  Patch 
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insulation and liner as recommended by duct liner manufacturer.  Comply with 
Division 23 Section "Air Duct Accessories" for access panels and doors. 


2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection. 
3. Remove and reinstall ceiling to gain access during the cleaning process. 


C. Particulate Collection and Odor Control: 
1. When venting vacuuming system inside the building, use HEPA filtration with 99.97 


percent collection efficiency for 0.3-micron-size (or larger) particles. 
2. When venting vacuuming system to outdoors, use filter to collect debris removed from 


HVAC system, and locate exhaust downwind and away from air intakes and other points 
of entry into building. 


D. Clean the following components by removing surface contaminants and deposits: 
1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply 


and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive 
assemblies. 


3. Air-handling unit internal surfaces and components including mixing box, coil section, air 
wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, 
filters and filter sections, and condensate collectors and drains. 


4. Coils and related components. 
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and 


mechanical equipment rooms. 
6. Supply-air ducts, dampers, actuators, and turning vanes. 
7. Dedicated exhaust and ventilation components and makeup air systems. 


E. Mechanical Cleaning Methodology: 
1. Clean metal duct systems using mechanical cleaning methods that extract contaminants 


from within duct systems and remove contaminants from building. 
2. Use vacuum-collection devices that are operated continuously during cleaning.  Connect 


vacuum device to downstream end of duct sections so areas being cleaned are under 
negative pressure. 


3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without 
damaging integrity of metal ducts, duct liner, or duct accessories. 


4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner 
to get wet.  Replace fibrous-glass duct liner that is damaged, deteriorated, or 
delaminated or that has friable material, mold, or fungus growth. 


5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan operational.  
Rinse coils with clean water to remove latent residues and cleaning materials; comb and 
straighten fins. 


6. Provide drainage and cleanup for wash-down procedures. 
7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if fungus is 


present.  Apply antimicrobial agents according to manufacturer's written instructions 
after removal of surface deposits and debris. 
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3.9 START UP 


A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing 
for HVAC." 


3.10 DUCT SCHEDULE 


A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows: 


B. Supply, Return, Exhaust and Outdoor air ducts: 
1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units: 


a. Pressure Class:  Positive or negative 2-inch wg. 
b. Minimum SMACNA Seal Class:  C. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 


2. Ducts Connected to Constant-Volume Air-Handling Units: 
a. Pressure Class:  Positive or negative 3-inch wg. 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  6. 


3. Ducts Connected to Variable-Air-Volume Air-Handling Units: 
a. Pressure Class:  Positive or negative 3-inch wg 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval: 6. 


4. Ducts Connected to Equipment Not Listed Above: 
a. Pressure Class:  Positive or negative 2-inch wg 
b. Minimum SMACNA Seal Class:  C. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 


C. Exhaust Ducts: 
1. Ducts Connected to Commercial Kitchen Hoods (Type I Hood – Grease Exhaust): 


a. Exposed to View:  Type 304, stainless-steel sheet, No. 4 or No. 3 finish (finish shall 
match hood). 


b. Concealed:  Type 304, stainless-steel sheet, No. 2D finish or Carbon-steel sheet. 
c. Carbon-steel shall have a minimum thickness of 0.0575 inch or No. 16 Gauge. 
d. Stainless-steel shall have a minimum thickness of not less than 0.0450 inch or No. 


18 Gauge. 
e. Welded seams and joints. 
f. Pressure Class:  Positive or negative 4-inch wg. 
g. Minimum SMACNA Seal Class:  Welded seams, joints, and penetrations. 
h. SMACNA Leakage Class:  3. 
i. Comply with NFPA 96 and International Mechanical Code, Section 506, 


Commercial Kitchen Hood Ventilation Ducts and Exhaust Equipment. 
2. Ducts Connected to Dishwasher Hoods or Type II Hoods (Waste Heat and Water): 
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a. Type 304, stainless-steel sheet. 
b. Exposed to View:  No. 4 or No. 3 finish (finish shall match dishwasher hood). 
c. Concealed:  No. 2D finish. 
d. Welded seams and flanged joints with watertight EPDM gaskets. 
e. Pressure Class:  Positive or negative 3-inch wg. 
f. Minimum SMACNA Seal Class:  Welded seams, joints, and penetrations. 
g. SMACNA Leakage Class:  3. 


3. Ducts Connected to Fans Exhausting Laboratory and Process (ASHRAE 62.1, Class 3 and 4) 
Air: 
a. Type 316 or Type 304, stainless-steel sheet. 


1) Exposed to View:  No. 4 or No. 3 finish. 
2) Concealed:  No. 2B or No. 2D finish. 


b. Pressure Class:  Positive or negative 4-inch wg. 
c. Minimum SMACNA Seal Class:  A, Welded seams, joints, and penetrations. 
d. SMACNA Leakage Class:  3. 
e. Comply with International Mechanical Code, Section 510, Hazardous Exhaust 


Systems. 


D. Aluminum Ducts:  
  
1. All systems serving high humidity areas such as shower/drying areas, etc. 


E. Intermediate Reinforcement: 
1. Galvanized-Steel Ducts:  Galvanized steel. 
2. Stainless-Steel Ducts: 


a. Exposed to Airstream:  Match duct material. 
b. Not Exposed to Airstream:  Match duct material. 


3. Aluminum Ducts:  Aluminum or galvanized sheet steel coated with zinc chromate. 


F. Liner: 
1. Unless otherwise indicated all supply, return, and exhaust air ducts shall be lined as 


indicated. 
a. Supply Air Ducts:  Fibrous glass, Type I, 1 inch thick. 
b. Return Air Ducts:  Fibrous glass, Type I, 1 inch thick. 
c. Exhaust Air Ducts: Fibrous glass, Type I, 1 inch thick. 
d. Outdoor Air Ducts: Fibrous glass, Type I, 1 inch thick 


2. Supply Fan Plenums:  Fibrous glass, Type II 1-1/2 inches thick. 
3. Return- and Exhaust-Fan Plenums:  Fibrous glass, Type II 2 inches thick. 
4. Transfer Ducts: Fibrous glass, Type I, 1 inch thick. 


G. Elbow Configuration: 
1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 


and Flexible," Figure 4-2, "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. 
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c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane Runners," and Figure 
4-4, "Vane Support in Elbows." 


2. Round Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Figure 3-4, "Round Duct Elbows." 
a. Minimum Radius-to-Diameter Ratio and Elbow Segments:  Comply with SMACNA's 


"HVAC Duct Construction Standards - Metal and Flexible," Table 3-1, "Mitered 
Elbows."  Elbows with less than 90-degree change of direction have 
proportionately fewer segments. 
1) Velocity 1000 fpm or Lower:  0.5 radius-to-diameter ratio and three 


segments for 90-degree elbow. 
2) Velocity 1000 to 1500 fpm:  1.0 radius-to-diameter ratio and four segments 


for 90-degree elbow. 
3) Velocity 1500 fpm or Higher:  1.5 radius-to-diameter ratio and five segments 


for 90-degree elbow. 
4) Radius-to Diameter Ratio:  1.5. 


b. Round Elbows, 12 Inches and Smaller in Diameter:  Stamped or pleated. 
c. Round Elbows, 14 Inches and Larger in Diameter:  Welded. 


H. Branch Configuration: 
1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 


and Flexible," Figure 4-6, "Branch Connection." 
a. Rectangular Main to Rectangular Branch:  45-degree entry. 
b. Rectangular Main to Round Branch:  Spin in. 


2. Round and Flat Oval:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees."  
Saddle taps are permitted in existing duct. 
a. Velocity 1000 fpm or Lower:  90-degree tap. 
b. Velocity 1000 to 1500 fpm:  Conical tap. 
c. Velocity 1500 fpm or Higher:  45-degree lateral. 


END OF SECTION 233113 
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SECTION 235100 - BREECHINGS, CHIMNEYS, AND STACKS  


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


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


1.2 SUMMARY 


A. This Section includes the following: 
1. Listed chimney liners. 


1.3 SUBMITTALS 


A. Product Data:  For the following: 
1. Building-heating-appliance chimneys. 


B. Shop Drawings:  For vents, breechings, chimneys, and stacks.  Include plans, elevations, 
sections, details, and attachments to other work. 
1. Detail equipment assemblies and indicate dimensions, weights, loads, required 


clearances, methods of field assembly, components, hangers and seismic restraints, and 
location and size of each field connection. 


2. Contractor shall be required to submit breeching layout drawings for the Engineer's 
approval. 


3. Computer software calculations for sizing vents, breeching, chimneys, and stacks shall be 
required as part of the shop drawing submittal.  


4. Metal content for both interior and exterior liners and insulation must be clearly 
identified. 


5. Breeching shall meet the required Type and Category of breeching as required by the 
boiler (or applicable equipment) manufacturer. 


6. Contractor shall utilize two 45° elbows to sweep all turns.  To eliminate dead ends and to 
achieve proper airflow, 90° elbows or tees shall not be acceptable. 


7. Breeching components shall include but not be limited to adapter flanges, tees, elbows, 
clean-outs, drain caps, band joiners, high temperature sealant, roof flashing, and rain cap 
(or finishing cone) as required to make a full breeching system. 


8. Where prefabricated breeching is specified, unbranded or field fabricated breeching shall 
not be acceptable. 


C. Warranty:  Special warranty specified in this Section. 
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1.4 QUALITY ASSURANCE 


A. Source Limitations:  Obtain listed system components through one source from a single 
manufacturer. 


B. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding 
Code--Steel," for hangers and supports and AWS D9.1/D9.1M, "Sheet Metal Welding Code," for 
shop and field welding of joints and seams in vents, breechings, and stacks. 


C. Certified Sizing Calculations:  Manufacturer shall certify venting system sizing calculations. 


D. International Fuel Gas Code - Installation: Vent systems shall be sized, installed and terminated 
in accordance with the vent (chimney/flue) and appliance (boiler, domestic hot water heater, 
emergency generator) manufacturer's installation instructions and Section 503 (Venting of 
Equipment). 


E. International Mechanical Code (Oil) - Installation: Vent systems shall be sized, installed and 
terminated in accordance with the vent (chimney/flue) and appliance (boiler, domestic hot 
water heater, emergency generator) manufacturer's installation instructions. 


1.5 COORDINATION 


A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified in Division 03. 


B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items 
are specified in Division 07 Section “Roof Accessories.” 


1.6 WARRANTY 


A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace components of venting system that fail in materials or workmanship within specified 
warranty period.  Failures include, but are not limited to, structural failures caused by expansion 
and contraction. 
1. Warranty Period:  ten years from date of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 LISTED CHIMNEY LINERS 


A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, the following: 
1. Heat-Fab, Inc. 
2. Metal-Fab, Inc. 
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3. Selkirk, Inc. 


B. Description:  Straight single-wall chimney liner tested according to UL 1777 and rated for 1000 
deg F continuously, or 2100 deg F for 10 minutes; with negative or positive flue pressure 
complying with NFPA 211. 


C. Straight Liner Materials:  ASTM A 666, Type 316 stainless steel. 


D. Accessories: 
1. Fittings:  Tees, elbows, increasers, draft-hood connectors, metal caps with bird barriers, 


adjustable roof flashings, storm collars, support assemblies, thimbles, firestop spacers, 
and fasteners; fabricated from similar or compatible materials and designs. 


2. Sealant:  Manufacturer's standard high-temperature sealant. 
3. Insulating Fill:  Manufacturer's standard high-temperature insulation fill material in 


annular space surrounding chimney liner including high-temperature, ceramic-fiber 
insulation required to seal chimney at top and bottom. 


2.2 GUYING AND BRACING MATERIALS 


A. Cable:  Three galvanized, stranded wires of the following thickness: 
1. For ID Sizes 4 to 15 Inches:  5/16 inch 
2. For ID Sizes 18 to 24 Inches:  3/8 inch. 
3. For ID Sizes 27 to 30 Inches:  7/16 inch. 
4. For ID Sizes 33 to 36 Inches:  1/2 inch. 
5. For ID Sizes 39 to 48 Inches:  9/16 inch. 
6. For ID Sizes 51 to 60 Inches:  5/8 inch. 


B. Angle Iron:  Two galvanized steel, 2 by 2 by 0.25 inch 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine areas and conditions for compliance with requirements for installation tolerances and 
other conditions affecting performance of work. 
1. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 APPLICATION 


A. Listed Chimney Liners:  High-efficiency boiler vents in masonry chimney. 
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3.3 INSTALLATION OF LISTED VENTS AND CHIMNEYS 


A. Locate to comply with minimum clearances from combustibles and minimum termination 
heights according to product listing or NFPA 211, whichever is most stringent. 


B. Seal between sections of positive-pressure vents according to manufacturer's written 
installation instructions, using sealants recommended by manufacturer. 


C. Support vents at intervals recommended by manufacturer to support weight of vents and all 
accessories, without exceeding appliance loading. 


D. Slope breechings down in direction of appliance, with condensate drain connection where 
shown on drawings. 


E. Lap joints in direction of flow. 


F. Connect base section to foundation using anchor lugs of size and number recommended by 
manufacturer. 


G. Join sections with acid-resistant joint cement to provide continuous joint and smooth interior 
finish. 


H. Erect stacks plumb to finished tolerance of no more than 1 inch out of plumb from top to 
bottom. 


3.4 INSTALLATION OF UNLISTED, FIELD-FABRICATED BREECHINGS 


A. Suspend breechings independent of their appliance connections. 


B. Align breechings at connections, with smooth internal surface and a maximum 1/8-inch 
misalignment tolerance. 


C. Slope breechings down in direction of appliance, with condensate drain connection at lowest 
point piped to nearest drain. 


D. Lap joints in direction of flow. 


E. Support breechings from building structure with bolts, concrete inserts, steel expansion 
anchors, welded studs, C clamps, or beam clamps according to manufacturer's written 
instructions. 


3.5 CLEANING 


A. After completing system installation, including outlet fittings and devices, inspect exposed 
finish.  Remove burrs, dirt, and construction debris and repair damaged finishes. 
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B. Clean breechings internally, during and after installation, to remove dust and debris.  Clean 
external surfaces to remove welding slag and mill film.  Grind welds smooth and apply touchup 
finish to match factory or shop finish. 


C. Provide temporary closures at ends of breechings, chimneys, and stacks that are not completed 
or connected to equipment. 


END OF SECTION 235100 
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SHEET NOTES
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DEMOLITION KEY NOTES
EXISTING CAMERA TO BE DISCONNECTED AND LEAVE IN SAFE CONDITION.
COIL EXISTING COMMUNICATION WIRING FOR RECONNECTION BACK TO
CAMERA. REFER TO NEW WORK PLAN (TYPICAL).
EXISTING ANTENNA TO BE TEMPORARILY RELOCATED AND REINSTALLED
BY SCHOOL DISTRICT.


EXISTING CONDENSER POWER TO BE DISCONNECTED AND LEAVE IN SAFE
CONDITION. COIL EXISTING BRANCH CIRCUIT WIRING FOR RECONNECTION
BACK TO CONDENSER. REFER TO NEW WORK PLAN (TYPICAL).
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PROVIDE REPORT TO ENGINEER/ARCHITECT FOR REVIEW.


EXISTING EXHAUST FAN POWER TO BE DISCONNECTED AND LEAVE IN
SAFE CONDITION. COIL EXISTING BRANCH CIRCUIT WIRING FOR
RECONNECTION BACK TO FAN. REFER TO NEW WORK PLAN (TYPICAL).
EXISTING ROOFTOP UNIT TO BE REMOVED. EXISTING ROOF TOP UNIT
DISCONNECT SWITCH TO BE DISCONNECTED AND REMOVED. COIL
EXISTING BRANCH CIRCUIT WIRING FOR RECONNECTION BACK TO NEW
UNIT. REFER TO NEW WORK PLAN (TYPICAL).
EXISTING GFI RECEPTACLE TO BE DISCONNECTED AND REMOVED. COIL
EXISTING BRANCH CIRCUIT WIRING FOR RECONNECTION BACK TO NEW GFI
RECEPTACLE. REFER TO NEW WORK PLAN (TYPICAL).
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


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


1.2 SUMMARY 


A. Section Includes: 


1. Metal pipe hangers and supports. 
2. Metal framing systems. 
3. Thermal-hanger shield inserts. 
4. Fastener systems. 
5. Pipe stands. 
6. Equipment supports. 


B. Related Requirements: 
1. Section 233113 "Metal Ducts" for duct hangers and supports. 


1.3 ACTION SUBMITTALS 


A. Product Data: For each type of product. 


B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and 
installation details and include calculations for the following; include Product Data for 
components: 
1. Metal framing systems. 
2. Pipe stands. 
3. Equipment supports. 


1.4 INFORMATIONAL SUBMITTALS 


A. Welding certificates. 


1.5 QUALITY ASSURANCE 


A. Structural-Steel Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
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B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code, Section IX. 


PART 2 - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS 


A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 
"Quality Requirements," to design equipment supports. 


B. Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand 
the effects of wind loads and stresses within limits and under conditions indicated according to 
ASCE/SEI 7. 


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


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


2.2 METAL PIPE HANGERS AND SUPPORTS 


A. Carbon-Steel Pipe Hangers and Supports: 


1. Carbon-steel pipe hangers are available for all pipe sizes.  Hangers can be coated, or 
galvanized.  Hanger rods can be carbon steel or galvanized (carbon) steel. 


2. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
3. Galvanized Metallic Coatings: Pre-galvanized, hot-dip galvanized, or electro-galvanized. 
4. Nonmetallic Coatings: Plastic coated, or epoxy powder-coated. 
5. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 


support bearing surface of piping. 
6. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel or stainless 


steel. 


2.3 METAL FRAMING SYSTEMS 


A. MFMA Manufacturer Metal Framing Systems: 


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


a. B-line, an Eaton business. 
b. Flex-Strut Inc. 
c. G-Strut. 
d. Haydon Corporation. 



http://www.specagent.com/Lookup?ulid=6193

http://www.specagent.com/Lookup?uid=123457088089

http://www.specagent.com/Lookup?uid=123457088091

http://www.specagent.com/Lookup?uid=123457098578

http://www.specagent.com/Lookup?uid=123457098577
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e. MIRO Industries, Inc. 
f. Thomas & Betts Corporation; A Member of the ABB Group. 
g. Unistrut; Part of Atkore International. 
h. Wesanco, Inc. 


 
2. Description: Shop- or field-fabricated, pipe-support assembly made of steel channels, 


accessories, fittings, and other components for supporting multiple parallel pipes. 
3. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
4. Channels: Continuous slotted carbon-steel channel with inturned lips. 
5. Channel Width: Selected for applicable load criteria. 
6. Channel Nuts: Formed or stamped nuts or other devices designed to fit into channel slot 


and, when tightened, prevent slipping along channel. 
7. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel or stainless 


steel. 
8. Coordinate coating with material retained in “Channels.”   


a. Metallic Coating: No coating, Plain, Pre-galvanized G90, Electroplated zinc, Hot-dip 
galvanized, or Gold (yellow zinc dichromate) galvanized. 


b. Paint Coating: Green epoxy, acrylic, or urethane. 
c. Plastic Coating: PVC. 
d. Combination Coating: As required by the application. 


2.4 THERMAL-HANGER SHIELD INSERTS 


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


1. Buckaroos, Inc. 
2. Carpenter & Paterson, Inc. 
3. Clement Support Services. 
4. ERICO International Corporation. 
5. National Pipe Hanger Corporation. 
6. Pipe Shields Inc. 
7. Piping Technology & Products, Inc. 
8. Rilco Manufacturing Co., Inc. 
9. Value Engineered Products, Inc. 


 


B. Insulation-Insert Material for Hot Piping: Water-repellent-treated, ASTM C 533, Type I calcium 
silicate with 100-psi or ASTM C 552, Type II cellular glass with 100-psi or ASTM C 591, Type VI, 
Grade 1 polyisocyanurate with 125-psi minimum compressive strength. 


C. For Clamped Systems: Insert and shield shall cover entire circumference of pipe. 


D. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe. 



http://www.specagent.com/Lookup?uid=123457110982

http://www.specagent.com/Lookup?uid=123457088092

http://www.specagent.com/Lookup?uid=123457088088

http://www.specagent.com/Lookup?uid=123457088087

http://www.specagent.com/Lookup?ulid=6196

http://www.specagent.com/Lookup?uid=123457103660

http://www.specagent.com/Lookup?uid=123457088109

http://www.specagent.com/Lookup?uid=123457088104

http://www.specagent.com/Lookup?uid=123457088105

http://www.specagent.com/Lookup?uid=123457088110

http://www.specagent.com/Lookup?uid=123457088111

http://www.specagent.com/Lookup?uid=123457088107

http://www.specagent.com/Lookup?uid=123457088112

http://www.specagent.com/Lookup?uid=123457088108
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E. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air 
temperature. 


2.5 FASTENER SYSTEMS 


A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened Portland cement 
concrete with pull-out, tension, and shear capacities appropriate for supported loads and 
building materials where used. 


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


a. Hilti, Inc. 
b. ITW Ramset/Red Head; Illinois Tool Works, Inc. 
c. MKT Fastening, LLC. 
d. Simpson Strong-Tie Co., Inc. 


 


B. Mechanical-Expansion Anchors: Insert-wedge-type anchors for use in hardened Portland 
cement concrete; with pull-out, tension, and shear capacities appropriate for supported loads 
and building materials where used. 


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


a. B-line, an Eaton business. 
b. Empire Tool and Manufacturing Co., Inc. 
c. Hilti, Inc. 
d. ITW Ramset/Red Head; Illinois Tool Works, Inc. 
e. MKT Fastening, LLC. 


 


2. Indoor Applications: Zinc-coated or stainless-steel. 


3. Outdoor Applications: Stainless steel. 


2.6 PIPE STANDS 


A. General Requirements for Pipe Stands: Shop- or field-fabricated assemblies made of 
manufactured corrosion-resistant components to support roof-mounted piping. 


B. Compact Pipe Stand: 


1. Description: Single base unit with integral-rod roller, pipe clamps, or V-shaped cradle to 
support pipe, for roof installation without membrane penetration. 


2. Base: Single, vulcanized rubber, molded polypropylene, or polycarbonate. 



http://www.specagent.com/Lookup?ulid=1742

http://www.specagent.com/Lookup?uid=123457099791

http://www.specagent.com/Lookup?uid=123457099792

http://www.specagent.com/Lookup?uid=123457099793

http://www.specagent.com/Lookup?uid=123457099794

http://www.specagent.com/Lookup?ulid=1746

http://www.specagent.com/Lookup?uid=123457099795

http://www.specagent.com/Lookup?uid=123457099796

http://www.specagent.com/Lookup?uid=123457099797

http://www.specagent.com/Lookup?uid=123457099798

http://www.specagent.com/Lookup?uid=123457099799
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3. Hardware: Galvanized steel or polycarbonate. 
4. Accessories: Protection pads. 


C. Low-Profile, Single Base, Single-Pipe Stand: 


1. Description: Single base with vertical and horizontal members, and pipe support, for roof 
installation without membrane protection. 


2. Base: Single, vulcanized rubber, molded polypropylene, or polycarbonate. 
3. Vertical Members: Two, galvanized or stainless-steel, continuous-thread 1/2-inch rods. 
4. Horizontal Member: Adjustable horizontal, galvanized or stainless-steel pipe support 


channels. 
5. Pipe Supports: Roller, Strut clamps, Clevis hanger, Swivel hanger. 
6. Hardware: Galvanized or Stainless steel. 
7. Accessories: Protection pads. 
8. Height: 12 inches above roof. 


D. High-Profile, Single Base, Single-Pipe Stand: 


1. Description: Single base, vertical and horizontal members, and pipe support, for roof 
installation without membrane penetration. 


2. Base: Single vulcanized rubber or molded polypropylene. 
3. Vertical Members: Two, galvanized or stainless-steel, continuous-thread 1/2-inch rods. 
4. Horizontal Member: One, adjustable height, galvanized- or stainless-steel pipe support 


slotted channel or plate. 
5. Pipe Supports: Roller, Clevis hanger, Swivel hanger. 
6. Hardware: Galvanized or Stainless steel. 
7. Accessories: Protection pads, 1/2-inch continuous-thread galvanized-steel rod or 1/2-inch 


continuous-thread stainless-steel rod. 
8. Height: 36 inches above roof. 


E. High-Profile, Multiple-Pipe Stand: 


1. Description: Assembly of bases, vertical and horizontal members, and pipe supports, for 
roof installation without membrane penetration. 


2. Bases: Two or more; vulcanized rubber or molded polypropylene. 
3. Vertical Members: Two or more, galvanized or stainless-steel channels. 
4. Horizontal Members: One or more, adjustable height, galvanized or stainless-steel pipe 


support. 
5. Pipe Supports: Roller, Strut clamps, Clevis hanger, or Swivel hanger. 
6. Hardware: Galvanized or Stainless steel. 
7. Accessories: Protection pads, 1/2-inch continuous-thread rod. 
8. Height: 36 inches above roof. 


F. Curb-Mounted-Type Pipe Stands: Shop- or field-fabricated pipe supports made from structural-
steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof 
curb. 
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2.7 EQUIPMENT SUPPORTS 


A. Description: Welded, shop- or field-fabricated equipment support made from structural carbon-
steel shapes. 


2.8 MATERIALS 


A. Aluminum: ASTM B 221. 


B. Carbon Steel: ASTM A 1011/A 1011M. 


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


D. Stainless Steel: ASTM A 240/A 240M. 


E. Threaded Rods: Continuously threaded. Zinc-plated or galvanized steel for indoor applications 
and stainless steel for outdoor applications. Mating nuts and washers of similar materials as 
rods. 


F. Grout: ASTM C 1107/C 1107M, factory-mixed and -packaged, dry, hydraulic-cement, non-shrink 
and nonmetallic grout; suitable for interior and exterior applications. 


1. Properties: Non-staining, noncorrosive, and nongaseous. 
2. Design Mix: 5000-psi, 28-day compressive strength. 


PART 3 - EXECUTION 


3.1 APPLICATION 


A. Comply with requirements in Section "Penetration Firestopping" for firestopping materials and 
installation for penetrations through fire-rated walls, ceilings, and assemblies. 


B. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits. 
Minimum static design load used for strength determination shall be weight of supported 
components plus 200 lb. 


3.2 HANGER AND SUPPORT INSTALLATION 


A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, and 
attachments as required to properly support piping from the building structure. 


B. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support 
together on field-assembled strut systems. 







Roof Replacement and Masonry and Window Repairs USA # 2018-112 
to the Paterson Public School #5 SDA # EP-0113-C01 
for the New Jersey Schools Development Authority  
 


HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 230529 - 7 


C. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping. 


D. Fastener System Installation: 


1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 
than 4 inches thick in concrete after concrete is placed and completely cured. Use 
operators that are licensed by powder-actuated tool manufacturer. Install fasteners 
according to powder-actuated tool manufacturer's operating manual. 


2. Install mechanical-expansion anchors in concrete after concrete is placed and completely 
cured. Install fasteners according to manufacturer's written instructions. 


E. Pipe Stand Installation: 


1. Pipe Stand Types except Curb-Mounted Type: Assemble components and mount on 
smooth roof surface. Do not penetrate roof membrane. 


2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand and 
mount on permanent, stationary roof curb. See Section 077200 "Roof Accessories" for 
curbs. 


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


G. Equipment Support Installation: Fabricate from welded-structural-steel shapes. 


H. Install hangers and supports to allow controlled thermal and seismic movement of piping 
systems, to permit freedom of movement between pipe anchors, and to facilitate action of 
expansion joints, expansion loops, expansion bends, and similar units. 


I. Install lateral bracing with pipe hangers and supports to prevent swaying. 


J. Install building attachments within concrete slabs or attach to structural steel. Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and 
larger and at changes in direction of piping. Install concrete inserts before concrete is placed; 
fasten inserts to forms and install reinforcing bars through openings at top of inserts. 


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


L. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed 
maximum pipe deflections allowed by ASME B31.9 for building services piping. 


M. Insulated Piping: 


1. Attach clamps and spacers to piping. 


a. Piping Operating above Ambient Air Temperature: Clamp may project through 
insulation. 
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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. 


 
5. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation. 


3.3 EQUIPMENT SUPPORTS 


A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support 
equipment above floor. 


B. Grouting: Place grout under supports for equipment and make bearing surface smooth. 


C. Provide lateral bracing, to prevent swaying, for equipment supports. 


3.4 METAL FABRICATIONS 


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


B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be 
shop welded because of shipping size limitations. 


