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Page 1 of 1 Roof Replacement Scope of Work  

PART 1 - GENERAL 

1.1 SUMMARY: 

A. Install roof systems at James Marshall Elementary School that correspond with roof areas shown 
on site map and scope of work.  

1.2 SCOPE OF WORK: 

A. Office & Cafeteria Low Slope Roofs: 
1. Remove HVAC units and store on-site to be reinstalled after the new roof is complete.  

Remove and dispose of all associated duct work.  All mechanical work will be performed 
by licensed mechanical contractor. 

2. Remove existing built-up roof system to the wood deck.  Roof hatch will also be removed.  
Install 1” structural plywood over hole. 

3. All metal caps on curbs or sleepers will be disposed of so curbs and sleepers can be 
roofed over before installing new cap metal. 

4. Install crickets in equipment well roof to direct water around curbs & sleepers toward the 
drains. 

5. Mechanically fasten one layer of ½” Dens-Deck Prime over entire deck. 
6. Install 3 plies of Tremco Thermglass Type IV ply sheet in hot asphalt. 
7. Install Powerply Standard FR cap sheet in hot asphalt. 
8. Base flashing will cover entire wall on equipment well roof. 
9. Extend base flashing up and over low wall on high roofs and install new 24-gauge, Kynar 

coated cap metal to match existing size and profile. 
10. At gas lines: Install sleeper supports that are anchored to the deck, roofed in, and covered 

with a metal cap every 20’.  This project will require 4 roofed in sleepers. 
11. Replace all wood blocks with Durablock or similar rubber blocks. 
12. Install new gutters and downspouts on Canopy roofs.  Gutters will be 24 gauge, 

bonderized with soldered seams and drop outlets.  Paint to match school colors.  
Downspouts will be schedule 40 with clean outs at the bottom.  Paint to match school 
colors. 

13. Reinstall HVAC units and install new duct work.  Approx. dimensions for the duct work are 
as follows (contractors are responsible for field verifying measurements):   
44 ft. – 14” X 14”    7 ft. – 18” X 32” 
5 ft. – 18” X 28”    8 ft. – 12” X 28” 
14 ft. – 18” X 40”    6 ft. – 14” X 29” 
2.5 ft. – 13” X 37”   36” – 24” X 28” (curved transition) 

14. Thoroughly clean and paint clamping rings and dome strainers blue before reinstalling. 
15. Coat finished roof with two coats of ICE Coating at 2 gallons per square per coat.  Backroll 

2nd coat for clean finish with no spray lines.   
16. Paint gas lines with PPG Durethane DTM urethane paint per manufacturer’s instructions.  

Apply yellow stencil or sticker every 10’ identifying the pipe as a gas line. 

B. Shingle Roofs: 
1. Remove existing shingles to wood deck.  Dispose of gutters as well. 
2. Install one ply of HT Self-Adhesive underlayment to entire deck. 
3. Install granule surfaced, Cool Roof rated asphalt shingle roof system. 
4. Install new gutters and downspouts Gutters will be 24 gauge, bonderized with soldered 

seams and drop outlets.  Paint to match school colors.  Downspouts will be schedule 40 
with clean outs at the bottom.  Paint to match school colors. 

5. Install 12 O’Hagin WeatherMaster low profile vents where directed by District. 

 



 James Marshall ES 
 Roof areas to be replaced are outlined in RED
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PART 1  GENERAL 
 
1.1  SCOPE OF WORK 
 
 A. Furnish and install specified roofing and related components to the D Wing at Eich Middle 

School. 
 
 B. Work includes: 
  1. Removal and replacement of designated roofing. 
  2. Installation of the following: 
   a. HT Self-adhered underlayment. 
   b. Granule surfaced, Cool Roof rated asphalt shingle roofing. 
   c. Associated metal flashing.  Edge metal on rake edges will be fabricated from 

24-gauge bonderized metal. 
          
1.2 REFERENCES 
 

A. ASTM D 225 - Standard Specification for Asphalt Shingles (Organic Felt) Surfaced with 
Mineral Granules. 

 
B. ASTM D 226 - Standard Specification for Asphalt-Saturated Organic Felt Used in Roofing 

and Waterproofing. 
 

C. ASTM D 3018 - Standard Specification for Class A Shingles Surfaced with Mineral Granules. 
 

D. ASTM D 3161 - Standard Test Method for Wind-Resistance of Asphalt Shingles (Fan-
Induced Method). 

 
E. ASTM E 108 - Standard Test Methods for Fire Tests of Roof Coverings. 

 
1.3 SUBMITTALS 
 

A. Product Data: Provide manufacturer's printed product information indicating material 
characteristics, performance criteria, and product limitations. 

 
B. Manufacturer's Installation Instructions: Provide published instructions that indicate 

preparation required and installation procedures. 
 
 

1.4 QUALITY ASSURANCE 
 

 A.  Contractor shall: 
 1. Be experienced in shingle roof installation.    
 2. Be acceptable by District. 
 
 3. Be a Manufacturer Approved Contractor. 
 4.  Have not been in Chapter 7 during the last ten (10) years. 
  

B. Maintain one copy of manufacturer's application instructions on project site. 
 

C. Verify that manufacturer's label contains reference to specified ASTM standards. 
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1.5 WARRANTY 
 

A. Manufacturer's Warranty: Furnish shingle manufacturer's warranty for product(s) of this 
section as follows: 

 
 ASPHALT FIBER GLASS SHINGLES 

 
 1.  Owens Corning: Lifetime limited warranty. 

 
 B.  Warranty Supplement: Provide manufacturer's supplemental Tru Protection warranty to 

cover labor and materials in the event of a material defect for the following period after 
completion of application of shingles: 
 
1.  First ten years. 

 
 

PART 2  PRODUCTS 
 
 
2.1 MANUFACTURER 
 

A. Provide products manufactured by Owens Corning Roofing and Asphalt, LLC or District 
Approved Equal. 

 
B. Substitutions of ASTM shingles that meet or exceed those specified will be allowed based 

upon District acceptance. 
 
2.2 ASPHALT FIBER GLASS SHINGLES 
 

A. Owens Corning TruDefinition Duration Cool Shingles: Conforming to ASTM D 3018 
Type I - Self-Sealing; UL Certification of ASTM D 3462, ASTM D 3161 Class “F” (110-
mph)/UL997 Wind Resistance, and UL Class A Fire Resistance; glass fiber mat base, 
ceramically colored/UV resistant mineral surface granules across entire face of shingle; 
three-layer laminated four-tab shingle. 

 
  1. Color:  TBD 
 
  2. Product Attributes: Includes SureNail Technology, a woven fabric reinforcing strip in 

the nailing zone on the shingle’s top surface. 
 
2.3 SHEET MATERIALS 
 
 A. Underlayment:  SA High Temp Underlayment 

 
2.4 FLASHING MATERIALS 
 

A. 24 gauge Kynar bonderized metal.  
 
2.5 ACCESSORIES 
 

A. Nails:  Standard round wire type roofing nails, corrosion resistant; hot dipped zinc coated 
steel, aluminum, or chromated steel; minimum 3/8 inch head diameter; minimum 11 or 12 
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gage shank diameter; shank to be of sufficient length to penetrate through roof sheathing or 
3/4 inch into solid wood, plywood, or non-veneer wood decking. 

 
B. Asphalt Roofing Cement: ASTM D 4586, Type I or II. 

 
2.6 FLASHING FABRICATION 
 

A. Form flashing to protect roofing materials from physical damage and shed water. 
 

B. Form sections square and accurate to profile, in maximum possible lengths, free from 
distortion or defects detrimental to appearance or performance. 

 
B. All edge metal on the rake and eave edges will have a minimum 3” face and kick & hem. 

 
2.7 ROOF VENTILATION 
 A. Low Profile Vent: 

1. Provide 72 square inches of Net Free Ventilation Area (NFVA). 
  2. O’Hagin WeatherMaster or equal. 

3. Install 12 new vents. 
 

 
PART 3  EXECUTION 
 
 
3.1 EXAMINATION 
 

A. Verify existing site conditions. 
 

B. Verify that roof penetrations and plumbing stacks are in place and flashed to deck surface. 
 

C. Verify roof openings are correctly framed prior to installing work of this section. 
 
D. Verify deck surfaces are dry and free of ridges, warps, or voids. 

 
3.2 ROOF DECK PREPARATION 
 

A. Follow shingle manufacturer's recommendations for acceptable roof deck materials. 
 

B. Broom clean deck surfaces under eave protection and underlayment prior to their 
application. 

 
 

3.3 INSTALLATION - PROTECTIVE UNDERLAYMENT 
 

A. Install self-adhesive underlayment over entire roof area. 
 1. Install according to manufacturer’s instructions. 

 
B. Weather-lap and seal watertight with asphalt roofing cement items projecting through or 

mounted on roof.   
 
3.4 INSTALLATION - METAL FLASHING 
 

A. Weather-lap joints minimum 2 inches. 
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B. Seal work projecting through or mounted on roofing with asphalt roofing cement and make 

weather-tight. 
 
C. All edge metal on the rake edges will have a minimum 3” face and kick & hem. 
  

3.5 INSTALLATION - ASPHALT SHINGLES 
 

A. Install shingles in accordance with manufacturer's instructions for product type and 
application specified. 

 
3.6  FIELD QUALITY CONTROL 
 

A. Visual inspection of the Work will be provided by District. 
 
3.7 PROTECTION OF FINISHED WORK 
 

A. Protect finished work. 
 

B. Do not permit traffic over finished roof surface. 
 
C. Remove all dirt and debris from the field of the roof and the gutters.  Inspect the building 

grounds and remove all miscellaneous debris. 
      
 
 

END OF SECTION 



Low Slope Roof
Specification
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SECTION 07 52 16 
 

SBS MODIFIED BITUMINOUS MEMBRANE ROOFING, HOT-APPLIED 
 
PART 1 – GENERAL 
 
1.01 SUMMARY 
 

A. Section Includes: 
 

1. Hybrid Styrene-butadiene-styrene (SBS) modified bituminous membrane roofing system on 
wood deck, including: 
a. Roof insulation. 
b. Roof insulation cover board. 
c. Roof membrane and membrane base flashings. 
d. Hybrid, built-up asphalt (glass-fiber) roofing ply sheets. 
e. Granule-surfaced SBS-modified bituminous cap sheet. 
f. Cool Roof coating. 

 
B. Related Sections: 

 
1. Division 06 Section "Miscellaneous Rough Carpentry" for wood cants, nailers, curbs, and 

blocking. 
2. Division 07 Section "Sheet Metal Flashing and Trim" for shop- formed sheet metal roof flashings 

and counter-flashings, including formed copings and roof edge metal items. 
3. Division 07 Section "Roof Specialties" for manufactured copings and roof edge flashings. 
4. Division 07 Section "Joint Sealants" for joint sealants, joint fillers, and joint preparation. 

 
1.02 REFERENCES 
 
1.03 DEFINITIONS 
 

A. Roofing Terminology: Refer to ASTM D1079 "Standard Terminology Relating to Roofing and 
Waterproofing" and glossary in applicable edition of NRCA's "The NRCA Roofing Manual: Membrane 
Roof Systems" for definition of terms related to roofing work in this Section. 

 
B. Hot Roofing Asphalt: Roofing asphalt heated to its equi-viscous temperature, the temperature at 

which its viscosity is 125 centipoise for mop-applied roofing asphalt and 75 centipoise for 
mechanical spreader-applied roofing asphalt, within a range of plus or minus 25 deg. F measured at 
the mop cart or mechanical spreader immediately before application. 

 
1.04 SUBMITTALS 
 

A. Action Submittals 
 

1. Product Data: For each type of product indicated. 
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B. Informational Submittals 
 

1. Contractor's Product Certificate: Submit notarized certificate, indicating products intended for 
Work of this Section, including product names and numbers and manufacturers' names, with 
statement indicating that products to be provided meet the requirements of the Contract 
Documents. 

2. Qualification Data: For Installer, Manufacturer, and Roofing Inspector. 
a. Include letter from Manufacturer written for this Project indicating approval of Installer. 

 
3. Manufacturer Certificates: Signed by roofing manufacturer certifying that roofing system 

complies with requirements specified in "Performance Requirements" Article. 
a. Product Compatibility: Indicate manufacturer has verified compatibility of roofing system 

components, including but not limited to: Roofing membrane, flashing sheets, adhesives, 
and sealants. 

4. Warranties: Unexecuted sample copies of warranties. 
5. Field Quality Control Reports: Reports of Roofing Inspector. Include weather conditions, 

description of work performed, tests performed, defective work observed, and Contractor's 
corrective actions taken to correct defective work. 
a. Submit reports within 48 hours after installation. 

 
C. Closeout Submittals 
 

1. Maintenance Data: To include in maintenance manuals. 
2. Warranties: Executed copies of warranties. 

 
1.05 QUALITY ASSURANCE 

 
A. Installer Qualifications: An employer of workers trained and certified by manufacturer, including a 

full-time on-site supervisor with a minimum of five years' experience installing products comparable 
to those specified, able to communicate verbally with Contractor, Architect, and employees, and 
qualified by the roofing system manufacturer to install manufacturer's product and furnish warranty 
of type specified. 

 
B. Manufacturer Qualifications: Approved manufacturer with UL listed and FM Global approved roofing 

systems comparable to those specified for this Project, with minimum five years' experience in 
manufacture of comparable products in successful use in similar applications, and able to furnish 
warranty with provisions matching specified requirements. 

 
C. Roofing Inspector Qualifications: A technical representative of manufacturer not engaged in the sale 

of products and experienced in the installation and maintenance of the specified roofing system, 
qualified to perform roofing observation and inspection specified in Field Quality Control Article, to 
determine Installer's compliance with the requirements of this Project, and approved by the 
manufacturer to issue warranty certification. The Roofing Inspector shall be one of the following: 

 
1. An authorized full-time technical employee of the manufacturer. 
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D. Manufacturer's Installation Instructions: Obtain and maintain on-site access to manufacturer's 
written recommendations and instructions for installation of products. 

 
E. Preinstallation Meetings 

 
1. Preinstallation Roofing Conference: Conduct conference at Project site. 

a. Meet with Owner, Architect, roofing Installer, roofing system manufacturer's 
representative, and installers whose work interfaces with or affects roofing, including 
installers of roof accessories and roof-mounted equipment. 

b. Review drawings and specifications. 
c. Review methods and procedures related to roofing installation, including manufacturer's 

written instructions. 
d. Review and finalize construction schedule and verify availability of materials, Installer's 

personnel, equipment, and facilities needed to make progress and avoid delays. 
e. Examine substrate conditions and finishes for compliance with requirements, including 

flatness and fastening. 
f. Review structural loading limitations of roof deck during and after roofing. 
g. Review base flashings, special roofing details, roof drainage, roof penetrations, equipment 

curbs, and condition of other construction that will affect roofing system. 
h. Review governing regulations and requirements for insurance and certificates if applicable. 
i. Review temporary protection requirements for roofing system during and after installation. 
j. Review roof observation and repair procedures after roofing installation. 

 
1.06 DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver roofing materials to Project site in original containers with seals unbroken and labeled with 
manufacturer's name, product brand name and type, date of manufacture, approval or listing 
agency markings, and directions for storing and mixing with other components. 

 
B. Store liquid materials in their original undamaged containers in a clean, dry, protected location and 

within the temperature range required by roofing system manufacturer. Protect stored liquid 
material from direct sunlight. 

 
1. Discard and legally dispose of liquid material that cannot be applied within its stated shelf life. 

 
C. Protect roof insulation materials from physical damage and from deterioration by sunlight, 

moisture, soiling, and other sources. Store in a dry location. Comply with insulation manufacturer's 
written instructions for handling, storing, and protecting during installation. 

 
D. Handle and store roofing materials and place equipment in a manner to avoid permanent deflection 

of deck. 
 
1.07 PROJECT / FIELD CONDITIONS 
 

A. Weather Limitations: Proceed with installation only when existing and forecasted weather 
conditions permit roofing system to be installed according to manufacturer's written instructions 
and warranty requirements. 
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B. Daily Protection: Coordinate installation of roofing so insulation and other components of roofing 

system not permanently exposed are not subjected to precipitation or left uncovered at the end of 
the workday or when rain is forecast. 

 
1. Provide tie-offs at end of each day's work to cover exposed roofing and insulation with a course 

of roofing sheet securely in place with joints and edges sealed. 
2. Complete terminations and base flashings and provide temporary seals to prevent water from 

entering completed sections of roofing. 
3. Remove temporary plugs from roof drains at end of each day. 
4. Remove and discard temporary seals before beginning work on adjoining roofing. 

 
1.08 WARRANTY 
 

A. Manufacturer's Warranty: Manufacturer's standard or customized form, in which manufacturer 
agrees to repair or replace components of roofing system that fail in materials or workmanship 
within specified warranty period. Failure includes roof leaks. 

 
1. Manufacturer's warranty includes roofing membrane, base flashings, fasteners, roofing 

membrane accessories and other components of roofing system specified in this Section. 
2. A single manufacturer will provide warranty for both single ply and built-up roof systems 

specified. 
3. Warranty Period: 20 years from date of Substantial Completion. 

 
B. Manufacturer Inspection Services: By manufacturer's technical representative, to report 

maintenance responsibilities to Owner necessary for preservation of Owner's warranty rights. The 
cost of manufacturer's inspections is included in the Contract Sum. 

 
1. Inspections to occur in following years: 2, 5, 10, 15 following completion of work. 

 
C. Installer's Warranty: Submit roofing Installer's warranty, on warranty form, signed by Installer, 

covering the Work of this Section and related Sections indicated above, including all components of 
membrane roofing such as roofing membrane, base flashing, roof insulation, fasteners, cover 
boards, substrate boards, vapor retarders, roof pavers, and walkway products, for the following 
warranty period: 

 
1. Warranty Period: Two years from date of Substantial Completion. 

 
D. Extended Roof System Warranty: Warranties specified in this Section include the following 

components and systems specified in other sections supplied by the roofing system Manufacturer, 
and installed by the roofing system Installer: 

 
1. Sheet metal flashing and trim, including roof penetration flashings. 
2. Manufactured copings, roof edge, counter-flashings, and reglets. 
3. Roof curbs, hatches, and penetration flashings. 
4. Roof and parapet expansion joint assemblies. 
5. Metal roof, wall, and soffit panels and trim. 
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PART 2 - PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. Basis-of-Design Manufacturer/Product:   The roof system specified in this Section is based upon 
products of Tremco, Inc. or Equal. 

B. Source Limitations: Obtain components for roofing system from same manufacturer as membrane 
roofing or manufacturer approved by membrane roofing manufacturer. 

 
2.02 PERFORMANCE REQUIREMENTS 
 

A. General Performance: Installed membrane roofing and base flashings shall withstand specified uplift 
pressures, thermally induced movement, and exposure to weather without failure due to defective 
manufacture, fabrication, installation, or other defects in construction. Membrane roofing and base 
flashings shall remain watertight. 

 
1. Accelerated Weathering: Roofing system shall withstand 2000 hours of exposure when tested 

according to ASTM G152, ASTM G154, or ASTM G155. 
2. Impact Resistance: Roof membrane shall resist impact damage when tested according to ASTM 

D3746/D3746M, ASTM D4272/D4272M, or the "Resistance to Foot Traffic Test" in FM Approvals 
4470. 