C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 
appearance and quality of welds; and methods used in correcting welding work; and with the 
following: 


1. Use materials and methods that minimize distortion and develop strength and corrosion 
resistance of base metals. 
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2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and so 


contours of welded surfaces match adjacent contours. 


3.5 ADJUSTING 


A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve 
indicated slope of pipe. 


B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches. 


3.6 PAINTING 


A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately 
after erecting hangers and supports. Use same materials as used for shop painting. Comply with 
SSPC-PA 1 requirements for touching up field-painted surfaces. 


1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils. 


B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-
repair paint to comply with ASTM A 780/A 780M. 


3.7 HANGER AND SUPPORT SCHEDULE 


A. Specific hanger and support requirements are in Sections specifying piping systems and 
equipment. 


B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 
piping system Sections. 


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


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


E. Use carbon-steel pipe hangers and supports, and metal framing systems and attachments for 
general service applications. 


F. Use copper-plated pipe hangers and copper or stainless-steel attachments for copper piping 
and tubing. 


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


H. Use thermal-hanger shield inserts for insulated piping and tubing. 
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I. 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. 


J. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 
piping system Sections. 


K. Comply with MFMA-103 for metal framing system selections and applications that are not 
specified in piping system Sections. 


L. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 
attachments where required in concrete construction. 


END OF SECTION 230529 
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ROOF E


ROOF D


ROOF C


ROOF B


KEY NOTES
RE-CONNECT EXISTING CAMERA, SUB-CONTRACTOR SHALL EXTEND
EXISTING COMMUNICATION WIRE TO THIS LOCATION.


EXISTING ANTENNA TO BE REINSTALLED BY SCHOOL DISTRICT.


EXISTING CONDENSER TO BE RECONNECT, SUB-CONTRACTOR SHALL
EXTEND EXISTING BRANCH CIRCUIT TO THIS LOCATION.


EXISTING EXHAUST FAN TO BE RECONNECT, SUB-CONTRACTOR SHALL
EXTEND EXISTING BRANCH CIRCUIT TO THIS LOCATION.


NEW ROOFTOP UNIT ROOFTOP UNIT. ELECTRICAL CONTRACTOR SHALL
EXTEND EXISTING BRANCH CIRCUIT TO NEW WEATHERPROOF
DISCONNECT SWITCH.
PROVIDE A NEW DUCT SMOKE DETECTOR AND TIE INTO EXISTING FIRE
ALARM SYSTEM. THE CONTRACTOR SHALL PROVIDE TESTING AND
PROGRAMING.
NEW GFI RECEPTACLE: ELECTRICAL CONTRACTOR SHALL EXTEND
EXISTING BRANCH CIRCUIT TO NEW RECEPTACLE, EXTEND BRANCH
FEEDER IF REQUIRED, MATCH EXISTING WIRE, 1#12.


ELECTRICAL NEW WORK - PARTIAL ROOF PLAN - AREAS A, B, C, D AND E
SCALE: 1/8" = 1'-0"
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


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


1.2 SUMMARY 


A. Section Includes: 


1. Balancing Air Systems: 


a. Constant-volume air systems. 


2. Balancing Hydronic Piping Systems: 


a. Constant-flow hydronic systems. 
3. Testing, Adjusting, and Balancing Equipment: 


a. Motors. 
b. Heat-transfer coils. 


4. Testing, adjusting, and balancing existing systems and equipment. 
5. Duct leakage tests. 
6. Control system verification. 


1.3 DEFINITIONS 


A. AABC: Associated Air Balance Council. 


B. BAS: Building automation systems. 


C. NEBB: National Environmental Balancing Bureau. 


D. TAB: Testing, adjusting, and balancing. 


E. TABB: Testing, Adjusting, and Balancing Bureau. 


F. TAB Specialist: An independent entity meeting qualifications to perform TAB work. 


G. TDH: Total dynamic head. 
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1.4 PREINSTALLATION MEETINGS 


A. TAB Conference: If requested by the Owner, conduct a TAB conference at Project site or other 
approved location after approval of the TAB strategies and procedures plan to develop a mutual 
understanding of the details. Provide a minimum of 14 days' advance notice of scheduled 
meeting time and location. 


1. Minimum Agenda Items: 


a. The Contract Documents examination report. 
b. The TAB plan. 
c. Needs for coordination and cooperation of trades and subcontractors. 
d. Proposed procedures for documentation and communication flow. 


1.5 ACTION SUBMITTALS 


A. Sustainable Design Submittals: 


1. Air-Balance Report: Documentation indicating that Work complies with ASHRAE 62.1, 
Section 7.2.2 - "Air Balancing." 


2. TAB Report: Documentation indicating that Work complies with ASHRAE/IES 90.1, 
Section 6.7.2.3 - "System Balancing." 


1.6 INFORMATIONAL SUBMITTALS 


A. Qualification Data: Within 30 days of Contractor's Notice to Proceed, submit documentation 
that the TAB specialist and this Project's TAB team members meet the qualifications specified in 
"Quality Assurance" Article. 


B. Contract Documents Examination Report: Within 30 days of Contractor's Notice to Proceed, 
submit the Contract Documents review report as specified in Part 3. 


C. Strategies and Procedures Plan: Within 30 days of Contractor's Notice to Proceed, submit TAB 
strategies and step-by-step procedures as specified in "Preparation" Article. 


D. System Readiness Checklists: Within 30 days of Contractor's Notice to Proceed, submit system 
readiness checklists as specified in "Preparation" Article. 


E. Examination Report: Submit a summary report of the examination review required in 
"Examination" Article. 


F. Certified TAB reports. 


G. Sample report forms. 


H. Instrument calibration reports, to include the following: 



http://www.arcomnet.com/sustainable_design.aspx?topic=347
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1. Instrument type and make. 
2. Serial number. 
3. Application. 
4. Dates of use. 
5. Dates of calibration. 


1.7 QUALITY ASSURANCE 


A. TAB Specialists Qualifications: Certified by AABC. 


1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC. 
2. TAB Technician: Employee of the TAB specialist and certified by AABC as a TAB 


technician. 


B. TAB Specialists Qualifications: Certified by NEBB or TABB. 


1. TAB Field Supervisor: Employee of the TAB specialist and certified by NEBB or TABB. 
2. TAB Technician: Employee of the TAB specialist and certified by NEBB or TABB as a TAB 


technician. 


C. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in 
ASHRAE 111, Section 4, "Instrumentation." 


D. ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air 
Balancing." 


E. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6.7.2.3 - 
"System Balancing." 


1.8 FIELD CONDITIONS 


A. Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB 
period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's 
operations. 


PART 2 - PRODUCTS (Not Applicable) 


PART 3 - EXECUTION 


3.1 TAB SPECIALISTS 


A. Subject to compliance with requirements, available TAB specialists that may be engaged 
include, but are not limited to, the following: 



http://www.arcomnet.com/sustainable_design.aspx?topic=348
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1. USC Environmental Inc. – James Stainer, President, Phone (908) 722-3330. 


2. Effective Air Balance, Donald Zijm, President, Phone (973) 790-6748. 


3.2 EXAMINATION 


A. Examine the Contract Documents to become familiar with Project requirements and to discover 
conditions in systems designs that may preclude proper TAB of systems and equipment. 


B. Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer 
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify 
that locations of these balancing devices are applicable for intended purpose and are 
accessible. 


C. Examine the approved submittals for HVAC systems and equipment. 


D. Examine design data including HVAC system descriptions, statements of design assumptions for 
environmental conditions and systems output, and statements of philosophies and assumptions 
about HVAC system and equipment controls. 


E. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to 
verify that they are properly separated from adjacent areas. Verify that penetrations in plenum 
walls are sealed and fire-stopped if required. 


F. Examine equipment performance data including fan and pump curves. 


1. Relate performance data to Project conditions and requirements, including system 
effects that can create undesired or unpredicted conditions that cause reduced 
capacities in all or part of a system. 


2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when 
installed under conditions different from the conditions used to rate equipment 
performance. To calculate system effects for air systems, use tables and charts found in 
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design." Compare 
results with the design data and installed conditions. 


G. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed. 


H. Examine test reports specified in individual system and equipment Sections. 


I. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, 
filters are clean, and equipment with functioning controls is ready for operation. 


J. Examine strainers. Verify that startup screens have been replaced by permanent screens with 
indicated perforations. 
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K. Examine control valves for proper installation for their intended function of throttling, diverting, 
or mixing fluid flows. 


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


M. Examine system pumps to ensure absence of entrained air in the suction piping. 


N. Examine operating safety interlocks and controls on HVAC equipment. 


O. 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. 


3.3 PREPARATION 


A. Prepare a TAB plan that includes the following: 


1. Equipment and systems to be tested. 
2. Strategies and step-by-step procedures for balancing the systems. 
3. Instrumentation to be used. 
4. Sample forms with specific identification for all equipment. 


B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness 
for TAB work. Include, at a minimum, the following: 


1. Airside: 


a. Verify that leakage and pressure tests on air distribution systems have been 
satisfactorily completed. 


b. Duct systems are complete with terminals installed. 
c. Volume, smoke, and fire dampers are open and functional. 
d. Clean filters are installed. 
e. Fans are operating, free of vibration, and rotating in correct direction. 
f. Variable-frequency controllers' startup is complete and safeties are verified. 
g. Automatic temperature-control systems are operational. 
h. Ceilings are installed. 
i. Windows and doors are installed. 
j. Suitable access to balancing devices and equipment is provided. 


2. Hydronics: 


a. Verify leakage and pressure tests on water distribution systems have been 
satisfactorily completed. 


b. Piping is complete with terminals installed. 
c. Water treatment is complete. 
d. Systems are flushed, filled, and air purged. 
e. Strainers are pulled and cleaned. 
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f. Control valves are functioning per the sequence of operation. 
g. Shutoff and balance valves have been verified to be 100 percent open. 
h. Pumps are started and proper rotation is verified. 
i. Pump gage connections are installed directly at pump inlet and outlet flanges or in 


discharge and suction pipe prior to valves or strainers. 
j. Variable-frequency controllers' startup is complete and safeties are verified. 
k. Suitable access to balancing devices and equipment is provided. 


3.4 GENERAL PROCEDURES FOR TESTING AND BALANCING 


A. Perform testing and balancing procedures on each system according to the procedures 
contained in AABC's "National Standards for Total System Balance", ASHRAE 111, NEBB's 
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems", 
SMACNA's "HVAC Systems - Testing, Adjusting, and Balancing" and in this Section. 


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


1. After testing and balancing, patch probe holes in ducts with same material and thickness 
as used to construct ducts. 


2. After testing and balancing, install test ports and duct access doors that comply with 
requirements in Section 233300 "Air Duct Accessories." 


3. Install and join new insulation that matches removed materials. Restore insulation, 
coverings, vapor barrier, and finish according to Section 230713 "Duct Insulation," 
Section 230716 "HVAC Equipment Insulation," and Section 230719 "HVAC Piping 
Insulation." 


C. Mark equipment and balancing devices, including damper-control positions, valve position 
indicators, fan-speed-control levers, and similar controls and devices, with paint or other 
suitable, permanent identification material to show final settings. 


D. Take and report testing and balancing measurements in inch-pound (IP) units. 


3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 


A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and 
recommended testing procedures. Cross-check 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. 
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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 Section 233113 "Metal Ducts." 


3.6 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 


A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by 
fan manufacturer. 


1. Measure total airflow. 


a. Set outside-air, return-air, and relief-air dampers for proper position that simulates 
minimum outdoor-air conditions. 


b. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary, 
perform multiple Pitot-tube traverses to obtain total airflow. 


c. Where duct conditions are not suitable for Pitot-tube traverse measurements, a 
coil traverse may be acceptable. 


d. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at 
terminals and calculate the total airflow. 


2. Measure fan static pressures as follows: 


a. Measure static pressure directly at the fan outlet or through the flexible 
connection. 


b. Measure static pressure directly at the fan inlet or through the flexible connection. 
c. Measure static pressure across each component that makes up the air-handling 


system. 
d. Report artificial loading of filters at the time static pressures are measured. 


3. Review Record Documents to determine variations in design static pressures versus 
actual static pressures. Calculate actual system-effect factors. Recommend adjustments 
to accommodate actual conditions. 


4. Obtain approval from Owner’s representative for adjustment of fan speed higher or 
lower than indicated speed. Comply with requirements in HVAC Sections for air-handling 
units for adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit 
performance. 
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5. Do not make fan-speed adjustments that result in motor overload. Consult equipment 
manufacturers about fan-speed safety factors. Modulate dampers and measure fan-
motor amperage to ensure that no overload occurs. Measure amperage in full-cooling, 
full-heating, economizer, and any other operating mode to determine the maximum 
required brake horsepower. 


B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated 
airflows. 


1. Measure airflow of submain and branch ducts. 
2. Adjust submain and branch duct volume dampers for specified airflow. 
3. Re-measure each submain and branch duct after all have been adjusted. 


C. Adjust air inlets and outlets for each space to indicated airflows. 


1. Set airflow patterns of adjustable outlets for proper distribution without drafts. 
2. Measure inlets and outlets airflow. 
3. Adjust each inlet and outlet for specified airflow. 
4. Re-measure each inlet and outlet after they have been adjusted. 


D. Verify final system conditions. 


1. Re-measure and confirm that minimum outdoor, return, and relief airflows are within 
design. Readjust to design if necessary. 


2. Re-measure and confirm that total airflow is within design. 
3. Re-measure all final fan operating data, rpms, volts, amps, and static profile. 
4. Mark all final settings. 
5. Test system in economizer mode. Verify proper operation and adjust if necessary. 
6. Measure and record all operating data. 
7. Record final fan-performance data. 


3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 


A. Prepare test reports for pumps, coils, and heat exchangers. Obtain approved submittals and 
manufacturer-recommended testing procedures. Crosscheck the summation of required coil 
and heat exchanger flow rates with pump design flow rate. 


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


C. In addition to requirements in "Preparation" Article, prepare hydronic systems for testing and 
balancing as follows: 


1. Check liquid level in expansion tank. 
2. Check highest vent for adequate pressure. 
3. Check flow-control valves for proper position. 
4. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 
5. Verify that motor starters are equipped with properly sized thermal protection. 
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6. Check that air has been purged from the system. 


3.8 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 


A. Adjust flow-measuring devices installed at terminals for each space to design water flows. 


1. Measure flow at terminals. 
2. Adjust each terminal to design flow. 
3. Re-measure each terminal after it is adjusted. 
4. Position control valves to bypass the coil, and adjust the bypass valve to maintain design 


flow. 
5. Perform temperature tests after flows have been balanced. 


B. For systems with pressure-independent valves at terminals: 


1. Measure differential pressure and verify that it is within manufacturer's specified range. 
2. Perform temperature tests after flows have been verified. 


C. For systems without pressure-independent valves or flow-measuring devices at terminals: 


1. Measure and balance coils by either coil pressure drop or temperature method. 
2. If balanced by coil pressure drop, perform temperature tests after flows have been 


verified. 


D. Verify final system conditions as follows: 


1. Re-measure and confirm that total water flow is within design. 
2. Re-measure final pumps' operating data, TDH, volts, amps, and static profile. 
3. Mark final settings. 


E. Verify that memory stops have been set. 


3.9 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. Phase and hertz. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter size and thermal-protection-element rating. 
8. Service factor and frame size. 
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B. Motors Driven by Variable-Frequency Controllers: Test manual bypass of controller to prove 
proper operation. 


3.10 PROCEDURES FOR HEAT-TRANSFER COILS 


A. Measure, adjust, and record the following data for each water coil: 


1. Entering- and leaving-water temperature. 
2. Water flow rate. 
3. Water pressure drop for major (more than 20 gpm) equipment coils, excluding unitary 


equipment such as reheat coils, unit heaters, and fan-coil units. 
4. Dry-bulb temperature of entering and leaving air. 
5. Wet-bulb temperature of entering and leaving air for cooling coils. 
6. Airflow. 


B. Measure, adjust, and record the following data for each electric heating coil: 


1. Nameplate data. 
2. Airflow. 
3. Entering- and leaving-air temperature at full load. 
4. Voltage and amperage input of each phase at full load. 
5. Calculated kilowatt at full load. 
6. Fuse or circuit-breaker rating for overload protection. 


C. Measure, adjust, and record the following data for each steam coil: 


1. Dry-bulb temperature of entering and leaving air. 
2. Airflow. 
3. Inlet steam pressure. 


D. Measure, adjust, and record the following data for each refrigerant coil: 


1. Dry-bulb temperature of entering and leaving air. 
2. Wet-bulb temperature of entering and leaving air. 
3. Airflow. 


3.11 DUCT LEAKAGE TESTS 


A. Witness the duct pressure testing performed by Installer. 


B. Verify that proper test methods are used and that leakage rates are within specified tolerances. 


C. Report deficiencies observed. 
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3.12 CONTROLS VERIFICATION 


A. In conjunction with system balancing, perform the following: 


1. Verify temperature control system is operating within the design limitations. 
2. Confirm that the sequences of operation are in compliance with Contract Documents. 
3. Verify that controllers are calibrated and function as intended. 
4. Verify that controller set points are as indicated. 
5. Verify the operation of lockout or interlock systems. 
6. Verify the operation of valve and damper actuators. 
7. Verify that controlled devices are properly installed and connected to correct controller. 
8. Verify that controlled devices travel freely and are in position indicated by controller: 


open, closed, or modulating. 
9. Verify location and installation of sensors to ensure that they sense only intended 


temperature, humidity, or pressure. 


B. Reporting: Include a summary of verifications performed, remaining deficiencies, and variations 
from indicated conditions. 


3.13 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS 


A. Perform a preconstruction inspection of existing equipment that is to remain and be reused. 


1. Measure and record the operating speed, airflow, and static pressure of each fan. 
2. Measure motor voltage and amperage. Compare the values to motor nameplate 


information. 
3. Check the condition of filters. 
4. Check the condition of coils. 
5. Check the operation of the drain pan and condensate-drain trap. 
6. Check bearings and other lubricated parts for proper lubrication. 
7. Report on the operating condition of the equipment and the results of the 


measurements taken. Report deficiencies. 


B. Before performing testing and balancing of existing systems, inspect existing equipment that is 
to remain and be reused to verify that existing equipment has been cleaned and refurbished. 
Verify the following: 


1. New filters are installed. 
2. Coils are clean and fins combed. 
3. Drain pans are clean. 
4. Fans are clean. 
5. Bearings and other parts are properly lubricated. 
6. Deficiencies noted in the preconstruction report are corrected. 


C. Perform testing and balancing of existing systems to the extent that existing systems are 
affected by the renovation work. 
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1. Compare the indicated airflow of the renovated work to the measured fan airflows, and 
determine the new fan speed and the face velocity of filters and coils. 


2. Verify that the indicated airflows of the renovated work result in filter and coil face 
velocities and fan speeds that are within the acceptable limits defined by equipment 
manufacturer. 


3. If calculations increase or decrease the airflow rates and water flow rates by more than 5 
percent, make equipment adjustments to achieve the calculated rates. If increase or 
decrease is 5 percent or less, equipment adjustments are not required. 


4. Balance each air outlet. 


3.14 TOLERANCES 


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


1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 percent. 
2. Air Outlets and Inlets: Plus or minus 10 percent. 
3. Heating-Water Flow Rate: Plus or minus 10 percent. 
4. Cooling-Water Flow Rate: Plus or minus 10 percent. 


B. Maintaining pressure relationships as designed shall have priority over the tolerances specified 
above. 


3.15 PROGRESS REPORTING 


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


B. Status Reports: Prepare progress reports (time interval to be determined by the owner’s 
representative) to describe completed procedures, procedures in progress, and scheduled 
procedures. Include a list of deficiencies and problems found in systems being tested and 
balanced. Prepare a separate report for each system and each building floor for systems serving 
multiple floors. 


3.16 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. 
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3. Certify validity and accuracy of field data. 


B. Final Report Contents: In addition to certified field-report data, include the following: 
1. Fan curves. 
2. Manufacturers' test data. 
3. Field test reports prepared by system and equipment installers. 
4. Other information relative to equipment performance; do not include Shop Drawings and 


Product Data. 


C. General Report Data: In addition to form titles and entries, include the following data: 


1. Title page. 
2. Name and address of the TAB specialist. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the report. 


Number each page in the report. 
11. Summary of contents including the following: 


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


Documents. 


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


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


D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present 
each system with single-line diagram and include the following: 


1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Water and steam flow rates. 
3. Duct, outlet, and inlet sizes. 
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4. Pipe and valve sizes and locations. 
5. Position of balancing devices. 


E. Air-Handling-Unit Test Reports: For air-handling units with coils, include the following: 


1. Unit Data: 


a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. Sheave make, size in inches, and bore. 
i. Center-to-center dimensions of sheave and amount of adjustments in inches. 
j. Number, make, and size of belts. 
k. Number, type, and size of filters. 


2. Motor Data: 


a. Motor make, and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Center-to-center dimensions of sheave and amount of adjustments in inches. 


3. Test Data (Indicated and Actual Values): 


a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan rpm. 
d. Discharge static pressure in inches wg. 
e. Filter static-pressure differential in inches wg. 
f. Heating-coil static-pressure differential in inches wg. 
g. Outdoor airflow in cfm. 
h. Return airflow in cfm. 
i. Outdoor-air damper position. 
j. Return-air damper position. 


F. Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a grid 
representing the duct cross-section and record the following: 


1. Report Data: 


a. System and air-handling-unit number. 
b. Location and zone. 
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c. Traverse air temperature in deg F. 
d. Duct static pressure in inches wg. 
e. Duct size in inches. 
f. Duct area in sq. ft.. 
g. Indicated airflow rate in cfm. 
h. Indicated velocity in fpm. 
i. Actual airflow rate in cfm. 
j. Actual average velocity in fpm. 
k. Barometric pressure in psig. 


G. Instrument Calibration Reports: 


1. Report Data: 


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


3.17 VERIFICATION OF TAB REPORT 


A. The TAB specialist's test and balance engineer shall conduct the inspection in the presence of 
Owner’s representative. 


B. Owner’s representative shall randomly select measurements, documented in the final report, to 
be rechecked. Rechecking shall be limited to either 10 percent of the total measurements 
recorded or the extent of measurements that can be accomplished in a normal 8-hour business 
day. 


C. If rechecks yield measurements that differ from the measurements documented in the final 
report by more than the tolerances allowed, the measurements shall be noted as "FAILED." 


D. If the number of "FAILED" measurements is greater than 10 percent of the total measurements 
checked during the final inspection, the testing and balancing shall be considered incomplete 
and shall be rejected. 


E. If TAB work fails, proceed as follows: 


1. TAB specialists shall recheck all measurements and make adjustments. Revise the final 
report and balancing device settings to include all changes; resubmit the final report and 
request a second final inspection. 


2. If the second final inspection also fails, Owner may contract the services of another TAB 
specialist to complete TAB work according to the Contract Documents and deduct the 
cost of the services from the original TAB specialist's final payment. 


F. Prepare test and inspection reports. 
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3.18 ADDITIONAL TESTS 


A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions 
are being maintained throughout and to correct unusual conditions. 


B. Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and 
winter conditions, perform additional TAB during near-peak summer and winter conditions. 


END OF SECTION 230593 
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SECTION 237313 - CENTRAL STATION AIR HANDLER 


 


PART 1  GENERAL 


 


1.01  WORK INCLUDED 


A. Applied Air Handling Units. 


 


1.02  RELATED SECTIONS 


A. Section 16180 - Equipment Wiring Systems: Electrical supply to units. 


B. Section 15290 - Duct Work Insulation. 


 


1.03  REFERENCES 


A. AMCA Publication 99 - Standards Handbook. 


B. AMCA Publication 611 - Certified Ratings Program - Airflow Measurement Performance 


C. AMCA Standard 500-D - Laboratory Methods of Testing Dampers for Rating. 


D. ANSI/ABMA Standard 9 - Load Ratings and Fatigue Life for Ball Bearings. 


E. ANSI/AMCA Standard 204 - Balance Quality and Vibration Levels for Fans. 


F. ANSI/AMCA Standard 610 - Laboratory Methods of Testing Airflow Measuring Stations for 
Rating. 


G. ANSI/AHRI Standard 410 - Forced Circulation Air-Cooling and Air-Heating Coils. 


H. ANSI/AHRI Standard 430 - Central Station Air Handling Units. 


I. ANSI/AHRI Standard 1060 - Rating Air-To-Air Energy Recovery Ventilation Equipment 


J. ANSI/ASHRAE Standard 52.2 - Method of Testing General Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size. 


K. ANSI/ASHARE Standard 62.1 - Ventilation for Acceptable Indoor Air Quality. 


L. ANSI/ASHARE Standard 90.1 - Energy Standard for Buildings Except Low-Rise Residential 
Buildings. 


M. ANSI/NEMA MG 1 - Motors and Generators. 


N. ANSI/UL 900 - Standard for Safety Air Filter Units. 


O. AHRI Standard 260 - Sound rating of Ducted Air Moving and Conditioning Equipment. 


P. ASHRAE Standard 84 - Method of Testing Air-to-Air Heat Exchangers. 


Q. ASHRAE Standard 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC 
Systems. 
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R. ASTM B117 - Standard Practice for Operation Salt Spray Apparatus. 


S. ASTM C1071 - Thermal and Acoustic Insulation (Mineral Fiber, Duct Lining Material). 


T. ASTM C1338 - Standard Test Method for Determining Fungi Resistance of Insulation Material 
and Facings. 


U. ASTM E477 - Standard Test Method for Measure Acoustical and Airflow Performance of Duct 
Liner 


V. NFPA 70 - National Electrical Code 


W. NFPA 90A - Standard for the Installation of Air Conditioning and Ventilation Systems. 


X. UL 1995 - Standard for Safety Heating and Cooling Equipment 


 


1.04  QUALITY ASSURANCE 


A. Air Coils: Certify capacities, pressure drops and selection procedures in accordance with 
current AHRI Standard 410. 


B. Air handling units with fan sections utilizing single fans shall be rated and certified in 
accordance with AHRI Standard. 


C. Air handling units with fan sections utilizing multiple fans shall be rated in accordance with 
AHRI Standard 430 for airflow, static pressure, and fan speed performance. 


D. Airflow monitoring station: Certify airflow measurement station performance in accordance 
with AMCA 611. 


E. ISO 9001 Certification. 


 


1.05  SUBMITTALS 


A. No equipment shall be fabricated or delivered until the receipt of approved shop drawings 
from the Owner or Owner's approved representative. 


B. AHU manufacturer shall provide the following information with each shop drawing/product 
data submission: 


1. Dimensioned arrangement drawings for each AHU including a plan and elevation view 
of the assembled unit with overall dimensions, lift points, unit shipping split locations 
and dimensions, installation and operating weights, and installation, operation and 
service clearances. 


2. All electrical, piping, and ductwork requirements, including sizes, connection locations, 
and connection method recommendations. 


3. Each component of the unit shall be identified and mechanical specifications shall be 
provided for unit and accessories describing construction, components, and options. 


4. All performance data, including capacities and airside and waterside pressure drops, for 
components. 
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5. Fan curves shall be provided for fans with the design operating points indicated. Data 
shall be corrected to actual operating conditions, temperatures, and altitudes. 


6. For units utilizing multiple fans in a fan section, a fan curve shall be provided showing 
the performance of the entire bank of fans at design conditions. In addition, a fan curve 
shall be provided showing the performance of each individual fan in the bank of fans at 
design conditions. Also a fan curve shall be provided showing the performance of the 
bank of fans, if one fan is down. The percent redundancy of the bank of fans with one 
fan down shall be noted on the fan curve or in the tabulated fan data. 


7. A filter schedule must be provided for each air handling unit supplied by the air 
handling unit manufacturer.  Schedule shall detail unit tag, unit size, corresponding 
filter section location within the AHU, filter arrangement (e.g. angled/flat), filter depth, 
filter type (e.g. pleated media), MERV rating, and filter quantity and size. 


8. A schedule detailing necessary trap height shall be provided for each air handling unit.  
Schedule shall detail unit tag, unit size, appropriate trap schematic with recommended 
trap dimensions, and unit supplied base rail height.  Contractor shall be responsible for 
additional trap height required for trapping and insulation beyond the unit supplied 
base rail height by adequate housekeeping pad. 


9. A coil valve coordination schedule shall be provided for each air handling unit supplied 
by the air handling unit manufacturer.  Schedule shall detail unit tag, coil type and 
corresponding section location within the AHU, valve style (e.g. global, ball), valve type 
(e.g. electronic 2-way/3-way), valve position (e.g. normally open/closed), size, flow 
coefficient (CV), and close-off pressure. 