 
B. Flashings and Fastening: Provide base flashings, perimeter flashings, detail flashings and component 

materials and installation techniques that comply with requirements and recommendations of the 
following: 

 
1. NRCA Roofing Manual (Sixth Edition) for construction details and recommendations. 
2. SMACNA Architectural Sheet Metal Manual (Seventh Edition) for construction details. 

 
C. Exterior Fire-Test Exposure: ASTM E 108 or UL 790, Class A; for application and roof slopes indicated, 

as determined by testing identical membrane roofing materials by a qualified testing agency. 
Materials shall be identified with appropriate markings of applicable testing agency. 

 
D. Solar Reflectance Index: Not less than 78 when calculated according to ASTM E1980, based on 

testing identical products by a qualified testing agency. 
 
E. Energy Performance: Roofing system shall have an initial solar reflectance index of not less than 0.70 

and an emissivity of not less than 0.75 when tested according to CRRC-1. 
 
2.03 MATERIALS 

 
A. General 

 
1. Material Compatibility: Roofing materials shall be compatible with one another and adjacent 

materials under conditions of service and application required, as demonstrated by roof 
membrane manufacturer based on testing and field experience. 
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B. Roof Membrane Materials 
 

1. Hybrid System Asphalt (Glass Fiber) Ply Sheets: 
a. Asphalt and glass-fiber roofing ply sheet for hot-applied built-up roofing systems, ASTM 

D2178 Type IV. 
1) Basis of design product: Tremco, THERMglass Type IV. 
2) Net Dry Mass of asphalt impregnated glass felt, ASTM D146: 7.5 lb/100 sq ft (360 g/ sq 

m). 
3) Breaking Strength, ASTM D146: 44 lbf/in (7.70 kN/m). 
4) Pliability, 1/2 inch (13 mm), ASTM D146: Pass. 

 
2. SBS Modified Bituminous Cap Sheet: 

a. SBS-modified asphalt-coated glass-fiber-reinforced sheet, granular surfaced, ASTM D6163 
Type I Grade G. 
1) Basis of design product: Tremco, POWERply Standard FR. 
2) Exterior Fire-Test Exposure, ASTM E108: Class A. 
3) Tensile Strength at 77 deg. F (25 deg. C), minimum, ASTM D5147: Machine direction 80 

lbf/in (14 kN/m); Cross machine direction 75 lbf/in (13 kN/m). 
4) Tear Strength at 77 deg. F (25 deg. C), minimum, ASTM D5147: Machine direction, 100 

lbf (460 N); Cross machine direction 108 lbf (480 N). 
5) Elongation at 77 deg. F (25 deg. C), minimum, ASTM D5147: Machine direction 7 

percent; Cross machine direction 8 percent. 
6) Low Temperature Flex, maximum, ASTM D5147: -15 deg. F (-26 deg. C). 
7) Thickness, minimum, ASTM D5147: 0.120 inch (3.0 mm). 

 
3. Flashing Backer Sheet: 

a. Asphalt and glass-fiber roofing ply sheet for hot-applied built-up roofing systems, ASTM 
D2178 Type IV. 
1) Basis of design product: Tremco, THERMglass Type IV. 
2) Net Dry Mass of asphalt impregnated glass felt, ASTM D146: 7.5 lb/100 sq ft (360 g/ sq 

m). 
3) Breaking Strength, ASTM D146: 44 lbf/in (7.70 kN/m). 
4) Pliability, 1/2 inch (13 mm), ASTM D146: Pass. 

 
4. Flashing Sheet: 

a. SBS-modified asphalt-coated glass-fiber-reinforced sheet, granular surfaced, ASTM D6163 
Type I Grade G. 
1) Basis of design product: Tremco, POWERply Standard FR. 
2) Exterior Fire-Test Exposure, ASTM E108: Class A. 
3) Tensile Strength at 77 deg. F (25 deg. C), minimum, ASTM D5147: Machine direction 80 

lbf/in (14 kN/m); Cross machine direction 75 lbf/in (13 kN/m). 
4) Tear Strength at 77 deg. F (25 deg. C), minimum, ASTM D5147: Machine direction, 100 

lbf (460 N); Cross machine direction 108 lbf (480 N). 
5) Elongation at 77 deg. F (25 deg. C), minimum, ASTM D5147: Machine direction 7 

percent; Cross machine direction 8 percent. 
6) Low Temperature Flex, maximum, ASTM D5147: -15 deg. F (-26 deg. C). 
7) Thickness, minimum, ASTM D5147: 0.120 inch (3.0 mm). 
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5. Detailing Fabric: 
a. Woven Glass Fiber Mesh, Vinyl-Coated: Non-shrinking, non-rotting, vinyl-coated woven glass 

mesh for reinforcing flashing seams, membrane laps, and other roof system detailing. 
1) Basis of design product: Tremco, BURmesh. 
2) Tensile strength, 70 deg. F, min ASTM D146: Warp, 65 lbf/in (285 N); fill, 75 lbf/in (310 

N). 
3) Color: Aqua green. 

 
C. ASPHALT MATERIALS 

 
1. Asphalt primer, water-based, polymer modified.  

a. Basis of design product: Tremco, TREMprime WB. 
b. Volatile Organic Compounds (VOC), maximum, ASTM D3960: 2 g/L. 
c. Color: Brown/black. 

 
2. Hot-melt asphalt adhesive, ASTM D312 Type IV. 

a. Basis of design product: Tremco, Premium IV Adhesive. 
b. Softening Point, min/max, ASTM D36: 215–225 deg. F (100–105 deg. C). 
c. Ductility at 77 deg. F, (25 deg C) minimum, ASTM D113: 1.5 cm. 
d. Penetration at 77 deg. F (25 deg. C), min/max, ASTM D5: 15–25 dmm. 

 
D. Auxiliary Membrane Roofing Materials 

 
1. General: Auxiliary materials recommended by roofing system manufacturer for intended use 

and compatible with roofing membrane. 
a. Liquid-type auxiliary materials shall comply with VOC limits of authorities having jurisdiction. 

 
2. Asphalt Roofing Cement / Mastic: 

a. Seam Sealer and Patching Sealer: Acrylic elastomeric sealer, single-component, high solids, 
low-VOC, formulated for compatibility and use with specified roofing and wall substrates. 
1) Basis of design product: Tremco, SOLARGARD Acrylic Sealer. 
2) Volatile Organic Compounds (VOC), maximum, ASTM D3960: 50 g/L. 
3) Tensile Strength, minimum, ASTM D412: 450 psi (3100 kPa). 
4) Hardness, Shore A: 45. 
5) Elongation, minimum, ASTM D412: 300 percent. 
6) Impact Resistance, minimum: 160 in/lb (18 kN/m). 

b. Roof Cement, Asphalt-Based: ASTM D4586, Type II, Class I, fibrated roof cement formulated 
for use in installation and repair of asphalt ply and modified bitumen roofing plies and 
flashings; UL-classified for fire resistance. 
1) Basis of design product: Tremco, ELS. 
2) Volatile Organic Compounds (VOC), maximum, ASTM D3960: 190 g/L. 
3) Non-Volatile Matter, ASTM D4586: 85 percent. 
4) Resistance to sag ASTM D4586: 1/8 in. (3 mm). 

 
3. Stripping Reinforcing Fabric: 
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a. Polyester Reinforcing and Protection Fabric: 100 percent stitch-bonded mildew-resistant 
polyester fabric intended for reinforcement of compatible fluid-applied membranes and 
flashings and as a protection layer under pavers or stone aggregates. 
1) Basis of design product: Tremco, Permafab. 
2) Tensile Strength, Minimum, ASTM D1682: 50 lbf (23 kg) avg. 
3) Elongation, Minimum, ASTM D1682: 60 percent. 
4) Tear Strength, Minimum, ASTM D1117: 16 lbf (7.3 kg) avg. 
5) Weight: 3 oz./sq. yd (102 g/sq. m). 

 
4. Fasteners: Factory-coated steel fasteners and metal or plastic plates meeting corrosion-

resistance provisions in FM Global 4470, designed for fastening roofing components to 
substrate, tested by manufacturer for required pullout strength, and acceptable to roofing 
system manufacturer. 

5. Metal Flashing Sheet: Metal flashing sheet is specified in Division 07 Section "Sheet Metal 
Flashing and Trim." 

6. Miscellaneous Accessories: Provide miscellaneous accessories recommended by roofing system 
manufacturer. 

 
E. Roof Insulation Materials 

 
1. Roof Insulation, General: Preformed roof insulation boards manufactured or approved by 

roofing manufacturer, selected from manufacturer's standard sizes suitable for application, of 
thicknesses indicated. 
a. Provide preformed saddles, crickets, tapered edge strips, and other insulation shapes where 

indicated for sloping to drain. Fabricate to slopes indicated, not less than two times the roof 
slope. 

 
2. Roof Insulation: 

a. Board Insulation, Polyisocyanurate: CFC- and HCFC- free, with recycled content glass-fiber 
mat facer on both major surfaces, ASTM C1289 Type II Class 1. 
1) Compressive Strength, ASTM D1621: [Grade 2: 20 psi (138 kPa)] [Grade 3: 25 psi (172 

kPa)]. 
2) Conditioned Thermal Resistance at 75 deg. F (24 deg. C): 14.4 at 2.5 inches (50.8 mm) 

thick. 
 

F. INSULATION ACCESSORIES 
 
1. Roof Insulation Cover Board: 

a. Gypsum panel, glass-mat-faced, primed, ASTM C1177/C1177M. 
1) Basis of design product: Tremco/GP Gypsum DensDeck Prime. 
2) Thickness: 1/2 inch. 

 
2. Roof Insulation Adhesive: 

a. Urethane adhesive, bead-applied, low-rise two-component solvent-free low odor, 
formulated to adhere roof insulation to substrate. 
1) Basis of design product: Tremco, Low Rise Foam Insulation Adhesive. 
2) Flame Spread Index, ASTM E84: 10. 
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3) Smoke Developed Index, ASTM E84: 30. 
4) Volatile Organic Compounds (VOC), maximum, ASTM D3960: 0 g/L. 
5) Tensile Strength, minimum, ASTM D412: 250 psi (1720 kPa). 
6) Peel Adhesion, minimum, ASTM D903: 17 lbf/in (2.50 kN/m). 
7) Flexibility, 70 deg. F (39 deg. C), ASTM D816: Pass. 

 
b. Hot-melt asphalt adhesive, ASTM D312 Type IV. 

1) Basis of design product: Tremco, Premium IV Adhesive. 
2) Softening Point, min/max, ASTM D36: 215–225 deg. F (100–105 deg. C). 
3) Ductility at 77 deg. F, (25 deg C) minimum, ASTM D113: 1.5 cm. 
4) Penetration at 77 deg. F (25 deg. C), min/max, ASTM D5: 15–25 dmm. 

 
3. Insulation Cant Strips: ASTM C208, Type II, Grade 1, cellulosic-fiber insulation board. 
4. Tapered Edge Strips: ASTM C208, Type II, Grade 1, cellulosic-fiber insulation board. 
5. Insulation Fasteners: Factory-coated steel fasteners and metal or plastic plates complying with 

corrosion-resistance provisions in FM Approvals 4470, designed for fastening roof insulation and 
cover boards to substrate, and acceptable to roofing system manufacturer. 

 
G. Surfacing Materials 
 

1. Acrylic Emulsion Flashing Coating Material: 
a. Acrylic Roof Coating, Highly-Reflective Elastomeric: high-solids acrylic latex elastomeric roof 

coating formulated for use on bituminous roof surfaces; water-based, Energy Star qualified, 
CRRC listed and California Title 24 Energy Code compliant. 
1) Basis of design product: Tremco, ICE Coating. 
2) Volatile Organic Compounds (VOC), ASTM D3960: 39 g/L. 
3) Emissivity, minimum, ASTM C1370: 0.83. 
4) Solar Reflectance Index (SRI), ASTM E1980: 103 (initial) 75 (3 year aged). 
5) Reflectance, minimum, ASTM C1549: 84 percent. 
6) Solids, by volume, ASTM D5201: 65 percent. 
7) Minimum Thickness: 45 mils (1.1 mm) dry film thickness. 

 
PART 3 - EXECUTION 
 
3.01 EXAMINATION 
 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with the following 
requirements and other conditions affecting performance of roofing system: 

 
1. Verify that roof openings and penetrations are in place and curbs are set and braced and that 

roof drain bodies are securely clamped in place. 
2. Verify that, blocking, curbs, and nailers are securely anchored to roof deck at penetrations and 

terminations and that nailers match thicknesses of insulation. wood cants 
 
B. Proceed with installation only after unsatisfactory conditions have been corrected. 

 
3.02 PREPARATION 
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A. Clean substrate of dust, debris, moisture, and other substances detrimental to roofing installation 

according to roofing system manufacturer's written instructions. Remove sharp projections. 
 
B. Prevent materials from entering and clogging roof drains and conductors and from spilling or 

migrating onto surfaces of other construction. Remove roof-drain plugs when no work is taking 
place or when rain is forecast. 

 
3.03 INSTALLATION 
 

A. General 
 

1. Install roofing system in accordance with manufacturer’s written instructions, approved shop 
drawings, and Contract Documents. 

2. Install wood cants, blocking, curbs, and nailers in accordance with requirements of Division 06 
Section "Miscellaneous Rough Carpentry." 

3. Complete terminations and base flashings and provide temporary seals to prevent water from 
entering completed sections of roofing system at the end of the workday or when rain is 
forecast. Remove and discard temporary seals before beginning work on adjoining roofing. 

 
B. Insulation Installation 

 
1. Comply with built-up roofing manufacturer's written instructions for installing roof insulation. 
2. Coordinate installing membrane roofing system components, so insulation is not exposed to 

precipitation or left exposed at the end of the workday. 
3. Cant Strips: Install and secure preformed 45-degree cant strips at junctures of built-up roofing 

with vertical surfaces or angle changes greater than 45 degrees. 
4. Tapered Insulation and Crickets: Install tapered insulation under area of roofing to conform to 

slopes indicated. 
a. Where crickets are indicated or required to provide positive slope to drain, make slope of 

crickets minimum of two times the roof slope, not less than 1/4 inch in 12 inches (1:48). 
5. Trim surface of insulation where necessary at roof drains so completed surface is flush and does 

not restrict flow of water. 
6. Install tapered edge strips at perimeter edges of roof that do not terminate at vertical surfaces. 
7. Mechanically Fastened Insulation Application Method: Secure to deck with 1 fastener every 2 

square feet. Use  #12 fasteners with 3” insulation plates. 
 

C. Hot-Applied Roofing Membrane Installation, General 
 

1. Install roofing membrane system according to roofing system manufacturer's written 
instructions and applicable recommendations in NRCA's "Quality Control and Quality-assurance 
Guidelines for the Application of Membrane Roofing" and as follows: 
a. Number of Asphalt (Glass-Fiber) Ply Sheets: Three. 

1) Adhering Method: Mopped. 
 

b. Granular-Surfaced SBS-Modified Asphalt Cap Sheet: 
2) Adhering Method: Mopped. 
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2. Start installation of roofing membrane in presence of roofing system manufacturer's technical 

personnel. 
3. Cooperate with testing agencies engaged or required to perform services for installing roofing 

system. 
4. Coordinate installation of roofing system so insulation and other components of the roofing 

membrane system not permanently exposed are not subjected to precipitation or left 
uncovered at the end of the workday or when rain is forecast. 
a. Provide tie-offs at end of each day's work to cover exposed roofing membrane sheets and 

insulation with a course of coated felt set in compatible roofing cement/mastic or hot 
roofing asphalt, with joints and edges sealed. 

b. Complete terminations and base flashings and provide temporary seals to prevent water 
from entering completed sections of roofing. 

c. Remove temporary plugs from roof drains at end of each day. 
d. Remove and discard temporary seals before beginning work on adjoining roofing. 

 
5. Hot Roofing Asphalt Heating: Heat asphalt to its equi-viscous temperature, measured at the 

mop cart or mechanical spreader immediately before application. Circulate asphalt during 
heating. Do not raise asphalt temperature above equi-viscous temperature range more than one 
hour before time of application. Do not exceed asphalt manufacturer's recommended 
temperature limits during asphalt heating. Do not heat asphalt within 25 deg. F of flash point. 
Discard asphalt maintained at a temperature exceeding finished blowing temperature for more 
than four hours. 
a. Apply hot roofing asphalt within plus or minus 25 deg. F (14 deg. C) of equi-viscous 

temperature and adhere components to asphalt heated to not less than 425 deg. F. 
 
6. Hot Roofing Asphalt Heating, SEBS-Modified Asphalt: Heat and apply SEBS-modified elastomeric 

roofing asphalt according to roofing system manufacturer's written instructions. 
7. Substrate-Joint Penetrations: Prevent roofing asphalt and adhesives from penetrating substrate 

joints, entering building, or damaging roofing system components or adjacent building 
construction. 

 
D. Hybrid System Ply Sheet Installation 

 
1. Install ply sheets according to roofing system manufacturer's written instructions starting at low 

point of roofing system. Align base-ply sheets without stretching. Extend sheets over and 
terminate beyond cants. 
a. Shingle side laps of ply sheets uniformly to ensure that required number of ply sheets covers 

substrate at any point. Shingle in direction to shed water. 
b. Embed each glass-fiber ply sheet in a continuous void-free mopping of hot roofing asphalt to 

form a uniform membrane without glass-fiber ply sheets touching. 
 

E. Sbs-Modified Bituminous Membrane Installation 
 

1. Install modified bituminous roofing membrane ply sheet(s) and cap sheet according to roofing 
manufacturer's written instructions, starting at low point of roofing system. Extend roofing 
membrane sheets over and terminate beyond cants, installing as follows: 
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a. Unroll roofing membrane sheets and allow them to relax for minimum time period required 
by manufacturer. 

b. Adhere to substrate in a solid mopping of hot roofing asphalt applied at not less than 425 
deg. F. 

 
2. Laps: Accurately align roofing membrane sheets, without stretching, and maintain uniform side 

and end laps. Stagger end laps. Install roofing membrane sheets so side and end laps shed 
water. Completely bond and seal laps, leaving no voids. 
a. Repair tears and voids in laps and lapped seams not completely sealed. 
b. Apply roofing granules to cover exuded bead at laps while bead is hot. 

 
F. Flashing And Stripping Installation 
 

1. Base Flashing Installation, General: Install base flashing over cant strips and other sloped and 
vertical surfaces, at roof edges, and at penetrations through roof; secure to substrates according 
to roofing system manufacturer's written instructions, and as follows: 
a. Extend base flashing up walls or parapets a minimum of 12 inches (300 mm) above modified 

bituminous roofing and 6 inches (150 mm) onto field of roof membrane. 
b. Prime substrates with asphalt primer if required by roofing system manufacturer. 
c. Backer Sheet Installation: 

1) Backer Sheet Application: Install backer sheet and adhere to substrate in a solid 
mopping of hot roofing asphalt. 

 
d. Flashing Sheet Installation: 

1) Adhere flashing sheet to substrate in a solid mopping of hot roofing asphalt. Apply hot 
roofing asphalt to back of flashing sheet if recommended by roofing system 
manufacturer. Mechanically fasten top of base flashing securely at terminations and 
perimeter of roofing. 

 
e. Flashing Sheet Top Termination: Mechanically fasten top of base flashing securely at 

terminations and perimeter of roofing. 
1) Seal top termination of base flashing with a metal termination bar and a continuous 

bead of joint sealant. 
 
f. Flashing Sheet Bottom Termination: Adhere flashing sheet to roof membrane sheet 

continuously along bottom of flashing sheet. 
 
2. Install roofing membrane cap-sheet stripping where metal flanges and edgings are set on 

membrane roofing according to roofing system manufacturer's written instructions. 
3. Install stripping, according to roofing manufacturer's written instructions, where metal flanges 

and edgings are set on built-up roofing. 
4. Flashing-Sheet Stripping: Install flashing-sheet stripping in a continuous coating of compatible 

mastic/adhesive sealer, as recommended by roofing manufacturer, and extend onto roofing 
membrane. Apply number of courses recommended by manufacturer. 

5. Roof Drains: Set 30 by 30-inch square metal flashing in bed of compatible mastic/adhesive 
sealer on completed roofing membrane. Cover metal flashing with roofing membrane cap-sheet 
stripping and extend a minimum of 6 inches beyond edge of metal flashing onto field of roofing 
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membrane. Clamp roofing membrane, metal flashing, and stripping into roof-drain clamping 
ring. 
a. Install stripping according to roofing system manufacturer's written instructions. 

 
G. Surfacing And Coating Installation 

 
1. Acrylic Emulsion Coating: 

a. Apply Cool Roof coating to the roof and flashings in two coat process at 2 gallons per square 
per coat. 

b. Back-roll 2nd coat for clean finish with no spray lines. 
 
3.04 FIELD QUALITY CONTROL 
 

A. Final Roof Inspection: Arrange for roofing system manufacturer's technical personnel to inspect 
roofing installation at commencement and upon completion. 

 
1. Notify Architect and Owner 48 hours in advance of date and time of inspection. 

 
B. Repair or remove and replace components of built-up roofing where test results or inspections 

indicate that they do not comply with specified requirements. 
1. Additional testing and inspecting, at Contractor's expense, will be performed to determine if 

replaced or additional work complies with specified requirements. 
 
 
3.05 PROTECTING AND CLEANING 

 
A. Protect membrane roofing system from damage and wear during remainder of construction period.  

When remaining construction will not affect or endanger roofing, inspect roofing for deterioration 
and damage, describing its nature and extent in a written report, with copies to Architect and 
Owner. 

 
B. Correct deficiencies in or remove membrane roofing system that does not comply with 

requirements; repair substrates; and repair or reinstall membrane roofing system to a condition free 
of damage and deterioration at time of Substantial Completion and according to warranty 
requirements. 

 
C. Clean overspray and spillage from adjacent construction using cleaning agents and procedures 

recommended by manufacturer of affected construction. 
 
 

END OF SECTION 



Heating, Ventilating, and 
Air Conditioning Specification
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SECTION 23 80 00 

HEATING, VENTILATING AND AIR CONDITIONING 

PART 1 - GENERAL  

1.1 SUMMARY 

A. Section Includes: 

1. Roof mounted air conditioning units. 

2. Roof mounted heat pump units. 

3. Heating and ventilating units. 

4. Split system heat pump units. 

5. Split system air conditioning units. 

6. Variable Refrigerant Flow - Split system heat pump units. 

7. High efficiency furnace units. 

8. Air cooled condensing units. 

9. Cooling coils. 

10. Refrigerant piping and fittings. 

11. Electric radiant ceiling panels. 

12. Fans. 

13. Kitchen exhaust hood – type 1. 

14. Kitchen exhaust hood – type 2. 

15. Kiln exhaust hood system. 

16. Welding exhaust system. 

17. Relief and intake vents. 

18. Louvers. 

19. Air inlets and outlets. 

20. Terminal Units. 

21. Filters. 

22. Dampers. 

23. Ductwork. 

24. Hydronic Piping. 

25. Hydronic pumps. 
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26. Hydronic Piping Specialties. 

27. Expansion loops. 

28. Valves. 

29. Valve boxes. 

30. Insulation. 

31. Thermal hanger shield inserts. 

1.2 RELATED REQUIREMENTS  

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

B. Section 23 00 50, Basic HVAC Materials and Methods. 

C. Section 23 05 93, Testing, Adjusting, and Balancing for HVAC. 

D. Section 23 09 23, Direct Digital Control (DDC) System for HVAC. 

1.3 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meetings: 

1. Variable Refrigerant Flow System Conference: Installing contractor’s foreman shall attend 
conference at Project site with design Engineer and equipment manufacturer’s representative, to 
comply with requirements of this Section and manufacturer’s installation requirements including but 
not limited to, the following: 

a. Proposed deviations from system as shown and described in Contract Documents, including 
location of system components and impacts to refrigerant pipe sizing. 

1) Provide Coordinated Layouts as required by this Section for use in discussion. 

b. Refrigerant piping assembly practices. 

c. General discussion, question and answer period. 

d. Walk site with equipment manufacturer’s representative to identify conditions affecting 
installation of system as designed. 

1.4 ACTION SUBMITTALS 

A. For additional requirements, refer to Section 23 00 50, Basic HVAC Materials and Methods. 

B. Product Data: Submit manufacturer's technical product data, including rated capacities of selected model 
clearly indicated, dimensions, weight, corner or mounting point weights, furnished specialties and 
accessories; and installation and start-up instructions. Product data shall include applicable product 
listings and standards. Refer to Section 23 00 50, Basic HVAC Material and Methods for additional 
requirements. 

1. Upon approval of submittal, provide manufacturer’s installation and operating instructions to the 
Project inspector for the following: 

a. Fire dampers, smoke dampers, and combination smoke-fire dampers. 

b. Type 1 kitchen exhaust field applied grease duct enclosures. 
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C. VRF Systems: Submit system documentation for a fully engineered system, including shop drawings, and 
wiring and control diagrams, showing location of required manufactured system components, component 
model numbers and capacities, and size and location of all field-installed components, including piping, 
required seismic and thermal expansion loops, and wiring. Identify proposed deviations from system as 
shown in Contract Documents. 

D. Engineering Data: Submit fan curves and sound power level data for each fan unit. Data shall be at the 
scheduled capacity. Data shall include the name of the rating agency or independent laboratory. 

1.5 INFORMATIONAL SUBMITTALS 

A. For additional requirements, refer to Section 23 00 50, Basic HVAC Materials and Methods. 

B. Roof Curb Data: For roof mounted equipment where combined weight of equipment unit and roof curb or 
rail exceeds 400 pounds, submit calculations from manufacturer for roof curbs proving compliance with 
the seismic requirements of the California Building Code, and ASCE 7-10. Manufacturer shall certify that 
roof curbs are suitable for use indicated on Drawings and in Specifications for the seismic design category 
indicated in structural Contract Documents. Calculations shall be stamped and signed by a State of 
California registered structural engineer. 

C. Economizer Fault Detection and Diagnostics (FDD) System Data: For all air-cooled unitary direct-
expansion units equipped with an economizer, provide data for third-party supplied California Energy 
Commission certified FDD controller, documenting compliance with the requirements of California 
Building Energy Efficiency Standards. Provide evidence of certification. 

D. Record of pre-installation meeting. 

E. Training Certificates of Completion: Submit certificate from equipment manufacturer, indicating 
attendance and successful completion of manufacturer’s training program for variable refrigerant flow 
systems installation and service. Training shall include manufacturer’s preferred methods for assembling 
and insulating refrigerant piping and accessories. 

F. Coordinated Layouts: Submit coordinated layouts. For requirements refer to article, Coordinated Layouts, 
in this Section. 

1.6 CLOSEOUT SUBMITTALS 

A. For additional requirements, refer to Section 23 00 50, Basic HVAC Materials and Methods. 

B. Maintenance Data: Submit maintenance data and parts list for each piece of equipment, control, and 
accessory; including "trouble-shooting guide," in Operation and Maintenance Manual. 

C. Record Drawings: Submit Record Drawings of installed ductwork, duct accessories, and outlets and inlets 
in accordance with requirements of Division 01. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for 
storage and identified with labels describing contents. 

1. Belts: One set(s) for each belt-driven unit. 

2. Provide one complete set(s) of MERV-13 filters for each 4” filter bank. 

1.8 COORDINATED LAYOUT  

A. Coordinated layouts are required to amplify, expand and coordinate the information contained in the 
Contract Documents.  



  HEATING, VENTILATING AND AIR CONDITIONING 
  23 80 00 - 4 

 

SACRAMENTO CITY UNIFIED SCHOOL DISTRICT  JAMES MARSHALL ES 
VERSION DATE JULY 15, 2022 

B. Provide minimum 1/4 inch equals one foot scaled coordinated layout drawings showing plan and pertinent 
section or elevation views of piping, ductwork, equipment, accessories, and electrical systems. Drawings 
shall be reproducible and work of each trade represented shall be fully coordinated with structure, other 
disciplines, and finished surfaces. Drawings shall be presented on a single size sheet. Coordinated layout 
drawings shall have title block, key plan, north arrow and sufficient grid lines to provide cross-reference 
to design Drawings. 

1. Provide a stamp or title block on each drawing with locations for signatures from all contractors 
involved, including but not limited to the General, HVAC, Plumbing, Fire Protection, and Electrical 
contractors. Include statement for signature that the contractor has reviewed the coordinated layout 
drawings in detail and has coordinated the work of his trade. 

2. Show on drawings the intended elevation of all ductwork in accordance with the following example: 

B.O.D. = 9'-0" 
OFFSET UP 6" 
B.O.D. = 9'-6" 

3. Highlight, encircle or otherwise indicate deviations from the Contract Documents on the coordinated 
layouts. Architect will not be responsible for identifying deviations from the original Contract 
Documents. 

C. Since scale of contract drawings is small and all offsets and fittings are not shown, Contractor shall make 
allowances in bid for additional coordination time, detailing, fittings, offsets, hangers and the like to 
achieve a fully coordinated installation. If changes in duct size are required, equivalent area shall be 
maintained and the aspect ratio shall not be in excess of 2 to 1 unless approved by the engineer. Drawings 
shall be submitted for review prior to fabrication and installation. Drawings may be submitted in packages 
representing at least one quarter of the building ductwork. 

D. Check routing on all ductwork before fabricating. Report any discrepancies to Architect. No extra cost will 
be allowed for failure to conform to above. 

1.9 QUALITY ASSURANCE  

A. Design Criteria: 

1. All equipment and accessories to be the product of a manufacturer regularly engaged in its 
manufacture. All gas-fired equipment shall be UL, ETL or CSA listed. 

2. Supply all equipment and accessories in accordance with requirements of applicable national, state 
and local codes. 

3. All items of a given type shall be products of the same manufacturer. 

4. Scheduled equipment performance is minimum capacity required. 

5. Scheduled electrical capacity shall be considered as maximum available. 

6. Scheduled gas BTU input shall be considered as maximum available. 

B. Pump types and sizes regulated by the US Department of Energy’s “Energy Conservation Standards for 
Pumps” 10 CRF Parts 429 and 431 shall be marked with a compliant PEICL or PEIVL  (Pump Energy Index, 
constant or variable load) value, basic model number, and RPM on the nameplate. Regulated pumps 
shall be listed in the Hydraulic Institute (HI) Energy Rating database (er.pumps.org) and be assigned an 
Energy Rating as defined in the HI 40.5 program guide. 

C. Variable Refrigerant Flow Split-System Heat Pump Installer Training: Installing contractor shall have 
completed training in installation and service of VRF system, by equipment manufacturer. 
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1. Installing contractor shall obtain, at his own cost, equipment manufacturer’s VRF system service 
tool, unless service tool is normally resident on controller specified for this Project. 

1.10 FIELD CONDITIONS 

A. Interruption of Existing Services: Do not interrupt services to facilities occupied by Owner or others unless 
permitted under the following conditions and then only after arranging to provide temporary services 
according to requirements indicated: 

1. Notify Architect no fewer than two days in advance of proposed interruption of services. 

2. Do not interrupt services without Architect's written permission. 

1.11 WARRANTY 

A. Air Conditioning Unit, Roof-Mounted:  

1. Compressor shall have a five-year warranty. 

2. Standard heat exchanger shall have a ten-year warranty. 

B. Heat Pump Unit, Roof-Mounted: Compressor shall have a five-year warranty. 

C. Heating and Ventilating Unit: Heat exchanger shall have minimum 10-year warranty. 

D. High Efficiency Furnace Unit:  

1. Heat exchangers shall have a 20-year warranty. 

2. Entire unit shall have a 5-year warranty. 

E. Air Cooled Condensing Unit: Unit shall have 5-year limited compressor warranty. 

PART 2 - PRODUCTS  

2.1 MATERIALS 

A. Insulation products, including insulation, insulation facings, jackets, adhesives, sealants and coatings 
shall not contain polybrominated diphenyl ethers (PBDEs) in penta, octa, or deca formulations in amounts 
greater than 0.1 percent (by mass). 

2.2 GAS FIRED EQUIPMENT 

A. All gas-fired equipment shall be listed for use as a gas appliance. 

B. All units shall comply with the emissions requirements of the Air Quality Management District (AQMD) in 
which they are to be installed. 

2.3 AIR CONDITIONING UNIT, ROOF-MOUNTED  

A. Provide factory assembled single packaged outdoor rooftop mounted, electrically controlled gas heating 
and electric cooling unit, rated in accordance with ARI Standards 210/240 or 340/360, and ETL or UL 
listed and labeled, classified in accordance with UL 1995. Provide refrigerant charge R-410A, all internal 
wiring, piping, controls, and special features required prior to field startup. Design unit to conform to the 
following: 

1. California NOx emission requirements. 

2. ASHRAE 15. 
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3. ASHRAE 90.1. 

4. Insulation, adhesive, and all materials exposed to air stream shall meet NFPA 90A requirements 
for flame spread and smoke generation. 

5. Unit casing shall be capable of withstanding 500-hour salt spray exposure per ASTM B117 (scribed 
specimen). 

B. Unit shall be rated in accordance with ARI sound standards 270 or 370. 

C. Unit shall be ETL or UL tested and certified in accordance with ANSI Z21.47 Standards as a total package. 

D. Roof curb shall be designed to conform to NRCA Standards. 

E. Unit shall be designed and manufactured in accordance with ISO 9001. 

F. For unit sizes applicable to Energy Star program, units shall be Energy Star qualified. 

G. Cabinet: 

1. Provide galvanized steel unit cabinet, bonderized and coated with a baked enamel finish. 

2. All airstream interior surfaces shall be insulated with a minimum 1/2 inch thick, 1.5 lb density 
cleanable insulation. Insulation shall be encapsulated with panel design or have sealed edges. 

3. Cabinet panels shall be hinged with integrated non-corrosive hinges. Provide hinged access panels 
for the filter, compressors, evaporator fan, and control box/ heat section areas. Each panel shall 
have multiple latches and handles. Each external hinged access panel shall be permanently 
attached to the rooftop unit. 

4. Return air filters shall be accessible through a dedicated hinged access panel.  

5. Fork lift slots and rigging holes shall be provided in unit base rails. Base rails shall be minimum 16 
gauge. 

6. Unit shall have an integral sloped condensate drain pan, providing minimum 3/4 in.-14 NPT 
connections for horizontal drain configuration. Provide unit with alternate vertical thru-the-bottom 
drain connection when furnished as standard for units sizes scheduled on Drawings. See Drawings 
for drain configuration. Pan shall be removable for cleaning and maintenance. All drain pans shall 
conform to ASHRAE 62.1 self-draining provisions. 

7. Unit shall have standard side and alternate field or factory installed thru-the-bottom power and 
control wiring connection capability. Thru-the-bottom electrical connections shall use 
manufacturer’s approved water-tight connection method. 

8. Unit shall be field convertible to, or factory furnished with, horizontal air discharge, as applicable 
for unit sizes as scheduled on Drawings. 

H. Fans: 

1. Centrifugal supply air blower (evaporator fan) shall have sealed, permanently lubricated ball 
bearings, or rigid pillow block bearings, as supplied as standard equipment for unit sizes scheduled 
on Drawings. Units supplied with pillow block bearings shall be furnished with accessible lubricant 
fittings. Provide belt-driven double inlet fan wheel, centrifugal type with forward curved blades and 
adjustable sheaves. Multiple speed direct drive motors may be utilized when supplied as standard 
equipment for efficiency and electrical requirements as scheduled on the Drawings. Fan wheel 
shall be steel, with corrosion resistant finish, dynamically balanced. 
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2. Condenser fans shall be of the direct-driven propeller type, with corrosion-resistant aluminum 
blades. Fans shall be dynamically balanced and discharge air upwards. Induced-draft blower shall 
be of the direct-driven, single inlet, forward-curved, centrifugal type, made from aluminized steel 
with a corrosion-resistant finish and shall be dynamically balanced. 

3. Induced draft fan shall be of the direct driven, single inlet, forward-curved centrifugal type. Fan 
wheel shall be steel, with corrosion resistant finish, dynamically balanced. 

I. Motors: 

1. Compressor motors shall be cooled by refrigerant gas passing through motor windings and shall 
have line break thermal and current overload protection. 

2. Evaporator fan motor shall have permanently lubricated, sealed bearings and inherent automatic-
reset thermal overload protection or manual reset calibrated circuit breakers. 

3. Totally enclosed condenser-fan motor shall have permanently lubricated, sealed bearings, and 
inherent automatic-reset thermal overload protection. 

4. Induced-draft motor shall have permanently lubricated sealed bearings and inherent automatic-
reset thermal overload protection. 

5. For single-phase fan motors sized larger than 1/12 hp and smaller than 1 hp, refer to Article, Electric 
Motors, in Section 23 00 50, Basic HVAC Materials and Methods. 

J. Compressor: 

1. Fully hermetic, scroll type with internal high-pressure and temperature protection. 

2. Factory installed rubber shock mounted and internally spring mounted for vibration isolation. 

3. Compressor Anti-Recycle Timer: Compressor shall be prevented from restarting for a minimum of 
five minutes after shutdown, with manufacturers installed compressor cycle delay. 

K. Coils: 

1. Standard evaporator and condenser coils shall have aluminum plate fins mechanically bonded to 
seamless internally finned copper tubes with all joints brazed. 

2. Units shall have face-split type evaporator coils. 

3. For units with single compressor, condenser coils shall be single slab, single pass design. For dual 
compressor units, condenser coils shall be single slab, 2 pass design. 

4. Evaporator coils shall be leak tested at minimum 150 psig, and pressure tested at minimum 450 
psig. 

5. Condenser coils shall be leak tested at minimum 150 psig, and pressure tested at minimum 650 
psig. 

L. Heating Section: 

1. Induced-draft combustion type with direct-spark ignition system and redundant main gas valve with 
2-stage capability on all 3-phase units. 

2. Heat Exchanger: 

a. The standard aluminized heat exchanger shall be of the tubular-section type constructed of 
minimum 20-gage aluminized steel. 
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3. Burners shall be of the in-shot type constructed of aluminum-coated steel. 

4. All gas piping shall enter the unit at a single location. Gas entry shall be through side or bottom of 
unit. See Drawings for gas entry location. When bottom gas entry is utilized, unit shall be furnished 
with field installed conversion kit, arranged so that gas shut-off valve is accessible from the roof. 

5. All factory-installed orifices are for operation up to 2,000 feet of altitude. For altitudes between 
2,000 feet and 7,000 feet, a factory certified kit shall be furnished for field installation. 

6. Units shall be suitable for use with natural gas or propane. Provide field-installed propane 
conversion kit as required, see schedule on Drawings. 

7. The integrated gas controller board shall include gas heat operation fault notification using an LED 
(light-emitting diode). 