10. An electrical MCA - MOP schedule shall be provided for each electrical circuit to which 
field-power must be supplied.  Schedule to detail unit tag, circuit description, 
voltage/phase/hertz, Minimum Circuit Ampacity (MCA), and calculated Maximum 
Overcurrent Protection (MOP). 


11. Sound data shall be provided using AHRI 260 test methods.  Unit discharge, inlet, and 
radiated sound power levels in dB shall be provided for 63, 125, 250, 500, 1000, 2000, 
4000 and 8000Hz. 


C. The AHU manufacturer shall provide appropriate sets of submittals as referenced in the 
General Conditions and shall submit to the Owner electronic copies of the IOM. 


D. The AHU manufacturer shall list any exceptions to the specification. 
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1.06  REGULATOR REQUIREMENTS 


A. Agency Listings/Certifications 


1. Unit shall be manufactured to conform to UL 1995 and shall be listed by either UL/CUL 
or ETL. Units shall be provided with listing agency label affixed to the unit. In the event 
the unit is not UL/CUL or ETL approved, the contractor shall, at his/her expense, 
provide for a field inspection by a UL/CUL or ETL representative to verify conformance.  
If necessary, contractor shall perform modifications to the unit to comply with UL/CUL 
or ETL as directed by the representative, at no additional expense to the owner. 


2. Air handling units with multiple direct drive plenum fans, or direct drive plenum fans 
incorporated with ECM style motors are outside the scope of AHRI 430. These fans 
however are rated in accordance with AHRI 430. 


3. Certify air handling units in accordance with AHRI Standard 430. Units shall be provided 
with certification label affixed to the unit. If air handling units are not certified or fans 
are not rated in accordance with AHRI Standard 430 contractor shall be responsible for 
expenses associated with testing of units after installation to verify performance of 
fan(s).  Any costs incurred to adjust fans to meet scheduled capacities shall be the sole 
responsibility of the contractor. 


4. Certify air handling coils in accordance with AHRI Standard 410. Units shall be provided 
with certification label affixed to the unit. If air handling coils are not certified in 
accordance with AHRI Standard 410, contractor shall be responsible for expenses 
associated with testing of coils after installation to verify performance of coil(s).  Any 
costs incurred to adjust coils to meet scheduled capacities shall be the sole 
responsibility of the contractor. 


5. Certify airflow monitoring stations are tested for differential pressure in accordance 
with AMCA 611 in an AMCA registered laboratory and comply with the requirements of 
the AMCA Certified Ratings Program. Airflow monitoring station shall be licensed to 
bear the AMCA Seal. 


 


1.07  DELIVERY, STORAGE, AND HANDLING 


A. Comply with manufacturer's installation instructions for rigging, unloading, and transporting 
units. 


B. Units shall ship fully assembled up to practical shipping and rigging limitations.  Units not 
shipped fully assembled shall have tags and airflow arrows on each section to indicate location 
and orientation in direction of airflow. Shipping splits shall be clearly defined on submittal 
drawings. Cost associated with non-conformance to shop drawings shall be the responsibility 
of the manufacturer. Each section shall have lifting lugs for field rigging, lifting and final 
placement of AHU section(s). AHU's less than 100-inches wide shall allow for forklift transport 
and maneuverability on the jobsite. 


C. Deliver units to jobsite with fan motor(s), sheave(s), and belt(s) completely assembled and 
mounted in units. 
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D. Unit shall be shipped in a clear shrink-wrap or stretch-wrap to protect unit from in-transit rain 
and debris per ASHRAE 62.1 recommendations. 


E. Installing contractor shall be responsible for storing AHU in a clean, dry place and protect from 
weather and construction traffic. Handle carefully to avoid damage to components, 
enclosures, and finish. 


 


1.08  START-UP AND OPERATING REQUIREMENTS 


A. Do not operate units for any purpose, temporary or permanent, until ductwork is clean, filters 
in place, bearings lubricated (if applicable), condensate properly trapped, piping connections 
verified and leak-tested, all shipping braces removed, bearing set screws torqued, and fan has 
been test run under observation. 


 


1.09  WARRANTY 


A. AHU manufacturer shall provide, at no additional cost, a standard parts warranty that covers a 
period of one year from unit start-up or 18 months from shipment, whichever occurs first.  
This warrants that all products are free from defects in material and workmanship and shall 
meet the capacities and ratings set forth in the equipment manufacturer's catalog and 
bulletins. 


 


PART 2  PRODUCTS 


 


2.01  ACCEPTABLE MANUFACTURERS 


A. Approved manufacturer shall be Trane, with pre-approved alternates considered. 
Manufacturers not pre-approved, must obtain pre-approval in writing from consulting 
engineer prior to bid day. Alternates must comply with all performance and features as called 
for in this specification. Job awarded on basis of specified equipment.  Alternate will be 
evaluated and considered after job is awarded. 


B. Manufacturer must clearly define any exceptions made to Plans and Specifications.  Any 
deviations in layout or arrangement shall be submitted to consulting engineer prior to bid 
date. Acceptance of deviation(s) from specifications shall be in the form of written approval 
from the consulting engineer. Mechanical Contractor is responsible for expenses that occur 
due to exceptions made. 


C. Approved Manufacturers: 


1. Trane Performance Climate Changer 


2. York Solution XT High Performance 


3. Daikin McQuay Vision Custom 
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2.02  GENERAL 


A. Unit layout and configuration shall be as defined in project plans and schedule. 


 


2.03  UNIT CASING 


A. Unit manufacturer shall ship unit in segments as specified by the contractor for ease of 
installation in tight spaces. The entire air handler shall be constructed of galvanized steel. 
Casing finished to meet ASTM B117 250-hour salt-spray test. The removal of access panels or 
access doors shall not affect the structural integrity of the unit. All removable panels shall be 
gasketed. All doors shall have gasketing around full perimeter to prevent air leakage. 
Contractor shall be responsible to provide connection flanges and all other framework that is 
needed to properly support the unit. 


B. Casing performance - Casing air leakage shall not exceed leak class 6 (CL = 6) per ASHRAE 111 
at specified casing pressure, where maximum casing leakage (cfm/100 ft2 of casing surface 
area) = CL X P0.65. 


C. Air leakage shall be determined at 1.00 times maximum casing static pressure up to 8 inches 
w.g. Specified air leakage shall be accomplished without the use of caulk.  Total estimated air 
leakage shall be reported for each unit in CFM, as a percentage of supply air, and as an 
ASHRAE 111 Leakage Class. 


D. Under 55F supply air temperature and design conditions on the exterior of the unit of 81F dry 
bulb and 73F wet bulb, condensation shall not form on the casing exterior. The AHU 
manufacturer shall provide tested casing thermal performance for the scheduled supply air 
temperature plotted on a psychrometric chart. The design condition on the exterior of the unit 
shall also be plotted on the chart. If tested casing thermal data is not available, AHU 
manufacturer shall provide, in writing to the Engineer and Owner, a guarantee against 
condensation forming on the unit exterior at the stated design conditions above.  The 
guarantee shall note that the AHU manufacturer will cover all expenses associated with 
modifying units in the field should external condensate form on them.  In lieu of AHU 
manufacturer providing a written guarantee, the installing contractor must provide additional 
external insulation on AHU to prevent condensation. 


E. Unit casing (wall/floor/roof panels and doors) shall be able to withstand up to 1.5 times design 
static pressure, or 8-inch w.g., whichever is less, and shall not exceed 0.0042 per inch of panel 
span (L/240). 


F. Floor panels shall be double-wall construction and designed to support a 300-lb load during 
maintenance activities and shall deflect no more than 0.0042 per inch of panel span. 


G. Unit casing panels shall be 2-inch double-wall construction, with solid galvanized exterior and 
solid galvanized interior, to facilitate cleaning of unit interior. 


H. Unit casing panels (roof, walls, floor) and doors shall be provided with a minimum thermal 
resistance (R-value) of 13 Hr*Ft2*°F/BTU. 


I. Unit casing panels (roof, walls, floor) and external structural frame members shall be 
completely insulated filling the entire panel cavity in all directions so that no voids exist. Panel 
insulation shall comply with NFPA 90A. 
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J. Casing panel inner liners must not extend to the exterior of the unit or contact the exterior 
frame.  A mid-span, no-through-metal, internal thermal break shall be provided for all unit 
casing panels. 


K. Access panels and/or access doors shall be provided in all sections to allow easy access to 
drain pan, coil(s), motor, drive components and bearings for cleaning, inspection, and 
maintenance. 


L. Access panels and doors shall be fully removable without the use of specialized tools to allow 
complete access of interior surfaces. 


 


2.04  OUTDOOR UNIT FEATURES 


A. Outdoor Casing Details - In addition to all other details specified within for air handling units, 
units that are installed outdoors shall also comply with the following - 


1. Outdoor air handling units shall have only single door handles for each door linking 
multiple latching points necessary to maintain the specified air leakage integrity of the 
unit and ease of maintenance. 


2. Unit Paint - External surfaces of all outdoor unit casings shall be prepared and painted 
with a minimum 1.5 mil thick water based polyurethane finish or equal. Paint shall be 
able to withstand a salt spray test in accordance with ASTM B117 for a minimum of 500 
consecutive hours.  


3. Unit Base - Outdoor units shall have a welded base and steel cross members for 
structural rigidity and supports the full perimeter of the air handling unit.  AHU panels 
must overhang the primary unit base such that no ledge exists for water to pool.  The 
entire AHU perimeter shall be sealed for additional water management protection.  A 
drain pan under the entire unit or sections shall not be an acceptable alternative to 
prevent water from entering the building space. 


4. Unit Roof - Outdoor unit roofs shall incorporate a standing seam on the exterior to 
ensure a rigid roof construction and prevent water infiltration.  Roof assembly shall 
overhang all walls by 1.5-inch minimum to prevent sheeting from roof to side panels.  
Rain gutters shall also be provided over all doors to direct rain away from the door 
assembly. Outdoor roofs shall be sloped, not less than 0.125 inches per foot, for water 
drainage.  Where outdoor units are shipped in multiple sections, provide standing-seam 
joiners at each split with adhesive, hardware, and cover strips for field joining by the 
installing contractor. 


5. Weather Hoods - Outside and exhaust air weather hoods shall be fabricated from the 
same material as the unit exterior.  Hoods shall extend past the perimeter of the unit 
casing opening to ensure the hood does not obstruct the airflow path. Hoods shall be 
painted with the same paint requirements identified for the external casing herein. 


a. Outside air inlet hoods for each outside damper shall be provided with a high 
performance moisture eliminator to prevent entrainment of water into the unit 
from outside air.  Exhaust hoods shall be provided on exhaust air openings and 
shall include a bird screen. 
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b. All hoods shall be sized for 100 percent of nominal damper capacities and with 
bird screens or similar protection to prevent nesting and entry into AHU inlet or 
exhaust paths. 


6. Factory Supplied Roofcurb - Roof curbs shall be provided where indicated on the plans 
and shall be galvanized steel.  Roof curb shall support the full perimeter of the air 
handling unit, including pipe chases. A 2" x 4" nominal wood nailing strip shall be 
supplied attached to the roof curb.  Wood nailing strip shall be of #4 Spruce or #4 
Yellow Pine. Roof curb shall include frame work necessary to support supply and return 
duct installation prior to unit placement. Roof curb shall be shipped loose for field 
installation prior to unit placement. 


7. The AHU manufacturer shall provide external pipe cabinet assemblies as indicated on 
the schedule and drawings.  External pipe cabinets shall be factory assembled and 
shipped with the units for field mounting.  Pipe cabinets shall have a minimum internal 
depth of 36 inches.  Cabinet walls and doors shall be the same double-wall construction 
and exterior color/finish as the unit wall panels.  Cabinet roofs shall be sloped away 
from the unit for water drainage. 


 


2.05  ACCESS DOORS 


A. Access doors shall be 2-inch double-wall construction.  Interior and exterior shall be of the 
same construction as the interior and exterior wall panels. 


B. Gasketing shall be provided around the full perimeter of the doors to prevent air leakage. 


C. Door hardware shall be surface-mounted to prevent through-cabinet penetrations that could 
likely weaken the casing leakage and thermal performance. 


D. Handle hardware shall be designed to prevent unintended closure. 


E. Access doors shall be hinged and removable without the use of specialized tools. 


F. Hinges shall be interchangeable with the door handle hardware to allow for alternating door 
swing in the field to minimize access interference due to unforeseen job site obstructions. 
Hinges shall be constructed of galvanized steel. 


G. Door handle hardware shall be adjustable and visually indicate locking position of door latch 
external to the section. 


H. All doors shall be a 60-inch high when sufficient unit height is available, or the maximum 
height allowed by the unit height. 


J. A single door handle shall be provided for each door linking multiple latching points necessary 
to maintain the specified air leakage integrity of the unit. 


 


2.06  PRIMARY DRAIN PANS 


A. All heating coil sections shall be provided with an insulated, double-wall, galvanized steel drain 
pan. 
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B. The drain pan shall be designed in accordance with ASHRAE 62.1 being of sufficient size to 
collect all condensation produced from the coil and sloped in two planes, pitched toward drain 
connections, promoting positive drainage to eliminate stagnant water conditions when unit is 
installed level and trapped per manufacturer's requirements. See section 2.07, paragraph F 
through H for specifications on intermediate drain pans between cooling coils. 


C. The outlet shall be located at the lowest point of the pan and shall be sufficient diameter to 
preclude drain pan overflow under any normally expected operating condition. 


D. All drain pan threaded connections shall be visible external to the unit. Threaded connections 
under the unit floor shall not be accepted. 


E. Drain connections shall be of the same material as the primary drain pan and shall extend a 
minimum 2-1/2-inch beyond the base to ensure adequate room for field piping of condensate 
traps. 


F. The installing contractor is responsible to ensure the unit is installed level, trapped in 
accordance with the manufacturer's requirements, and visually inspected to ensure proper 
drainage of condensate. 


G. Coil support members inside the drain pan shall be of the same material as the drain pan and 
coil casing. 


 


2.07  FANS 


A. Fan sections shall have a minimum of one hinged and latched access door located on the drive 
side of the unit to allow inspection and maintenance of the fan, motor, and drive components. 
Construct door(s) per Section 2.04. 


B. Provide fans of type and class as specified on the schedule.   


C. Direct drive plenum fans with integral frame motors, shall be rigid mounted. Fan shall be 
dynamically balanced throughout the operating range to a BV-3 (0.15 in/s) per AMCA 204 test 
standard. Internally-mounted motor shall be on the same fan base. A flexible connection shall 
be installed between fan and unit casing to ensure complete isolation. Flexible connection 
shall comply with NFPA 90A and UL 181 requirements. 


D. Direct drive plenum fans provided with ECM motors shall be balanced to a G6.3 per AMCA 
204. No vibration isolation base required for these type fans. Motors for these fan types shall 
include an integral PID controller that will accept a 0-10VDC input signal for variable speed 
control. 


E. Direct drive plenum fans provided with ECM motors shall be single width, single inlet fan with 
high efficiency welded-aluminum impeller that is dynamically balanced as an assembly. 


1. Fan shall be maintenance free throughout its operating life. 


2. Fans shall be balanced to a G6.3 per AMCA 204. No vibration isolation base is 
necessary. 


3. Access to motor and fan assembly though hinged access door must be provided.  
Access door shall be sized for removal of entire motor and fan assembly.   
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4. Motor shall contain integrated PID controller and accept a 0-10VDC input signal for 
variable speed control. 


5. Motorized impeller fans shall be rated in accordance with AHRI Standard 430. 


6. Motorized impeller fan section shall include expanded metal door guard(s) supplied on 
the access door(s) to the fan.  Door guard is intended to deter unauthorized entry and 
incidental contact with rotating components. 


F. Fan airflow measurement systems shall be provided as indicated on the schedule and 
drawings to measure fan airflow directly or to measure differential pressure that can be used 
to calculate airflow.  The accuracy of the devices shall be no worse than +/- 5 percent when 
operating within stable fan operating conditions.  Devices shall not affect the submitted fan 
performance and acoustical levels.  Devices that obstruct the fan inlet or outlet shall not be 
acceptable.  Devices shall be connected to transducers with selectable 4-20 mA or 2-10 VDC 
output.  Signal shall be proportional to air velocity. 


 


G. MOTORS 


1. Motors shall meet or exceed all NEMA Standards Publication MG 1 - 2006 requirements 
and comply with NEMA Premium efficiency levels when applicable. Motors shall comply 
with applicable requirements of NEC and shall be UL Listed. 


2. Fan Motors shall be heavy duty, open drip-proof operable at 460 volts, 60Hz, 3-phase. 
If applicable, motor efficiency shall meet or exceed NEMA Premium efficiencies. 


3. Direct driven fans utilizing integral frame motors shall use 2-pole (3600 rpm), 4-pole 
(1800 rpm) or 6-pole (1200 rpm) motors, NEMA Design B, with Class B insulation 
capable to operate continuously at 104 deg F (40 deg C) without tripping overloads. 


4. Motors shall have a +/- 10 percent voltage utilization range to protect against voltage 
variation. 


 


2.08  COILS 


A. Coils section header end panel shall be removable to allow for removal and replacement of 
coils without impacting the structural integrity of the unit. 


B. Install coils such that headers and return bends are enclosed by unit casing to ensure that if 
condensate forms on the header or return bends, it is captured by the drain pan under the 
coil. 


C. Coils shall be manufactured with plate fins to minimize water carryover and maximize airside 
thermal efficiency. Fin tube holes shall have drawn and belled collars to maintain consistent 
fin spacing to ensure performance and air pressure drop across the coil as scheduled. Tubes 
shall be mechanically expanded and bonded to fin collars for maximum thermal conductivity. 
Use of soldering or tinning during the fin-to-tube bonding process is not acceptable due to the 
inherent thermal stress and possible loss of bonding at that joint. 


D. Construct coil casings of galvanized steel. End supports and tube sheets shall have belled tube 
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holes to minimize wear of the tube wall during thermal expansion and contraction of the tube. 


E. All coils shall be completely cleaned prior to installation into the air handling unit. Complete fin 
bundle in direction of airflow shall be degreased and steam cleaned to remove any lubricants 
used in the manufacturing of the fins, or dirt that may have accumulated, in order to minimize 
the chance for water carryover. 


F. Hydronic Coils 


1. Supply and return header connections shall be clearly labeled on unit exterior such that 
direction of coil water-flow is counter to direction of unit air-flow. 


2. Coils shall be proof-tested to 300 psig and leak-tested to 200 psig air pressure under 
water. 


3. Headers shall be constructed of round copper pipe or cast iron. 


4. Tubes shall be 1/2-inch .016 copper, with aluminum fins. 


5. Hydronic coils shall be supplied with factory installed drain and vent piping to the unit 
exterior. 


 


2.09  FILTERS 


A. Provide factory-fabricated filter section of the same construction and finish as unit casings.  
Filter section shall have side access filter guides and access door(s) extending the full height of 
the casing to facilitate filter removal.  Construct doors in accordance with Section 2.04. 
Provide fixed filter blockoffs as required to prevent air bypass around filters.  Blockoffs shall 
not need to be removed during filter replacement. Filters to be of size, and quantity needed to 
maximize filter face area of each particular unit size. 


B. Filter type, MERV rating, and arrangement shall be provided as defined in project plans and 
schedule 


C. Manufacturer shall provide one set of startup filters. 


 


2.10  DAMPERS 


A. All dampers shall be internally mounted. Dampers shall be premium ultra low leak and located 
as indicated on the schedule and plans.  Blade arrangement (parallel or opposed) shall be 
provided as indicated on the schedule and drawings. Dampers shall be Ruskin CD60 double-
skin airfoil design or equivalent for minimal air leakage and pressure drop. Leakage rate shall 
not exceed 3 CFM/square foot at one inch water gauge complying with ASHRAE 90.1 
maximum damper leakage and shall be AMCA licensed for Class 1A.  All leakage testing and 
pressure ratings shall be based on AMCA Standard 500-D.  Manufacturer shall submit brand 
and model of damper(s) being furnished, if not Ruskin CD60. 
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2.11  ACCESS SECTIONS 


A. Access sections shall be provided where indicated in the schedule and plans to allow 
additional access for inspection, cleaning, and maintenance of unit components.  The unit shall 
be installed for proper access.  Procedure for proper access, inspection and cleaning of the 
unit shall be provided in the AHU manufacturer's maintenance manual.  Access section doors 
shall be constructed per Section 2.04. 


 


2.12  FACTORY-ENGINEERED AUTOMATIC TEMPERATURE CONTROLS 


A. Unit shall be provided with a factory wired, installed and tested unit controller, capable of 
standalone unit control, or tied into a building automation system through Bacnet 
communication. All control points in unit shall be tested at the unit manufacturers facility prior 
to shipment. 


B. Damper actuators shall be selected, provided, and mounted by the AHU manufacturer on each 
damper. Actuators shall be of sufficient size and quantity to ensure complete damper 
operation. Actuators shall be direct coupled to minimize linkage. 


C. Differential pressure switches shall be provided by the AHU manufacturer. Pressure switches 
shall be factory installed across each filter bank for individual filters to monitor clean/dirty 
filter status. 


D. Differential pressure gauges shall be provided by the AHU manufacturer. Pressure gauges shall 
be factory installed across each filter bank for individual filters. The gauge shall be diaphragm-
actuated dial type. 


E. A momentary push-button reset circuit using a double-pole low limit switch shall be provided 
by the AHU manufacturer. Low limits shall be factory engineered to maximize coil coverage. 
Capillary radius clips shall be used at low limit bends to ensure no crimping or wear of low 
limits. Low limits shall be wired to shut down the fan to protect the unit. 


F. Fan status switches shall be provided and mounted by the AHU manufacturer. 


G. On variable volume units, a discharge temperature sensors shall be provided and mounted on 
the fans by the AHU manufacturer. Temperature sensors mounted within the AHU shall have 
sensor material selected to integrate with the BAS controller. 


H. Outside air temperature sensors shall be provided at the jobsite. 


I. Averaging temperature sensors shall be provided by the AHU manufacturer. Sensors shall be 
factory engineered to accurately measure mixed air temperatures. Capillary radius clips shall 
be used at capillary bends to ensure no crimping or wear of the tube.  Temperature sensors 
mounted within the AHU shall have sensor material selected to integrate with the BAS 
controller. 


J. For variable-air-volume units, duct static pressure switches shall be provided by the AHU 
manufacturer in the unit. Switches shall be piped in the field. 


K. Valves shall be provided by the AHU manufacturer. Valves shall be shipped from the valve 
manufacturer directly to the job site or Mechanical Contractor for installation. Electrical 
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connections shall be provided on the valves and at the AHU coil section for field connection. 


L. See section 2.07, paragraph F for specifications on "Fan Airflow Measurement Systems". 


 


2.13  Unit DDC Controller 


A. One programmable DDC controller shall be provided by the AHU manufacturer for each AHU 
as indicated on the schedule and drawings. Control of multiple units from a single controller is 
not acceptable. Each programmable DDC controller shall use the BACnet protocol and certified 
to ensure open communication with other open BASs. Complete communications and 
diagnostics including all AI, BI, AO, BO, set points and alarms shall only require a twisted pair of 
wires between the unit controller and the BAS. Each unit controller shall be factory wired to 
the unit end devices. For indoor units, each controller shall have a user display touch screen 
for user interface. The display on indoor units shall be unit mounted in the factory. For 
outdoor units, one portable user display touch screen for user interface shall be provided for 
all controllers. Displays shall give user access to AHU status, set points and alarms. 


B. The programmable DDC controller and the control components shall be selected, mounted, 
wired and tested by the AHU manufacturer to ensure delivery of specified performance and to 
minimize jobsite startup time. Testing shall be performed to ensure wiring continuity between 
the controller and all devices, and to ensure proper operation of the end devices. DDC 
controllers shall be located on unit as indicated on the drawings. 


C. Factory mounted controller shall be preprogrammed at the factory to minimize startup delay 
of the unit(s) at the job site. Controller shall be programmed with manufactures preferred 
standard basic programming based on unit configuration and options. Any additional 
programming or custom programming shall be provided at the job site by the unit 
manufacturer or controls contractor. 


 


2.14  Control Sequence 


A. Coordination: 
1. The Unit Manufacturer (UM) shall provide the units as outlined under the 


equipment specifications & schedules.  
2. The Unit Manufacturer (UM) shall provide, factory install & wire a BACnet DDC 


controller, sensors, relays, status sensors & dampers actuators. 
3. The Mechanical contractor (MC) shall provide coordination between the Unit 


Manufacturer (UM) & the ATC contractor (ATC) for a complete integrated 
system. 


4. The following sequence of operations shall be the responsibility of the Unit 
Manufacturer (UM). 


B. Stand Alone Controls:  
 
The Air Handling Unit Controller shall send the controller Occupied Bypass, Morning 
Warm-up, Occupied / Unoccupied and Heat / Vent modes.  
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C. Occupied Mode:  
 
During occupied periods, the supply fan shall run continuously and the outside air 
damper shall open to maintain minimum ventilation requirements. The hot water 
heating control valve shall modulate to maintain the occupied space temperature 
setpoint.  If ventilation mode is enabled the outside air damper shall modulate to 
maintain the occupied space temperature setpoint. 


D. Unoccupied Mode:  
 


1.  When the space temperature is below the unoccupied heating setpoint of 60.0 
deg. F (adj.) the supply fan shall start, the outside air damper shall remain closed 
and the hot water control valve shall be enabled.  When the space temperature 
rises above the unoccupied heating setpoint of 60.0 deg. F (adj.) plus the 
unoccupied differential of 4.0 deg. F (adj.) the supply fan shall stop and the hot 
water control valve shall be disabled. 


E. Optimal Start:  


The air handling unit controller shall monitor the scheduled occupied time, occupied 
space setpoints and space temperature to calculate when the optimal start occurs. 


F. Morning Warm-Up Mode:  


During optimal start, if the space temperature is below the occupied heating setpoint a 
morning warm-up mode shall be activated. When morning warm-up is initiated, the 
unit shall enable the heating and supply fan. The outside air damper shall remain 
closed. When the space temperature reaches the occupied heating setpoint (adj.), the 
unit shall transition to the occupied mode. 


G. Occupied Bypass:  


The BAS shall monitor the status of the “on” and “cancel” buttons of the space 
temperature sensor. When an occupied bypass request is received from a space sensor, 
the unit shall transition from its current occupancy mode to occupied bypass mode and 
the unit shall maintain the space temperature to the occupied setpoints (adj.). 


H. Heating Mode:  


The unit controller shall monitor space temperature and space temperature heating 
setpoint to determine when to initiate requests for heat. When the space temperature 
drops below the space temperature heating setpoint, the controller shall enable the 
modulating hot water control valve, then the controller shall modulate the hot water 
control valve to the necessary rate to satisfy the space temperature heating setpoint. 
The supply fan speed shall vary to meet zone heating requirements in conjunction with 
the heating control valve output.  Once the space temperature rises above the setpoint, 
the heating cycle shall be disabled. 
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I. Economizer / Ventilation Mode: 


The supply air sensor shall measure the dry bulb temperature of the air leaving the coil 
while economizing.  When economizing is enabled and the unit is operating in the 
ventilation mode, the economizer damper shall modulate between its minimum 
position and 100% to maintain the space temperature setpoint.  Minimum position 
shall be calculated based on supply fan speed.  If the supply air temperature starts to 
fall below supply air temperature setpoint, the outdoor damper shall be at minimum 
position.   


J. Supply Fan Operation:  


The supply fan shall be enabled while in the occupied mode and cycled on during the 
unoccupied mode. The unit controller shall vary the supply fan speed to optimize 
minimum fan speed in all cooling and heating modes. A differential pressure switch 
shall monitor the differential pressure across the fan. If the switch does not open within 
40 seconds after a request for fan operation a fan failure alarm shall be annunciated, 
the unit shall stop, requiring a manual reset. 


K. Space Temperature Sensor (TS) 
 


1. The Space Temperature sensor (TS) shall have a locally adjustable Heating 
setpoint with an Override Pushbutton; when the button is depressed, the LED 
shall light & the Unit shall be scheduled into the “Occupied” mode for up to 3 
hours (adj.); upon the expiration of the override, the Unit shall revert to its 
scheduled mode 


2. The setpoints shall be initially set at 72 °F (adj.) for heating (HSP) with a setpoint 
adjustment span setting of ± 4 °F (adj.).  