8. Unit shall be equipped with anti-cycle protection with one short cycle on unit flame rollout switch or 
4 continuous short cycles on the high-temperature limit switch. Fault indication shall be made using 
an LED. 

9. The integrated gas controller board shall contain algorithms that modify evaporator-fan operation 
to prevent future cycling on high-temperature limit switch. 

10. The LED shall be visible without removal of control box access panel. 

11. Gas burner tray shall be removable for maintenance. 

12. Heating section shall be insulated with foil-faced fiberglass insulation. 

M. Refrigerant Components: 

1. Each refrigerant circuit shall include: 

a. Balanced port thermostatic expansion valve (TXV) with removable power element. 

b. Solid core refrigerant filter driers with pressure ports. 

c. Refrigerant pressure gage ports and connections on suction, discharge, and liquid lines. 

N. Filter Section: 

1. Standard filter section shall accommodate 4 inch deep filters. Filters shall conform to the “Air Filters” 
Article in this Specification Section. 

2. Filter section shall use standard size filters. 

O. Controls: 

1. Unit shall be complete with self-contained low voltage fuse protected control circuit. Refer to 
Section 25 50 00, if included, and equipment schedule, sequence of operation and control diagram 
on Drawings for additional requirements. 

2. When third party direct digital controls with an Energy Management System will be utilized, provide 
electro-mechanical controls with 24V thermostat interface. 

3. When stand-alone thermostat operation is utilized, provide electro-mechanical controls with 24V 
thermostat interface or provide microprocessor controls. 

4. When stand-alone thermostat operation is utilized for single-zone VAV units, provide 
microprocessor controls. Units shall have factory mounted supply fan variable frequency drives. 
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5. When third party direct digital controls with an Energy Management System will be utilized for single 
zone VAV units, provide microprocessor controls with BACnet or LON interface. Units shall have 
factory mounted supply fan variable frequency drives. 

6. Electro-mechanical controls shall include the following, as a minimum: 

a. Service run test capability. 

b. Provide compressor minimum run time (3 minutes) and minimum off time (5 minutes). 

c. Economizer control. 

d. Unit shall have 35° F low ambient cooling operation. 

e. Time delay relay. 

7. Microprocessor controls shall include the following, as a minimum: 

a. User diagnostic interface. 

b. Unit control with standard suction pressure transducers and condensing temperature 
thermistors. 

c. Shall provide a 5° F temperature difference between cooling and heating set points to meet 
ASHRAE 90.1 energy standard. 

d. Service run test capability. 

e. Shall accept input from a CO2 sensor (indoor).  

f. Configurable alarm light shall be provided which activates when certain types of alarms 
occur. 

g. Provide compressor minimum run time (3 minutes) and minimum off time (5 minutes). 

h. Service diagnostic mode. 

i. Economizer control. 

j. Unit shall have 0° F low ambient cooling operation. 

k. Time delay relay. 

P. Safeties: 

1. Unit shall incorporate a solid-state compressor lockout that provides optional reset capability at the 
space thermostat, should any of the following safety devices trip and shut off compressor: 

a. Compressor lockout protection provided for either internal or external overload. 

b. Low-pressure protection. 

c. Freeze protection (evaporator coil). 

d. High-pressure protection (high pressure switch or internal). 

e. Compressor reverse rotation protection. 

f. Loss of charge protection. 
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g. Start assist on singe-phase units. 

2. Supply-air sensor shall be located in the unit and detect both heating and cooling operation. 

3. Induced draft heating section shall be provided with the following minimum protections: 

a. High-temperature limit switch. 

b. Induced-draft motor speed sensor. 

c. Flame rollout switch. 

d. Flame proving controls. 

e. Redundant gas valve. 

4. Phase Protection: Provide unit-mounted “SymCom,” or equal, Motor Saver three phase voltage 
monitor, model 201A or equal, adjustable voltage range for each unit, install per manufacturer's 
recommendations, mount in NEMA 3R enclosure if exposed to the weather. 

a. Units shall provide the following features: 

1) Low voltage fault trip and reset.  

2) Voltage unbalance/phasing fault trip and reset. 

3) High voltage fault trip and reset. 

4) Transient Protection (Internal). 

5) Automatic restart. 

b. Provide each unit with 600V socket, “SymCom” model OT08, or equal. 

Q. Operating Characteristics: 

1. Unit shall be capable of starting and running at 125° F ambient outdoor temperature per maximum 
load criteria of ARI Standards 210 or 360.  

2. Unit will operate in cooling down to an outdoor ambient temperature of 35° F. 

3. Unit shall be provided with fan time delay to prevent cold air delivery in heating mode. 

R. Electrical Requirements: 

1. All unit power wiring shall enter unit cabinet at a single location. Both unit side and bottom power 
entry provisions shall be provided. Refer to Drawings schedule for thru-the-bottom power wiring 
requirement. 

S. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Carrier Corporation. 

2. York, Johnson Controls, Inc. 

3. Daikin 

T. Provide the following additional features and equipment: 
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1. Roof Curb: Formed galvanized steel with wood nailer strip capable of supporting entire unit weight. 
Provide 3 inch wide bottom flange. 

2. Provide heavy-duty 18 gauge expanded metal coil guard grille to protect all surfaces of the 
condensing coil. Coil guard by Micrometl, Canfab, or equal. 

3. Modulating Power Exhaust Economizer: Micrometl, Canfab, or equal. Integrated type capable of 
simultaneous economizer and compressor operation. 

a. Provide self-contained outdoor rooftop system, mounted directly to the return air 
compartment of the HVAC packaged equipment. Provide differential dry bulb economizer 
control system and a factory programmed, fully programmable variable frequency drive 
package controlled by a differential pressure transmitter, mounted directly to the return air 
compartment of the HVAC packaged equipment. Design the system to continuously maintain 
space pressure, and provide capability of introducing up to 100 percent outdoor air. 

1) Economizer control system shall be certified as meeting the requirements for Fault 
Detection and Diagnostics (FDD) in the California Building Energy and Efficiency 
Standards. 

b. Provide outside differential pressure tubing termination with hex style pneumatic filter-
muffler, minimum filtration 40 microns, 53 SCFM maximum at 100 psi, as manufactured by 
McMaster-Carr, or equal. 

c. Provide hinged cabinet access doors and include latches to provide a tool-less entry for 
servicing. 

d. Provide door lock on the power exhaust cabinet to meet ETL safety requirements. 

e. Outdoor air intake dampers shall be low leak not to exceed 3 percent at 1 inch wg pressure 
differential and include stainless steel side seal and neoprene edge seal. Arrange dampers 
to close upon loss of power. 

f. Provide belt driven exhaust blowers, double inlet, forward-curved centrifugal type. Provide 
gravity backdraft damper at fan outlet. 

g. Provide fully programmable factory programmed variable frequency drive (VFD) package for 
each fan, driven by 4 to 20 mA signal from a differential pressure transmitter. Pressure 
transmitters shall measure 0 - 0.1 in wg. Install room sensor tubing with sensor tube 
termination installed within the room. 

1) Where direct digital controls are utilized, provide Belimo, or equal, damper actuator, 
complete with spring return and all controls required to make the system fully 
operational. 

2) Where stand-alone controls are utilized, provide Belimo, or equal, damper actuator, 
complete with spring return and all controls, including logic module, required to make 
the system fully operational. 

4. Gas Flue Extensions: 

a. Provide at all locations where gas flue outlet will be within 10 feet of an adjacent building 
forced air inlet, or mechanical unit air intake, and where indicated on Drawings. 

5. Other features, accessories, and equipment scheduled on Drawings. 

U. Replenish for a period of one year without cost to the Owner all refrigerant and oil required to maintain 
the proper levels. 
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V. Owner Training: Manufacturer shall provide two initial on-site 4-hour training sessions for Owners’ 
maintenance personnel. Manufacturer shall provide one 4-hour follow-up training session to be scheduled 
by Owner within one year of the date of the final initial training session. Training session agenda shall be 
as follows: 

1. First session: Equipment. 

2. Second session: Controls. 

3. Follow-up session: Agenda by Owner. 

2.4 HEAT PUMP UNIT, ROOF-MOUNTED  

A. Provide factory assembled single packaged outdoor rooftop mounted, electrically controlled electric 
cooling and heating unit, rated in accordance with ARI Standards 210/240 or 340/360, and ETL or UL 
listed and labeled, classified in accordance with UL 1995. Provide refrigerant charge R-410A, all internal 
wiring, piping, controls, and special features required prior to field startup. Design unit to conform to the 
following: 

1. ASHRAE 15. 

2. ASHRAE 90.1. 

3. Insulation, adhesive, and all materials exposed to air stream shall meet NFPA 90A requirements 
for flame spread and smoke generation. 

4. Unit casing shall be capable of withstanding 500-hour salt spray exposure per ASTM B117 (scribed 
specimen). 

B. Unit shall be rated in accordance with ARI sound standards 270. 

C. Unit shall be ETL or UL tested and certified in accordance with ANSI Z21.47 Standards as a total package. 

D. Roof curb shall be designed to conform to NRCA Standards. 

E. Unit shall be manufactured in a facility registered to ISO 9001:2000. 

F. Unit shall be Energy Star qualified. 

G. Cabinet: 

1. Provide galvanized steel unit cabinet, bonderized and coated with a baked enamel finish. 

2. All airstream interior surfaces shall be insulated with a minimum 1/2 inch thick, 1 lb density 
cleanable insulation. Heat compartment for optional electric heater shall be insulated with minimum 
1/2 inch thick, 1 lb. density foil-faced insulation.  

3. Cabinet panels shall be removable. Provide access panels for the filter, compressors, evaporator 
fan, and control box. Each external hinged access panel shall be insulated, with insulation 
encapsulated with panel or with sealed edges. 

4. Return air filters shall be accessible through a dedicated tool-less removable access panel.  

5. Fork lift slots shall be provided in unit base rail. Base rail shall be minimum 16 gauge. 

6. Unit shall have a factory-installed internally sloped condensate drain pan, providing minimum 3/4 
inch-14 NPT connections for both horizontal and alternate vertical drain configuration. See 
Drawings for drain configuration. Pan shall be removable for cleaning and maintenance. All drain 
pans shall conform to ASHRAE 62.1 self-draining provisions. 
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7. Unit shall have standard side and alternate field or factory installed thru-the-bottom power and 
control wiring connection capability. 

8. Unit shall be field or factory convertible to horizontal air discharge. 

H. Fans: 

1. Centrifugal supply air blower (evaporator fan) shall have permanently lubricated bearings. Provide 
belt-driven double inlet fan wheel, centrifugal type with forward curved blades and adjustable 
sheaves. Fan wheel shall be steel, with corrosion resistant finish, dynamically balanced. 

2. Evaporator-fan motors shall be continuous operation, open drip-proof, and thermally protected. 
Bearings shall be sealed, permanently lubricated ball-bearing type.  

3. Condenser fans shall be of the direct-driven propeller type, with corrosion-resistant aluminum 
blades. Fans shall be dynamically balanced and discharge air upwards. Condenser-fan motors 
shall be totally enclosed and thermally protected. 

I. Compressor: 

1. Fully hermetic, scroll type with internal high-pressure and temperature protection. Furnish with 
crankcase heater when normally supplied as standard equipment for model size scheduled on 
Drawings. 

2. Factory installed rubber shock mounted and internally spring mounted for vibration isolation. 

3. Compressor Anti-Recycle Timer: Compressor shall be prevented from restarting for a minimum of 
five minutes after shutdown, with manufacturers installed compressor cycle delay. 

J. Coils: 

1. Standard evaporator and condenser coils shall have aluminum plate fins mechanically bonded to 
seamless internally finned copper tubes with all joints brazed. 

2. Condenser coils shall be single slab, single pass design. Single slab, 2 pass design may be utilized 
when supplied as standard equipment for unit size as scheduled on the Drawings. 

3. Coils shall be leak tested at minimum 150 psig and pressure tested at minimum 450 psig. 

K. Refrigerant Components: 

1. Each refrigerant circuit shall include: 

a. Fixed orifice metering device. 

b. Solid core refrigerant filter driers with pressure ports. 

c. Refrigerant pressure gage ports and connections on suction, and discharge lines. 

d. Suction line accumulator. 

e. Reversing valve. 

L. Filter Section: 

1. Standard filter section shall accommodate 4 inch deep filters. Filters shall conform to the “Air Filters” 
Article in this Specification Section. 

2. Filter section shall use standard size filters. 
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M. Controls: 

1. Unit shall be complete with self-contained low voltage fuse protected control circuit. Refer to 
Section 25 50 00, if included, and equipment schedule, sequence of operation and control diagram 
on Drawings for additional requirements. 

2. When third party direct digital controls with an Energy Management System will be utilized, provide 
electro-mechanical controls with 24V thermostat interface. 

3. When stand-alone thermostat operation is utilized, provide electro-mechanical controls with 24V 
thermostat interface or provide microprocessor controls. 

4. When stand-alone thermostat operation is utilized for single-zone VAV units, provide 
microprocessor controls. Units shall have factory mounted supply fan variable frequency drives. 

5. When third party direct digital controls with an Energy Management System will be utilized for single 
zone VAV units, provide microprocessor controls with BACnet or LON interface. Units shall have 
factory mounted supply fan variable frequency drives. 

6. Electro-mechanical controls shall include the following, as a minimum: 

a. Provide compressor minimum off time (5 minutes). 

b. Economizer control. 

c. Time delay relay. 

d. Integrated adjustable defrost cycle. 

7. Microprocessor controls shall be ASHRAE 62.1 compliant and include the following, as a minimum: 

a. User diagnostic interface. 

b. Unit control with standard suction pressure transducers and condensing temperature 
thermistors. 

c. Shall provide a 5° F temperature difference between cooling and heating set points to meet 
ASHRAE 90.1 Energy Standard. 

d. Service run test capability. 

e. Shall accept input from a CO2 sensor (indoor) and provide demand ventilation control.  

f. Provide compressor minimum off time (5 minutes). 

g. Service diagnostic mode. 

h. Economizer control. 

i. Time delay relay. 

j. Integrated adjustable defrost cycle. 

N. Safeties: 

1. Unit shall incorporate a solid-state compressor lockout that provides optional reset capability at the 
space thermostat, should any of the following safety devices trip and shut off compressor: 

a. Compressor lockout protection provided for either internal or external overload. 
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b. Low-pressure protection. 

c. Freeze protection (evaporator coil). 

d. High-pressure protection (high pressure switch or internal). 

e. Compressor reverse rotation protection. 

f. Loss of charge protection. 

g. Start assist on singe-phase units. 

2. Supply-air sensor shall be located in the unit and detect both heating and cooling operation. 

3. Phase Protection: Provide unit-mounted “SymCom,” or equal, Motor Saver three phase voltage 
monitor, model 201A or equal, adjustable voltage range for each unit, install per manufacturer's 
recommendations, mount in NEMA 3R enclosure if exposed to the weather. 

a. Units shall provide the following features: 

1) Low voltage fault trip and reset.  

2) Voltage unbalance/phasing fault trip and reset. 

3) High voltage fault trip and reset. 

4) Transient Protection (Internal). 

5) Automatic restart. 

b. Provide each unit with 600V socket, “SymCom” model OT08, or equal. 

O. Operating Characteristics: 

1. Unit shall be capable of starting and running at 115° F ambient outdoor temperature per maximum 
load criteria of ARI Standards 210/240 or 340/360.  

2. Unit with microprocessor or electro-mechanical controls shall operate in cooling down to an outdoor 
ambient temperature of 25° F. 

3. Unit shall be provided with fan time delay to prevent cold air delivery in heating mode. 

P. Electrical Requirements: 

1. All unit power wiring shall enter unit cabinet at a single location. Both unit side and bottom power 
entry provisions shall be provided. Refer to Drawings schedule for thru-the-bottom power wiring 
requirement. 

Q. Motors: 

1. Compressor motors shall be cooled by refrigerant gas passing through motor windings and shall 
have line break thermal and current overload protection. 

2. Evaporator fan motor shall have permanently lubricated, sealed bearings and inherent automatic-
reset thermal overload protection or manual reset calibrated circuit breakers. 

3. Totally enclosed condenser-fan motor shall have permanently lubricated, sealed bearings, and 
inherent automatic-reset thermal overload protection. 
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4. For single-phase fan motors sized larger than 1/12 hp and smaller than 1 hp, refer to Article, Electric 
Motors, in Section 23 00 50, Basic HVAC Materials and Methods. 

R. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Carrier Corporation. 

2. York – Johnson Controls 

3. Lennox 

4. AAON 

S. Provide the following additional features and equipment: 

1. Roof Curb: formed galvanized steel with wood nailer strip capable of supporting entire unit weight. 
Provide 3 inch wide bottom flange. 

2. Provide heavy-duty 18 gauge expanded metal coil guard grille to protect all surfaces of the 
condensing coil. Coil guard to by Micrometl, Canfab, or equal. 

3. Modulating Power Exhaust Economizer: Micrometl, Canfab, or equal. Integrated type capable of 
simultaneous economizer and compressor operation.  

a. Provide self-contained outdoor rooftop system, mounted directly to the return air 
compartment of the HVAC packaged equipment. Provide differential dry bulb economizer 
control system and a factory programmed, fully programmable variable frequency drive 
package controlled by a differential pressure transmitter, mounted directly to the return air 
compartment of the HVAC packaged equipment. Design the system to continuously maintain 
space pressure, and provide capability of introducing up to 100 percent outdoor air. 

1) Economizer control system shall be certified as meeting the requirements for Fault 
Detection and Diagnostics (FDD) in the California Building Energy and Efficiency 
Standards. 

b. Provide outside differential pressure tubing termination with hex style pneumatic filter-
muffler, minimum filtration 40 microns, 53 SCFM maximum at 100 psi, as manufactured by 
McMaster-Carr, or equal. 

c. Provide hinged cabinet access doors and include latches to provide a tool-less entry for 
servicing. 

d. Provide door lock on the power exhaust cabinet to meet ETL safety requirements. 

e. Outdoor air intake dampers shall be low leak not to exceed 3 percent at 1 inch wg pressure 
differential and include stainless steel side seal and neoprene edge seal. Arrange dampers 
to close upon loss of power. 

f. Provide belt driven exhaust blowers, double inlet, forward-curved centrifugal type. Provide 
gravity backdraft damper at fan outlet. 

g. Provide fully programmable factory programmed variable frequency drive (VFD) package for 
each fan, driven by 4 to 20 mA signal from a differential pressure transmitter. Pressure 
transmitters shall measure 0 - 0.1 in wg. Install room sensor tubing with sensor tube 
termination installed within the room. 
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1) Where direct digital controls are utilized, provide Belimo, or equal, damper actuator, 
complete with spring return and all controls required to make the system fully 
operational. 

2) Where stand-alone controls are utilized, provide Belimo, or equal, damper actuator, 
complete with spring return and all controls, including logic module, required to make 
the system fully operational. 

T. Replenish for a period of one year without cost to the Owner all refrigerant and oil required to maintain 
the proper levels. 

U. Owner Training: Manufacturer shall provide two initial on-site 4-hour training sessions for Owners’ 
maintenance personnel. Manufacturer shall provide one 4-hour follow-up training session to be scheduled 
by Owner within one year of the date of the final initial training session. Training session agenda shall be 
as follows: 

1. First session: Equipment. 

2. Second session: Controls. 

3. Follow-up session: Agenda by Owner. 

2.5 HEATING AND VENTILATING UNIT  

A. Provide factory assembled packaged rooftop mounted, electrically controlled heating and make-up air 
unit, ETL or UL listed and labeled, consisting of cabinet, supply fan, 4” filters, and indirect-fired gas 
furnace. Provide all internal wiring, piping, controls and special features required prior to field startup. 
Design unit to conform to the following: 

1. ANSI Z83.8/CSA 2.6. 

2. NFPA 54. 

3. ASHRAE 90.1. 

4. Insulation, adhesive, and all materials exposed to airstream shall meet NFPA 90A requirements for 
flame spread and smoke generation. 

5. Unit casing shall be capable of withstanding 1000-hour salt spray exposure per ASTM B117 
(scribed specimen). 

6. Roof curb shall be designed to conform to NRCA Standards. 

B. Cabinet: Double-wall G90 galvanized steel panels, minimum 18 gauge, rigidly formed and supported by 
minimum 16 gauge galvanized steel channel base with rigging holes. Cabinet shall be fully weatherized 
for outdoor installation, and provided with the following: 

1. Finish: Air-dried enamel. 

2. Cabinet insulation: Minimum 1” thick fiberglass duct liner, complying with ASTM C 1071, Type II, 
applied on all unit sections. 

3. Access Panels: Hinged, double-wall with cam-lock fasteners. Insulate access panels exposed to 
airstream equal to unit cabinet insulation. Provide access panels at furnace, fan motor, filter and 
control areas. 

4. Provide with integral curb cap and matching roof curb. Roof curb shall be formed galvanized steel 
with wood nailer strip, capable of supporting entire unit weight. Provide 3 inch wide bottom flange. 
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C. Blower: Double width, double inlet centrifugal type fan, statically and dynamically balanced. Blower motor 
shall be single speed, open drip proof, and energy efficient. Motor bearings shall be permanently 
lubricated ball bearing or pillow block type. Blower and motor shall be vibration isolated. 

1. For single-phase fan motors sized larger than 1/12 hp and smaller than 1 hp, refer to Article, Electric 
Motors, in Section 23 00 50, Basic HVAC Materials and Methods. 

2. Drive: V-belt drive with matching fan pulley and adjustable motor sheaves and belt assembly. 
Linked blower belts will not be accepted. 

D. Heating Section: CSA certified for use with natural gas, 80 percent minimum thermal efficiency. Heating 
section may be integral to blower cabinet or be provided as separate section. Provide with the following 
features: 

1. Modulating gas valve, capable of turndown to minimum 25 percent of gas input value scheduled 
on Drawings. 

2. Stainless steel burner assembly. 

3. Combustion air vent fan: Direct drive centrifugal type. 

4. Electronic discharge temperature controller. Control interface shall be LCD screen with indicating 
lights. Default display shall be actual discharge temperature. 

5. Direct spark ignition with non-standing pilot. 

6. 409 Stainless steel tubular heat exchanger. 

7. Controls and Safeties: All burner controls factory wired to terminal blocks, complete with 24 V 
transformer. Provide the following: 

a. High temperature limit control with automatic reset. 

b. Ignition with 100 percent timed lockout. 

c. Pressure switch to lock out gas valve on failure of combustion air blower. 

d. Gas Train: Regulated, redundant, 24 V AC gas valve assembly containing pilot solenoid 
valve, pilot filter, pressure regulator, pilot shut off, and manual shut off. 

e. Purge-period timer shall automatically delay burner ignition and bypass low-limit control, and 
provide pre-purge and post-purge cycle. 

E. Filter Section 

1. Standard filter section shall accommodate 4 inch deep filters. Filters shall conform to the “Air Filters” 
Article in this Specification Section. 

2. Filter section shall use standard size filters. 

3. Velocity shall not exceed 550 FPM. 

F. Mixing Box: Inlet air control shall allow for 100 percent OA and 100 percent return air with mixed air 
controller and warm-up (ASHRAE Cycle III). Standard configuration shall be bottom return with rear 
outside air intake. Provide galvanized outside air hood with bird screen and rain baffles. Omit outside air 
hood when evaporative cooling module is utilized. When economizer operation is indicated in the 
sequence of operations, provide dry bulb economizer controller. 

G. Dampers: 
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1. Outdoor-Air and Return Air Damper: Galvanized steel, opposed-blade dampers with vinyl blade 
seals and stainless steel jamb seals. 

2. Damper Operator: Direct coupled, multi-position electronic type with spring return or fully 
modulating electronic type as required by control sequence indicated on Drawings. 

H. Downturn Plenum: Provide downturn plenum if required for vertical supply air discharge. See Drawings 
for unit air discharge configuration. Plenum shall be of materials, construction and finish equal to that 
described for unit cabinet. 

I. Controls: 

1. Factory-wired, fuse protected control transformer, connection for power supply and field-wired unit 
to remote control panel. Refer to Section 25 50 00, if included, and equipment schedule, sequence 
of operation and control diagram on Drawings for additional requirements. 

2. When utilizing stand-alone thermostat controls: Manufacturer provided remote surface-mounted or 
recessed control panel shall contain potentiometer for setting minimum outside air quantity. Refer 
to Drawings for location and type of control panel. Remote control panel and potentiometer not 
required for direct digital control. Remote control panel shall have the following additional features: 

a. Switches: 

1) On-off-auto fan switch. 

2) Heat-vent-cool switch. 

b. Status lights: 

1) Supply fan operation indicating light. 

2) Blower on. 

3) Heat/main valve on. 

c. Thermostat with over-ride. 

3. When utilizing direct digital control: Provide factory installed application-specific controller and 
damper actuators compatible with the direct digital control system. Unit manufacturer shall 
coordinate with controls contractor to ensure compatibility. Controller shall have the following 
functions: 

a. Provide start and stop interface relay, and relay to notify DDC system of alarm condition. 
Provide the following alarms, as a minimum: 

1) Supply fan status. 

2) Heat status. 

3) Freeze alarm. 

b. Provide hardware interface or additional sensors as follows: 

1) Room temperature. 

2) Discharge air temperature. 

3) Furnace operating. 
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4) Return air temperature. 

5) Outdoor air temperature. 

6) Heater output (0-100 percent). 

7) Modulating damper output or VFD control (0-100 percent). 

J. Evaporative Cooling Module: When scheduled on Drawings, provide evaporative cooling module with 
pump and water metering system. Evaporative cooling module shall be wired and mounted to the base 
unit at the factory. Provide the following: 

1. Cabinet: 300 series stainless steel with finish equal to that described for unit cabinet. Cabinet may 
be galvanized steel when internal cooling module is of all stainless steel construction. Cabinet shall 
include louvered intake and 2 inch aluminum mesh filters. 

2. Water reservoir: 300 series stainless steel. Overflow and drain connections in the drain pan bottom 
to be 1/2 inch diameter pipe or standard hose thread. 

3. Pump: Submersible, centrifugal sump pump with inlet strainer, balancing valve located in pump 
discharge, thermally protected, fan cooled motor with moisture-proof windings. 

4. Media: Media shall be 12 inch thick GlasDek by Munters Corporation, or equal, cross-fluted pad 
material of large fibers bonded together by inorganic, non-crystalline fillers and conforming to 
UL900, Class 2 rating. Pads will have less than .25 inches water column air pressure drop at 550 
fpm face velocity when wet, and develop a saturation efficiency of not less than 90 percent. 

5. Water hammer arrestor (furnished by piping contractor). 

6. Antifreeze protection kit to lock-out evaporative cooling module and drain supply line at a manually 
selected outside air temperature. 

7. Water Metering System:  

a. Microprocessor-based water metering system: Provide timer, solenoid valve, and water 
distribution piping to apply the water supply to the media in response to outside air dry bulb 
and wet bulb temperatures. Remote thermostat shall open water supply valve to maintain 
dry-bulb temperature in space. Timer shall activate thermostat circuit. 

K. Electrical: All unit power wiring shall enter the unit at a single location, standard side or alternate bottom. 
Single-point connection shall include evaporative cooler module. See unit schedule on Drawings for thru-
the-bottom wiring requirement. 

L. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the work include the following, or equal: 

1. Greenheck Fan Corporation. 

2. Reznor-Thomas & Betts Corporation; Mechanical Products Division. 

M. Owner Training: Manufacturer shall provide one initial on-site 4-hour training session for Owners’ 
maintenance personnel. Manufacturer shall provide one 2-hour follow-up training session to be scheduled 
by Owner within one year of the date of the final initial training session. 

2.6 SPLIT SYSTEM HEAT PUMPS  

A. General: Furnish and install split system air-to-air heat pump system, with R410A refrigerant, and 
complete with automatic controls. Equipment shall be shipped factory assembled, wired, tested, and ready 
for field connections. 
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B. Quality Assurance: 

1. Unit shall be ETL or UL listed and labeled. 

2. Unit shall be manufactured in a facility registered to ISO 9001:2000. 

3. Unit shall be rated in accordance with ARI standard 210. 

C. Delivery, Storage and Handling: Follow manufacturer’s recommendations. 

D. Heating/Cooling System: The total certified heating/cooling capacity shall not be less than scheduled. The 
compressor power input shall not exceed that of the unit specified. 

E. Indoor Section: Wall mounted, ceiling surface mounted, or ceiling recessed mounted, as indicated on 
Drawings. 

1. Cabinet:  

a. Wall mounted: Molded white high strength plastic. 

1) Provide wall mounted unit with factory mounting plate. 

b. Ceiling surface mounted: Molded white high strength plastic with provision for outside air 
duct connection. 

c. Ceiling recessed mounted: galvanized steel with provision for outside air duct connection. 

2. Fans: Double inlet, forward curved, statically and dynamically balanced. 

3. Fan Motor: Direct drive, permanently lubricated, with two or 4 speed operation for unit size 
scheduled on Drawings. 

a. For single-phase fan motors sized larger than 1/12 hp and smaller than 1 hp, refer to Article, 
Electric Motors, in Section 23 00 50, Basic HVAC Materials and Methods. 

4. Air Outlet: With motorized horizontal and vertical vanes.  

a. Wall and ceiling surface mounted units: Horizontal vane shall close air outlet upon unit shut-
down. 

5. Evaporator Coil: Aluminum fins mechanically bonded to copper tubes. Coils shall be pressure leak 
tested. 

6. Insulation: Interior surfaces exposed to the airstream shall be fully insulated. 

F. Outdoor Section:  

1. Casing: Galvanized steel plate, powder coated with acrylic or polyester. 

2. Condenser Fan Grille: ABS plastic. 

3. Fan and fan motor: Direct drive, totally enclosed, propeller type, permanently lubricated, horizontal 
discharge. 

4. Compressor: Variable speed rotary type, with crankcase heater and accumulator. Compressor 
shall be capable of operating at 0 degrees F. Compressor mounted on vibration isolator pads. 

5. Coil: Aluminum fins mechanically bonded to copper tubes. Coils shall be pressure leak tested. 
Provide coil with integral metal guard.  
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G. Controls: Hard wired, microprocessor based, wall mounted controller with LCD display shall provide the 
following functions, as a minimum: 

1. 7-day programmable timer. 

2. Test and check functions. 

3. Diagnostic functions. 

4. Vane position control. 

5. Fan speed adjustment. 

6. Temperature adjustment. 

7. Automatic restart. 

8. Mode selection, including heat/auto/cool/dry/fan. 

a. Provide lockable enclosure for wall mounted controller. 

H. Safeties: Shall include the following, as a minimum: 

1. Five minute compressor anti-recycle timer. 

2. High pressure protection. 

3. Current and temperature sensing motor overload protection. 

I. Filters: Provide manufacturers washable filters for indoor unit. Provide sufficient filters for four complete 
changes for each unit. 

J. Service Access: All components, wiring, and inspection areas shall be completely accessible through 
removable panels. 

K. Refrigerant Piping: 

1. Provide factory pre-charged and sealed line set piping, length to suit the location of equipment. 
Tubing sizes shall be in accordance with manufacturers written instructions. 

2. Provide refrigeration piping in accordance with Article, Refrigerant Piping, in this Section. 

L. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Mitsubishi Electric Corporation. 

2. Carrier / Toshiba Corporation. 

3. Daikin 

M. Owner Training: Manufacturer shall provide one on-site 2-hour training session for Owners’ maintenance 
personnel. 

2.7 SPLIT SYSTEM AC UNIT  

A. General: Furnish and install split system air conditioner, with R410A refrigerant, and complete with 
automatic controls. Equipment shall be shipped factory assembled, wired, tested, and ready for field 
connections. 



  HEATING, VENTILATING AND AIR CONDITIONING 
  23 80 00 - 23 

 

SACRAMENTO CITY UNIFIED SCHOOL DISTRICT  JAMES MARSHALL ES 
VERSION DATE JULY 15, 2022 

B. Quality Assurance: 

1. Unit shall be ETL or UL listed and labeled. 

2. Unit shall be manufactured in a facility registered to ISO 9001:2000. 

3. Unit shall be rated in accordance with ARI standard 210. 

C. Delivery, Storage and Handling: Follow manufacturer’s recommendations. 

D. Cooling System: The total certified cooling capacity shall not be less than scheduled. The compressor 
power input shall not exceed that of the unit specified. 

E. Indoor Section: Wall mounted, ceiling surface mounted, or ceiling recessed mounted, as indicated on 
Drawings. 

1. Cabinet:  

a. Wall mounted: Molded white high strength plastic. 

1) Provide wall mounted unit with factory mounting plate. 

b. Ceiling surface mounted: Molded white high strength plastic with provision for outside air 
duct connection. 

c. Ceiling recessed mounted: galvanized steel with provision for outside air duct connection. 

2. Fans: Double inlet, forward curved, statically and dynamically balanced. 

3. Fan Motor: Direct drive, permanently lubricated, with two or 4 speed operation for unit size 
scheduled on Drawings. 

a. For single-phase fan motors sized larger than 1/12 hp and smaller than 1 hp, refer to Article, 
Electric Motors, in Section 23 00 50, Basic HVAC Materials and Methods. 

4. Air Outlet: With motorized horizontal and vertical vanes.  

a. Wall and ceiling surface mounted units: Horizontal vane shall close air outlet upon unit shut-
down. 

5. Evaporator Coil: Aluminum fins mechanically bonded to copper tubes. Coils shall be pressure leak 
tested. 

6. Insulation: Interior surfaces exposed to the airstream shall be fully insulated. 

F. Outdoor Section:  

1. Casing: Galvanized steel plate, powder coated with acrylic or polyester. 

2. Condenser Fan Grille: ABS plastic. 

3. Fan and fan motor: Direct drive, totally enclosed, propeller type, permanently lubricated, horizontal 
discharge. 

4. Compressor: Variable speed rotary type, with crankcase heater and accumulator. Compressor 
shall be capable of operating at 0 degrees F. Compressor mounted on vibration isolator pads. 

5. Coil: Aluminum fins mechanically bonded to copper tubes. Coils shall be pressure leak tested. 
Provide coil with integral metal guard.  
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G. Controls: Hard wired, microprocessor based, wall mounted controller with LCD display shall provide the 
following functions, as a minimum: 

1. 7-day programmable timer. 

2. Test and check functions. 

3. Diagnostic functions. 

4. Vane position control. 

5. Fan speed adjustment. 

6. Temperature adjustment. 

7. Automatic restart. 

8. Mode selection, including cool/dry/fan. 

a. Provide lockable enclosure for wall mounted controller. 

H. Safeties: Shall include the following, as a minimum: 

1. Five minute compressor anti-recycle timer. 

2. High pressure protection. 

3. Current and temperature sensing motor overload protection. 

I. Filters: Provide 1 inch thick fiberglass throwaway filters with cardboard holding frames for indoor unit. 
Provide sufficient filters for four complete changes for each unit. 

J. Service Access: All components, wiring, and inspection areas shall be completely accessible through 
removable panels. 

K. Refrigerant Piping: 

1. Provide factory pre-charged and sealed line set piping, length to suit the location of equipment. 
Tubing sizes shall be in accordance with manufacturers written instructions. 

2. Provide refrigeration piping in accordance with Article, Refrigerant Piping, in this Section. 

L. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Mitsubishi Electric Corporation. 

2. Carrier Corporation. 

M. Owner Training: Manufacturer shall provide one on-site 2-hour training session for Owners’ maintenance 
personnel. 

2.8 VARIABLE REFRIGERANT FLOW - SPLIT SYSTEM HEAT PUMPS – HEAT RECOVERY TYPE 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Mitsubishi w/diamond panel integration (Basis of Design) w/BAcnet integration to Johnson Controls 

2. Daikin w/BAcnet integration to Johnson Controls 
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3. Hitachi w/BAcnet integration to Johnson Controls 

B. Indoor Units 

1. General:  

a. Galvanized steel casing.  

b. Ducted, ceiling-recessed, or in-room units per Drawings schedule. Available styles shall 
include:  

1) Concealed (ducted) units: 

a) Horizontal/Vertical air handling unit for closet or above-ceiling installation. 

b) Ceiling concealed. 

c) Ceiling concealed, with high-static option. 

2) Recessed Units: 

a) Ceiling-recessed units: One-, two-, and four-way throw configurations. 

b) Floor-standing, recessed. 

3) In-room units: 

a) Ceiling-suspended. 

b) Wall-mounted. 

c) Floor-standing. 

c. Factory assembled and tested with factory wiring, piping, expansion valve, control circuit 
board, and fan motor. Units shall have, as a minimum, the following functions: 

1) Self-diagnostic function. 

2) Auto restart function. 

3) Auto changeover function. 

4) Emergency operation function. 

5) 3-minute time delay shall provide minimum 3 minute run time for cooling and heating. 

d. Indoor unit and refrigerant pipes shall be charged with dehydrated air prior to shipment from 
the factory. 

e. The indoor units shall be equipped with a return air thermistor. 

2. Unit Cabinet: 

a. The cabinet shall be insulated with foamed polystyrene and polyethylene insulation. 

3. Fan: 

a. The fan shall be direct-drive type, statically and dynamically balanced impeller with multiple 
high and low fan speeds. Auto fan setting shall automatically adjust fan speed. 
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b. The fan motor shall be thermally protected. 

c. The fan motor shall be equipped as standard with adjustable external static pressure (ESP) 
settings. 

d. For single-phase fan motors sized larger than 1/12 hp and smaller than 1 hp, refer to Article, 
Electric Motors, in Section 23 00 50, Basic HVAC Materials and Methods. 

e. Ceiling recessed and wall-mounted units shall have motorized louvers to direct airflow in up 
and down directions, and manually adjusted vanes for side-to-side adjustment of airflow 
direction. 

f. Ceiling suspended units shall have motorized guide vanes to vary airflow direction. 

g. All units shall be provided with a condensate drain pan below the coil. Drain pans shall have 
primary and overflow drains. 

h. Ceiling recessed units shall have an integral condensate pump. Refer to Drawings schedule 
for additional condensate pump requirements.  

4. Coil: 

a. Coils shall be aluminum fins bonded to internally grooved copper tubes. Fins shall have 
corrosion-resistant coating. 

b. The coils shall be pressure tested at the factory. 

c. Unit shall be provided with ball-type refrigerant service valves at each refrigerant piping 
connection. 

d. A condensate pan and drain connections shall be provided under the coil. Provide overflow 
cutoff switch to disable unit during overflow condition. 

5. Filters:  

a. Provide indoor units manufactured to accept washable filter media with two sets for each 
unit.  

b. Refer to Drawings schedule, and article, Filters, in this Section for filter requirements for 
ducted, above-ceiling units incorporating mixing boxes. 