L. Air Filter Monitoring 
 
A Differential Pressure Switch (DPS) at each filter bank shall be set as per the 
manufacturers rating for a dirty filter. When the filter exceeds this rating, the filter 
switch shall indicate a dirty filter alarm (FILTERSP) at the GUI. 


M. Leak Detection 
 
A Condensate Pan switch shall provide an alarm to the BMS when there is liquid 
detected in the drain pan. 


N. Duct Smoke Detection  
 


1. The Division 16 Electrical Contractor (EC) shall provide the interlock wiring for the 
Unit shut down; provide the smoke detectors with a spare contact for use by the 
ATC system; provide, field install & wire the Fire Alarm System shutdown/purge 
from the FACP panel. 


2. The Division 15 Mechanical Contractor shall be install the smoke detectors 
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O. Alarms & Unit Safeties Monitoring 
 


1. Fan Failure (FANFAIL): Commanded on, but the status (CS) is off.  
2. Fan in Hand (FANHAND): Commanded off, but the status (CS) is on. 
3. Hi/Low Space Air Temp: When the Space Temperature (TS) is > 85 °F (adj.) < 55 °F 


(adj.). 
4. Hi/Low Discharge Air Temp: When the Discharge Air Temperature (DAT) is > 120 


°F (adj.) < 50 °F (adj.). 
5. Hi/Lo Mixed Air Temp: When the Mixed Air Temperature is > 85°F (adj.) < 45°F 


(adj.). 
6. High Filter Differential Pressure: When the pressure exceeds the set limit (adj.). 
7. Smoke Detector: (SMOKE) when the smoke detector sensing smoke. 
8. Heating Failure (HEATFAIL): An alarm shall be generated when the Discharge Air 


Temperature (DAT) remains within 4°F (adj.) of the heating setpoint (HSP) & the 
heating signal is > 10% open (For > 5 minutes) This alarm shall not be enabled 
until the zone has been on for 10 minutes (adj.). Freezestat shall be located 
downstream from coil and open heating control valve and close outdoor air 
damper if discharge air temperature falls below 45°F. 


  


PART 3  EXECUTION 


 


3.01  SHIPPING 


A. Paper copies of the IOM shall also be shipped with each AHU. 


B. The AHU manufacturer shall identify all shipments with the order number. Enough 
information shall be provided with each shipment to enable the Mechanical Contractor to 
confirm the receipt of units when they are received. For parts too small to mark individually, 
the AHU manufacturer shall place them in containers. 


C. To protect equipment during shipment and delivery, all indoor units shall be completely 
stretch or shrink wrapped. Wrap shall be a minimum of 7 mil plastic. Pipe ends and pipe 
connection holes in the casing shall be capped or plugged prior to shipment 


D. After loading the equipment for shipment, the AHU manufacturer shall contact the shipping 
contact on the order and provide the name of the carrier, description of equipment, order 
number, shipping point, and date of shipment. 


 


3.02  ON-SITE STORAGE 


A. If equipment is to be stored for a period of time prior to installation, the Mechanical 
Contractor shall remove all stretch or shrink wrap from units upon receipt to prevent unit 
corrosion and shall either place the units in a controlled indoor environment or shall cover the 
units with canvas tarps and place them in a well-drained area. Covering units with plastic tarps 
shall not be acceptable. 
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3.03  FIELD EXAMINATION 


A. The Mechanical Contractor shall verify that the mechanical room and/or roof are ready to 
receive work and the opening dimensions are as indicated on the shop drawings and contract 
documents. 


B. The Mechanical Contractor shall verify that the proper power supply is available prior to 
starting of the fans. 


 


3.04  INSTALLATION 


A. The Mechanical Contractor shall be responsible to coordinate ALL of his installation 
requirements with the Owner and the Owner’s selected Mechanical Contractor to ensure that 
a complete installation for each unit is being provided. Coordination efforts shall include such 
items as unloading and hoisting requirements, field wiring requirements, field piping 
requirements, field ductwork requirements, requirements for assembly of field-bolted or 
welded joints, and all other installation and assembly requirements. 


B. The AHU manufacturer shall provide all screws and gaskets for joining of sections in the field. 


C. The Mechanical Contractor shall verify that the following items have been completed prior to 
scheduling the AHU manufacturer's final inspection and start up: 


1. All spring-isolated components have had their shipping restraints removed and the 
components have been leveled. 


2. On all field-joined units, that all interconnections have been completed, i.e., electrical 
and control wiring, piping, casing joints, bolting, welding, etc. 


3. All water and steam piping connections have been completed and hydrostatically 
tested and all water flow rates have been set in accordance with the capacities 
scheduled on the Drawings. 


4. All ductwork connections have been completed and all ductwork has been pressure 
tested for its intended service. 


5. All power wiring, including motor starters and disconnects, serving the unit has been 
completed. 


6. All automatic temperature and safety controls have been completed. 


7. All dampers are fully operational. 


8. All shipping materials have been removed. 


9. All (clean) filter media has been installed in the units. 


 


3.05  LEVELING 


A. The Mechanical Contractor shall level all unit sections in accordance with the unit 
manufacturer’s instructions. The Mechanical Contractor shall provide and install all necessary 
permanent shim material to ensure individual sections and entire assembled units are level. 
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3.06  FINAL INSPECTION AND START UP SERVICE 


A. After the Mechanical Contractor has provided all water and steam piping connections, 
ductwork connections, and field control wiring, and Electrical Contractor has provided all the 
field power wiring, the Mechanical Contractor shall inspect the installation. The Mechanical 
Contractor shall then perform startup of the equipment. 


B. The Automatic Temperature Control (Building Direct Digital Control) Contractor shall be 
scheduled to be at the job site at the time of the equipment start up. 


C. The Mechanical Contractor, shall perform the following tests and services and submit a report 
outlining the results: 


1. Record date, time, and person(s) performing service. 


2. Lubricate all moving parts. 


3. Check all motor and starter power lugs and tighten as required. 


4. Verify all electrical power connections. 


5. Conduct a start up inspection per the AHU manufacturer's recommendations. 


6. Record fan motor voltage and amperage readings. 


7. Check fan rotation and spin wheel to verify that rotation is free and does not rub or 
bind. 


8. Check fan for excessive vibration. 


9. Remove all foreign loose material in ductwork leading to and from the fan and in the 
fan itself. 


10. Disengage all shipping fasteners on vibration isolation equipment. 


11. Check safety guards to insure they are properly secured. 


12. Secure all access doors to the fan, the unit and the ductwork. 


13. Switch electrical supply "on" and allow fan to reach full speed. 


14. Physically check each fan at start up and shut down to insure no abnormal or problem 
conditions exist. 


15. Check entering and leaving air temperatures (dry bulb and wet bulb) and 
simultaneously record entering and leaving chilled water temperatures and flow, steam 
pressures and flow, and outside air temperature. 


16. Check all control sequences. 


 


END OF SECTION 237313 








THE FACTORY-BUILT (CHIMNEY LINER / GENERAL USE VENT) SYSTEM SHALL BE
DESIGNED AND INSTALLED TO BE LIQUID TIGHT AND  PREVENT LEAKAGE OF THE
EXHAUST INTO THE BUILDING.


THE SYSTEM SHALL BE DESIGNED TO COMPENSATE FOR ALL THERMAL EXPANSION.


THE SINGLE WALL EXHAUST SHALL BE OF TYPE 316 STAINLESS STEEL. MINIMUM
STEEL THICKNESS SHALL BE 0.048".


PIPE JOINTS SHALL BE SEALED BY USE OF FACTORY SUPPLIED OVERLAPPING
V-BANDS AND SEALANT.


THE ENTIRE FLUE LINER SYSTEM SHALL BE FROM OUTLET TO THE TERMINATION;
INCLUDING ACCESSORIES, SHALL BE FROM THE SAME MANUFACTURER.


THE DIAMETER FOR THE EXHAUST SHALL BE VERIFIED BY THE MANUFACTURERS'
COMPUTATIONS. THE COMPUTATION SHALL BE TECHNICALLY SOUND, SHALL
FOLLOW ASHRAE CALCULATION METHODS, AND INCORPORATE THE SPECIFIC FLOW
CHARACTERISTICS OF THE PIPE.


THE SYSTEM SHALL BE LISTED AS A CHIMNEY LINER PER ULC-S635 (STANDARD FOR
CHIMNEY LINERS FOR EXISTING CHIMNEYS),


SPECIFICATION REQUIREMENTS SHALL BE MET BY USING AMPCO MODEL N OR
EQUIVALENT AS APPROVED BY THE RESPONSIBLE ENGINEER.


WALL GUIDES & PLATE ASSEMBLY IN ACCORDANCE w/ MANUFACTURER
RECOMMENDATIONS.


AMPCO MODEL N (SINGLE WALL, MODULAR VENT SYSTEM)


BOILERS:
PROPOSED AMPCO MODEL N 28"Ø ID STAINLESS
STEEL SINGLE WALL POSITIVE PRESSURE
VENTING SYSTEM, 1'-0" MAX HEIGHT ABOVE
CHIMNEY


EXISTING BRICK CHIMNEY


90° TEE BY AMPCO
PART CODE: MT
PLATE SUPPORT ASSEMBLY BY
AMPCO PART CODE: PA


WALL GUIDE ASSEMBLY BY AMPCO PART CODE:
WG & FR TYPICAL @ '-" OC VERTICALLY AND
STAGGERED


EXISTING BOILER ROOM


EXISTING BOILERS
TO REMAIN


PLATE SUPPORT ASSEMBLY PART CODE: PA
TO BE SUPPORTED BY ANGLES


PLATE SUPPORT ASSEMBLY PART CODE: PA
TO BE SUPPORTED BY ANGLES


NOTE:


ALL DISSIMILAR METALS SHALL BE TREATED OR PROPERLY
SEPARATED TO PREVENT GALVANIC AND/OR CORROSIVE EFFECTS.


EXISTING BUILDING


CHIMNEY SECTION
NOT TO SCALE


SPECIFICATION: FLUE & CHIMNEY LINER


AMPCO MODEL VSI 304/ALZ (DOUBLE WALL, MODULAR VENT SYSTEM)


POSITIVE PRESSURE FLUE


1. PROVIDE FACTORY-BUILT MODULAR CONNECTOR, MANIFOLD AND STACK
SYSTEM THAT IS TESTED AND LISTED BY THE UNDERWRITERS'
LABORATORIES, INC. FOR USE WITH BUILDING HEATING EQUIPMENT AND
APPLIANCES WHICH PRODUCE EXHAUSTED FLUE GASES AT A
TEMPERATURE NOT EXCEEDING 1000OF (FAHRENHEIT) UNDER CONTINUOUS
OPERATING CONDITIONS, AND NOT EXCEEDING 1400 OF (FAHRENHEIT)
UNDER INTERMITTENT OPERATING CONDITIONS (SEE UL103) WHEN BURNING
GASEOUS, SOLID OR LIQUID FUELS AS DESCRIBED IN NFPA-211.
ADDITIONALLY, THE VENT SYSTEM SHALL BE U.L. 103 POSITIVE PRESSURE
TESTED AND LISTED.


2. THE U.L. LISTED AIR INSULATED FLUE GAS VENT SYSTEM SHALL HAVE SKIN
TEMPERATURES THAT HAVE BEEN OBTAINED BY UNDERWRITERS
LABORATORIES (UL) TEST PROCEDURES. THE PUBLISHED SURFACE
TEMPERATURES SHALL BE THE RESULT OF THE UL-103 1000O FAHRENHEIT
CHIMNEY TEST.


CONSTRUCTION


1. THE DOUBLE WALL FLUE SYSTEM SHALL HAVE A 304 STAINLESS STEEL
INNER LINER AND A 304 STAINLESS STEEL OUTER JACKET. THE MATERIALS
AND CONSTRUCTION OF THE MODULAR SECTIONS AND ACCESSORIES SHALL
BE AS SPECIFIED BY THE TERMS OF THE PRODUCT'S U.L. LISTING. AIR
INSULATION BETWEEN THE INNER LINER AND OUTER JACKET SHALL BE A
NOMINAL ONE-INCH THICK.


2. ALUMINIZED STEEL SURFACES EXPOSED TO THE ELEMENTS SHALL BE
PROTECTED BY A MINIMUM OF ONE BASE COAT OF PRIMER AND ONE FINISH
COAT OF CORROSION RESISTANT PAINT SUITABLE FOR OUTER JACKET SKIN
TEMPERATURES OF THE GIVEN APPLICATION. ALL PRIMER AND PAINT TO BE
SUPPLIED BY THE INSTALLING CONTRACTOR AND SHALL BE EQUIVALENT TO
SERIES V2100 AS MANUFACTURED BY RUST-OLEUM. ALTERNATIVELY, AN
OUTER JACKET CONSTRUCTED OF 304 OR 316 STAINLESS STEEL MAY ALSO
BE CONSIDERED IN LIEU OF PAINTING.


3. THIS STACK SYSTEM SHALL BE DESIGNED AND INSTALLED TO BE GAS TIGHT
AND THUS PREVENT LEAKAGE OF COMBUSTION PRODUCTS INTO A BUILDING.


4. INNER PIPE JOINTS SHALL BE SECURELY CONNECTED AND SEALED WITH
FACTORY SUPPLIED OVERLAPPING V-BANDS AND APPROPRIATE SEALANT AS
SPECIFIED IN THE MANUFACTURER'S INSTALLATION INSTRUCTIONS.


5. THE VENT SYSTEM SHALL BE DESIGNED TO COMPENSATE FOR ALL FLUE GAS
INDUCED THERMAL EXPANSION.


BASIS OF DESIGN:


AMPCO/SUPERIOR ENVIRONMENTAL EQUIPMENT CORP
(732) 282-9400
INFO@SEECBOILERS.COM


INSTALLATION


THE INNER DIAMETER OF THE FLUE SYSTEM SHALL BE VERIFIED BY THE
MANUFACTURER'S VENTING COMPUTATIONS. THE COMPUTATIONS USED SHALL
BE TECHNICALLY SOUND, FOLLOW ASHRAE CALCULATION METHODS AND SHALL
INCORPORATE THE SPECIFIC FLOW CHARACTERISTICS OF THE INNER PIPE. THE
CONTRACTOR SHALL FURNISH THE EXACT OPERATING CHARACTERISTICS OF
ALL EQUIPMENT TO THE FACTORY REPRESENTATIVE.


PROVIDE “TO SCALE” DRAWINGS DEPICTING THE ACTUAL LAYOUT. THE
PREFABRICATED FLUE SYSTEM SHALL BE INSTALLED AS DESIGNED BY THE
MANUFACTURER AND IN ACCORDANCE WITH THE TERMS OF THE
MANUFACTURER'S WARRANTY AND IN CONJUNCTION WITH SOUND ENGINEERING
PRACTICES.


INSTALL IN ACCORDANCE WITH THE MANUFACTURER'S INSTALLATION
INSTRUCTIONS, THE FLUE SYSTEM AND ITS SUPPORTING SYSTEM SHALL RESIST
SIDE LOADS AT LEAST 1.5 TIMES GREATER THAN THE WEIGHT PER FOOT OF THE
PIPING FOR BOTH HORIZONTAL AND VERTICAL PORTIONS OF THE SYSTEM.


THE PREFABRICATED FLUE SYSTEM SHALL BE INSTALLED ACCORDING TO THE
MANUFACTURER'S INSTALLATION INSTRUCTIONS AND SHALL CONFORM TO ALL
APPLICABLE STATE AND LOCAL CODES.


PROVIDE ALL MODULAR STRAIGHT SECTIONS, FITTINGS, SUPPORTS, GUIDES,
EXPANSION JOINTS, GUY SECTIONS, GUY TENSIONERS, ROOF THIMBLES, ROOF
FLASHINGS, STORM COLLARS AND STACK CAP TERMINATIONS AS REQUIRED TO
PROVIDE A COMPLETE SYSTEM PER THE MANUFACTURER'S INSTALLATION
INSTRUCTIONS.


THE ENTIRE FLUE SYSTEM FROM THE APPLIANCE OUTLET TO THE TERMINATION
POINT, INCLUDING ALL ACCESSORIES, EXCEPT AS NOTED, SHALL BE FROM ONE
MANUFACTURER.


THE VERTICAL STACK TERMINATION SHALL BE NO LESS THAN TWO FEET ABOVE
ANY PORTION OF THE BUILDING WITHIN TEN FEET OF THE STACK PENETRATION
(SEE NFPA-211).


WARRANTY


THE PREFABRICATED FLUE SYSTEM SHALL BE WARRANTED AGAINST
FUNCTIONAL FAILURE DUE TO DEFECTS IN MATERIAL AND MANUFACTURER'S
WORKMANSHIP FOR A PERIOD OF 15 YEARS FROM DATE OF INSTALLATION.


28" DIA
DOUBLE
WALL


18" DIA
DOUBLE
WALL


BOILER
#1


BOILER
#2 HWH


TRANSITION FORM
DOUBLE WALL TO
SINGLE WALL
LINER


HOT WATER HEATER:
PROPOSED AMPCO MODEL N 8"Ø ID STAINLESS
STEEL SINGLE WALL POSITIVE PRESSURE
VENTING SYSTEM, 1'-0" MAX HEIGHT ABOVE
CHIMNEY


REMOVE AND DISCARD  EXISTING BOILERS BREECHING AND FLUES.


REMOVE AND DISCARD EXISTING HOT WATER HEATER BREECHING AND FLUES.


THE FACTORY-BUILT (CHIMNEY LINER / GENERAL USE VENT) SYSTEM SHALL BE
DESIGNED AND INSTALLED TO BE LIQUID TIGHT AND  PREVENT LEAKAGE OF THE
EXHAUST INTO THE BUILDING.


THE SYSTEM SHALL BE DESIGNED TO COMPENSATE FOR ALL THERMAL EXPANSION.


THE SINGLE WALL EXHAUST SHALL BE OF TYPE 316 STAINLESS STEEL. MINIMUM
STEEL THICKNESS SHALL BE 0.048".


PIPE JOINTS SHALL BE SEALED BY USE OF FACTORY SUPPLIED OVERLAPPING
V-BANDS AND SEALANT.


THE ENTIRE FLUE LINER SYSTEM SHALL BE FROM OUTLET TO THE TERMINATION;
INCLUDING ACCESSORIES, SHALL BE FROM THE SAME MANUFACTURER.


THE DIAMETER FOR THE EXHAUST SHALL BE VERIFIED BY THE MANUFACTURERS'
COMPUTATIONS. THE COMPUTATION SHALL BE TECHNICALLY SOUND, SHALL
FOLLOW ASHRAE CALCULATION METHODS, AND INCORPORATE THE SPECIFIC FLOW
CHARACTERISTICS OF THE PIPE.


THE SYSTEM SHALL BE LISTED AS A CHIMNEY LINER PER ULC-S635 (STANDARD FOR
CHIMNEY LINERS FOR EXISTING CHIMNEYS),


SPECIFICATION REQUIREMENTS SHALL BE MET BY USING AMPCO MODEL N OR
EQUIVALENT AS APPROVED BY THE RESPONSIBLE ENGINEER. EQUIVALENT BIDS
SHALL SPECIFY MANUFACTURER, MODEL NUMBER, AND OTHER PERTINENT
IDENTIFICATION; AND ATTEST THAT THE ALTERNATE IS IN COMPLIANCE WITH ALL
SPECIFICATION REQUIREMENTS.


WALL GUIDES & PLATE ASSEMBLY IN ACCORDANCE w/ MANUFACTURER
RECOMMENDATIONS.


SCOPE: FLUE & CHIMNEY LINER
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SECTION 262726 - WIRING DEVICES


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. Receptacles, receptacles with integral GFCI, and associated device plates.
2. Weather-resistant receptacles.


1.3 DEFINITIONS


A. EMI: Electromagnetic interference.


B. GFCI: Ground-fault circuit interrupter.


C. Pigtail: Short lead used to connect a device to a branch-circuit conductor.


D. RFI: Radio-frequency interference.


E. UTP: Unshielded twisted pair.


1.4 ACTION SUBMITTALS


A. Product Data: For each type of product.


B. Shop Drawings: List of legends and description of materials and process used for pre-marking 
wall plates.


C. Samples: One for each type of device and wall plate specified.


1.5 CLOSEOUT SUBMITTALS


A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
label warnings and instruction manuals that include labeling conditions.
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PART 2 - PRODUCTS


2.1 MANUFACTURERS


A. Manufacturers' Names: Shortened versions (shown in parentheses) of the following 
manufacturers' names are used in other Part 2 articles:


1. Cooper Wiring Devices; Division of Cooper Industries, Inc. (Cooper).
2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
3. Leviton Mfg. Company Inc. (Leviton).
4. Pass & Seymour/Legrand (Pass & Seymour).
5. Or equivalent.


B. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer.


2.2 GENERAL WIRING-DEVICE REQUIREMENTS


A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.


B. Comply with NFPA 70.


C. Devices that are manufactured for use with modular plug-in connectors may be substituted 
under the following conditions:


1. Connectors shall comply with UL 2459 and shall be made with stranding building wire.
2. Devices shall comply with the requirements in this Section.


2.3 GFCI RECEPTACLES


A. General Description:


1. Straight blade, non-feed-through type.
2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596.
3. Include indicator light that shows when the GFCI has malfunctioned and no longer 


provides proper GFCI protection.


B. Duplex GFCI Convenience Receptacles, 125 V, 20 A:


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


a. Cooper; VGF20.
b. Hubbell; GFR5352L.
c. Pass & Seymour; 2095.



http://www.specagent.com/LookUp/?ulid=2075&mf=04&mf=95&src=wd&mf=04&src=wd

http://www.specagent.com/LookUp/?uid=123456818081&mf=04&src=wd

http://www.specagent.com/LookUp/?uid=123456818082&mf=04&src=wd

http://www.specagent.com/LookUp/?uid=123456803147&mf=04&src=wd

http://www.specagent.com/LookUp/?uid=123456803148&mf=04&src=wd

http://www.specagent.com/LookUp/?ulid=2086&mf=04&mf=95&src=wd&mf=04&src=wd

http://www.specagent.com/LookUp/?uid=123456818101&mf=04&src=wd

http://www.specagent.com/LookUp/?uid=123456818102&mf=04&src=wd

http://www.specagent.com/LookUp/?uid=123456818103&mf=04&src=wd
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d. Leviton; 7590.
e. Or equivalent.


2.4 WALL PLATES


A. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-
resistant, die-cast aluminum with lockable in-use cover.


2.5 FINISHES


A. Device Color:


1. Wiring Devices Connected to Normal Power System: Brown.


PART 3 - EXECUTION


3.1 INSTALLATION


A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 
indicated.


B. Conductors:


1. Do not strip insulation from conductors until right before they are spliced or terminated 
on devices.


2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid 
scoring or nicking of solid wire or cutting strands from stranded wire.


3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, 
Article 300, without pigtails.


C. Device Installation:
1. Keep each wiring device in its package or otherwise protected until it is time to connect 


conductors.
2. Do not remove surface protection, such as plastic film and smudge covers, until the last 


possible moment.
3. Connect devices to branch circuits using pigtails that are not less than 6 inches in length.
4. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 


conductor tightly clockwise, two-thirds to three-fourths of the way around terminal 
screw.


5. Use a torque screwdriver when a torque is recommended or required by manufacturer.
6. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice 


No. 12 AWG pigtails for device connections.
7. Tighten unused terminal screws on the device.



http://www.specagent.com/LookUp/?uid=123456818104&mf=04&src=wd
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8. When mounting into metal boxes, remove the fiber or plastic washers used to hold 
device-mounting screws in yokes, allowing metal-to-metal contact.


D. Receptacle Orientation:


1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted 
receptacles to the left.


3.2 GFCI RECEPTACLES


A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is 
not required.


3.3 IDENTIFICATION


A. Comply with Section 260553 "Identification for Electrical Systems."


3.4 FIELD QUALITY CONTROL


A. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative:


1. In healthcare facilities, prepare reports that comply with recommendations in NFPA 99.
2. Test Instruments: Use instruments that comply with UL 1436.
3. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout 


or illuminated digital-display indicators of measurement.


B. Tests for Convenience Receptacles:


1. Line Voltage: Acceptable range is 105 to 132 V.
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable.
3. Ground Impedance: Values of up to 2 ohms are acceptable.
4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.
5. Using the test plug, verify that the device and its outlet box are securely mounted.
6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit 


breaker, poor connections, inadequate fault current path, defective devices, or similar 
problems. Correct circuit conditions, remove malfunctioning units and replace with new 
ones, and retest as specified above.


C. Wiring device will be considered defective if it does not pass tests and inspections.


D. Prepare test and inspection reports.


END OF SECTION 262726
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SECTION 262813 - FUSES


PART 1 - GENERAL


1.1 RELATED DOCUMENTS


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


1.2 SUMMARY


A. Section Includes:
1. Cartridge fuses rated 600-V ac and less for use in control circuits, enclosed switches, and 


enclosed controllers.
2. Spare-fuse cabinets.


1.3 SUBMITTALS


A. Product Data:  For each type of product indicated.  Include construction details, material, 
dimensions, descriptions of individual components, and finishes for spare-fuse cabinets. Include 
the following for each fuse type indicated:
1. Ambient Temperature Adjustment Information:  If ratings of fuses have been adjusted to 


accommodate ambient temperatures, provide list of fuses with adjusted ratings.
a. For each fuse having adjusted ratings, include location of fuse, original fuse rating, 


local ambient temperature, and adjusted fuse rating.
b. Provide manufacturer's technical data on which ambient temperature adjustment 


calculations are based.
2. Dimensions and manufacturer's technical data on features, performance, electrical 


characteristics, and ratings.
3. Current-limitation curves for fuses with current-limiting characteristics.
4. Time-current coordination curves average melt and current-limitation curves 


instantaneous peak let-through current for each type and rating of fuse.  Submit on 
translucent log-log graph paper.


5. Coordination charts and tables and related data.
6. Fuse sizes for elevator feeders and elevator disconnect switches.


B. Operation and Maintenance Data:  For fuses to include in emergency, operation, and 
maintenance manuals.  In addition to items specified in Division 01 Section "Operation and 
Maintenance Data," include the following:
1. Ambient temperature adjustment information.
2. Current-limitation curves for fuses with current-limiting characteristics.
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3. Time-current coordination curves average melt and current-limitation curves 
instantaneous peak let-through current for each type and rating of fuse.  Submit on 
translucent log-log graph paper.


4. Coordination charts and tables and related data.


1.4 QUALITY ASSURANCE


A. Source Limitations:  Obtain fuses, for use within a specific product or circuit, from single source 
from single manufacturer.


B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.


C. Comply with NEMA FU 1 for cartridge fuses.


D. Comply with NFPA 70.


E. Comply with UL 248-11 for plug fuses.


1.5 PROJECT CONDITIONS


A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F or more 
than 100 deg F, apply manufacturer's ambient temperature adjustment factors to fuse ratings.


1.6 COORDINATION


A. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size 
and with system short-circuit current levels.


1.7 EXTRA MATERIALS


A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents.
1. Fuses:  Equal to 10 percent of quantity installed for each size and type, but no fewer than 


three 3 of each size and type.


PART 2 - PRODUCTS


2.1 MANUFACTURERS


A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following:
1. Cooper Bussmann, Inc.
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2. Edison Fuse, Inc.
3. Ferraz Shawmut, Inc.
4. Littelfuse, Inc.
5. Or equivalent.


2.2 CARTRIDGE FUSES


A. Characteristics:  NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent with 
circuit voltages.


2.3 SPARE-FUSE CABINET


A. Characteristics:  Wall-mounted steel unit with full-length, recessed piano-hinged door and key-
coded cam lock and pull.
1. Size:  Adequate for storage of spare fuses specified with 10 percent spare capacity 


minimum.
2. Finish:  Gray, baked enamel.
3. Identification:  "SPARE FUSES" in 1-1/2-inch high letters on exterior of door.
4. Fuse Pullers:  For each size of fuse, where applicable and available, from fuse 


manufacturer.


PART 3 - EXECUTION


3.1 EXAMINATION


A. Examine fuses before installation.  Reject fuses that are moisture damaged or physically 
damaged.


B. Examine holders to receive fuses for compliance with installation tolerances and other 
conditions affecting performance, such as rejection features.


C. Examine utilization equipment nameplates and installation instructions.  Install fuses of sizes 
and with characteristics appropriate for each piece of equipment.


D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied 
to fuse ratings.


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


3.2 FUSE APPLICATIONS


A. Cartridge Fuses:
1. Service Entrance:  Class L, time delay. 
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2. Feeders:  Class RK1, fast acting.
3. Motor Branch Circuits:  Class RK5, time delay.
4. Other Branch Circuits:  Class RK1, time delay.
5. Control Circuits:  Class CC, fast acting.