6. Controls: 

a. Units shall have controls provided by the manufacturer to perform input functions necessary 
to operate the system. 

b. Operating modes shall include Auto Changeover (heat recovery systems only), Heating, 
Cooling, Dry, and Fan Only.  

c. Units shall be compatible with a BMS system via optional LonWorks or BACnet gateways. 

d. Units incorporating mixing boxes for economizer operation shall be furnished with 
economizer control system certified as meeting the requirements for Fault Detection and 
Diagnostics (FDD) in the California Building Energy and Efficiency Standards. 

C. Outdoor Condensing Units: 

1. General:  
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a. Condensing unit shall be factory assembled and pre-wired with all necessary electronic and 
refrigerant controls. The refrigeration circuit of the condensing unit shall consist of scroll 
compressors, motors, fans, condenser coil, electronic expansion valves, solenoid valves 
(when required by manufacturer), 4-way valve, distribution headers, capillaries, filters, shut 
off valves, oil separators, service ports and refrigerant accumulator and regulator. 

b. The following safety devices shall be included as part of the condensing unit; high pressure 
sensor and switch, low pressure sensor, control circuit fuses, over- and under-current 
protection, phase failure and phase reversal protection, fusible plug or pressure relief valve, 
and crankcase heater.. 

c. All refrigerant lines shall be individually insulated between the condensing units and indoor 
units. . 

d. The system will automatically restart operation after a power failure without loss of settings. 

e. The condensing units shall be modular in design and allow for side-by-side installation with 
minimum spacing. Provide kit for field piping between connected condensing units. Refer to 
Drawings schedules and diagrams for connected units. 

f. To ensure the liquid refrigerant does not flash when supplying to indoor units, the circuit shall 
be provided with a sub-cooling feature. 

g. Oil recovery cycle shall be automatic occurring 2 hours after start of operation, and thereafter 
every 8 hours of operation. Each system shall maintain continuous heating during oil return 
operation. Reverse cycle (cooling mode) oil return during heating operation shall not be 
permitted due to the potential reduction in space temperature. 

h. The condensing unit shall be capable of heating operation at 0°F dry bulb ambient 
temperature without additional low ambient controls or an auxiliary heat source. 

1) Provide condensing unit with low ambient kit when scheduled on Drawings. Low 
ambient kit components shall be furnished with NEMA 4x rated control box for outdoor 
installation. 

2. Unit Cabinet: 

a. The condensing unit cabinet shall be weatherproof and corrosion resistant. The unit shall be 
constructed from rust-proofed galvanized steel panels coated with a baked enamel or powder 
coat finish. 

3. Fan: 

a. The condensing unit shall consist of one or more direct-drive, vertical discharge propeller 
fans with blades constructed of thermoplastic polymer material. 

b. The condensing unit fan motor shall be variable-speed digitally commutating (DC) type. Fan 
motor dipswitch shall allow increase of external static pressure setting.  

c. The fan motor shall have inherent protection and permanently lubricated bearings and be 
mounted on vibration isolators. 

d. The fan motor shall be provided with a fan guard to prevent contact with moving parts. 

4. Condenser Coil: 

a. Coils shall be aluminum fins bonded to internally grooved copper tubes. Fins shall have 
corrosion-resistant coating. 
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b. The coils shall be pressure tested at the factory. 

c. Unit shall be provided with ball-type refrigerant service valves at each refrigerant piping 
connection. 

d. Condensing unit cabinet shall be provided with metal coil guard. 

5. Compressor: 

a. The scroll compressors shall be variable speed pulse-width inverter (PVM inverter) controlled 
type, hermetically sealed, which shall vary the compressor speed to follow fluctuations in 
total cooling and heating load, determined by the suction gas pressure as measured in the 
condensing unit.  

1) The inverter driven compressor motor in each condensing unit shall be the reluctance 
DC (digitally commutating) type.  

b. Each compressor shall be equipped with a crankcase heater, high pressure safety switch, 
and internal thermal overload protector. 

c. Oil separators shall be provided as part of the compressor module together with an intelligent 
oil management system. 

d. The compressor shall be isolated to avoid the transmission of vibration. 

e. In the event of compressor failure the remaining compressors shall continue to operate and 
provide heating or cooling as required at a proportionally reduced capacity.  

f. Multiple compressor operation sequencing: When multiple condenser modules are 
combined, operation hours of each compressor shall be balanced by means of a duty cycling 
function, enabling sequential starting of each module at each start/stop cycle, completion of 
oil return, and completion of defrost, or every 8 hours.  

g. Refrigerant shall be R410a. 

D. Indoor Heat Recovery Controllers: Two- or three-pipe refrigerant control units to match outdoor 
condensing unit configuration. Heat recovery units shall be installed between outdoor condensing units 
and indoor zone-conditioning units. Indoor heat recovery unit shall operate to remove heat from zones 
requiring cooling, and distribute that heat to zones requiring heating. Refer to Drawings for unit locations. 
Refer to Drawings schedules and details for unit configuration and electrical requirements. 

E. Refrigerant Piping: 

1. All refrigerant lines shall be individually insulated between the condensing units and indoor units.  

2. For interconnecting piping between outdoor and indoor equipment, refer to Article, Refrigeration 
Pipe and Fittings, in this Section. 

F. System Controls: 

1. General: The controls network shall be capable of supporting remote controllers, schedule timers, 
system controllers, centralized controllers, an integrated web based interface, graphical user 
workstation, and system integration to a Building Management Systems via BACnet® and/or 
LonWorks®.  

2. For additional information, Refer to Section 23 09 23, Direct Digital Control System for HVAC. 
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3. Programmable Local Remote Controller: The programmable local remote controller shall be 
capable of controlling a minimum of 16 indoor units serving a single zone, and of operation with or 
without a central controller. Controller shall have the following minimum functions: 

a. On/Off. 

b. Operating mode (cool, heat, auto, dry, and fan, depending on selected system type). 

c. Temperature setting. 

d. Fan speed setting. 

e. Air swing settings. 

f. Room temperature and humidity display. 

g. Occupancy sensor capable. 

h. Schedule operations. 

i. Allow/Prohibit local remote control functions. 

j. Unit level error code display. 

k. Test run. 

l. Set temperature range limit. 

m. Override of scheduled functions for indoor unit groups. 

n. Lock out of On/Off, Mode, Set Temp., Hold-button, and Air Direction. 

4. Centralized Controller: The controller shall support system configuration, daily/weekly scheduling, 
monitoring of operation status, error email notification, online maintenance tool and malfunction 
monitoring. The controller shall have basic operation controls which can be applied to an individual 
indoor unit, a group of indoor units, or all indoor units. (cool, heat, auto, dry, and fan)The central 
controller shall be able to enable or disable operation of local remote controllers via a PC. Controller 
shall have the following minimum functions: 

a. On/Off. 

b. Operating mode (cool, heat, auto, dry, and fan, depending on selected system type). 

c. Temperature setting. 

d. Fan speed setting. 

e. Air swing settings. 

f. Room temperature display. 

g. Schedule operations. 

h. Morning warm-up/cool-down. 

i. Night setback setting. 

j. Allow/Prohibit local remote control functions. 

k. Unit level error code display. 



  HEATING, VENTILATING AND AIR CONDITIONING 
  23 80 00 - 30 

 

SACRAMENTO CITY UNIFIED SCHOOL DISTRICT  JAMES MARSHALL ES 
VERSION DATE JULY 15, 2022 

l. External input/output. 

m. PC data back-up. 

5. BACnet® and/or LonWorks® Gateway: Gateway to allow connection to Energy Management 
Systems shall allow changes to the following, as a minimum: 

a. On/Off. 

b. Temperature setting. 

c. Alarm. 

d. Operating mode. 

e. Fan speed setting. 

f. Allow/Prohibit local remote control functions. 

g. High/Low limit setback temperature (heat recovery systems only). 

h. Air direction/swing settings. 

6. Web browser: The controls network shall allow multiple individual users to monitor and control user 
defined zones via a network PC web browser. 

G. Owner Training: Manufacturer shall provide one on-site 8-hour training session for Owners’ maintenance 
personnel. 8-hour training shall include instruction in use of equipment manufacturer’s service tool. 

2.9 HIGH EFFICIENCY FURNACE UNIT  

A. Provide high efficiency multiple-speed condensing furnace/blower unit for upflow, downflow or horizontal 
application as indicated on the Drawings. Design unit to conform to the following: 

1. California Air Quality Management District emission requirements. 

2. ANSI Z 21.47/CSA 2.3 design standard for gas-fired central furnaces. 

B. Furnace unit shall have the following certifications: 

1. Third party certification by CSA International to current ANSI Z 21.47/CSA 2.3 design standard for 
gas-fired central furnaces. 

2. CSA Blue Star® and Blue Flame® labeled. 

3. Efficiency testing per current DOE test procedure as listed in the Federal Register. 

4. Federal Trade Commission Energy Guide efficiency labeled. 

5. GAMA Consumers’ Directory of Certified Efficiency Ratings listed. 

C. Unit shall be manufactured in a facility registered to ISO 9001:2000. 

D. Cabinet: 

1. Pre-painted galvanized steel, minimum .030 inches thickness. 

2. Acoustically insulated blower section. 

3. Removable bottom closure panel for bottom return air configuration. 
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E. Fans and Motors: 

1. Centrifugal supply air blower shall be constructed of galvanized steel, statically and dynamically 
balanced. 

2. Blower motor shall be direct drive variable speed ECM type, with sealed permanently lubricated 
ball bearings. 

3. Inducer motor shall be direct drive variable speed ECM type, with sealed permanently lubricated 
ball bearings. 

F. Heating Section: 

1. Primary heat exchanger shall be 20 gauge corrosion resistant aluminized steel of fold-and-crimp 
sectional design, with Monoport inshot burners and redundant gas valve.  

2. Secondary heat exchanger shall be polypropylene laminated steel of fold-and-crimp design. 

3. Heat exchanger section shall be insulated with foil-faced insulation. 

4. Line voltage ignitor. 

5. Sealed combustion system. 

G. Filters: 

1. Standard filter section shall accommodate 4 inch deep filters. Filters shall conform to the “Air Filters” 
Article in this Specification Section. 

2. When Drawings indicate contractor-fabricated plenum containing filters, plenum shall 
accommodate 4 inch deep filters. Filters shall conform to the “Air Filters” Article in this Specification 
Section. 

3. Filter section shall use standard size filters. 

H. Controls: 

1. Fused microprocessor based control board with diagnostic LED and self-test capability.  

2. Unit blower shall operate at continuous speed only, adjust to achieve the airflow scheduled on the 
Drawings. Other blower speed settings shall be locked out. 

I. Safeties: 

1. Provide pressure switch for proving flow of flue products and manual reset over-temperature switch. 

2. Provide with blower access panel safety interlock switch. 

J. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Carrier Corporation. 

2. York – Johnson Controls 

3. Lennox 

K. Provide with mixed air plenum with filter rack and return and outside air dampers, arranged as indicated 
on Drawings. 
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1. Where economizer operation is indicated on Drawings, provide differential dry-bulb economizer 
control system, certified as meeting the requirements for Fault Detection and Diagnostics (FDD) in 
the California Building Energy and Efficiency Standards. 

L. Provide condensate pump, arranged as indicated on Drawings, for removal of condensate from furnace 
units. 

M. Owner Training: Manufacturer shall provide one on-site 1-hour training session for Owners’ maintenance 
personnel. 

2.10 AIR COOLED CONDENSING UNIT  

A. Provide outdoor-mounted, factory assembled, single piece, air-cooled, split-system air conditioner unit 
suitable for ground or rooftop installation, rated in accordance with ARI Standard 210, and UL or ETL 
listed and labeled. Provide refrigerant charge R-410A, all internal wiring, piping, controls, compressor, 
and special features required prior to field start-up. Design unit to conform to the following: 

1. ANSI/ASHRAE latest edition. 

2. NEC latest edition. 

3. Unit cabinet to be capable of withstanding Federal Test Method Standard No. 141 (Method 6061) 
500-hr salt spray test. 

4. Unit shall be constructed in accordance with UL standards. 

B. Unit shall be certified for capacity and efficiency, and listed in the latest ARI directory. 

C. Unit shall be manufactured in a facility registered to ISO 9001:2000. 

D. Unit shall be Energy Star Qualified. 

E. Provide unit with 5 year limited parts warranty. 

F. Cabinet: 

1. Unit cabinet constructed of galvanized steel, bonderized, and coated with powder coat paint. 

G. Fans: 

1. Direct-drive propeller type condenser fan, discharging air vertically. 

2. Totally enclosed condenser fan motors, 1-phase type with Class B insulation and permanently 
lubricated bearings, and corrosion resistant shafts. 

3. Condenser fan openings equipped with PVC-coated steel wire safety guards. 

4. Statically and dynamically balanced fan blades. 

H. Compressor: 

1. Hermetically sealed compressor mounted on rubber vibration isolators. 

2. Compressor with sound insulator. 

I. Refrigeration Components: 

1. Refrigerant circuit to include liquid and vapor line shut-off valves with sweat connections. 

2. System charge of R-410A refrigerant and compressor oil. 



  HEATING, VENTILATING AND AIR CONDITIONING 
  23 80 00 - 33 

 

SACRAMENTO CITY UNIFIED SCHOOL DISTRICT  JAMES MARSHALL ES 
VERSION DATE JULY 15, 2022 

3. Unit to be equipped with factory-supplied high-pressure switch, low pressure switch, and filter drier. 

4. Provide unit with manufacturer’s refrigerant line set. 

5. Provide refrigeration piping in accordance with Article, Refrigerant Piping, in this Section. 

J. Condenser Coil: 

1. Air-cooled condenser coil constructed of aluminum fins mechanically bonded to copper tubes. 

2. Coils shall be leak and pressure tested. 

K. Electrical Requirements: 

1. Unit shall have single point power connection. 

2. Provide unit with 24V control circuit. 

L. Operating Characteristics: 

1. Unit shall be capable of starting and running a 115 degrees F ambient outdoor temperature per 
maximum load criteria of ARI Standard 210. 

2. Compressor with standard controls shall be capable of operation down to 55 degrees F ambient 
outdoor temperature. 

M. Provide the following additional components and features: 

1. Provide evaporator freeze thermostat, winter start control, compressor start assist capacitor and 
relay, low ambient controller, and ball bearing fan motor. 

2. Provide expanded metal coil guard for all sides of the air-cooled condensing unit. Coil guard shall 
be as manufactured by MicroMetl, Can-Fab, or equal. 

N. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Carrier Corporation. 

2. Lennox 

O. Owner Training: Manufacturer shall provide one on-site 1-hour training sessions for Owners’ maintenance 
personnel. 

2.11 COOLING COIL 

A. Provide direct expansion encased cooling coil. 

1. Install encased coil to operate properly in vertical or horizontal position as required. Construct coil 
with aluminum plate fins mechanically bonded in non-ferrous tubing with all joints brazed 
ultrasonically. Coil shall have factory-installed refrigerant metering device, refrigerant line fittings 
which permit mechanical connections, and condensate pan with primary and auxiliary drain 
connections. 

2. Construct casings of galvanneal steel, bonderize, insulate, and finish with baked enamel. 
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2.12 REFRIGERATION PIPE AND FITTINGS  

A. Refrigeration gas and liquid piping shall be type ACR hard drawn copper tubing, cleaned and capped in 
accordance with ASTM B280, with wrought copper fittings. All joints shall be brazed with Sil-fos under 
nitrogen purge. Relief valve discharge piping shall be full size of relief discharge port.  

1. Manufactured, pre-charged and pre-insulated refrigerant line-set refrigerant piping may be utilized 
at Contractor’s discretion. 

a. VRF Systems: Use of manufactured, pre-charged and pre-insulated refrigerant line-set 
refrigerant piping between outdoor condensing units and indoor heat recovery controllers, or 
distribution headers and tees is not allowed. When system manufacturer’s installation 
instructions allow use of refrigerant line-set piping between indoor heat recovery controllers, 
or distribution headers and tees, and air terminal devices, follow instructions for allowable 
pipe size range and support to avoid forming traps in the piping. 

B. Variable Refrigerant Flow Heat Pump Systems Fittings:  

1. For systems manufacturers requiring engineered, pre-assembled headers and branch fittings, 
Contractor shall obtain such fittings from system manufacturer. Fittings shall be suitable for system 
type and configuration.  

2. For systems manufacturers not requiring engineered, pre-assembled headers and branch fittings, 
Contractor shall furnish fittings complying with manufacturer’s requirements. 

C. Refrigeration Piping Specialties: Furnish and install Superior, Sporlan, Alco, Henry, or equal, stop valves, 
solenoid valves, adjustable thermal expansion valves, sight glass, flexible connection, charging valve, 
and drier with valve bypass in the liquid lines and Superior DFN shell and cartridge suction line filter sized 
2-1/2 times tonnage. 

1. Install only those refrigeration piping specialties recommended by manufacturer of specific installed 
equipment. 

2.13 REFRIGERANT ACCESS VALVE LOCKING CAPS 

A. Each refrigerant circuit access valve located outside buildings, including valves located on roofs, shall be 
provided with a locking cap. Caps shall be of metal construction, with threaded brass inserts. Caps shall 
be color-coded according to ASHRAE standards for R22 and R410A refrigerant gasses, universal color 
for other refrigerant gasses. Caps shall be removable only with cap manufacturer’s handheld tool. 

1. Provide minimum of two (2) cap removal tools for every ten (10) air conditioning units or other 
systems containing refrigerant installed under this Project. 

2.14 ELECTRIC RADIANT CEILING PANELS  

A. Provide radiant ceiling panels in locations as indicated and with capacities, style, and accessories as 
scheduled. The panels shall be UL or ETL listed.  

B. Construct panels using 24 gauge galvanized steel back overlapping and riveted to a 22 gauge galvanized 
steel front. Provide carbon (graphite) element and provide surface of multi-faceted crystalline type which 
will demonstrate a watt density of 1.00 watt per square foot at a distance of six feet down from the center 
of the panel, with a rated input of 95 watts per square foot with an average surface temperature of not 
more than 200 degrees F. 

C. Panels shall come with a five year warranty. 

D. Provide an extruded aluminum support frame, with 0.070 inch thick support brackets. Install brackets, 
frame and panels in accordance with manufacturers printed instructions. 
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E. Provide a heavy-duty double line break thermostat, modified with blank front panel and 50 degrees F to 
90 degrees F range. 

F. Provide locking cover for each thermostat. 

G. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Aztec Radiant Heating. 

2.15 FANS 

A. All fans shall be Air Moving and Control Association Inc. (AMCA) labeled. 

B. Provide self-aligning, enclosed ball bearings, accessible for lubrication unless specified otherwise. 

C. Provide variable speed switch for all direct drive fans. 

D. Roof Mounted:   

1. Direct or V-belt Drive: Provide one-piece heavy-duty ventilator housings, one piece heavy gauge 
spun aluminum construction, with weatherproof assembly and integral weather shield. Mount 
ventilators on curbs furnished by the fan manufacturer. Install with fan assembly level. 

2. Fan wheels shall be centrifugal design, statically and dynamically balanced. Tip speed, rpm and 
motor horsepower shall not exceed listing in manufacturer's catalog for unit specified. 

3. Fans shall have integral factory formed base and one piece spinning without welding. Housings 
shall be provided with wiring channel and are to be of the direct discharge design. Motor and fan 
assembly shall be on vibration isolating mounts. Fans shall have capacity, speeds and motor sizes 
as shown. 