3.3 INSTALLATION


A. Install fuses in fusible devices.  Arrange fuses so rating information is readable without 
removing fuse.


B. Install spare-fuse cabinet(s).


3.4 IDENTIFICATION


A. Install labels complying with requirements for identification specified in Division 26 Section 
"Identification for Electrical Systems" and indicating fuse replacement information on inside 
door of each fused switch and adjacent to each fuse block and holder.


END OF SECTION 262813
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		E. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 FUSE APPLICATIONS

		A. Cartridge Fuses:



		3.3 INSTALLATION

		A. Install fuses in fusible devices.  Arrange fuses so rating information is readable without removing fuse.

		B. Install spare-fuse cabinet(s).



		3.4 IDENTIFICATION

		A. Install labels complying with requirements for identification specified in Division 26 Section "Identification for Electrical Systems" and indicating fuse replacement information on inside door of each fused switch and adjacent to each fuse block and holder.
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS


PART 1 - GENERAL


1.1 RELATED DOCUMENTS


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


1.2 SUMMARY


A. Section Includes:


1. Fusible switches.
2. Nonfusible switches.
3. Molded-case circuit breakers (MCCBs).
4. Molded-case switches.
5. Enclosures.


1.3 DEFINITIONS


A. NC:  Normally closed.


B. NO:  Normally open.


C. SPDT:  Single pole, double throw.


1.4 SUBMITTALS


A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component 
indicated.  Include dimensioned elevations, sections, weights, and manufacturers' technical 
data on features, performance, electrical characteristics, ratings, accessories, and finishes.


1. Enclosure types and details for types other than NEMA 250, Type 1.
2. Current and voltage ratings.
3. Short-circuit current ratings (interrupting and withstand, as appropriate).
4. Include evidence of NRTL listing for series rating of installed devices.
5. Detail features, characteristics, ratings, and factory settings of individual overcurrent 


protective devices, accessories, and auxiliary components.
6. Include time-current coordination curves (average melt) for each type and rating of 


overcurrent protective device; include selectable ranges for each type of overcurrent 
protective device.
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B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, 
details, and attachments to other work.


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


C. Qualification Data:  For qualified testing agency.


D. Manufacturer's field service report.


E. Operation and Maintenance Data:  For enclosed switches and circuit breakers to include in 
emergency, operation, and maintenance manuals.  In addition to items specified in Division 01 
Section "Operation and Maintenance Data," include the following:


1. Manufacturer's written instructions for testing and adjusting enclosed switches and 
circuit breakers.


2. Time-current coordination curves (average melt) for each type and rating of overcurrent 
protective device; include selectable ranges for each type of overcurrent protective 
device.


1.5 QUALITY ASSURANCE


A. Source Limitations:  Obtain enclosed switches and circuit breakers, overcurrent protective 
devices, components, and accessories, within same product category, from single source from 
single manufacturer.


B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.


C. Comply with NFPA 70.


1.6 PROJECT CONDITIONS


A. Environmental Limitations:  Rate equipment for continuous operation under the following 
conditions unless otherwise indicated:


1. Ambient Temperature:  Not less than minus 22 deg F and not exceeding 104 deg F.
2. Altitude:  Not exceeding 6600 feet.


B. Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied 
by Owner or others unless permitted under the following conditions:


1. Notify Architect and Owner no fewer than five days in advance of proposed interruption 
of electric service.


2. Indicate method of providing temporary electric service.
3. Do not proceed with interruption of electric service without Owner's written permission.
4. Comply with NFPA 70E.
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1.7 COORDINATION


A. Coordinate layout and installation of switches, circuit breakers, and components with 
equipment served and adjacent surfaces.  Maintain required workspace clearances and 
required clearances for equipment access doors and panels.


1.8 EXTRA MATERIALS


A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents.


1. Fuses:  Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type.


PART 2 - PRODUCTS


2.1 FUSIBLE SWITCHES


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


1. Square D; a brand of Schneider Electric.
2. No substitutions.


B. Type HD, Heavy Duty, Single Throw, 240 or 600-V ac, 1200 A and Smaller:  UL 98 and 
NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable 
handle with capability to accept three padlocks, and interlocked with cover in closed position.


C. Accessories:


1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground 
conductors.


2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors.


3. Class R Fuse Kit:  Provides rejection of other fuse types when Class R fuses are specified.
4. Lugs:  Compression type, suitable for number, size, and conductor material.
5. Service-Rated Switches:  Labeled for use as service equipment.


2.2 NONFUSIBLE SWITCHES


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


1. Square D; a brand of Schneider Electric.
2. No substitutions.
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B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, 
horsepower rated, lockable handle with capability to accept three padlocks, and interlocked 
with cover in closed position.


C. Accessories:


1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground 
conductors.


2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors.


3. Lugs:  Compression type, suitable for number, size, and conductor material.


2.3 MOLDED-CASE CIRCUIT BREAKERS


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


1. Square D; a brand of Schneider Electric.
2. No substitutions.


B. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting 
capacity to comply with available fault currents.


C. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads and 
instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for 
circuit-breaker frame sizes 250 A and larger.


D. Adjustable, Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, 
field-adjustable trip setting.


E. Electronic Trip Circuit Breakers:  Field-replaceable rating plug, rms sensing, with the following 
field-adjustable settings:


1. Instantaneous trip.
2. Long- and short-time pickup levels.
3. Long- and short-time time adjustments.
4. Ground-fault pickup level, time delay, and I2t response.


F. Features and Accessories:


1. Standard frame sizes, trip ratings, and number of poles.
2. Lugs:  Compression type, suitable for number, size, trip ratings, and conductor material.
3. Application Listing:  Appropriate for application; Type SWD for switching fluorescent 


lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting 
circuits.


4. Shunt Trip:  Trip coil energized from separate circuit, with coil-clearing contact.
5. Key Interlock Kit:  Externally mounted to prohibit circuit-breaker operation; key shall be 


removable only when circuit breaker is in off position.
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2.4 ENCLOSURES


A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to 
comply with environmental conditions at installed location.


1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1.
2. Outdoor Locations:  NEMA 250, Type 3R.


PART 3 - EXECUTION


3.1 EXAMINATION


A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance of the 
Work.


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


3.2 INSTALLATION


A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 
otherwise indicated.


B. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components.


C. Install fuses in fusible devices.


D. Comply with NECA 1.


3.3 IDENTIFICATION


A. Comply with requirements in Division 26 Section "Identification for Electrical Systems."


1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs.


2. Label each enclosure with engraved metal or laminated-plastic nameplate.


3.4 ADJUSTING


A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer.
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END OF SECTION 262816
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SECTION 265119 - LED LIGHTING


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 the following types of LED luminaires:


1. Materials.
2. Finishes.
3. Luminaire support.


1.3 DEFINITIONS


A. CCT: Correlated color temperature.


B. CRI: Color Rendering Index.


C. Fixture: See "Luminaire."


D. IP: International Protection or Ingress Protection Rating.


E. LED: Light-emitting diode.


F. Lumen: Measured output of lamp and luminaire, or both.


G. Luminaire: Complete lighting unit, including lamp, reflector, and housing.


1.4 ACTION SUBMITTALS


A. Product Data: For each type of product.


1. Arrange in order of luminaire designation.
2. Include data on features, accessories, and finishes.
3. Include physical description and dimensions of luminaires.
4. Include emergency lighting units, including batteries and chargers.
5. Include life, output (lumens, CCT, and CRI), and energy efficiency data.
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6. Photometric data and adjustment factors based on laboratory tests, complying with IES 
Lighting Measurements Testing and Calculation Guides, of each luminaire type. The 
adjustment factors shall be for lamps and accessories identical to those indicated for the 
luminaire as applied in this Project, IES LM-79 and IES LM-80.


a. Manufacturers' Certified Data: Photometric data certified by manufacturer's 
laboratory with a current accreditation under the National Voluntary Laboratory 
Accreditation Program for Energy Efficient Lighting Products.


B. Shop Drawings: For nonstandard or custom luminaires.


1. Include plans, elevations, sections, and mounting and attachment details.
2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required 


clearances, method of field assembly, components, and location and size of each field 
connection.


3. Include diagrams for power, signal, and control wiring.


C. Product Schedule: Refer to the Drawings.


1.5 INFORMATIONAL SUBMITTALS


A. Qualification Data: For testing laboratory providing photometric data for luminaires.


B. Detailed description of equipment anchorage devices on which the certification is based and 
their installation requirements.


C. Product Certificates: For each type of luminaire.


D. Product Test Reports: For each luminaire, for tests performed by manufacturer and witnessed 
by a qualified testing agency.


E. Sample warranty.


1.6 CLOSEOUT SUBMITTALS


A. Operation and Maintenance Data: For luminaires and lighting systems to include in operation 
and maintenance manuals.


1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' codes.


1.7 QUALITY ASSURANCE


A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's 
laboratory that is accredited under the NVLAP for Energy Efficient Lighting Products.


B. Provide luminaires from a single manufacturer for each luminaire type.
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1.8 DELIVERY, STORAGE, AND HANDLING


A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering 
before shipping.


1.9 WARRANTY


A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that 
fail in materials or workmanship within specified warranty period.


B. Warranty Period: Five year(s) from date of Substantial Completion.


PART 2 - PRODUCTS


2.1 MANUFACTURERS  


A. As per Lighting Fixture Schedule on Drawings.  
B. Or equivalent.


2.2 LUMINAIRE REQUIREMENTS


A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.


B. Standards:


1. UL Listing: Listed for wet and damp location.
2. Recessed luminaires shall comply with NEMA LE 4.


C. CRI of minimum 80. CCT.


D. Rated lamp life of 50,000 hours to L80.


E. Lamps dimmable from 100 percent to 0 percent of maximum light output.


F. Internal driver.


G. Nominal Operating Voltage: 120 V ac.


1. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.


H. Housings:  As schedule on the Drawings.
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2.3 MATERIALS


A. Metal Parts:


1. Free of burrs and sharp corners and edges.
2. Sheet metal components shall be steel unless otherwise indicated.
3. Form and support to prevent warping and sagging.


B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 
operating conditions, and designed to permit relamping without use of tools. Designed to 
prevent doors, frames, lenses, diffusers, and other components from falling accidentally during 
relamping and when secured in operating position.


C. Diffusers and Globes:  As scheduled on the Drawings.


D. Housings:  As scheduled on the Drawings.


E. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels 
where they will be readily visible to service personnel, but not seen from normal viewing angles 
when lamps are in place.


1. Label shall include the following lamp characteristics:


a. "USE ONLY" and include specific lamp type.
b. Lamp diameter, shape, size, wattage, and coating.
c. CCT and CRI for all luminaires.


2.4 METAL FINISHES


A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining 
components are acceptable if they are within the range of approved Samples and if they can be 
and are assembled or installed to minimize contrast.


2.5 LUMINAIRE SUPPORT


A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
channel and angle iron supports and nonmetallic channel and angle supports.


PART 3 - EXECUTION


3.1 EXAMINATION


A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of the 
Work.
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B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical 
connections before luminaire installation. Proceed with installation only after unsatisfactory 
conditions have been corrected.


3.2 INSTALLATION


A. Comply with NECA 1.


B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.


C. Install lamps in each luminaire.


D. Supports:


1. Sized and rated for luminaire weight.
2. Able to maintain luminaire position after cleaning and relamping.
3. Provide support for luminaire without causing deflection of ceiling or wall.
4. Luminaire mounting devices shall be capable of supporting a horizontal force of 100 


percent of luminaire weight and vertical force of 400 percent of luminaire weight.


E. Wall-Mounted Luminaire Support:


1. Attached to structural members in walls or Attached to a minimum 20 gauge backing 
plate attached to wall structural members. 


2. Do not attach luminaires directly to gypsum board.


F. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" for wiring connections.


3.3 IDENTIFICATION


A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems."


3.4 FIELD QUALITY CONTROL


A. Perform the following tests and inspections:


1. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation.


B. Luminaire will be considered defective if it does not pass operation tests and inspections.


C. Prepare test and inspection reports.
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END OF SECTION 265119
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LIGHT FIXTURE SCHEDULE


TYPE SYMBOL DESCRIPTION MANUFACTURER CATALOG NO. LAMPS
DRIVER


VOLTS TOTAL
WATTAGE MOUNTING


TYPE QTY


EXTERIOR WALL PACK LITHONIA
1DW-DSXF3
6-P2-40K-HMF-MVOLT-IS-PER-SF-DMG-
XX-UBV-WG-DDBXD - DLL127F 1.5 JU


INCLUDED 1 MVOLT 183  SEE NOTE 2.


EXTERIOR WALL PACK LITHONIA 1DW-WDGE-P1-70CRI-RFT-40K-MVOLT-
SRM-PBBW-DMG-SPD10KV-PE-DDBXD INCLUDED 1 MVOLT 52 SURFACE


NOTES:


1. VERIFY ALL OPERATING VOLTAGES PRIOR TO ORDERING FIXTURES.


2. FIXTURE TYPE 'SA' MOUNTED TO ARM BRACKET - LITHONIA - FSAB-T20-DDB.


SA


SB


MOUNTING
BRACKET "FSAB"


LIGHT FIXTURE
"SA"


EXISTING
BUILDING


LIGHTING FIXTURE / BRACKET DETAIL


LIBERTY STREET


N
np


 S
TR


EE
T


M
AP


LE
 S


TR
EE


T


RACEWAY IN EXISTING CORRIDOR
NOTE:
SEE KEY NOTE #2.


EXISTING
PANEL


LUNCH ROOM


3


3


3


PP4-27


PP4-25


PP4-29


PP4-26


PP4-28


4


1


2


2


2


2


22
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MECHANICAL ABBREVIATIONS
AFF ABOVE FINISHED FLOOR IOM INSTALLATION AND OPERATION MANUAL
AD ACCESS DOOR MC MECHANICAL CONTRACTOR
ATC AUTOMATIC TEMPERATURE CONTROLS MOD MOTOR OPERATED DAMPER
BDD BACKDRAFT DAMPER NAE NETWORK AUTOMATION ENGINE
BMS BUILDING MANAGEMENT SYSTEM OAI OUTDOOR AIR INTAKE
BOD BOTTOM OF DUCT OC ON CENTER
BOP BOTTOM OF PIPE PC PLUMBING CONTRACTOR
CD CEILING DIFFUSER RP RADIANT PANEL
CO CLEANOUT RR RETURN GRILLE
CFM CUBIC FEET PER MINUTE RR RETURN REGISTER
D DIAMETER SG SUPPLY GRILLE
E EXISTING SR SUPPLY REGISTER
EC ELECTRICAL CONTRACTOR TG TRANSFER GRILLE
EG EXHAUST GRILLE WMS WIRE MESH SCREEN
EG EXHAUST REGISTER WR WALL REGISTER


U


VD


FD


M


L


FC


D


R


SYMBOLS


MECHANICAL LEGEND
DESCRIPTION


NEW DUCT OR PIPE


EXISTING DUCT OR PIPE


TO BE REMOVED


FLEX TO DIFFUSER (6'-0" MAXIMUM)


RISE IN DUCT


DROP IN DUCT


FLEXIBLE DUCT CONNECTION


CEILING DIFFUSER 4 WAY BLOW


CEILING DIFFUSER 3 WAY BLOW


CEILING DIFFUSER 2 WAY BLOW


CEILING DIFFUSER 1 WAY BLOW


RETURN OR EXHAUST REGISTER


VOLUME DAMPER


FIRE DAMPER AND ACCESS DOOR


MOTOR OPERATED DAMPER


UNDERCUT DOOR


LOUVERED DOOR


THERMOSTAT


CONNECT TO EXISTING


S SENSOR


DUCT SMOKE DETECTOR


H HUMIDISTAT


SD


CO2 DETECTORC2


RS


CW


HWS


X


X
X


HWR


RL


LPS


LPC


PC


CD


SYMBOLS DESCRIPTION


KEY NOTE DESIGNATION


TOP: EQUIPMENT DESIGNATION


COLD WATER PIPING


HOT WATER SUPPLY PIPING


HOT WATER RETURN PIPING


REFRIGERANT SUCTION PIPING


REFRIGERANT LIQUID PIPING


LOW PRESSURE STEAM PIPING


LOW PRESSURE CONDENSATE PIPING


PUMPED CONDENSATE PIPING


CONDENSATE DRAIN PIPING


SHUT-OFF VALVE


BALANCE VALVE


THROTTLING VALVE


MOTOR OPERATED VALVE, THREE WAY


MOTOR OPERATED VALVE, TWO WAY


CHECK VALVE


UNION


STRAINER WITH BLOWDOWN


RELIEF VALVE


PRESSURE GAUGE


THERMOMETER


BOTTOM: UNIT NUMBER (E-SIGNIFIES EXISTING)


GAS COCK


M


M


APPLICABLE CODES:
ALL WORK SHALL BE IN STRICT ACCORDANCE WITH THE LATEST CODES AND
SUBCODES AS ADOPTED BY THE STATE OF NEW JERSEY:


· NEW JERSEY UNIFORM CONSTRUCTION CODE (NJUCC)
· REHABILITATION SUBCODE 5:23-6
· ADMINISTRATIVE CODE: TITLE 6
· 2018 INTERNATIONAL BUILDING CODE - NJ EDITION
· 2017 NATIONAL ELECTRICAL CODE
· 2018 NATIONAL STANDARD PLUMBING CODE
· 2018 INTERNATIONAL MECHANICAL CODE
· 2018 INTERNATIONAL FUEL GAS CODE
· 2016 ASHRAE 90.1 ENERGY CONSERVATION CODE
· 2016 NFPA 13
· REQUIREMENTS OF LOCAL AUTHORITY HAVING JURISDICTION


MECHANICAL GENERAL NOTES:


DRAWING
NUMBER DRAWING TITLE


M-001 GENERAL NOTES, SYMBOLS AND ABBREVIATIONS


M-200 MECHANICAL DEMOLITION PARTIAL ROOF PLAN


M-201 MECHANICAL DEMOLITION PARTIAL ROOF PLAN


M-300 MECHANICAL NEW WORK PARTIAL ROOF PLAN


M-301 MECHANICAL NEW WORK PARTIAL ROOF PLAN


M-400 MECHANICAL SCHEDULE AND DETAILS


1. DUCTING AND PIPING SHOWN ON DRAWINGS SHOW THE GENERAL RUN AND CONNECTIONS
AND MAY OR MAY NOT IN ALL PARTS BE SHOWN IN ITS EXACT POSITION. CONTRACTOR SHALL
BE RESPONSIBLE FOR ERECTING THE DUCTING/PIPING SUITABLE IN EVERY RESPECT FOR THE
WORK. DUCTWORK/PIPING SHALL BE INSTALLED SO THAT ACCESS, CLEARANCE, HEADROOM
AND PITCH ARE MAINTAINED. CONTRACTORS OF THE VARIOUS TRADES SHALL COORDINATE
THE INSTALLATION. MECHANICAL CONTRACTOR SHALL REVIEW ARCHITECTURAL DRAWINGS
FOR CHASE AND SOFFIT LOCATIONS TO COORDINATE ALL EXPOSED DUCTWORK & PIPE
ROUTING.


2. REMOVE AND REINSTALL CEILING SYSTEM AS REQUIRED FOR THE INSTALLATION OF
MECHANICAL WORK AND REPLACE IN KIND ANY COMPONENTS DAMAGED BY PERSONNEL OR
EQUIPMENT DURING PERFORMANCE OF THE WORK. PATCH AND REPAIR ALL DAMAGE CAUSED
BY REMOVAL, MATCH EXISTING ADJACENT SURFACES.


3. ALL MECHANICAL EQUIPMENT AND APPLIANCES SHALL BEAR THE LABEL OF AN APPROVING
AGENCY. LISTING AND LABELING AGENCY QUALIFICATIONS: A "NATIONALLY RECOGNIZED
TESTING LABORATORY" AS DEFINED IN THE INTERNATIONAL MECHANICAL CODE, LATEST
ADOPTED EDITION.


4. ALL PENETRATIONS THRU FIRE RATED WALLS, FLOORS, AND CEILINGS SHALL BE SEALED WITH
A UL APPROVED FIRESTOP MATERIAL SUITABLE FOR CONSTRUCTION MATERIAL TO MAINTAIN
FIRE, SMOKE, AND DRAFT INTEGRITY OF STRUCTURE. FIRE RESISTANT SEALER SHALL BE
TESTED IN ACCORDANCE WITH ASTM E84. INSTALL SEALANT, INCLUDING FOAMING, PACKING
AND OTHER ACCESSORY MATERIALS TO FILL OPENINGS WHERE FIRE-RATED WALL
PENETRATIONS OCCUR. COMPLY WITH INSTALLATION REQUIREMENTS ESTABLISHED BY
TESTERS AND INSPECTION AGENCY.


5. PATCH ALL SURFACES DISTURBED BY THIS WORK TO MATCH ADJACENT SURFACES.


6. CONTRACTOR SHALL BE RESPONSIBLE FOR THE PROPER HANDLING, DISPOSAL & ASSOCIATED
COSTS OF ALL REFRIGERANT MATERIAL, DURING THIS CONTRACT, IN ACCORDANCE WITH ALL
FEDERAL, STATE AND LOCAL CODES AND/OR REGULATIONS.


7. FURNISH AND INSTALL PIPE SLEEVES OR SLEEVE SEAL SYSTEMS AS REQUIRED. SEE
SPECIFICATION FOR DETAILS.


8. GRAVITY CONDENSATE PIPING SHALL BE PITCHED MINIMUM 1/8" PER FOOT.


26. ALL PIPING, EXCEPT IN MECHANICAL ROOMS SHALL BE ORGANIZED NEATLY AND KEPT TIGHT
TO WALLS AND CEILINGS.


27. ALL DUCTWORK SHALL BE CONNECTED TO MOTORIZED EQUIPMENT WITH FLEXIBLE DUCT
CONNECTORS.


28. ALL RECTANGULAR RIGID DUCTWORK SHALL BE CONSTRUCTED OF GALVANIZED SHEET STEEL.
FABRICATION OF DUCTWORK AND INSTALLATION SHALL BE IN ACCORDANCE WITH SMACNA
STANDARDS AND RECOMMENDATIONS.


29. ALL DUCTWORK SIZES SHOWN ON DRAWINGS ARE CLEAR INTERNAL DIMENSIONS.


30. ALL INTERIOR RECTANGULAR DUCTWORK SHALL HAVE DUCT LINER. SEE SPECIFICATION FOR
DETAILS.


31. ALL EXTERIOR DUCTWORK SHALL HAVE DUCT LINER AND EXTERNAL RIGID INSULATION AND BE
COVERED WITH SELF ADHERING PREFABRICATED PROTECTIVE MEMBRANE THAT IS UV AND
OZONE RESISTANT. THIS JACKETING SHALL BE FIELD APPLIED IN ACCORDANCE WITH
MANUFACTURER'S RECOMMENDATIONS. SEE SPECIFICATION FOR DETAILS.
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ELECTRICAL NEW WORK - EAST ELEVATION SITE LIGHTING - COURTYARD FACING CHIMNEY
SCALE: 1/8" = 1'-0"


GROUND FLOOR
+0' - 0"


FIRST FLOOR
+13' - 0 3/4"


SECOND FLOOR
+26' - 1 1/2"


ROOF D, F
+27' - 8"


GRADE
-1' - 6" +/-


+/-


+/-


+/-


GROUND FLOOR
+0' - 0"


FIRST FLOOR
+13' - 0 3/4"


ROOF A
+54' - 0"


SECOND FLOOR
+26' - 1 1/2"


THIRD FLOOR
+39' - 2 1/4"


ROOF B, H
+49' - 1 1/4"


ROOF C, G, E
+40' - 3 1/4"


GRADE
-1' - 6"


+/-


+/-


+/-


+/-


+/-


+/-


+/-


SB SB SB


SA SASASASASA


ELECTRICAL NEW WORK - WEST ELEVATION SITE LIGHTING - TOTOWA AVENUE
SCALE: 1/8" = 1'-0"


LIGHTING FIXTURE
LOCATION
(TYPICAL)


LIGHTING FIXTURE
LOCATION
(TYPICAL)
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EXISTING SECURITY
CAMERA - TYPICAL.
SEE ELECTRICAL
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MECHANICAL DEMOLITION - PARTIAL ROOF PLAN - AREAS A, B, C, D AND E
SCALE: 1/8" = 1'-0"


23


3


3


E
ACCU


E
ACCU


E
EF


2
E


EF


2
E


EF


3
E


ACCU


E
ACCU


2
E


EF


2
E


EF


2
E


EF


2
E


EF


2
E


EF


DEMOLITION KEY NOTES
PROVIDE PRE-DEMOLITION AIR AND WATER FLOW TEST FOR EXISTING
SYSTEM. MEASURE AND DOCUMENT EXISTING SUPPLY, RETURN AND
OUTSIDE AIRFLOW, STATIC PRESSURE, TEMPERATURE AND HOT WATER
SUPPLY/RETURN FLOW RATES. INCLUDE ALL ASSOCIATED AIR INLET AND
OUTLET DEVICES (APPROXIMATELY 24 LOCATIONS FOR AUDITORIUM AND
24 LOCATIONS FOR GYM) WITHIN SPACE SERVED. SPACE SERVED IS
DOUBLE HEIGHT SPACE. PROVIDE REPORT TO ENGINEER/ARCHITECT
FOR REVIEW. NOTIFY AND COORDINATE TIME WITH OWNER IN ADVANCE
OF PRE-DEMOLITION TESTING. PROVIDE PRE-DEMOLITION REPORT TO
ENGINEER BEFORE ANY WORK.


REMOVE AND DISPOSE OF EXISTING ROOFTOP UNIT IN A RESPONSIBLE
MANNER. COORDINATE TO PROVIDE TEMPORARY WEATHER-PROOF
PROTECTION ON BOTH DUCT & PIPE PENETRATIONS. MAKE EXISTING
DUNNAGE READY FOR INSTALLATION OF NEW ROOFTOP UNIT.


REMOVE AND DISCARD SUPPLY & RETURN DUCTWORK FROM ROOFTOP
UNIT TO WITHIN 6" BELOW THE EXISTING ROOF DECK. MAKE DUCTWORK
READY FOR CONNECTION TO NEW ROOFTOP UNIT. PROVIDE TEMPORARY
CAP ON BOTH SUPPLY & RETURN DUCTWORK.


REMOVE & DISCARD HOT WATER SUPPLY & RETURN PIPING FROM
ROOFTOP UNIT TO WITHIN 6" BELOW THE EXISTING ROOF DECK. CAP
BOTH SUPPLY & RETURN HOT WATER PIPE ENDS. MAKE PIPING READY
FOR RE-CONNECTION TO NEW ROOFTOP UNIT. PROVIDE TEMPORARY
SUPPORT OF EXISTING SUPPLY & RETURN PIPING.


REMOVE EXISTING HEAT TRACE AND PREPARE FOR REINSTALLATION.
FIELD VERIFY PROPER OPERATION. REPAIR OR REPLACE AS
NECCESSARY.


DISCONNECT EXISTING AUTOMATIC TEMPERATURE CONTROLS. MAKE
READY FOR CONNECTION TO NEW ROOFTOP UNIT.


EXISITNG COIL PUMP SHALL REMAIN OPERATIONAL.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


EXISTING EXHAUST FAN TO BE DISCONNECTED AND REMOVED.
COORDINATE WITH ARCHITECT/OWNER FOR TEMPORARY STORAGE
LOCATION. COORDINATE TO PROVIDE TEMPORARY WEATHER-PROOF
PROTECTION. MAKE EXHAUST FAN READY FOR RE-INSTALLATION.


DISCONNECT EXHAUST DUCTWORK FROM EXHAUST FAN TO BELOW THE
EXISTING ROOF CURB. MAKE DUCTWORK READY FOR CONNECTION TO
EXISTING EXHAUST FAN. PROVIDE TEMPORARY CAP ON EXHAUST
DUCTWORK.


DISCONNECT EXISTING AUTOMATIC TEMPERATURE CONTROLS. MAKE
READY FOR CONNECTION TO EXISTING ROOFTOP UNIT.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


EXISTING AIR-COOLED CONDENSER UNIT (ACCU) TO BE DISCONNECTED.
COORDINATE WITH ARCHITECT/OWNER FOR TEMPORARY STORAGE
LOCATION. COORDINATE TO PROVIDE TEMPORARY WEATHER-PROOF
PROTECTION. MAKE CONDENSER UNIT READY FOR RE-INSTALLATION.