4. Provide the following accessories: 

a. Gravity backdraft dampers. 

b. Aluminum bird screen with a minimum of 85 percent free area. 

c. Adjustable motor pulley.  

d. Laboratory fume hood exhaust fans shall be Keysite coated. 

e. Provide grease collection tray for kitchen exhaust fans. 

f. Provide ventilated roof curb for kitchen exhaust fans where exhaust duct is mounted within 
rated shaft. 

g. Provide hinge kit for kitchen hood exhaust fans. 

E. In-Line Propeller Fans:  

1. Heavy-duty propeller type with belt or direct drive as specified. Blades shall be individually mounted 
to wheel. 

2. Provide sloped roof or flat roof type roof cap, or wall cap to suit the location indicated on the 
Drawings. 

F. In-Line Centrifugal Fans:  
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1. Centrifugal fan with airfoil blades, aluminum or steel housing, externally mounted belt-drive motor, 
external lube tubes, integral support brackets.  

2. Provide sloped roof or flat roof type roof cap, or wall cap to suit the location indicated on the 
Drawings. 

G. Ceiling Mounted Fans:  

1. Acoustic lined cabinet, built-in back draft damper, vibration isolated fan and motor, variable speed 
switch. 

2. Provide sloped roof or flat roof type roof cap, or wall cap to suit the location indicated on the 
Drawings. 

H. Fan Drives:  

1. Drive Design: The design horsepower rating of each drive shall be at least 1.5 times, single belt 
drives 2 times, the nameplate rating of the motor with proper allowances for sheave diameters, 
speed ratio, arcs of contact and belt length. 

2. Provide variable speed drives, Dayco, Browning, Woods, or equal. Allow for replacement of fan 
and motor drives and belts as required to suit the balance requirements of the project. 

3. Select variable speed drives to allow an increase or decrease of minimum of ten percent of design 
fan speed. 

I. Motors: 

1. Motors of 25 HP and less shall have adjustable pitch sheaves; sheaves on motors above 25 HP 
may be non-adjustable. Change, at no extra cost to Owner, the non-adjustable sheaves to obtain 
desired air quantities. 

2. For single-phase fan motors sized larger than 1/12 hp and smaller than 1 hp, refer to Article, Electric 
Motors, in Section 23 00 50, Basic HVAC Materials and Methods. 

J. Sheaves: Sheaves shall be cast or fabricated, bored to size or bushed with fully split tapered bushings to 
fit properly on the shafts. All sheaves shall be secured with keys and set screws. 

K. Belts:  

1. All belts shall be furnished in matched sets. 

2. Belts shall be within 1 degree 30 minutes of true alignment in all cases. 

L. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Greenheck Fan Corporation. 

2. Loren Cook Company. 

3. PennBarry. 

M. Fly Fan (Air Curtain) 

1. Manufacturer's standard, high velocity, non-recirculating type. Units for kitchens or food storage 
shall comply with NSF 37. 
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2. Casing: Sheet metal or polycarbonate plastic. Provide internal or external vibration isolation to 
effectively prevent transmission of vibration and noise from units to building structure. Units shall 
completely house all parts and have manufacturer's standard finish coating. 

3. Fans: Ruggedly constructed, statically and dynamically balanced. Noise level shall not exceed 77 
dBA measured at 5 feet distance. 

4. Air Discharge Outlet Nozzle: Cover full width of door opening. Fan discharge ducts, plenum, flow 
control vanes and nozzles shall provide a uniform distribution of air over entire length of door. 
Provide adjustable volume and directional control. 

5. Heating Coil: Provide electric heating coil. Maximum discharge air temperature shall be 120 
degrees F. 

6. Controls: Provide on-off door operated switch. The "on-off" switch circuit shall close to start fan 
motors when door starts to open and open when the door reaches closed position. A local 
disconnect switch for each fan motor shall be provided and shall be mounted to be accessible 
without use of ladder.  

7. Motors: Provide heavy-duty totally enclosed fan motor, sealed ball bearings, resilient mounting, 
automatic thermal overload switch, UL listed. Provide weather protection for motor and electrical 
equipment. 

8. Available Manufacturers: Subject to compliance with requirements, manufacturers offering air 
doors / fly fans which may be incorporated in the work include the following, or equal: 

a. Mars Air Products; Mars Air Door Division. 

b. Berner International. 

c. Fantech. 

N. Owner Training: Manufacturer shall provide one on-site 1-hour training session for Owners’ maintenance 
personnel. 

2.16 KITCHEN EXHAUST HOOD – TYPE 1 

A. Furnish packaged pre-manufactured ventilator, constructed of stainless steel, complete with baffles and 
lights. Unit shall be equal to that specified in equipment schedule.  

B. Each ventilator shall be a high velocity type grease extractor.  

1. Centrifugal grease extraction efficiency of 90 percent to be accomplished without the use of filters, 
cartridges, or constant running water. (Verify with hood selected) 

C. Compensating ventilators shall not be of the short-circuiting type. Furnish integral front face discharge for 
up to 80 percent make-up air of the exhausted air. 

D. Construction: The ventilator shall be of all stainless steel construction not less than 18 gauge, Type 304, 
number 4 finish. The assembly at joints and seams shall be liquid tight and all exposed external welds 
shall be ground and polished to match the original finish of the metal. All unexposed surfaces shall be 
constructed of minimum 18 gauge galvanized steel, including but not limited to duct, plenums, framing 
and brackets. Provide stainless steel closure panels as required for a complete finish, satisfactory to the 
Architect. 

E. Filters: Grease Filters shall be manufactured in accordance with UL 1046. 

F. Approvals: Ventilators to be listed or recognized by ICBO (refer to Research Report 2064), NSF, UL and 
in accordance with all recommendations of NFPA's Standard #96. 
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G. Fire Suppression System: 

1. Fire suppression system shall be listed and labeled as conforming to NFPA 17A and UL 300, 
current edition. 

2. Furnish wet chemical system to protect the hood, exhaust duct and cooking appliances against fire. 
The system shall be installed by an authorized distributor in accordance with NFPA 96, NFPA 17A, 
UL listings, and the requirements of authorities having jurisdiction.  

3. The system shall be manually operable at the release. The system shall contain a fusible link series 
detector system for automatic actuation of the system. Actuation of the system shall provide 
automatic mechanical gas valve line shutoff. Provide manual operation, with local actuation at the 
tank enclosure. 

4. System shall consist of suppressant, pressurizing cartridge, Schedule 40 piping and nozzles. 
Provide system with fresh cartridge. Provide stainless steel enclosure for cartridge, regulated 
release mechanism, regulator and all other material required for operation of the system. 

5. System shall be Ansul R102, Kidde, or equal. Provide multiple system if required. 

6. Upon completion of the installation of the fire suppression system a test of the system shall be 
conducted in the presence of the enforcing agency. 

H. Owner Training: Manufacturer shall provide one on-site 1-hour training session for Owners’ maintenance 
personnel. 

2.17 KITCHEN EXHAUST HOOD – TYPE 2  

A. General: 

1. Furnish ventilator hood of size and qualities as indicated on plans, the ventilator shall be of all 
stainless steel construction not less than 18 gauge, Type 304, Number 4 finish. 

2. Furnish condensate hoods with full perimeter welded condensate collecting gutter with 1/2 inch 
NPT stainless steel drain fitting. 

B. Approvals: Ventilators to be listed or recognized by ICBO (Research Report 2064), NSF, UL, and in 
accordance with all recommendations of NFPA-96. 

C. Owner Training: Manufacturer shall provide one on-site 1-hour training session for Owners’ maintenance 
personnel. 

2.18 KILN EXHAUST HOOD SYSTEM  

A. Furnish Vent-A-Kiln, or equal, overhead, adjustable fume exhaust system at each kiln, with size as 
indicated on drawings, and as recommended by manufacturer. Unit shall be furnished with two speed 
motor and blower, spun aluminum hood, overhead counterweight pulley system, venting kit with flexible 
hose, and all clamps and mounting plates required for complete system operation.  

B. Provide three year warranty on all parts of the system. 

2.19 WELDING EXHAUST SYSTEM  

A. Furnish Plymovent, Car-Mon, Nederman, or equal welding exhaust system with weld proof flexible tubing 
and receptors. Exhaust fan and exhaust apparatus to be by same manufacturer. Ductwork shall be United 
McGill Corp Sheet Metal Division, Air Systems, Inc., or equal.  

B. Owner Training: Manufacturer shall provide one on-site 4-hour training session for Owners’ maintenance 
personnel. 
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2.20 RELIEF AND INTAKE VENTS  

A. Galvanized steel housing with 1/2 inch mesh screen, counterbalanced backdraft damper and matching 
prefabricated curb. Omit backdraft damper on intake vents. Provide pitched roof curb for relief vents, and 
install with backdraft damper level.  

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Greenheck Fan Corporation. 

2. Lauren Cook Company. 

3. PennBarry. 

4. American Coolair Corporation. 

2.21 LOUVERS  

A. Louvers shall be minimum 16 gauge steel with Bonderite and Epon gray primer and 1/2 inch square mesh, 
16 gauge galvanized steel screen on the inside. Louvers shall be Airolite #609, Arrow United Industries, 
or equal, with 4 inch louver depth. 

2.22 AIR INLETS AND OUTLETS  

A. Except as otherwise indicated, provide manufacturer's standard inlets and outlets where shown; of size, 
shape, capacity and type indicated; constructed of materials and components as indicated, and as 
required for complete installation.  

B. Ceiling, wall or floor Compatibility: Provide inlets and outlets with border styles that are compatible with 
adjacent ceiling, wall or floor systems, and that are specifically manufactured to fit into ceiling, wall or floor 
module with accurate fit and adequate support. Refer to general construction drawings and specifications 
for types of ceiling systems that will contain each type of air outlet and inlet. 

C. Refer to Schedule on Mechanical Drawings for details of inlets and outlets to be used. 

2.23 AIR TERMINAL UNITS 

A. Shutoff, Single-Duct Air Terminal Units: 

1. Configuration: Volume-damper assembly inside unit casing with control components inside a 
protective metal shroud. 

2. Casing: 0.034-inch-thick galvanized steel, single wall. 

a. Casing liner: Fibrous-glass duct liner, complying with ASTM C 1071, NFPA 90A, or 
NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard.".  

1) Minimum Thickness: 1/2 inch  

2) Surface-Burning Characteristics: Maximum flame-spread index of 25 and maximum 
smoke-developed index of 50 when tested according to UL 723; certified by an NRTL. 

3) Antimicrobial Erosion-Resistant Coating: Apply to the surface of the liner that will form 
the interior surface of the duct to act as a moisture repellent and erosion-resistant 
coating. Antimicrobial compound shall be tested for efficacy by an NRTL and 
registered by the EPA for use in HVAC systems. 
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4) Water-Based Liner Adhesive: Comply with NFPA 90A or NFPA 90B and with 
ASTM C 916.  

a) Adhesive VOC Content: 80 g/L or less.  

b) Adhesive shall comply with testing and product requirements of South Coast 
Air Quality Management District, Rule 1168. 

c)   

3. Inlets and Outlets: Air inlet shall be round or rectangular stub connection or S-slip and drive 
connections for duct attachment. Air outlet shall be S-slip and drive connections, size matching 
inlet size. 

4. Access: Removable panels for access to parts requiring service, adjustment, or maintenance; with 
airtight gasket. 

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

6. Volume Damper: Galvanized steel with peripheral gasket and self-lubricating bearings. 

a. Maximum Damper Leakage: AHRI 880 rated, 2 percent of nominal airflow at 3-inch wg 6-
inch wg inlet static pressure. 

7. Hydronic Heating Coils: Copper tube, with mechanically bonded aluminum fins spaced no closer 
than 0.1 inch, and rated for a minimum working pressure of 200 psig and a maximum entering-
water temperature of 220 deg F. Include manual air vent and drain valve.  

8. Controls:  

a. Air terminal units shall be furnished with damper and multipoint velocity sensor. Damper 
actuator, pressure-independent, variable-air-volume (VAV) or constant-air-volume (CAV) 
controller with electronic airflow transducer, and room sensor are specified in 
Section 230923 "Direct Digital Control (DDC) System for HVAC. 

b. Control devices shall be compatible with temperature controls system  

1) Electronic Damper Actuator: 24 V, powered open, spring return. 

2) Terminal Unit Controller: Pressure-independent, variable-air-volume (VAV) or 
constant-air-volume (CAV) controller with electronic airflow transducer with multipoint 
velocity sensor at air inlet, factory calibrated to minimum and maximum air volumes, 
and having the following features: 

a) Occupied and unoccupied operating mode. 

b) Remote reset of airflow or temperature set points. 

c) Adjusting and monitoring with portable terminal. 

d) Communication with temperature-control system. 

3) Room Sensor: Wall mounted, with the following features: 

a) Digital display of sensed temperature. 

b) Local temperature setpoint adjustment. Capable of manual override through 
control system operator. 
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c) Local override to turn HVAC on. Capable of manual override through control 
system operator. 

d) Access for connection of portable operator terminal. 

9. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following: 

a. Price Limited. 

b. Titus. 

c. Johnson Controls, Inc. 

2.24 AIR FILTERS  

A. Provide MERV 13 disposable pleated media type. Refer to specific equipment Articles for filter depth and 
for exceptions to this specification. Filters shall conform to the following: 

1. Standards: 

a. ASHRAE Standard 52.2-2007. 

b. Underwriters Laboratories: U.L. 900, Class 2. 

2. Construction: 

a. Media: Synthetic or cotton-synthetic blend with radial pleats. 

b. Media Frame: High wet-strength beverage board. 

c. Media Support: Welded wire or expanded metal grid bonded to air leaving side of the media. 

3. Performance: 4” deep filter shall have a maximum initial air resistance of 0.31 inches w.g. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 

1. Camfil Farr, Inc., model 30/30. 

2. Flanders Corporation, model 40 LPD. 

C. Temporary (Construction Period) Filters: 

1. Install new temporary filters in all units that have filter systems installed. Temporary filters shall 
match the permanent filters that are specified for the units. Replace filters as needed, in accordance 
with manufacturer’s directions, in order to provide protection for the unit prior to occupancy by the 
Owner. 

2. If air handling units are operated during construction of the project, install temporary filters directly 
over each return air inlet. Filters shall match the permanent filters that are specified for the units. 
Select size of filter to completely cover the frame of the return air inlet, and tape filters firmly in 
place to eliminate any construction debris from entering the duct system or unit. Remove the 
temporary filters upon completion of the work, and repair all damaged paintwork. 

D. Spare Filters: 
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1. Furnish two new, complete sets of filter cartridges for each filter bank on completion and 
acceptance of the work. Install one set of filters in units (prior to final air balance). Provide units 
designed to accommodate washable, permanent filters with one washable, permanent filter. 

2.25 DAMPERS  

A. Backdraft Dampers: Ruskin CBD2, counterbalanced, Nailer Industries, or equal. 

B. Manual Air and Balance Dampers: Provide dampers of single blade type or multi-blade type constructed 
in accordance with SMACNA, "HVAC Duct Construction Standards," except as noted herein.  

1. Rectangular Ductwork: 

a. Single damper blades may be used in ducts up to 10 inches in height. Dampers shall be 16 
gauge minimum. Provide self-locking regulators, equal to Ventlok 641. Provide end bearings 
equal to Ventlok 607 at each damper. Provide continuous solid 3/8 inch square shafts. 

b. Multiple blade dampers shall be equal to Ruskin CD35 Standard Control Damper. Maximum 
width for multiple damper blades for use in rectangular duct shall not exceed 6 inches. 

c. Where duct velocity may be expected to exceed 1500 fpm, provide Ruskin CD-50, or equal, 
low leakage dampers with airfoil blades. 

2. Round Ductwork: 

a. Single damper blades may be used in ducts up to 12 inches in diameter. Provide multiple 
blade opposed blade dampers, with connected linkage, for ductwork larger than 12 inches 
in diameter. 

b. Damper blades for round ductwork shall be 20 gauge steel for ducts up to 12 inches diameter 
and 16 gauge steel for dampers larger than 12 inches damper. Provide self-locking 
regulators, equal to Ventlok 641, Durodyne, or equal for operation of dampers. Provide end 
bearings equal to Ventlok 607 and provide continuous solid 3/8 inch square shafts. 

3. Where ductwork is externally insulated, provide self-locking regulators equal to Ventlok 644, 
Durodyne, or equal for rectangular ductwork, and Ventlok 637, Durodyne, or equal for round ducts. 

C. Fire Dampers and Combination Fire/Smoke Dampers: 

1. Fire dampers and combination fire/smoke dampers shall be listed and approved by the California 
State Fire Marshal. Installation shall conform to the manufacturer’s UL approved installation 
instructions. 

a. Fire dampers shall be UL 555 classified and labeled as dynamic fire dampers approved for 
wall and floor installation. They shall ship from the manufacturer as an assembly with a 
minimum 20-gauge factory installed sleeve. Sleeve length shall suit the requirements of the 
wall construction. Each dynamic fire damper/sleeve assembly shall ship complete with 
factory “roll formed” one-piece angles with pre-punched holes for easy installation. Dynamic 
fire dampers for vertical installation must consist of a single section on sizes up to 33” x 36” 
and a single section on sizes up to 24” x 24” for horizontal installation. 1-1/2 hour dynamic 
fire dampers shall be Ruskin DIBD20, Pottorff, or equal. 3 hour dynamic fire dampers shall 
be Ruskin DIBD230, Pottorff, or equal. 

b. Fire dampers for high pressure/velocity systems where velocities exceed 2000 fpm and/or 
4” w.g. pressure fire damper shall be Ruskin FD60, Pottorff, or equal. 

c. Fire dampers for ceiling installation shall be UL 555C classified and labeled as ceiling 
dampers. They shall be provided with a thermal insulating blanket to fit the inlet or outlet 
condition if required by the application. Ceiling dampers shall be Ruskin CFD 2, 3, 4 or 5. 
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Ceiling dampers for ceilings constructed of wood shall have UL tested in design L501 and 
shall be Ruskin CFD7, Pottorff, or equal. 

d. Combination fire/smoke dampers. Dampers shall be UL classified and labeled as Leakage 
Class I Smoke Dampers in accordance with the latest version of UL 555S. Dampers shall be 
warranted to be free from defects in material and workmanship for a period of 5 years after 
date of shipment. Damper/actuator assembly shall be tested to full open and full close at 
minimum 2000 fpm 250° F heated air and 4” w.g. with airflow in both directions. (Specified 
select: 250° / 350°, 2000 fpm/3000 fpm). Each damper shall be equipped with “controlled 
closure” quick detect heat actuated release device to prevent duct and HVAC component 
damage resulting from instantaneous damper closure. Release device shall be EFL type and 
shall allow reset from outside the sleeve after moderate temperature exposure. 
(Replacement type fusible links not acceptable.) 

e. Two position combination fire smoke dampers shall be equipped with one or more factory 
installed, direct coupled, 120 volt, single phase, electric actuator for energize open – fail 
close operation. Dampers with multiple actuators shall be factory wired with single point 
connection at the EFL heat release device for connection to power. Damper actuator shall 
include minimum one-year energized hold open (no cycles) and spring return (fail) close 
reliability. Damper/actuator shall include minimum 20,000 full open-full close cycle 
performances. 

f. Modulating combination fire smoke dampers shall be equipped with one or more factory 
installed contact for modulating signal connection. Damper/actuator shall include minimum 
100,000 full open-full close cycle performances with spring return (fail) close on loss of 
power. 

g. Round combination fire smoke dampers up to 24” diameter shall be true round type with 
minimum 20 gauge galvanized steel designed for lowest pressure drop and noise 
performance. Bearings shall be stainless steel sleeve turning in an extruded hole in the 
frame. Blade seals shall be silicone edge designed to withstand 450° F and galvanized steel 
mechanically locked in to the blade edge (adhesive type seals are not acceptable). Each 
damper shall be equipped with a factory-installed sleeve of 17 inches minimum length and 
factory “roll formed” one-piece angles with pre-punched holes. Dampers shall be Ruskin 
FSDR25, Pottorff, or equal. 

h. Round (larger than 24” diameter) or rectangular combination fire smoke dampers shall 
include roll-formed structural hat channel frame, reinforced at the corners, formed from a 
single piece of minimum 16 gauge equivalent thickness formed from single piece galvanized 
steel. Bearings shall be stainless steel turning in an extruded hole in the frame. Blade edge 
seals shall be silicone rubber designed to withstand 450° F and galvanized steel 
mechanically locked in to the blade edge (adhesive type seals are not acceptable). Each 
damper shall be equipped with a factory-installed sleeve of 17” minimum length and factory 
“roll formed” one-piece angles with pre-punched holes for easy installation. Dampers shall 
be Ruskin FSD60, Pottorff, or equal. 

i. 3-hour rated combination fire smoke dampers shall be Ruskin model FSD60-3, Pottorff, or 
equal. 

j. All FSD60 type dampers shall be AMCA licensed and shall bear the AMCA Seal for Air 
Performance. AMCA certified testing shall verify pressure drop does not exceed .03” w.g. at 
a face velocity of 1,000 fpm on a 24” x 24” damper. 

k. Wall type fire/smoke damper: 

1) Combination fire/smoke dampers for use in the wall of exit corridors shall be classified 
and labeled as Leakage Class II Smoke Dampers in accordance with the latest 
version of UL 555S. Dampers shall meet the requirements for combination fire/smoke 
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dampers in paragraph 3 above except AMCA certified testing shall verify pressure 
drop does not exceed .07” w.g. at a face velocity of 1,000 fpm on a 24” x 24” damper 
and blades shall be single skin galvanized steel 10 gauge minimum with 3 longitudinal 
grooves for reinforcement. Dampers shall be Ruskin FSD36, Pottorff, or equal. 