CONTRACTOR SHALL VERIFY REFRIGERANT CHARGE PRIOR TO REMOVAL
OF ACCU. DISPOSE OF ANY EXCESS REFIRGERANT IN ACCORDANCE WITH
REGULATIONS. EVACULATE EXISTING SUCTION & LIQUID REFRIGERANT
LINES AND CAP. MAKE REGRIGERANT LINES READY FOR CONNECTION TO
EXISTING ACCU.


DISCONNECT EXISTING AUTOMATIC TEMPERATURE CONTROLS. MAKE
READY FOR CONNECTION TO EXISTING ROOFTOP UNIT.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


PREPARE CHIMNEY FOR INSTALLATION OF NEW VENTING SYSTEM.
REMOVE EXISTING VENTING BACK TO BOILERS AND HOT WATER HEATER
WITHIN BOILER ROOM LOCATED ON LOWEST LEVEL. REFER TO CHIMNEY
SECTION ON DRAWING M-401 FOR ADDITIONAL REQUIREMENTS.
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MECHANICAL DEMOLITION - PARTIAL ROOF
PLAN - AREAS A, F, G, H AND J
SCALE: 1/8" = 1'-0"
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DEMOLITION KEY NOTES
PROVIDE PRE-DEMOLITION AIR AND WATER FLOW TEST FOR EXISTING
SYSTEM. MEASURE AND DOCUMENT EXISTING SUPPLY, RETURN AND
OUTSIDE AIRFLOW, STATIC PRESSURE, TEMPERATURE AND HOT WATER
SUPPLY/RETURN FLOW RATES. INCLUDE ALL ASSOCIATED AIR INLET AND
OUTLET DEVICES (APPROXIMATELY 24 LOCATIONS FOR AUDITORIUM AND
24 LOCATIONS FOR GYM) WITHIN SPACE SERVED. SPACE SERVED IS
DOUBLE HEIGHT SPACE. PROVIDE REPORT TO ENGINEER/ARCHITECT
FOR REVIEW. NOTIFY AND COORDINATE TIME WITH OWNER IN ADVANCE
OF PRE-DEMOLITION TESTING. PROVIDE PRE-DEMOLITION REPORT TO
ENGINEER BEFORE ANY WORK.


REMOVE AND DISPOSE OF EXISTING ROOFTOP UNIT IN A RESPONSIBLE
MANNER. COORDINATE TO PROVIDE TEMPORARY WEATHER-PROOF
PROTECTION ON BOTH DUCT & PIPE PENETRATIONS. MAKE EXISTING
DUNNAGE READY FOR INSTALLATION OF NEW ROOFTOP UNIT.


REMOVE AND DISCARD SUPPLY & RETURN DUCTWORK FROM ROOFTOP
UNIT TO WITHIN 6" BELOW THE EXISTING ROOF DECK. MAKE DUCTWORK
READY FOR CONNECTION TO NEW ROOFTOP UNIT. PROVIDE TEMPORARY
CAP ON BOTH SUPPLY & RETURN DUCTWORK.


REMOVE & DISCARD HOT WATER SUPPLY & RETURN PIPING FROM
ROOFTOP UNIT TO WITHIN 6" BELOW THE EXISTING ROOF DECK. CAP
BOTH SUPPLY & RETURN HOT WATER PIPE ENDS. MAKE PIPING READY
FOR RE-CONNECTION TO NEW ROOFTOP UNIT. PROVIDE TEMPORARY
SUPPORT OF EXISTING SUPPLY & RETURN PIPING.


REMOVE EXISTING HEAT TRACE AND PREPARE FOR REINSTALLATION.
FIELD VERIFY PROPER OPERATION. REPAIR OR REPLACE AS
NECCESSARY.


DISCONNECT EXISTING AUTOMATIC TEMPERATURE CONTROLS. MAKE
READY FOR CONNECTION TO NEW ROOFTOP UNIT.


EXISITNG COIL PUMP SHALL REMAIN OPERATIONAL.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


EXISTING EXHAUST FAN TO BE DISCONNECTED AND REMOVED.
COORDINATE WITH ARCHITECT/OWNER FOR TEMPORARY STORAGE
LOCATION. COORDINATE TO PROVIDE TEMPORARY WEATHER-PROOF
PROTECTION. MAKE EXHAUST FAN READY FOR RE-INSTALLATION.


DISCONNECT EXHAUST DUCTWORK FROM EXHAUST FAN TO BELOW THE
EXISTING ROOF CURB. MAKE DUCTWORK READY FOR CONNECTION TO
EXISTING EXHAUST FAN. PROVIDE TEMPORARY CAP ON EXHAUST
DUCTWORK.


DISCONNECT EXISTING AUTOMATIC TEMPERATURE CONTROLS. MAKE
READY FOR CONNECTION TO EXISTING ROOFTOP UNIT.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


EXISTING AIR-COOLED CONDENSER UNIT (ACCU) TO BE DISCONNECTED.
COORDINATE WITH ARCHITECT/OWNER FOR TEMPORARY STORAGE
LOCATION. COORDINATE TO PROVIDE TEMPORARY WEATHER-PROOF
PROTECTION. MAKE CONDENSER UNIT READY FOR RE-INSTALLATION.


CONTRACTOR SHALL VERIFY REFRIGERANT CHARGE PRIOR TO REMOVAL
OF ACCU. DISPOSE OF ANY EXCESS REFIRGERANT IN ACCORDANCE WITH
REGULATIONS. EVACULATE EXISTING SUCTION & LIQUID REFRIGERANT
LINES AND CAP. MAKE REGRIGERANT LINES READY FOR CONNECTION TO
EXISTING ACCU.


DISCONNECT EXISTING AUTOMATIC TEMPERATURE CONTROLS. MAKE
READY FOR CONNECTION TO EXISTING ROOFTOP UNIT.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.
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ELECTRICAL NEW WORK - COURTYARD NORTH ELEVATION SITE LIGHTING - LEFT SIDE
SCALE: 1/8" = 1'-0"


ELECTRICAL NEW WORK - COURTYARD SOUTH ELEVATION SITE LIGHTING - RIGHT SIDE
SCALE: 1/8" = 1'-0"
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MECHANICAL NEW WORK - PARTIAL ROOF PLAN - AREAS A, B, C, D AND E
SCALE: 1/8" = 1'-0"
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KEY NOTES
PROVIDE  NEW ROOFTOP UNIT AND SECURE TO THE EXISTING RAISED
DUNNAGE.


PROVIDE NEW ROOF SUPPLY AND RETURN DUCT PENETRATION AND PIPE
PORTAL.


PROVIDE NEW SUPPLY & RETURN DUCTWORK FROM ROOFTOP UNIT TO
BELOW THE EXISTING ROOF DECK. CONNECT TO EXISTING DUCTWORK.
PROVIDE TRANSITIONS AS REQUIRED TO MAKE CONNECTION. SEAL
DUCTWORK AIRTIGHT. PROVIDE NEW EXTERNAL WRAPPED INSULATION
ON NEW AND EXISTING DUCTWORK.


CONNECT EXISTING ELECTRICAL & AUTOMATIC TEMPERATURE
CONTROLS TO NEW ROOFTOP UNIT. COORDINATE TO ENSURE ROOFTOP
UNIT IS OPERATIONAL. INTEGRATE UNIT INTO AUTOMATIC TEMPERATURE
CONTROL (ATC) SYSTEM TO PROVIDE FUNCTION AND DISPLAY.


PROVIDE NEW HOT WATER SUPPLY & RETURN PIPING FROM ROOFTOP
UNIT TO BELOW THE EXISTING ROOF DECK. CONNECT TO EXISTING.
REINSTALL HEAT TRACE TO EXISTING AND NEW HOT WATER PIPING.
PROVIDE INSULATION TO HEAT TRACE, NEW AND EXISTING PIPING.
REFER TO HOT WATER COIL PIPING DETAIL FOR NEW PIPING SPECIALTIES
REQUIRED.


PROVIDE 1-1/2" CONDENSATE DRAIN PIPING WITH MINIMUM 4" DEEP TRAP.
ROUTE PIPING TO NEAREST ROOF DRAIN AND MAINTAIN SLOPE AS PER
MANUFACTURER RECOMMENDATION.


PROVIDE AIR AND WATER FLOW TESTING AND BALANCING FOR
INSTALLED NEW SYSTEM. MEASURE AND DOCUMENT SUPPLY, RETURN
AND OUTSIDE AIRFLOW, STATIC PRESSURE, TEMPERATURE AND HOT
WATER SUPPLY/RETURN FLOW RATES. CONFIRM VALUES MATCH
SCHEDULED VALUES. PROVIDE REPORT TO ENGINEER/ARCHITECT FOR
REVIEW. NOTIFY AND COORDINATE TIME WITH OWNER IN ADVANCE OF
TESTING.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


REINSTALL EXISTING EXHAUST FAN ON ROOF CURB. RE-CONNECT TO
EXISTING DUCTWORK. PROVIDE TRANSITIONS AS REQUIRED TO MAKE
CONNECTION. SEAL DUCTWORK AIRTIGHT.


RE-CONNECT TO EXISTING ELECTRICAL & AUTOMATIC TEMPERATURE
CONTROLS. COORDINATE TO ENSURE EXHAUST FAN IS OPERATIONAL.
INTEGRATE UNIT INTO AUTOMATIC TEMPERATURE CONTROL (ATC)
SYSTEM TO PROVIDE FUNCTION AND DISPLAY.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


REINSTALL AIR-COOLED CONDENSER UNIT (ACCU) TO EXISTING
EQUIPMENT RAILS. SUCURE TO EXISTING EQUIPMENT RAILS.


RE-CONNECT TO EXISTING REFRIGERANT LINES, ELECTRICAL, &
AUTOMATIC TEMPERATURE CONTROLS. PROVIDE REFRIGERANT CHARGE
TO LEVEL IN ACCORDANCE WITH MANUFACTURERS RECOMMENDATIONS.
COORDINATE EXHAUST FAN IS OPERATIONAL. INTEGRATE UNIT INTO
AUTOMATIC TEMPERATURE CONTROL (ATC) SYSTEM TO PROVIDE
FUNCTION AND DISPLAY.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


PROVIDE NEW VENTING SYSTEM SERVING EXISTING (2) BOILERS AND
NEW VENTING SYSTEM SERVING EXISTING HOT WATER HEATER WITHIN
BOILER LOCATED ON LOWEST LEVEL. FIELD VERIFY EXACT LENGTH TO
EACH DEVICE. PROVIDE ALL ASSOCIATED FITTINGS, HANGERS,
SUPPORTS, ETC. REFER TO CHIMNEY SECTION FOR ADDITIONAL
REQUIREMENTS.
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


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


1.2 SUMMARY 


A. Section includes general requirements for single-phase and polyphase, general-purpose, 
horizontal, small and medium, squirrel-cage induction motors for use on ac power systems 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. 
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B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected 
loads at designated speeds, at installed altitude and environment, with indicated operating 
sequence, and without exceeding nameplate ratings or considering service factor. 


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. 
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2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation. 
3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation. 
4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected 


motors. 


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 230513 








MECHANICAL NEW WORK - PARTIAL ROOF PLAN -
AREAS A, F, G, H AND J
SCALE: 1/8" = 1'-0"
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KEY NOTES
PROVIDE  NEW ROOFTOP UNIT AND SECURE TO THE EXISTING RAISED
DUNNAGE.


PROVIDE NEW ROOF SUPPLY AND RETURN DUCT PENETRATION AND PIPE
PORTAL.


PROVIDE NEW SUPPLY & RETURN DUCTWORK FROM ROOFTOP UNIT TO
BELOW THE EXISTING ROOF DECK. CONNECT TO EXISTING DUCTWORK.
PROVIDE TRANSITIONS AS REQUIRED TO MAKE CONNECTION. SEAL
DUCTWORK AIRTIGHT. PROVIDE NEW EXTERNAL WRAPPED INSULATION
ON NEW AND EXISTING DUCTWORK.


CONNECT EXISTING ELECTRICAL & AUTOMATIC TEMPERATURE
CONTROLS TO NEW ROOFTOP UNIT. COORDINATE TO ENSURE ROOFTOP
UNIT IS OPERATIONAL. INTEGRATE UNIT INTO AUTOMATIC TEMPERATURE
CONTROL (ATC) SYSTEM TO PROVIDE FUNCTION AND DISPLAY.


PROVIDE NEW HOT WATER SUPPLY & RETURN PIPING FROM ROOFTOP
UNIT TO BELOW THE EXISTING ROOF DECK. CONNECT TO EXISTING.
REINSTALL HEAT TRACE TO EXISTING AND NEW HOT WATER PIPING.
PROVIDE INSULATION TO HEAT TRACE, NEW AND EXISTING PIPING.
REFER TO HOT WATER COIL PIPING DETAIL FOR NEW PIPING SPECIALTIES
REQUIRED.


PROVIDE 1-1/2" CONDENSATE DRAIN PIPING WITH MINIMUM 4" DEEP TRAP.
ROUTE PIPING TO NEAREST ROOF DRAIN AND MAINTAIN SLOPE AS PER
MANUFACTURER RECOMMENDATION.


PROVIDE AIR AND WATER FLOW TESTING AND BALANCING FOR
INSTALLED NEW SYSTEM. MEASURE AND DOCUMENT SUPPLY, RETURN
AND OUTSIDE AIRFLOW, STATIC PRESSURE, TEMPERATURE AND HOT
WATER SUPPLY/RETURN FLOW RATES. CONFIRM VALUES MATCH
SCHEDULED VALUES. PROVIDE REPORT TO ENGINEER/ARCHITECT FOR
REVIEW. NOTIFY AND COORDINATE TIME WITH OWNER IN ADVANCE OF
TESTING.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


REINSTALL EXISTING EXHAUST FAN ON ROOF CURB. RE-CONNECT TO
EXISTING DUCTWORK. PROVIDE TRANSITIONS AS REQUIRED TO MAKE
CONNECTION. SEAL DUCTWORK AIRTIGHT.


RE-CONNECT TO EXISTING ELECTRICAL & AUTOMATIC TEMPERATURE
CONTROLS. COORDINATE TO ENSURE EXHAUST FAN IS OPERATIONAL.
INTEGRATE UNIT INTO AUTOMATIC TEMPERATURE CONTROL (ATC)
SYSTEM TO PROVIDE FUNCTION AND DISPLAY.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.


REINSTALL AIR-COOLED CONDENSER UNIT (ACCU) TO EXISTING
EQUIPMENT RAILS. SUCURE TO EXISTING EQUIPMENT RAILS.


RE-CONNECT TO EXISTING REFRIGERANT LINES, ELECTRICAL, &
AUTOMATIC TEMPERATURE CONTROLS. PROVIDE REFRIGERANT CHARGE
TO LEVEL IN ACCORDANCE WITH MANUFACTURERS RECOMMENDATIONS.
COORDINATE TO ENSURE EXHAUST FAN IS OPERATIONAL. INTEGRATE
UNIT INTO AUTOMATIC TEMPERATURE CONTROL (ATC) SYSTEM TO
PROVIDE FUNCTION AND DISPLAY.


PATCH ALL SURFACES DISTURBED OR LEFT UNFINISHED BY THIS WORK
TO MATCH ADJACENT SURFACES.
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SECTION 230713 - DUCT INSULATION 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


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


1.2 SUMMARY 


A. Section includes insulating the following duct services: 
1. Indoor, supply and outdoor air. 
2. Indoor, return in air. 
3. Outdoor, exposed supply and return. 


B. Related Sections: 
1. Division 23 Section "HVAC Piping Insulation." 
2. Division 23 Section "Metal Ducts" for duct liners. 


1.3 SUBMITTALS 


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


B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 
1. Detail application of protective shields, saddles, and inserts at hangers for each type of 


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


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


C. Qualification Data:  For qualified Installer. 


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


E. Field quality-control reports. 
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1.4 QUALITY ASSURANCE 


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


B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 
identical products according to ASTM E 84, by a testing agency acceptable to authorities having 
jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, and 
cement material containers, with appropriate markings of applicable testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed 


index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed 


index of 150 or less. 


1.5 DELIVERY, STORAGE, AND HANDLING 


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


1.6 COORDINATION 


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


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


C. Coordinate installation and testing of heat tracing. 


1.7 SCHEDULING 


A. Schedule insulation application after pressure testing systems and, where required, after 
installing and testing heat tracing.  Insulation application may begin on segments that have 
satisfactory test results. 


B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 
construction. 
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PART 2 - PRODUCTS 


2.1 INSULATION MATERIALS 


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


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


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


D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 


E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process. 


F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply 
with ASTM C 534, Type II for sheet materials. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Armacell LLC; AP Armaflex 
b. Or approved equal. 


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


following:   
a. Johns Manville; Microlite 
b. Or approved equal. 


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


following:   
a. Johns Manville; 800 Series Spin-Glas 
b. Or approved equal. 


I. Mineral-Fiber, Pipe and Tank Insulation:  Mineral or glass fibers bonded with a thermosetting 
resin.  Semirigid board material with factory-applied ASJ complying with ASTM C 1393, Type II or 
Type IIIA Category 2, or with properties similar to ASTM C 612, Type IB.  Nominal density is 2.5 
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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. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Johns Manville; MicroFlex 
b. Or approved equal. 


2.2 ADHESIVES 


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


B. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Armacell LLC; Armaflex 520 Adhesive 
b. Or approved equal. 


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


3. Use adhesive that complies with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers," including 
2004 Addenda. 


C. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-127 
b. Or approved equal. 


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


3. Use adhesive that complies with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers," including 
2004 Addenda. 


D. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding 
insulation jacket lap seams and joints. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-82 
b. Or approved equal. 


2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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3. Use adhesive that complies with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers," including 
2004 Addenda. 


2.3 MASTICS 


A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with 
MIL-PRF-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when 


calculated according to 40 CFR 59, Subpart D (EPA Method 24). 


B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; 30-80/30-90 
b. Or approved equal. 


2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry film 
thickness. 


3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 


C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below ambient services. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-30 
b. Or approved equal. 


2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 35-mil dry film thickness. 
3. Service Temperature Range:  0 to 180 deg F. 
4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight. 
5. Color:  White. 


D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below ambient services. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; Encacel 
b. Or approved equal. 


2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 30-mil dry film thickness. 
3. Service Temperature Range:  Minus 50 to plus 220 deg F. 
4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight. 
5. Color:  White. 
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E. Breather Mastic:  Water based; suitable for indoor and outdoor use on above ambient services. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-10 
b. Or approved equal. 


2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness. 
3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  60 percent by volume and 66 percent by weight. 
5. Color:  White. 


2.4 LAGGING ADHESIVES 


A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation 
materials, jackets, and substrates. 
1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 


when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
2. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-50 AHV2 
b. Or approved equal. 


3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over duct insulation. 


4. Service Temperature Range:  0 to plus 180 deg F. 
5. Color:  White. 


2.5 SEALANTS 


A. FSK and Metal Jacket Flashing Sealants: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-76 
b. Or approved equal. 


2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  Aluminum. 
6. For indoor applications, use sealants that have a VOC content of 420 g/L or less when 


calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Use sealants that comply with the testing and product requirements of the California 


Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers," including 
2004 Addenda. 
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B. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-76 
b. Or approved equal. 


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 420 g/L or less when 


calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Use sealants that comply with the testing and product requirements of the California 


Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers," including 
2004 Addenda. 


2.6 FACTORY-APPLIED JACKETS 


A. Insulation system schedules indicate factory-applied jackets on various applications.  When 
factory-applied jackets are indicated, comply with the following: 
1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 


complying with ASTM C 1136, Type I. 
2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a 


removable protective strip; complying with ASTM C 1136, Type I. 
3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 


complying with ASTM C 1136, Type II. 
4. FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; 


complying with ASTM C 1136, Type II. 
5. Vinyl Jacket:  White vinyl with a permeance of 1.3 perms when tested according to 


ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and NFPA 90B. 


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


following:   
a. Johns Manville; Zeston 
b. Or approved equal. 
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2. Adhesive:  As recommended by jacket material manufacturer. 
3. Color:  Color as selected by Architect. 


D. Self-Adhesive Outdoor Jacket:  60-mil-thick, laminated vapor barrier and waterproofing 
membrane for installation over insulation located aboveground outdoors; consisting of a 
rubberized bituminous resin on a crosslaminated polyethylene film covered with white 
aluminum-foil facing. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Polyguard Products, Inc.; Alumaguard 60 
b. Or approved equal. 


2.8 TAPES 


A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 
complying with ASTM C 1136. 
1. Products:   


a. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ 
b. Or approved equal. 


2. Width:  3 inches. 
3. Thickness:  11.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 


B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C 1136. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ 
b. Or approved equal. 


2. Width:  3 inches. 
3. Thickness:  6.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 


C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 
suitable for indoor and outdoor applications. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:  : 
a. Venture Tape; 1506 CW NS 
b. Or approved equal. 


2. Width:  2 inches. 
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3. Thickness:  6 mils. 
4. Adhesion:  64 ounces force/inch in width. 
5. Elongation:  500 percent. 
6. Tensile Strength:  18 lbf/inch in width. 


D. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Venture Tape; 3520 CW 
b. Or approved equal. 


2. Width:  2 inches. 
3. Thickness:  3.7 mils. 
4. Adhesion:  100 ounces force/inch in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch in width. 


2.9 SECUREMENTS 


A. Bands: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following: 
a. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs 
b. Or approved equal. 


2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015-inch-thick, 3/4 inch 
wide with wing seal or closed seal. 


3. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted to accept 
metal bands.  Spring size determined by manufacturer for application. 


B. Insulation Pins and Hangers: 
1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for 


capacitor-discharge welding, 0.135-inch-diameter shank, length to suit depth of 
insulation indicated. 
a. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
1) AGM Industries, Inc.; CWP-1 
2) Or approved equal. 


2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully 
annealed for capacitor-discharge welding, 0.135-inch-diameter shank, length to suit 
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer. 
a. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
1) AGM Industries, Inc.; CHP-1 
2) Or approved equal. 


3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate welded to 
projecting spindle that is capable of holding insulation, of thickness indicated, securely in 
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position indicated when self-locking washer is in place.  Comply with the following 
requirements: 
a. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers 
2) Or approved equal. 


b. Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030-inch-thick by 2 inches 
square. 


c. Spindle:  Stainless steel, fully annealed, 0.106-inch-diameter shank, length to suit 
depth of insulation indicated. 


d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated 
capability to bond insulation hanger securely to substrates indicated without 
damaging insulation, hangers, and substrates. 


4. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-thick, 
stainless-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. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
1) AGM Industries, Inc.; RC-150 
2) Or approved equal. 


b. Protect ends with capped self-locking washers incorporating a spring steel insert to 
ensure permanent retention of cap in exposed locations. 


C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or Monel. 


D. Wire:  0.062-inch soft-annealed, stainless steel. 
1. Manufacturers:   


a. C & F Wire 
b. Or approved equal. 


2.10 CORNER ANGLES 


A. Stainless-Steel Corner Angles:  0.024 inch thick, minimum 1 by 1 inch, stainless steel according 
to ASTM A 167 or ASTM A 240/A 240M, Type 316. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application. 
1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 


B. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 PREPARATION 


A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 
adversely affect insulation application. 


3.3 GENERAL INSTALLATION REQUIREMENTS 


A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; 
free of voids throughout the length of ducts and fittings. 


B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for 
each item of duct system as specified in insulation system schedules. 


C. Install accessories compatible with insulation materials and suitable for the service.  Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state. 


D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 


E. Install multiple layers of insulation with longitudinal and end seams staggered. 


F. Keep insulation materials dry during application and finishing. 


G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by insulation material manufacturer. 


H. Install insulation with least number of joints practical. 


I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 


legs from point of attachment to supported item to point of attachment to structure.  
Taper and seal ends at attachment to structure with vapor-barrier mastic. 


3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer. 


J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses. 


K. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation jacket.  


Secure strips with adhesive and outward clinching staples along both edges of strip, 
spaced 4 inches o.c. 
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3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Clean and dry surface to receive 
self-sealing lap.  Staple laps with outward clinching staples along edge at 2 inches o.c. 
a. For below ambient services, apply vapor-barrier mastic over staples. 


4. Cover joints and seams with tape, according to insulation material manufacturer's written 
instructions, to maintain vapor seal. 


5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and 
at ends adjacent to duct flanges and fittings. 


L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness. 


M. Finish installation with systems at operating conditions.  Repair joint separations and cracking 
due to thermal movement. 


N. Repair damaged insulation facings by applying same facing material over damaged areas.  
Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and seal patches 
similar to butt joints. 


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. 
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D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire 
damper sleeves for fire-rated wall and partition penetrations.  Externally insulate damper 
sleeves to match adjacent insulation and overlap duct insulation at least 2 inches. 
1. Comply with requirements in Division 07 Section "Penetration Firestopping "firestopping 


and fire-resistive joint sealers. 


E. Insulation Installation at Floor Penetrations: 
1. Duct:  For penetrations through fire-rated assemblies, terminate insulation at fire damper 


sleeves and externally insulate damper sleeve beyond floor to match adjacent duct 
insulation.  Overlap damper sleeve and duct insulation at least 2 inches. 


2. Seal penetrations through fire-rated assemblies.  Comply with requirements in 
Division 07 Section "Penetration Firestopping." 


3.5 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 


A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 


3.6 INSTALLATION OF MINERAL-FIBER INSULATION 


A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 


for 100 percent coverage of duct and plenum surfaces. 
2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 


transitions. 
3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 


capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of 
vertical ducts as follows: 
a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal 


centerline of duct.  Space 3 inches maximum from insulation end joints, and 16 
inches o.c. 


b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each 
way, and 3 inches maximum from insulation joints.  Install additional pins to hold 
insulation tightly against surface at cross bracing. 


c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 


d. Do not over compress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. Cut excess portion of pins extending beyond speed washers or bend parallel with 


insulation surface.  Cover exposed pins and washers with tape matching insulation 
facing. 


4. For ducts and plenums with surface temperatures below ambient, install a continuous 
unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with 
insulation by removing 2 inches from one edge and one end of insulation segment.  
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch 
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o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-


barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot 


intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped 
pattern over insulation face, along butt end of insulation, and over the surface.  
Cover insulation face and surface to be insulated a width equal to two times the 
insulation thickness, but not less than 3 inches. 


5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.  
At end joints, secure with steel bands spaced a maximum of 18 inches o.c. 


6. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface.  Install insulation on round and flat-oval duct elbows with individually 
mitered gores cut to fit the elbow. 


7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface 
with 6-inch-wide strips of same material used to insulate duct.  Secure on alternating 
sides of stiffener, hanger, and flange with pins spaced 6 inches o.c. 


8. Volume damper control/adjustment devices shall be accessible for balancing without 
damaging or removing duct insulation. Install all damper control/adjustment devices on 
stand-offs to allow complete coverage of duct insulation. 


B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 


for 100 percent coverage of duct and plenum surfaces. 
2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 


transitions. 
3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 


capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of 
vertical ducts as follows: 
a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal 


centerline of duct.  Space 3 inches maximum from insulation end joints, and 16 
inches o.c. 


b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. each 
way, and 3 inches maximum from insulation joints.  Install additional pins to hold 
insulation tightly against surface at cross bracing. 


c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 


d. Do not over compress insulation during installation. 
e. Cut excess portion of pins extending beyond speed washers or bend parallel with 


insulation surface.  Cover exposed pins and washers with tape matching insulation 
facing. 


4. For ducts and plenums with surface temperatures below ambient, install a continuous 
unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with 
insulation by removing 2 inches from one edge and one end of insulation segment.  
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch 
o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions. 
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a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal. 


b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot 
intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped 
pattern over insulation face, along butt end of insulation, and over the surface.  
Cover insulation face and surface to be insulated a width equal to two times the 
insulation thickness, but not less than 3 inches. 


5. Install insulation on rectangular duct elbows and transitions with a full insulation section 
for each surface.  Groove and score insulation to fit as closely as possible to outside and 
inside radius of elbows.  Install insulation on round and flat-oval duct elbows with 
individually mitered gores cut to fit the elbow. 


6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface 
with 6-inch-wide strips of same material used to insulate duct.  Secure on alternating 
sides of stiffener, hanger, and flange with pins spaced 6 inches o.c. 


7. Volume damper control/adjustment devices shall be accessible for balancing without 
damaging or removing duct insulation. Install all damper control/adjustment devices on 
stand-offs to allow complete coverage of duct insulation. 


3.7 FIELD-APPLIED JACKET INSTALLATION 


A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with 
factory-applied jackets. 
1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch-thick coats of lagging adhesive. 
3. Completely encapsulate insulation with coating, leaving no exposed insulation. 


B. Where FSK jackets are indicated, install as follows: 
1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended adhesive. 
4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch-wide joint strips at end 


joints. 
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation 


with vapor-barrier mastic. 


C. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end 
joints; for horizontal applications, install with longitudinal seams along top and bottom of tanks 
and vessels.  Seal with manufacturer's recommended adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 


finish bead along seam and joint edge. 


D. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof 
sealant recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12 
inches o.c. and at end joints. 
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3.8 FINISHES 


A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 
insulation manufacturer's recommended protective coating. 


B. Do not field paint aluminum or stainless-steel jackets. 


3.9 FIELD QUALITY CONTROL 


A. Tests and Inspections: 
1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and 


insulation in layers in reverse order of their installation.  Extent of inspection shall be 
limited to one location for each duct system defined in the "Duct Insulation Schedule, 
General" Article. 


B. All insulation applications will be considered defective Work if sample inspection reveals 
noncompliance with requirements. 


3.10 DUCT INSULATION SCHEDULE, GENERAL 


A. Plenums and Ducts Requiring Insulation: 
1. Indoor, supply and outdoor air. 
2. Indoor, return and exhaust. 
3. Outdoor, supply and return. 
4. Indoor, duct silencers. 
5. Outdoor, duct silencers. 


B. Items Not Insulated: 
1. Fibrous-glass ducts. 
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 


ASHRAE/IESNA 90.1. 
3. Factory-insulated flexible ducts. 
4. Factory-insulated plenums and casings. 
5. Flexible connectors. 
6. Vibration-control devices. 
7. Factory-insulated access panels and doors. 


3.11 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 


A. Supply-air duct insulation shall be one of the following: 
1. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/cu. ft. nominal density. 
2. Mineral-Fiber Board:  1-1/2 inches thick and 3-lb/cu. ft. nominal density. 


B. Return-air duct insulation shall be one of the following: 
1. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/cu. ft. nominal density. 
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2. Mineral-Fiber Board:  1-1/2 inches thick and 3-lb/cu. ft. nominal density. 


C. Outdoor-air duct insulation shall be one of the following: 
1. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/cu. ft. nominal density. 
2. Mineral-Fiber Board:  1-1/2 inches thick and 3-lb/cu. ft. nominal density. 


D. Exhaust-air duct insulation shall be one of the following: 
1. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/cu. ft. nominal density. 
2. Mineral-Fiber Board:  1-1/2 inches thick and 3-lb/cu. ft. nominal density. 


E. Supply and return duct silencers shall be one of the following: 
1. Mineral-Fiber Blanket:  2 inches thick and 1.5-lb/cu. ft. nominal density. 
2. Mineral-Fiber Board:  1-1/2 inches thick and 3-lb/cu. ft. nominal density. 


3.12 ABOVEGROUND, OUTDOOR (OR ATTIC DUCT) AND PLENUM INSULATION SCHEDULE 


A. Insulation materials and thicknesses are identified below.  If more than one material is listed for 
a duct system, selection from materials listed is Contractor's option. 


B. Supply-air duct insulation shall be the following: 
1. Mineral-Fiber Board: 2 inches thick and 3-lb/cu. ft. nominal density. 


C. Return-air duct insulation shall be the following: 
1. Mineral-Fiber Board: 2 inches thick and 3-lb/cu. ft. nominal density. 


D. Outdoor-air duct insulation shall be the following: 
1. Mineral-Fiber Board: 2 inches thick and 3-lb/cu. ft. nominal density. 


E. Supply and return duct silencers shall be one of the following: 
1. Mineral-Fiber Board: 2 inches thick and 3-lb/cu. ft. nominal density. 


3.13 INDOOR, FIELD-APPLIED JACKET SCHEDULE 


A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-
applied jacket over the factory-applied jacket. 


B. If more than one material is listed, selection from materials listed is Contractor's option. 


C. Ducts and Plenums, Concealed: 
1. None. 


D. Ducts, duct silencers, and Plenums, Exposed: 
1. PVC, Color- As selected by Architect:  20 mils thick. 
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3.14 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 


A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-
applied jacket over the factory-applied jacket. 


B. If more than one material is listed, selection from materials listed is Contractor's option. 


C. Ducts, Duct Silencers, and Plenums, Exposed, up to 48 Inches in Diameter or with Flat Surfaces 
up to 72 Inches: 
1. Aluminum, Smooth:  0.040 inch thick. 
2. VentureClad 1577CW (All Finishes). Contractor shall install as per strict manufacturer's 


installation instructions, recommendations, and requirements. 


D. Ducts, Duct Silencers, and Plenums, Larger Than 48 Inches in Diameter or with Flat Surfaces 
Larger Than 72 Inches: 
1. Aluminum, Smooth with 1-1/4-Inch-Deep Corrugations:  0.040 inch thick. 
2. VentureClad 1577CW (All Finishes). Contractor shall install as per strict manufacturer's 


installation instructions, recommendations, and requirements. 


END OF SECTION 230713 
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SECTION 230719 - HVAC PIPING INSULATION 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section includes insulating the following HVAC piping systems: 
1. Heating hot-water piping, indoors and outdoors. 
2. Refrigerant suction and hot-gas piping, indoors and outdoors. 


B. Related Sections 
1. Section 230713 "Duct Insulation”. 


1.3 SUBMITTALS 


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


B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 
1. Detail application of protective shields, saddles, and inserts at hangers for each type of 


insulation and hanger. 
2. Detail attachment and covering of heat tracing inside insulation. 
3. Detail insulation application at pipe expansion joints for each type of insulation. 
4. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each 


type of insulation. 
5. Detail removable insulation at piping specialties. 
6. Detail application of field-applied jackets. 
7. Detail application at linkages of control devices. 


C. Qualification Data:  For qualified Installer. 


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


E. Field quality-control reports. 
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1.4 QUALITY ASSURANCE 


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


B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing 
identical products according to ASTM E 84, by a testing and inspecting agency acceptable to 
authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, 
mastic, tapes, and cement material containers, with appropriate markings of applicable testing 
agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed 


index of 50 or less. 


1.5 DELIVERY, STORAGE, AND HANDLING 


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


1.6 COORDINATION 


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


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


C. Coordinate installation and testing of heat tracing. 


1.7 SCHEDULING 


A. Schedule insulation application after pressure testing systems and, where required, after 
installing and testing heat tracing.  Insulation application may begin on segments that have 
satisfactory test results. 


B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 
construction. 
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PART 2 - PRODUCTS 


2.1 INSULATION MATERIALS 


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


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


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


D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 


E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process. 


F. Flexible Elastomeric Insulation in tubular form and fittings: Closed-cell, sponge- or expanded-
rubber materials. Comply with ASTM C 534, Type I for tubular materials. 
1. Manufacturers:  


a. Armacell; AP/Armaflex  
b. Or approved equal. 


G. Mineral-Fiber, Preformed Pipe Insulation: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Johns Manville; Micro-Lok 
b. Or approved equal. 


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. 


2.2 INSULATING CEMENTS 


A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Ramco Insulation, Inc.; Super-Stik 
b. Or approved equal. 



http://www.specagent.com/Lookup?ulid=3197
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2.3 ADHESIVES 


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


B. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-127 
b. Or approved equal. 


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


3. Use adhesive that complies with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers," including 
2004 Addenda. 


C. Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type II, Class I. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Armacell LLC; Armacell 520 Adhesive. 
b. Or approved equal. 


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


3. Adhesive shall comply with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers." 


D. ASJ Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap 
seams and joints. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-82 
b. Or approved equal. 


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


3. Use adhesive that complies with the testing and product requirements of the California 
Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers," including 
2004 Addenda. 


E. PVC Jacket Adhesive: Compatible with PVC jacket. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive 



http://www.specagent.com/LookUp/?uid=123456826947&mf=04&src=wd
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b. Or approved equal. 
2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when 


calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
3. Adhesive shall comply with the testing and product requirements of the California 


Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers." 


2.4 MASTICS 


A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with 
MIL-PRF-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when 


calculated according to 40 CFR 59, Subpart D (EPA Method 24). 


B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; 30-80/30-90 
b. Or approved equal. 


2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mildry film 
thickness. 


3. Service Temperature Range:  Minus 20 to plus 180 deg F 
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 


C. Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below-ambient services. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; 60-95/60-96. 
b. Or approved equal. 


2. Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 30-mildry film thickness. 
3. Service Temperature Range: Minus 50 to plus 220 deg F. 
4. Solids Content: ASTM D 1644, 33 percent by volume and 46 percent by weight. 
5. Color: White. 


2.5 LAGGING ADHESIVES 


A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation 
materials, jackets, and substrates. 
1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less 


when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
2. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   



http://www.specagent.com/LookUp/?uid=123456826957&mf=04&src=wd
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a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-50 AHV2 


b.  
c. Or approved equal. 


3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation. 


4. Service Temperature Range:  0 to plus 180 deg F 
5. Color:  White. 


2.6 SEALANTS 


A. Joint Sealants: 
1. Joint Sealants for Cellular-Glass, Phenolic, and Polyisocyanurate Products:   


a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 
Company; CP-76 


b. Or approved equal. 


B. ASJ Flashing Sealants and PVC Jacket Flashing Sealants: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; CP-76 
b. Or approved equal. 


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 420 g/L or less when 


calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Use sealants that comply with the testing and product requirements of the California 


Department of Health Services' "Standard Practice for the Testing of Volatile Organic 
Emissions from Various Sources Using Small-Scale Environmental Chambers," including 
2004 Addenda. 


2.7 FACTORY-APPLIED JACKETS 


A. Insulation system schedules indicate factory-applied jackets on various applications.  When 
factory-applied jackets are indicated, comply with the following: 
1. 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. 
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2.8 FIELD-APPLIED JACKETS 


A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 


B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing. 


C. Self-Adhesive Insulation Jacketing Tape:  All weather, multi-layered laminate coated with an 
aggressive cold weather acrylic adhesive, superior resistance to weathering, mold, UV and 
extreme environmental condition. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. VentureClad; 1577CW 
b. Or approved equal. 


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


following:   
a. Johns Manville; Zeston 
b. Or approved equal. 


2. Adhesive:  As recommended by jacket material manufacturer. 
3. Color:  White. 
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate. 


a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, 
unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and 
supply covers for lavatories. 


E. Metal Jacket: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller 


Company; Metal Jacketing Systems. 
b. Or approved equal. 


2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, Temper H-
14. 
a. Sheet and roll stock ready for shop or field sizing. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications: 1-mil-thick, heat-bonded polyethylene 


and kraft paper. 
d. Moisture Barrier for Outdoor Applications: 3-mil-thick, heat-bonded polyethylene 


and kraft paper. 
e. Factory-Fabricated Fitting Covers: 


1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 


elbows. 
3) Tee covers. 



http://www.specagent.com/LookUp/?uid=123456826991&mf=04&src=wd
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4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are not 


available. 


2.9 TAPES 


A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 
complying with ASTM C 1136. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following: 
a. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ. 
b. Or approved equal. 


2. Width: 3 inches. 
3. Thickness: 11.5 mils. 
4. Adhesion: 90 ounces force/inch in width. 
5. Elongation: 2 percent. 
6. Tensile Strength: 40 lbf/inch in width. 
7. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape. 


B. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 
suitable for indoor and outdoor applications. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following: 
a. Venture Tape; 1506 CW NS. 
b. Or approved equal. 


2. Width: 2 inches. 
3. Thickness: 6 mils. 
4. Adhesion: 64 ounces force/inch in width. 
5. Elongation: 500 percent. 
6. Tensile Strength: 18 lbf/inch in width. 


2.10 SECUREMENTS 


A. Bands: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs 
b. Or approved equal. 


2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015 inch thick, 1/2 inch 
3/4 inch wide with wing seal. 


B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or Monel. 



http://www.specagent.com/LookUp/?uid=123456827003&mf=04&src=wd

http://www.specagent.com/LookUp/?uid=123456827010&mf=04&src=wd
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C. Wire:  0.062-inch soft-annealed, stainless steel. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following: 
a. C & F Wire 
b. Or approved equal. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application. 
1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 PREPARATION 


A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 
adversely affect insulation application. 


B. 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 piping including fittings, valves, and specialties. 


B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required 
for each item of pipe system as specified in insulation system schedules. 
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C. Install accessories compatible with insulation materials and suitable for the service.  Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state. 


D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 


E. Install multiple layers of insulation with longitudinal and end seams staggered. 


F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 


G. Keep insulation materials dry during application and finishing. 


H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by insulation material manufacturer. 


I. Install insulation with least number of joints practical. 


J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 


legs from point of attachment to supported item to point of attachment to structure.  
Taper and seal ends at attachment to structure with vapor-barrier mastic. 


3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer. 


4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over 
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield. 


K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses. 


L. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation jacket.  


Secure strips with adhesive and outward clinching staples along both edges of strip, 
spaced 4 inches o.c. 


3. Overlap jacket longitudinal seams at least 1-1/2 inches Install insulation with longitudinal 
seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps 
with outward clinching staples along edge at 2 inches o.c. 
a. For below-ambient services, apply vapor-barrier mastic over staples. 


4. Cover joints and seams with tape, according to insulation material manufacturer's written 
instructions, to maintain vapor seal. 


5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and 
at ends adjacent to pipe flanges and fittings. 


M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness. 
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N. Finish installation with systems at operating conditions.  Repair joint separations and cracking 
due to thermal movement. 


O. Repair damaged insulation facings by applying same facing material over damaged areas.  
Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and seal patches 
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. 
1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 


and fire-resistive joint sealers. 
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E. Insulation Installation at Floor Penetrations: 
1. Pipe: Install insulation continuously through floor penetrations. 
2. Seal penetrations through fire-rated assemblies. Comply with requirements in 


Section 078413 "Penetration Firestopping." 


3.5 GENERAL PIPE INSULATION INSTALLATION 


A. Requirements in this article generally apply to all insulation materials except where more 
specific requirements are specified in various pipe insulation material installation articles. 


B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 
1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with 


continuous thermal and vapor-retarder integrity unless otherwise indicated. 
2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from 


same material and density as adjacent pipe insulation.  Each piece shall be butted tightly 
against adjoining piece and bonded with adhesive.  Fill joints, seams, voids, and irregular 
surfaces with insulating cement finished to a smooth, hard, and uniform contour that is 
uniform with adjoining pipe insulation. 


3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same 
material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt 
each section closely to the next and hold in place with tie wire.  Bond pieces with 
adhesive. 


4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 
insulation by not less than two times the thickness of pipe insulation, or one pipe 
diameter, whichever is thicker.  For valves, insulate up to and including the bonnets, 
valve stuffing-box studs, bolts, and nuts.  Fill joints, seams, and irregular surfaces with 
insulating cement. 


5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 
insulation by not less than two times the thickness of pipe insulation, or one pipe 
diameter, whichever is thicker.  Fill joints, seams, and irregular surfaces with insulating 
cement.  Insulate strainers so strainer basket flange or plug can be easily removed and 
replaced without damaging the insulation and jacket.  Provide a removable reusable 
insulation cover.  For below-ambient services, provide a design that maintains vapor 
barrier. 


6. Insulate flanges and unions using a section of oversized preformed pipe insulation.  
Overlap adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. 


7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a 
mastic.  Install vapor-barrier mastic for below-ambient services and a breather mastic for 
above-ambient services.  Reinforce the mastic with fabric-reinforcing mesh.  Trowel the 
mastic to a smooth and well-shaped contour. 


8. For services not specified to receive a field-applied jacket except for flexible elastomeric 
and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and 
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unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining insulation 
facing using PVC tape. 


9. Stencil or label the outside insulation jacket of each union with the word "union."  Match 
size and color of pipe labels. 


C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, 
test connections, flow meters, sensors, switches, and transmitters on insulated pipes.  Shape 
insulation at these connections by tapering it to and around the connection with insulating 
cement and finish with finishing cement, mastic, and flashing sealant. 


D. Install removable insulation covers at locations indicated.  Installation shall conform to the 
following: 
1. Make removable flange and union insulation from sectional pipe insulation of same 


thickness as that on adjoining pipe.  Install same insulation jacket as adjoining pipe 
insulation. 


2. When flange and union covers are made from sectional pipe insulation, extend insulation 
from flanges or union long at least two times the insulation thickness over adjacent pipe 
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 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 


A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 


B. Install Elastomeric Insulation on all piping and accessories in accordance manufacturer’s 
recommendation to maintain the vapor barrier. 


C. Insulation Installation on Pipe Flanges: 
1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 


thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 


adjacent straight pipe segments with cut sections of sheet insulation of same thickness as 
pipe insulation. 
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4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive 
to eliminate openings in insulation that allow passage of air to surface being insulated. 


D. Insulation Installation on Pipe Fittings and Elbows: 
1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive 


to eliminate openings in insulation that allow passage of air to surface being insulated. 


E. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed valve covers manufactured of same material as pipe insulation when 


available. 
2. When preformed valve covers are not available, install cut sections of pipe and sheet 


insulation to valve body. Arrange insulation to permit access to packing and to allow valve 
operation without disturbing insulation. 


3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 


recommended adhesive to eliminate openings in insulation that allow passage of air to 
surface being insulated. 


3.7 INSTALLATION OF MINERAL-FIBER INSULATION 


A. Insulation Installation on Straight Pipes and Tubes: 
1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten 


bands without deforming insulation materials. 
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 


with vapor-barrier mastic and joint sealant. 
3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with 


outward-clinched staples at 6 inches o.c. 
4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple 


longitudinal tabs.  Instead, secure tabs with additional adhesive as recommended by 
insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant. 


B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 


thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 


adjacent straight pipe segments with mineral-fiber blanket insulation. 
4. Install jacket material with manufacturer's recommended adhesive, overlap seams at 


least 1 inch 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. 
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2. When preformed insulation elbows and fittings are not available, install mitered sections 
of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation 
materials with wire or bands. 


D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed sections of same material as straight segments of pipe insulation when 


available. 
2. When preformed sections are not available, install mitered sections of pipe insulation to 


valve body. 
3. Arrange insulation to permit access to packing and to allow valve operation without 


disturbing insulation. 
4. Install insulation to flanges as specified for flange insulation application. 


3.8 FIELD-APPLIED JACKET INSTALLATION 


A. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end 
joints; for horizontal applications. Seal with manufacturer's recommended adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the 


finish bead along seam and joint edge. 


B. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof 
sealant recommended by insulation manufacturer. Secure jacket with stainless-steel bands 12 
inches o.c. and at end joints 


3.9 FINISHES 


A. Pipe Insulation with ASJ Jacket Material: Paint jacket with paint system identified below and as 
specified in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting." 
1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket material 


and finish coat paint. Add fungicidal agent to render fabric mildew proof. 
a. Finish Coat Material: Interior, flat, latex-emulsion size. 


B. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of 
insulation manufacturer's recommended protective coating. 


C. Color: Final color as selected by Architect. Vary first and second coats to allow visual inspection 
of the completed Work. 


D. Do not field paint aluminum or stainless-steel jackets. 


3.10 FIELD QUALITY CONTROL 


A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 
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B. Perform tests and inspections. 


C. Tests and Inspections: 
1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing 


field-applied jacket and insulation in layers in reverse order of their installation. Extent of 
inspection shall be limited to three locations of straight pipe, three locations of threaded 
fittings, three locations of welded fittings, two locations of threaded strainers, two  
locations of welded strainers, three locations of threaded valves, and three locations of 
flanged valves for each pipe service defined in the "Piping Insulation Schedule, General" 
Article. 


D. All insulation applications will be considered defective Work if sample inspection reveals 
noncompliance with requirements. 


3.11 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. 


C. All piping insulation shall comply with ASHRAE 90.1-2013. 


3.12 INDOOR PIPING INSULATION SCHEDULE 


A. Condensate and Equipment Drain Water below 60 Deg F: 
1. All Pipe Sizes: Insulation shall be one of the following: 


a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick. 


B. Cold Water Make-Up, Condensate and Equipment Drain Water below 60 Deg F 
1. All Pipe Sizes:  Insulation shall be the following: 


a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick. 


C. Heating-Hot-Water Supply and Return, 200 Deg F and Below:  
1. 1-1/4” and Smaller Pipe Size:  Insulation shall be the following: 


a. Mineral-Fiber, Preformed Pipe, Type I:  1.5 inch thick. 
2. 1-1/2” and Larger Pipe Size:  Insulation shall be the following: 


a. Mineral-Fiber, Preformed Pipe, Type I:  2.0 inch thick. 
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3.13 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 


A. Heating-Hot-Water Supply and Return, 200 Deg F and Below:  
1. 1-1/4” and Smaller Pipe Size:  Insulation shall be the following: 


a. Mineral-Fiber, Preformed Pipe, Type I:  2.0 inch thick. 
2. 1-1/2” and Larger Pipe Size:  Insulation shall be the following: 


a. Mineral-Fiber, Preformed Pipe, Type I:  2.0 inch thick 


B. Condensate Drain Water below 60 Deg F (for Dehumidification Unit): 
1. All Pipe Sizes: Insulation shall be one of the following: 


a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 2.0 inches thick. 


3.14 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. Piping, Concealed: 
1. None. 


C. Heating-Hot-Water Supply and Return Piping, Exposed: 
1. Aluminum, Corrugated:  0.024 inch thick. 


3.15 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. Piping, Concealed or Exposed: 
1. Heating-Hot-Water Supply and Return Piping 


a. Aluminum, Corrugated: 0.032 inch thick. 


END OF SECTION 230719 
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HEATING & VENTILATING UNIT SCHEDULE


PLAN
NO.


MANUFACTURER
MODEL LOCATION AREA


SERVED


MIN
OA


CFM


SUPPLY FAN HEATING COIL FILTERS ELECTRICAL


WEIGHT
LBS REMARKSAIRFLOW


CFM


ESP
IN.


H20


MOTOR
HP


MOTOR
RPM


TOTAL
MBH


EAT
DB
°F


LAT
DB
°F


NO.
ROWS


FINS/
FT


FA
SQ FT


AIR PD
IN. WG GPM WPD


FT
EWT


°F
LWT


°F TYPE
MIN


MERV
RATING


VOLTS/Ø MCA MOP


RTU-1 TRANE
CSAA025 ROOF AUDITORIUM 3275 12000 1 (4) 6.03 2658 731.62 32.50 88.72 2 80 24.08 0.129 75 2.11 180 160.52 PLEATED 13 208/3 38.90 45 2750 SEE NOTES


RTU-2 TRANE
CSAA025 ROOF AUDITORIUM 3275 12000 1 (4) 6.03 2658 731.62 32.50 88.72 2 80 24.08 0.129 75 2.11 180 160.52 PLEATED 13 208/3 38.90 45 2750 SEE NOTES


RTU-3 TRANE
CSAA030 ROOF GYMNASIUM 6545 13500 0.75 (2) 6.03 1465 401.45 56.60 84.02 1 80 28.69 0.065 40 3.31 180 159.95 PLEATED 13 208/3 27.15 35 2875 SEE NOTES


NOTES:
1. UNIT TO BE MOUNTED ON EXISTING DUNNAGE USING VMC TYPE "CE-1" VIBRATION ISOLATION


MOUNTS, MINIMUM 2" DEFLECTION (TYPICAL 12).
2. PROVIDE TD7 BACNET CONTROLLER WITH THERMOSTATIC INTERFACE WITHIN EQUIPMENT


CABINET.  PROVIDE OUTDOOR AIR DAMPER, ZONE SENSOR, RETURN AIR SENSOR, DISCHARGE
AIR SENSOR AND FREEZESTAT WITH ASSOCIATED CONTROLLERS, WIRING, PROGRAMMING
ETC. AS REQUIRED TO ACHIEVE THE SPECIFIED CONTROL SEQUENCE.  REPLACE ZONE
SENSOR WITHIN SPACE AND PROVIDE NEW WIRING REQUIRED FOR PROPER OPERATION. 
EXISTING HOT WATER CONTROL VALVE, HEAT TRACE AND COIL PUMP OPERATION SHALL BE
VERIFIED AND MAINTAINED AS APPLICABLE.


3. PROVIDE RETURN AIR SMOKE DETECTOR WIRED TO SHUT DOWN UNIT WITH ACCESSORY
REMOTE KEY OPERATED TEST STATION. LOCATE TEST STATION NEAR THERMOSTAT.


4. PROVIDE MINIMUM 2" THICK R-8 RIGID INSULATION AFFIXED TO ENTIRE BOTTOM OF UNIT WITH
ADHESIVE AND MECHANICAL FASTENERS. COVER INSULATION WITH VENTURE TAPE MODEL
1577CW OR EQUAL EXTERIOR MEMBRANE WRAP INSTALLED IN ACCORDANCE WITH
MANUFACTURER'S RECOMMENDATION.


5. PROVIDE DRAIN PAN WITH UL #508 APPROVED WATER DETECTION SENSOR FOR UNIT
SHUTDOWN. WIRE CONTROL CIRCUIT THROUGH NC CONTACT.


6. PROVIDE UNIT MOUNTED NON-FUSED DISCONNECT SWITCH.
7. PROVIDE POWERED CONVENIENCE RECEPTACLE (ALWAYS HOT) WITH CIRCUIT PROTECTION.


8. PROVIDE HINGED ACCESS DOORS.


ATC FLOW  DIAGRAM - RTU
NOT TO SCALE


MAT (AI)


RLF DPR (BO)


MA LLT (BI) SF (BI)FIL (BI) SF FLW (AI) DCT P (AI)DAT (AI)
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SF (BO)
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SPT SP (AI)
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HOT WATER HEATING COIL DETAIL
NOT TO SCALE


HWSHWR


HEATING COIL


THERMOMETER
(TYPICAL)


1/2" GATE WITH NIPPLE &
CAP (DRAIN)


UNION (TYPICAL)


MODULATING HOT WATER
CONTROL VALVE


STRAINER WITH NIPPLE
AND CAP


P-T TAP


SHUT-OFF VALVE (TYPICAL)


AUTOMATIC FLOW
CONTROL VALVE


AIR FLOW
3/8" GLOBE VALVE AIR
VENT


1


DUCT PENETRATION THRU ROOF DETAIL
NOT TO SCALE


COUNTER FLASHING BY MECHANICAL
CONTRACTOR


CURB SUPPLIED BY MECHANICAL
CONTRACTOR, INSTALLATION BY
ROOFING CONTRACTOR.


DUCT


MINIMUM 8" HIGH PREFABRICATED OR
FIELD FABRICATED METAL CLAD ROOF
CURB WITH WOOD NAIL OR AND CANT


STAINLESS STEEL HOSE CLAMP


EDPM CONPRESSION MOLDED NIPPLES
NUMBER AND ARRANGEMENT AS REQUIRED


ACRYLIC COATED ABS PLASTIC COVER


1/2" RIGID FIBERGLASS INSULATION


WOOD NAILER


PIPE PORTAL DETAIL
NOT TO SCALE


NOTE:  PROVIDE SEPARATE BOOT FOR EACH PIPE. PROVIDE
ADDITIONAL BOOTS FOR ELECTRICAL POWER  AND CONTROL
CONDUITS. DO NOT PASS MORE THAN (1) PIPE THRU EACH NIPPLE
TO FACILITATE PROPER SEALING. COORDINATE WITH ELECTRICAL
AND PLUMBING CONTRACTOR FOR NUMBER AND ARRANGEMENT
OF BOOTS.


VE
R


IF
Y 


IN
 F


IE
LD


VERIFIY IN FIELD


L3x3x1/2x4'-2" LONG
w/ (3) 5/8"Ø HILTI HY270 ANCHORS
INTO CHIMNEY
w/ 3" EMBEDMENT. (TYP ONE EACH
SIDE)


(3) 1/4" STIFF PLATES
(TYP)


L5x3 1/2x3/8x4'-2" LONG
w/ (1) 3/4"Ø A325 BOLT INTO ANGLE
ABOVE (TYP)


PLATE SUPPORT ASSEMBLY CODE:
PA


COPE ANGLE AS REQUIRED
AROUND LINER


ORDERED PART INCLUDES:


SPLIT (square) PLATE, ONE CF, TWO HCBS
AND HARDWARE


PLATE THICKNESS:
0.250" FOR SIZES 22" THROUGH 36" ID
DIAMETERS


NOTES:


1. TWO 316 STAINLESS STEEL HCBS
SHOULD BE ORDERED SEPARATELY
FOR STAINLESS STEEL OUTER
PROJECTS.


USE: USED FOR SUPPORTING THE LOAD OF THE
STACK AND AS A FIXED POINT ANCHOR NEAR
FITTINGS.


FLANGED INNER
JOINTS


INNER VEE BAND
USE APPROPRIATE
SEALANT 1/4" DEEP IN VEE
BAND GROOVE AND ON
PIPE FLANGE


USE: USED FOR GUIDING AND/OR SUPPORTING
HORIZONTAL INSTALLATIONS


HR - HALF RING
FR - FULL RING


PART NO BOLT HO ID OF RING # OF HOLES SIZE OF ANGLE ANGLE


5N-HR 9 9 5 1/8 6 (1) 45
6N-HR 10 10 6 1/8 6 (1) 45
8N-HR 12 12 8 1/8 6 (1) 45
10N-HR 14  14 10 1/8 6 (1) 45
12N-HR 16 16 12 1/8 6 (1) 45
14N-HR 18 18 14 1/8 6 (1) 45
16N-HR 20 20 16 1/8 6 (1) 45
18N-HR 22 22 18 1/8 6 (1) 45
20N-HR 24 24 20 1/8 6 (1) 45
22N-HR 26 26 22 1/8 10 (2) 22.5
24N-HR 28 28 24 1/8 10 (2) 22.5
26N-HR 30 30 26 1/8 10 (2) 22.5
28N-HR 32 32 28 1/8 10 (2) 22.5
30N-HR 34 34 30 1/8 10 (2) 22.5
32N-HR 36 36 32 1/8 10 (2) 22.5
36N-HR 40 40 36 1/8 10 (2) 22.5
42N-HR 46 46 42 1/8 10 (2) 22.5
48N-HR 52 52 48 1/8 10 (2) 22.5


(1) SIZED ANGLE = 1 1/2 x 1 1/2 x 3/8
(2) SIZED ANGLE = 2 x 2 x 3/16


USE: TO JOIN HORIZONTAL AND VERTICAL
SECTIONS OF PIPE. THE N-MT PROVIDES
FOR CONNECTION FOR A DRAIN OR
INSPECTION FITTING.


K = 1.25 FLOW RESISTANCE FACTOR


EXISTING CHIMNEY


PLATE SUPPORT DETAIL
NOT TO SCALE


PLATE ASSEMBLY DETAIL
CODE: PA
NOT TO SCALE


JOINT ASSEMBLY DETAIL
NOT TO SCALE


ANGLE RING
CODE: FR
NOT TO SCALE


90 DEGREE TEE
CODE: MT
NOT TO SCALE


EXTERIOR DUCT INSULATION AND
WEATHERPROOFING DETAILS
NOT TO SCALE


CONTINUOUS EXTERNAL JACKETING SYSTEM.
OZONE AND UV RESISTANT AND LIGHT COLOR
FOR HIGH ALBEDO. VENTURE CLAD 1577CW AS
MANUFACTURED BY VENTURE TAPE SYSTEMS OR
APPROVED EQUAL


INTERNAL DUCT LINER AND EXTERIOR RIGID
FIBERGLASS INSULATION BOARD AROUND
DUCT. INSULATION AFFIXED TO DUCT WITH
APPROVED ADHESIVE AND WELD PINS MINIMUM
8" OC IN ALL DIRECTIONS. SEE SPECIFICATIONS
FOR ADDITIONAL INFORMATION


SHEET METAL DUCT


LAP JOINT


NOTE: DUCT STANDS OR SUPPORTS SHALL NOT PIERCE MEMBRANE OR
INSULATION. USE FULL DUCT PERIMETER ANGLES OR UNISTRUT FROM BASE
MOUNTED RAIL SYSTEM WITH CURB CUT INTO ROOF INSULATION AND FLASHED.
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SECTION 232113 - HYDRONIC PIPING & SPECIALTIES 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


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


1.2 SUMMARY 


A. This Section includes pipe and fitting materials, joining methods, special-duty valves, and 
specialties for the following: 
1. Hot-water heating piping. 
2. Condensate drain piping 


1.3 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. Condensate-Drain Piping:  150deg F 


1.4 SUBMITTALS 


A. Product Data:  For each type of the following: 
1. Fittings. 
2. Valves.  Include flow and pressure drop curves based on manufacturer's testing for 


calibrated-orifice balancing valves and automatic flow-control valves. 
3. Air control devices. 
4. Hydronic specialties. 


B. Shop Drawings:  Detail, at 1/4 scale, the piping layout, fabrication of pipe anchors, hangers, 
supports for multiple pipes, alignment guides, expansion joints and loops, and attachments of 
the same to the building structure.  Detail location of anchors, alignment guides, and expansion 
joints and loops. 


C. Coordination Drawings: Piping layout, drawn to scale, on which the following items are shown 
and coordinated with each other, using input from installers of the items involved: 
1. Suspended ceiling components. 
2. Other building services. 
3. Structural members. 
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D. Welding certificates. 


E. Qualification Data:  For Installer. 


F. Field quality-control test reports. 


G. Operation and Maintenance Data:  For air control devices, hydronic specialties, and special-duty 
valves to include in emergency, operation, and maintenance manuals. 


H. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available at 
Project site. 


1.5 QUALITY ASSURANCE 


A. Installer Qualifications: 
1. Installers of Pressure-Sealed Joints:  Installers shall be certified by the pressure-seal joint 


manufacturer as having been trained and qualified to join piping with pressure-seal pipe 
couplings and fittings. 


B. Steel Support Welding:  Qualify processes and operators according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 


C. Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel 
Code:  Section IX. 
1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding processes 


involved and that certification is current. 


D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 
products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME 
label.  Fabricate and stamp air separators and expansion tanks to comply with ASME Boiler and 
Pressure Vessel Code:  Section VIII, Division 01. 


1.6 EXTRA MATERIALS 


A. 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 (aboveground). 
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B. Annealed-Temper Copper Tubing:  ASTM B 88, Type K (belowground and within slabs). 


C. Grooved, Mechanical-Joint, Wrought-Copper Fittings:  ASME B16.22. 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Victaulic Company 
b. Or approved equal. 


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. 


D. 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. 


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


following:   
a. Victaulic Company  
b. Or approved equal. 


2. Joint Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47/A 47M, Grade 32510 
malleable iron; ASTM A 53/A 53M, Type F, E, or S, Grade B fabricated steel; or 
ASTM A 106/A 106M, Grade B steel fittings with grooves or shoulders constructed to 
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accept grooved-end couplings; with nuts, bolts, locking pin, locking toggle, or lugs to 
secure grooved pipe and fittings. 


3. Couplings: Ductile- or malleable-iron housing and Grade “E” EPDM synthetic rubber 
gasket of central cavity pressure-responsive design; with nuts, bolts, locking pin, locking 
toggle, or lugs to secure grooved pipe and fittings. 


I. Steel Pipe Nipples:  ASTM A 733, made of same materials and wall thicknesses as pipe in which 
they are installed. 


2.3 DIELECTRIC FITTINGS 


A. General Requirements:  Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material.  Include end connections compatible with pipes to be joined. 


B. Dielectric Unions: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Watts Regulator Co.; a division of Watts Water Technologies, Inc.  
b. Or approved equal. 


2. Description: 
a. Standard:  ASSE 1079. 
b. Pressure Rating:  125 psig minimum at 250 deg F. 
c. End Connections:  Solder-joint copper alloy and threaded ferrous. 


C. Dielectric Flanges: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Watts Regulator Co.; a division of Watts Water Technologies, Inc.  
b. Or approved equal. 


2. Description: 
a. Standard:  ASSE 1079. 
b. Factory-fabricated, bolted, companion-flange assembly. 
c. Pressure Rating:  125 psig minimum at 250 deg F 
d. End Connections:  Solder-joint copper alloy and threaded ferrous; threaded solder-


joint copper alloy and threaded ferrous. 


D. Dielectric-Flange Insulating Kits: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Pipeline Seal and Insulator, Inc.  
b. Or approved equal. 


2. Description: 
a. Nonconducting materials for field assembly of companion flanges. 
b. Pressure Rating:  150 psig. 
c. Gasket:  Neoprene or phenolic. 
d. Bolt Sleeves:  Phenolic or polyethylene. 
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e. Washers:  Phenolic with steel backing washers. 


E. Dielectric Nipples: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Grinnell Mechanical Products  
b. Or approved equal. 


2. Description: 
a. Standard:  IAPMO PS 66 
b. Electroplated steel nipple. complying with ASTM F 1545. 
c. Pressure Rating:  300 psig at 225 deg F. 
d. End Connections:  Male threaded or grooved. 
e. Lining:  Inert and noncorrosive, propylene. 


2.4 VALVES 


A. Gate, 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 the 


following:   
a. Armstrong Pumps, Inc.  
b. Or approved equal. 


2. Body:  Bronze, ball or plug type with calibrated orifice or venturi. 
3. Ball:  Brass or stainless steel. 
4. Plug:  Resin. 
5. Seat:  PTFE. 
6. End Connections:  Threaded or socket. 
7. Pressure Gage Connections:  Integral seals for portable differential pressure meter. 
8. Handle Style:  Lever, with memory stop to retain set position. 
9. CWP Rating: Minimum 125 psig. 
10. Maximum Operating Temperature:  250 deg F. 


D. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Armstrong Pumps, Inc.  
b. Or approved equal. 


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


following:   
a. Armstrong Pumps, Inc.  
b. Or approved equal. 


2. Body:  Bronze or brass. 
3. Disc:  Glass and carbon-filled PTFE. 
4. Seat:  Brass. 
5. Stem Seals:  EPDM O-rings. 
6. Diaphragm:  EPT. 
7. Low inlet-pressure check valve. 
8. Inlet Strainer: 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. Manufacturers: Subject to compliance with requirements, provide products by the 


following:   
a. Armstrong Pumps, Inc. 
b. Or approved equal 


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 the 


following:   
a. Griswold Controls  
b. Or approved equal. 


2. Body:  Brass or ferrous metal. 
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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 


2.5 AIR CONTROL DEVICES 


A. Manufacturers: Subject to compliance with requirements, provide products by the following:   
1. Armstrong Pumps, Inc.  
2. Or approved equal. 


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. Air Purgers: 
1. Body:  Cast iron with internal baffles that slow the water velocity to separate the air from 


solution and divert it to the vent for quick removal. 
2. Maximum Working Pressure:  150 psig. 
3. Maximum Operating Temperature:  250 deg F. 


2.6 HYDRONIC PIPING SPECIALTIES 


A. Y-Pattern Strainers: 
1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection. 
2. End Connections:  Threaded ends for NPS 2and 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 2and smaller; flanged ends for NPS 2-1/2and 


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. 


PART 3 - EXECUTION 


3.1 PIPING APPLICATIONS 


A. Hot-water heating-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, brazed, or 


pressure-seal joints. 
2. Schedule 40 steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and flange 


fittings; and threaded joints. 


B. Hot-water heating-water piping, aboveground, NPS 2-1/2 and larger, shall be any of the 
following: 
1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered or brazed 


joints. 
2. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges 


and flange fittings, and welded and flanged joints. 
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3. Schedule 40 steel pipe; grooved, mechanical joint coupling and fittings; and grooved, 
mechanical joints. 


C. Condensate-Drain Piping:  Type M, drawn-temper copper tubing, wrought-copper fittings, and 
soldered joints. 


D. Air-Vent Piping: 
1. Inlet:  Same as service where installed. 
2. Outlet:  Type K, annealed-temper copper tubing with soldered or flared joints. 


E. 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. 


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. 


D. Install check valves at each pump discharge and elsewhere as required to control flow direction. 


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. 
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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. 


N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 


O. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, 
and elsewhere as indicated. 


P. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated. 


Q. 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. 


R. Fire caulk/smoke seal all piping penetrations of walls, ceilings, and floors as required by Division 
07 Section “Penetration Firestopping.” 


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. 
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5. Provide copper-clad hangers and supports for hangers and supports in direct contact 
with copper pipe. 


D. Install hangers for steel piping with the following maximum spacing and minimum rod sizes: 
1. NPS 3/4:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 
2. NPS 1:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
4. NPS 2:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2:  Maximum span, 11 feet; minimum rod size, 3/8 inch. 
6. NPS 3:  Maximum span, 12 feet; minimum rod size, 3/8 inch. 
7. NPS 4:  Maximum span, 14 feet; minimum rod size, 1/2 inch. 
8. NPS 6:  Maximum span, 17 feet; minimum rod size, 1/2 inch. 
9. NPS 8:  Maximum span, 19 feet; minimum rod size, 5/8 inch. 
10. NPS 10:  Maximum span, 20 feet; minimum rod size, 3/4 inch. 
11. NPS 12:  Maximum span, 23 feet; minimum rod size, 7/8 inch. 
12. NPS 14:  Maximum span, 25 feet; minimum rod size, 1 inch. 
13. NPS 16:  Maximum span, 27 feet; minimum rod size, 1 inch 
14. NPS 18:  Maximum span, 28 feet; minimum rod size, 1-1/4 inch 
15. NPS 20:  Maximum span, 30 feet; minimum rod size, 1-1/4 inch 


E. Install hangers for drawn-temper copper piping with the following maximum spacing and 
minimum rod sizes: 
1. NPS 3/4:  Maximum span, 5 feet; minimum rod size, 1/4 inch. 
2. NPS 1:  Maximum span, 6 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
4. NPS 2:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
6. NPS 3:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 


F. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors. 


3.5 PIPE JOINT CONSTRUCTION 


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


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


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


D. Copper tubing shall be cut square to permit proper joining with fittings. 


E. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 
end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-
free solder alloy complying with ASTM B 32. 
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F. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8. 


G. 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. 


H. Welded Joints:  Construct joints according to AWS D10.12/D10.12M, using qualified processes 
and welding operators according to Part 1 "Quality Assurance" Article. 


I. 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. 


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. 


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. 


3.8 FIELD QUALITY CONTROL 


A. Prepare hydronic piping according to ASME B31.9 and as follows: 
1. Leave joints, including welds, uninsulated and exposed for examination during test. 
2. Provide temporary restraints for expansion joints that cannot sustain reactions due to 


test pressure.  If temporary restraints are impractical, isolate expansion joints from 
testing. 


3. Flush hydronic piping systems with clean water; then remove and clean or replace 
strainer screens. 







Roof Replacement and Masonry and Window Repairs USA # 2018-112 
to the Paterson Public School #5  SDA # EP-0113-C01 
for the New Jersey Schools Development Authority  
 


HYDRONIC PIPING  232113 - 13 


4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be 
capable of sealing against test pressure without damage to valve.  Install blinds in flanged 
joints to isolate equipment. 


5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to 
protect against damage by expanding liquid or other source of overpressure during test. 


B. Perform the following tests on hydronic piping: 
1. Use ambient temperature water as a testing medium unless there is risk of damage due 


to freezing.  Another liquid that is safe for workers and compatible with piping may be 
used. 


2. While filling system, use vents installed at high points of system to release air.  Use drains 
installed at low points for complete draining of test liquid. 


3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the 


system's working pressure.  Test pressure shall not exceed maximum pressure for any 
vessel, pump, valve, or other component in system under test.  Verify that stress due to 
pressure at bottom of vertical runs does not exceed 90 percent of specified minimum 
yield strength or 1.7 times "SE" value in Appendix A in ASME B31.9, "Building Services 
Piping." 


5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, 
joints, and connections for leakage.  Eliminate leaks by tightening, repairing, or replacing 
components, and repeat hydrostatic test until there are no leaks. 


6. Prepare written report of testing. 


C. Perform the following before operating the system: 
1. Open manual valves fully. 
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, to 


specified values. 
7. Verify lubrication of motors and bearings. 


END OF SECTION 232113 








1. DRAWINGS ARE DIAGRAMMATIC AND DEFINE THE INTENT OF THE WORK.
LOCATIONS OF EQUIPMENT, FIXTURES, DEVICES, PANELBOARDS, DUCTS,
PIPING, DIFFUSERS, PARTITIONS, OPENINGS, ETC. ARE APPROXIMATE AND
ARE SUBJECT TO MODIFICATIONS CAUSED BY STRUCTURAL CONDITIONS AND
EQUIPMENT. DETERMINE ROUGHING LOCATIONS FROM APPROVED SHOP
DRAWINGS. MINOR MODIFICATIONS OF LOCATIONS REQUIRED TO EFFECT
SUCH COORDINATION SHALL BE MADE AT NO COST TO THE OWNER.


2. PROVIDE ADEQUATE TEMPORARY ELECTRICAL LIGHT AND POWER FOR THE
PROJECT WORK OF ALL TRADES.


3. MAINTAIN CONTINUITY OF EXISTING CIRCUITS AFFECTED BY THIS WORK
WHICH MUST REMAIN IN SERVICE.


4. WHERE NEW EQUIPMENT IS INDICATED TO BE "RECONNECTED" TO EXISTING
WIRING, CONDUIT OR OTHER PART OF AN EXISTING ELECTRICAL SYSTEM,
MODIFY OR EXTEND THE EXISTING SYSTEM COMPONENTS AS REQUIRED TO
MEET THE CONNECTION POINT OF THE NEW ITEM. USE MATERIALS AND
METHODS THAT MATCH THE EXISTING SYSTEM, OR AS SPECIFIED FOR NEW
WORK, WHICHEVER IS MORE SUITABLE FOR THE APPLICATION.


5. WHERE EXISTING EQUIPMENT IS INDICATED TO BE "CONNECTED" OR
"RECONNECTED" TO NEW WIRING, CONDUIT, ETC, FABRICATE AND INSTALL
THE NEW SYSTEM CONNECTIONS TO MATCH THE CONNECTION POINTS AND
OTHER REQUIREMENTS OF THE EXISTING EQUIPMENT. WHERE THE EXISTING
EQUIPMENT MUST BE REMOVED AND REINSTALLED TO FACILITATE THE
REMOVAL OF THE OLD CONNECTIONS AND/ OR THE CONNECTION OF THE NEW
MATERIAL, THAT WORK SHALL BE A PART OF THIS CONTRACT.


6. EXISTING CONDUIT MAY BE REUSED IF APPROVED BY THE ENGINEER. WHERE
SUCH REUSE IS NOT PRACTICABLE, PROVIDE NEW CONDUIT.


7. ALL NEW WIRING IS TO BE RUN CONCEALED WHERE POSSIBLE. PROVIDE
PULLBOXES, SIZE AND LOCATION AS REQUIRED.


8. ALL WIRING SHALL BE COPPER CONDUCTOR WITH 600 VOLTS INSULATION IN
METAL RACEWAY WITH APPROVED FITTINGS UNLESS OTHERWISE INDICATED.


9. FEEDERS AND BRANCH CIRCUITS UNDERGROUND IN RACEWAY: TYPE
THHN-THWN 90 DEGREE C


10. INTERIOR FEEDERS AND BRANCH CIRCUITS IN RACEWAY: TYPE THHN 90
DEGREE C.


11. BRANCH CIRCUIT HOMERUNS TO FIRST OUTLET: TYPE THHN IN RACEWAY.
AFTER THE FIRST OUTLET BOX, APPROVED CABLE MAY BE USED.


12. FEEDERS SHALL BE MINIMUM #8 AWG; BRANCH CIRCUIT WIRING MINIMUM #12
AWG; CONTROL WIRING MINIMUM #14 AWG; UNLESS OTHERWISE INDICATED.
FEEDER AND BRANCH CIRCUIT WIRING LARGER THAN #10 AWG SHALL BE
STRANDED CONDUCTOR; #10 AWG AND SMALLER, STRANDED CONDUCTOR OR
SOLID CONDUCTOR; CONTROL WIRING, STRANDED CONDUCTOR.


13. DO NOT INSTALL CONDUCTORS, WIRES OR CABLES OF ANY OTHER SYSTEM IN
THE SAME RACEWAY OR CABLE WITH FIRE ALARM POWER SUPPLY CIRCUITS,
NON-POWER LIMITED FIRE ALARM CIRCUITS OR POWER LIMITED FIRE ALARM
CIRCUITS.


14. MAKE FLEXIBLE CONNECTIONS TO MOTORS AND OTHER ROTATING /
VIBRATING EQUIPMENT.


15. TAPS AND SPLICES FOR BRANCH CIRCUITS AND FEEDERS SHALL BE MADE
WITH AN INSULATED TERMINAL BY ILSCO, OR APPROVED EQUAL.


16. BRANCH CIRCUIT AND FEEDER TAPS SHALL BE FULL CIRCUIT SIZE UP TO
THEIR OVERCURRENT PROTECTION DEVICE.


17. CONNECTIONS TO FIXTURE AND MOTOR LEADS #10 AWG AND SMALLER SHALL
BE MADE WITH 3M "SCOTCHLOK" PRE-INSULATED SPRING PRESSURE
CONNECTORS TYPES Y, R OR G OR APPROVED EQUAL.


18. STRANDED WIRING CONDUCTORS SHALL BE MADE UP TO SCREW TERMINALS
WITH 3M, T&B OR PANDUIT LOCKING FORK CRIMP TERMINALS WITH NYLON
INSULATED GRIPS.


19. WIRING RUNS INDICATED ON THE DRAWINGS EXPRESS THE INTENT OF
CIRCUIT ASSIGNMENT AND SWITCH CONTROL. ACTUAL WIRING METHODS
USED SHALL BE SUITED FOR THE CONSTRUCTION OF THE BUILDING. REFER
TO  DRAWINGS OF OTHER TRADES AND EXISTING CONDITIONS. SEE
ARCHITECTURAL DRAWINGS FOR DETAILS. NUMBER OF CONDUCTORS IS NOT
ALWAYS INDICATED


20. ROUTE RACEWAYS THROUGH ROOF USING DEDICATED ROOF JACKS OR PITCH
POCKETS. RUN RACEWAY ON ROOF ON DEDICATED ROOF SUPPORTS EIGHT
INCHES HIGH MINIMUM.


ELECTRICAL GENERAL NOTES


DEMOLITION NOTES:
1. DEMOLITION SHALL INCLUDE THE REMOVAL OF ALL ASSOCIATED WIRING,


CONDUIT, ETC UNLESS SPECIFICALLY NOTED OTHERWISE.


2. WHERE WIRING/CONDUIT SERVING AN EXISTING PIECE OF EQUIPMENT RUNS
BELOW GRADE, REMOVE ALL WIRING BACK TO THE SOURCE AND CUT
CONDUIT FLUSH WITH EXISTING FLOOR. PROVIDE A WATERPROOF SEAL
AROUND ALL OPENINGS


3. DEMOLITION AND REMOVAL WORK SHALL BE PERFORMED IN A NEAT AND
WORKMANLIKE MANNER. PATCH, REPAIR OR OTHERWISE RESTORE ANY
DAMAGED INTERIOR OR EXTERIOR BUILDING SURFACE TO ITS ORIGINAL
CONDITION.


APPLICABLE CODES FOR ELECTRICAL:
ALL WORK SHALL BE IN STRICT ACCORDANCE WITH THE LATEST CODES AND
SUBCODES AS ADOPTED BY THE STATE OF NEW JERSEY:


· NEW JERSEY UNIFORM CONSTRUCTION CODE (NJUCC)
· REHABILITATION SUBCODE 5:23-6
· BARRIER-FREE SUBCODE 5:23-7
· ADMINISTRATIVE CODE: TITLE 6
· 2017 NATIONAL ELECTRICAL CODE
· 2016 ASHRAE 90.1 ENERGY CONSERVATION CODE
· REQUIREMENTS OF LOCAL AUTHORITY HAVING JURISDICTION.
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DISCONNECT SWITCH. "X" INDICATES SWITCH SIZE, "Y" INDICATES
NUMBER OF POLES, "Z" INDICATES FUSE SIZE (NF = NON-FUSED).


SYMBOLS


POWER DEVICE LEGEND
DESCRIPTION


JUNCTION BOX - WALL MOUNTED


JUNCTION BOX - CEILING MOUNTED


MOTOR RATED DISCONNECT SWITCH.


COMBINATION MAGNETIC MOTOR STARTER AND DISCONNECT
SWITCH.  "X" INDICATES SWITCH SIZE, "Y" INDICATES NUMBER OF
POLES, "Z" INDICATES FUSE SIZE (NF = NON-FUSED).


SURFACE MOUNTED PANELBOARD, POWER AND LIGHTING


RECESSED PANELBOARD, POWER AND LIGHTING


ABBREVIATIONS
AMPERE
ABOVE FINISHED FLOOR
ABOVE FINISHED GRADE
CONDUIT(S)
CIRCUIT BREAKER
COUNTER HEIGHT
CONDUIT ONLY
CURRENT TRANSFORMER
COPPER
ELECTRICAL CONTRACTOR
EQUIPMENT GROUND
EMERGENCY
ELECTRICAL METALLIC
TUBING
EXISTING TO REMAIN
ELECTRIC WATER COOLER
FIRE ALARM
FURNISHED BY OTHERS
GROUND FAULT
INTERRUPTER
GROUND


A
AFF
AFG
C
CB
CH
CO
CT
CU
EC
EG
EM
EMT


ETR
EWC
FA
FBO
GFI


GND, G


INTERRUPTING CAPACITY
ISOLATED GROUND
INTERLOCKED
MECHANICAL CONTRACTOR
MOTOR OPERATED DAMPER
NOT IN CONTRACT
NIGHT LIGHT
NOT TO SCALE
RIGID GALVANIZED STEEL
RELOCATED DEVICE
SURGE PROTECTIVE DEVICE
TRANSIENT VOLTAGE
SURGE SUPPRESSOR
TYPICAL
TIME CLOCK
UNLESS OTHERWISE NOTED
UNINTERRUPTIBLE POWER
SUPPLY
VOLTS
WALL MOUNTED
WEATHERPROOF
TRANSFORMER


IC
IG
I/L
MC
MOD
NIC
NL
NTS
RGS
RL
SPD
TVSS


TYP
T/C
UON
UPS


V
W
WP
XFMR


HOMERUN TO PANELBOARD


X/Y/Z


X/Y/Z


SYMBOL LIST NOTES
1. SYMBOLS ARE INDICATED FOR GENERAL REFERENCE ONLY.  THE


PRESENCE OF A SYMBOL DOES NOT INDICATE ITS USE ON THIS PROJECT.
REFER TO PLAN  DRAWINGS FOR SPECIFIC SYMBOLS USED.


SYMBOLS


FIRE ALARM DEVICE LEGEND
DESCRIPTION


DUCT SMOKE DETECTORSD


MOUNTING HEIGHTS
HEIGHT DESCRIPTION


10'-0" EMERGENCY BATTERY UNITS (OR 1'-0" BELOW CEILING)


90" TO 6"
BELOW CLG FIRE ALARM AUDIBLE ALARM SIGNALS


7'-6" TO 8'-0" FIRE ALARM COMBINATION ALARM SIGNALS


7'-0" TO 8'-0" FIRE ALARM VISUAL SIGNALS


6'-6" TOP OF ELECTRICAL PANEL BOARDS (LIGHTING OR POWER)


6'-0" TOP OF HIGHEST ELECTRICAL DISCONNECT SWITCH OR
STARTER


4'-0"


TOP OF WALL MOUNTED DEVICES SUCH AS LIGHT SWITCHES,
MANUAL MOTOR STARTERS, THERMOSTATS,
TELEPHONE/INTERCOM HANDSETS, FIRE ALARM
PULLSTATIONS, ETC.


1'-6" BOTTOM OF RECEPTACLES, TELEPHONE/TELEDATA
OUTLETS, TELEVISION JACKS, ETC


0'-0" FINISHED FLOOR ELEVATION.


PANEL SCHEDULES
NOT TO SCALE


KEY NOTES
REMOVE (2) EXISTING 60 AMP 3/P CIRCUIT BREAKERS. PROVIDE NEW  45 AMP
3/P CB, CIRCUIT BREAKER RATING SHALL MATCH EXISTING PANEL INCLUDING
AIC RATING.


REMOVE (2) EXISTING 40 AMP 3/P CIRCUIT BREAKERS. PROVIDE NEW  35 AMP
3/P CB, CIRCUIT BREAKER RATING SHALL MATCH EXISTING PANEL INCLUDING
AIC RATING.


1


1


2


NEMA 5-20R DUPLEX RECEPTACLE WITH GROUND FAULT
INTERRUPTER. "X" INDICATES CIRCUIT NUMBER.  SYMBOL WITH
LINE THRU IT DENOTES MOUNTED ABOVE 18".  COORDINATE
HEIGHT WITH ARCHITECTURAL DRAWINGS.


X X


SWITCH
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