2) Front access combination fire/smoke dampers shall meet all the requirements for 
combination fire/smoke dampers in paragraph 3 above except pressure drop 
requirement. In addition the dampers shall be constructed so that actuators and all 
accessories are accessible from the grille side. Actuators and accessories shall be 
housed within an integral cabinet on the side of the damper frame and shall not be 
installed in the air stream in front of the damper. The damper sleeve shall be minimum 
14” and flanged to accept a steel framed grille. The sleeve shall be covered with fire 
resistant material. Dampers shall be Ruskin FSD60FA, Pottorff, or equal. 

l. Ceiling type fire/smoke damper for tunnel type corridor construction: Combination fire/smoke 
dampers for use in the corridor ceiling of tunnel type corridor construction shall be UL 
classified and labeled as Corridor Damper. Dampers shall meet the requirements of 
paragraph 4a above except pressure drop testing does not require AMCA certification. 
Dampers shall be Ruskin FSD36C, Pottorff, or equal. 

m. Fusible links shall have temperature rating approximately 50° F above normal maximum 
operating temperature of the heat producing appliance. 

1) If project requires re-openable fire/smoke dampers, provide Ruskin 165 ° F / 350° F 
TS150, NCA or equal. The TS150 firestat replaces the EFL and allows the damper to 
be re-opened from remote location up to 350 ° F. TS150 shall include full open and 
full closed damper position contacts for interface with remote position indication panel. 

2) Each fire/smoke damper shall be equipped with “controlled closure” quick detect heat 
actuated release device to prevent duct and HVAC component damage. Release 
device shall allow easy reset after moderate temperature rise outside the sleeve. Heat 
release device shall be the Ruskin EFL, NCA or equal. 

3) Unless the system is using a validation control system, each fire/smoke damper shall 
be equipped with a control panel including blade position indicator lights and a key 
operated switch. The panel cover shall be oversized for flush mount into the wall or 
ceiling and shall have a brushed look. Control panel shall be Ruskin MCP2, Pottorff, 
or equal. 

2. All actuators used for smoke dampers or combination fire/smoke dampers shall have a cycle time 
requirement of not more than every twelve months and shall be rated for continuous "0n" duty and 
shall be provided with internal spring return. Actuators shall be equipped with pilot light, remote key 
test switch, end switch and circuitry to activate pilot light on remote key (test) switch located in 
corridor ceiling adjacent to damper. Electric motors shall be Invensys MA-250, MA-253, Honeywell 
H2000, or equal. 

D. Where required to suit the size of damper required, provide manufacturers standard UL Classified 
mullions, arranged to support multiple dampers. Assembly shall be of minimum 16 gauge galvanized 
steel, complete with all accessory caps and framing members required for installation. 

2.26 DUCTWORK  

A. Construct and install sheet metal ductwork in accordance with the California Mechanical Code for 2 inches 
static pressure for supply air, and 2 inches minimum for return and exhaust air unless otherwise noted on 
Drawings.  

1. Where not in conflict with the California Mechanical Code, construct and install all sheet metal 
ductwork in accordance with SMACNA HVAC Duct Construction Standards (Metal and Flexible). 
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Where applicable for HVAC work, construct and install sheet metal work in accordance with 
SMACNA Architectural Sheet Metal Manual. 

2. Provide variations in duct size, and additional duct fittings as required to clear obstructions and 
maintain clearances as approved by the Architect at no extra cost to the Owner. 

3. Gauges, joints and bracing shall be in accordance with the California Mechanical Code. 

4. Provide beading or cross breaking for all ductwork inside building. Provide cross breaking for 
ductwork exposed to weather. 

5. At the contractor's option, ductwork may be fabricated using the Ductmate, Nexus, Quickduct, 
Transverse Duct Connection (TDC), Pyramid-Loc duct connection systems, or equal. Fabricate in 
strict conformance with manufacturer's written installation instructions and in accordance with 
California Mechanical Code.  

a. Seal flanged ends with pressure sensitive high density, closed cell neoprene or polyethylene 
tape gasket, Thermo 440, or equal.  

b. Provide metal clips for duct connections, except at breakaway connections for fire dampers 
and fire smoke dampers. Provide corner clips at each corner of duct, through bolted, at all 
locations except at breakaway connections for fire dampers and fire smoke dampers. Where 
used on locations exposed to weather, provide continuous metal clip at top and sides of duct, 
with 1 inch overhang for top side. 

B. Design and installation standards: 

1. SMACNA Compliance: Comply with applicable portions of Sheet Metal and Air Conditioning 
Contractor's National Association (SMACNA) for all work in this section. 

2. NFPA Compliance: Comply with ANSI/NFPA 90A, "Standard for the Installation of Air Conditioning 
and Ventilating Systems," and ANSI/NFPA 90B, "Standard for the Installation of Warm Air Heating 
and Air Conditioning Systems." 

3. California Mechanical Code. 

C. Duct sizes indicated are external sizes.  

D. Galvanized Sheet Steel: Lock-forming quality, ASTM A924 and ASTM A653, Coating Designation G 90. 
Provide mill phosphatized finish for exposed surfaces of ducts exposed to view.  

1. Provide mill certification for galvanized material at request of the Project Inspector. 

E. Duct Sealants: 

1. Sealant shall have a VOC content of 250 g/L or less. 

2. Sealant shall comply with testing and product requirements of South Coast Air Quality Management 
District, Rule 1168. 

3. Provide one part, non-sag, synthetic latex sealant, formulated with a minimum of 68 percent solids. 
Sealant shall comply with ASTM E84, Surface Burning Characteristics. 

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) Design Polymerics, model DP1010. 

2) Polymer Adhesive Sealant Systems Inc, model Airseal #11. 
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3) McGill Airseal, LLC. 

F. Duct Support Materials: Except as otherwise indicated, provide hot-dipped galvanized steel fasteners, 
anchors, straps, trim, and angles for support of ductwork. 

G. Rectangular Duct Fabrication:  

1. Shop fabricate ductwork of gauges and reinforcement complying with the more stringent of the 
following standards, except as noted herein. 

a. SMACNA HVAC Duct Construction Standards 

b. California Mechanical Code 

2. Fabricate ducts for 2 inch pressure class with minimum duct gauges and reinforcement as follows, 
except as otherwise noted: 

Table A 

Duct Dimension Minimum Gauge Joint Reinforcement Per CMC 

Through 12" 26 Not Required 

13" through 18" 24 Not Required 

19" through 30" 24 C/4 

31" through 42" 22 E/4 

43" through 54" 22 F/2 

55" through 60" 20 G/4 

61" through 84" 20 I/2 

85" through 96" 20 J/2 

Over 96" 18 K/2 

3. Fabricate duct fittings to match adjoining ducts and to comply with duct requirements as applicable 
to fittings. Except as otherwise indicated, fabricate elbows with center-line radius equal to 1.5 times 
associated duct width. Fabricate to include single thickness turning vane in elbows where space 
does not permit the above radius or where square elbows are shown. Limit angular tapers to 30 
degrees for contracting tapers and 20 degrees for expanding tapers. Turning vanes shall be E-Z 
Rail II, Durodyne, or equal. 

4. Fabricate round supply connections at rectangular, plenum type fittings using spin-in type fittings, 
complete with extractor and volume control damper. Refer to Paragraph “DAMPERS” for damper 
requirements. 

5. Provide drive slip or equivalent flat seams for ducts exposed in the conditioned space or where 
necessary due to space limitations. On ducts with flat seams, provide standard reinforcing on inside 
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of duct. Duct connection to outlet on exposed duct shall be full size of outer perimeter of outlet 
flange. 

6. Ducts exposed in the conditioned space shall be free of dents and blemishes and be mounted tight 
against adjacent surface with flat hangers. Remove all fabrication labels from ductwork. 

7. Provide 20 gauge minimum for ductwork exposed within occupied spaces. 

H. Rectangular Internally Insulated Duct Fabrication: 

1. Provide internal duct lining where indicated on the Drawings, with a minimum of 10'-0" length in 
each direction from the fan, fan casing, or unit casing. Line all transfer ducts.  

a. Where ductwork is exposed to weather or outside the building insulation envelope, provide 
2 inch thick, 1-1/2 pound density internal lining with matte facing, with an R-Value of 8.0 
minimum. 

b. Where ductwork is within the building insulation envelope, lining shall be 1” thick, 1-1/2 
pound density, with R-value of 4.2 minimum. 

c. Ducts exposed in the conditioned space shall be free of dents and blemishes and be 
mounted tight against adjacent surface with flat hangers. Remove all fabrication labels from 
ductwork. 

d. Where installed exposed in the conditioned space, duct shall be minimum 20 gauge with 1 
inch insulation layer (minimum R-value – R-4.2). 

e. Cement duct liner in place with nonflammable, non-hardening duct adhesive. Seal all raw 
edges of insulation inside ductwork with adhesive, including longitudinal liner edges. 

f. Provide metal nosing at all locations where liner is preceded by unlined metal. 

g. Provide sheet metal weld pins and washers or clinch pins and washers on all ductwork on 
12 inch intervals with the first row within 3 inches of the leading edge of each piece of 
insulation and within 4 inches of corners. No use of adhesive mounted pins will be 
considered. 

1) Install clinched pin fasteners with properly adjusted automatic fastening equipment. 
Manual installation will not be considered. 

2) Install weld pins with properly adjusted automatic fastening equipment. Installation 
shall not damage the galvanized coating on the outside of the duct. 

h. All ductwork, adhesives, lining, sealant, flex duct and the like shall have a flame spread of 
25 or less and developed smoke rating of 50 or less when tested in accordance with one of 
the following test methods: NFPA 255, ASTM E84, or UL 723. 

i. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

Manufacturer: Product: 

Johns Manville Linacoustic RC 

CertainTeed Corporation ToughGard 
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Fosters Adhesive 85-62 

Swifts Adhesive 7336 

I. Round and Oval Ductwork Fabrication:  

1. Round and oval duct and fittings shall be spiral lockseam or longitudinal seam as indicated in table 
below. Provide couplings to join each length of duct. 

a. At contractors’ option, round or oval ductwork may be utilized in place of rectangular 
ductwork shown on Drawings, provided available space allows installation of round or oval 
ductwork without compromising space required for installation of products and systems of 
other trades. 

1) Round or oval ductwork utilized in place of rectangular ductwork shown on Drawings 
shall be sized to have a static pressure loss equivalent to rectangular duct shown on 
Drawings. 

2) Unlined round or oval duct shall not be utilized in place of rectangular internally lined 
ductwork shown on Drawings. 

2. Fabricate duct fittings to match adjoining ducts and to comply with duct requirements as applicable 
to fittings. Except as otherwise indicated, fabricate elbows with center-line radius equal to 1.5 times 
associated duct width. Provide two-piece, die-stamped, 45-degree to 90-degree elbows for sizes 
up to 12 inches; five-piece, 90-degree elbows for sizes 12 inches and above; conical tees; and 
conical laterals. All reducers shall be placed after a tap has been made on the duct main. Reducers 
shall be long-taper style. 

3. Round Ductwork: Construct of galvanized sheet steel complying with ANSI/ASTM A 653 by the 
following methods and in minimum gauges listed. 

Diameter Minimum Gauge Method of Manufacture 

Up to 14" 26 Spiral Lockseam 

15" to 23" 24 Spiral Lockseam 

24" to 36" 22 Spiral Lockseam 

37" to 50" 20 Spiral Lockseam 

51" to 60" 18 Spiral Lockseam 

Over 60" 14 Longitudinal Seam 

4. Provide locked seams for spiral duct; fusion welded butt seam for longitudinal seam duct. 

5. Fittings and Couplings: Construct of minimum gauges listed. Provide continuous welds along 
seams at exposed ducts. Provide spot weld bonded seams at concealed ducts. 



  HEATING, VENTILATING AND AIR CONDITIONING 
  23 80 00 - 49 

 

SACRAMENTO CITY UNIFIED SCHOOL DISTRICT  JAMES MARSHALL ES 
VERSION DATE JULY 15, 2022 

Diameter Minimum Gauge 

3" to 36" 20 

38" to 50" 18 

Over 50" 16 

6. Ducts exposed in the conditioned space shall be free of dents and blemishes and be mounted tight 
against adjacent surface with flat hangers. Remove all fabrication labels from ductwork. 

7. Provide 20 gauge minimum for ductwork exposed within occupied spaces. 

J. Round Internally Insulated Duct and Fittings: Where ductwork is exposed to weather or outside the 
building insulation envelope, construct with outer pressure shell, 2 inch thick (Minimum R-value = R-8) 
insulation layer, and perforated inner liner. Where ductwork is within the building insulation envelope, 
construct with outer pressure shell, 1 inch thick (minimum R-value = R4.2) insulation layer, and perforated 
inner liner. Construct shell and liner of galvanized sheet steel complying with ANSI/ASTM A 653, of spiral 
lockseam construction (use longitudinal seam for over 59 inches), in minimum gauges listed in table 
below. Where installed exposed in the conditioned space: duct and fitting outer pressure shell shall be 
minimum 20 gauge with 1 inch insulation layer (minimum R-value = R-4.2), and perforated inner liner. 

Nominal Duct Diameter Outer Shell Inner Liner 

3" TO 12" 26 gauge 24 gauge 

13" TO 24" 24 gauge 24 gauge 

25" to 34" 22 gauge 24 gauge 

35" to 48" 20 gauge 24 gauge 

49" to 58" 18 gauge 24 gauge 

Over 59" 16 gauge 20 gauge 

1. Fittings and Couplings: Construct of minimum gauges listed. Provide continuous weld along seams 
of outer shell at exposed ducts. Provide spot weld bonded seams at concealed ducts. 

Nominal Duct Diameter Outer Shell Inner Liner 

3" to 34" 20 gauge 24 gauge 

36" to 48" 18 gauge 24 gauge 

Over 48" 16 gauge 24 gauge 

2. Inner Liner: Perforate with 3/32 inch holes for 22 percent open area. Provide metal spacers welded 
in position to maintain spacing and concentricity. 
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3. Ducts exposed in the conditioned space shall be free of dents and blemishes and be mounted tight 
against adjacent surface with flat hangers. Remove all fabrication labels from ductwork. 

4. Where installed exposed in the conditioned space, duct shall be minimum 20 gauge with 1 inch 
insulation layer (minimum R-value – R-4.2). 

5. All ductwork, adhesives, lining, sealant, flex duct and the like shall have a flame spread of 25 or 
less and developed smoke rating of 50 or less when tested in accordance with one of the following 
test methods: NFPA 255, ASTM E84, or UL 723. 

6. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. Sheet Metal Div., McGill AirFlow, LLC., Acousti-k27 

b. Semco Duct and Acoustical Products, Inc. 

c. Air Systems Manufacturing, Inc. - Las Vegas 

K. Duct Access Doors: 

1. Duct Access: Provide hinged access door in rectangular ducts for access to fire dampers, control 
equipment, etc. Access door size shall be duct diameter wide by duct diameter high for all ducts 
under 24 inches. Ducts over 24 inches in diameter shall have 24-inch by 18-inch access doors. 
Minimum size access doors shall be 6 inches by 6 inches. 

2. Provide hinged style access doors for round ductwork, NCA Manufacturing, Inc., Model AD-RD-87, 
Pottorff Series 60, or equal. Access doors shall be 16 gauge galvanized steel with continuous piano 
hinge. Locks shall be plated steel strike and catch. Provide 1" x 3/8" Polyethylene "Perma Stik" 
gasket all around door. 

L. Flexible Air Ducts:  

1. Provide exterior reinforced laminated vapor barrier, fiberglass insulation, encapsulated spring steel 
wire Helix, and impervious, smooth, non-perforated interior vinyl liner. Individual lengths of flexible 
ducts shall contain factory fabricated steel connection collars. 

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) C.A. Schroeder, Inc., Cal Flex model 2PMJ. 

2) ThermaFlex model M KC. 

2. Factory made air ducts shall be approved for the use intended and shall conform to the 
requirements of UL 181 and NFPA 90A. Each portion of a factory-made air duct system shall be 
identified by the manufacturer with a label or other suitable identification indicating compliance with 
UL 181, Class 1. Ducts shall be UL listed Class 1, maximum 25/50 smoke and flame spread and 
shall be installed in accordance with the terms of their listing and the requirements of SMACNA 
HVAC Duct Construction Standards (Metal and Flexible). Factory-made air ducts shall have the 
following minimum R-values: R-6.0 for ductwork installed within the building insulation envelope, 
R-8.0 for ductwork installed outside the building insulation envelope.  

3. Flexible ductwork shall be maximum of 5 feet long, and shall be extended to the fullest possible 
length, in order to minimize pressure drop in the duct. 

4. Flexible ducts shall be selected for minimum of 6 inch positive static pressure and minimum of 1 
inch negative static pressure. 
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M. Fabric Duct Air Dispersion System: 

1. Duct: Fabric duct shall be constructed of inherently fire resistant polyester fabric complying with 
flame spread and smoke development index requirements of NFPA 90A when evaluated in 
accordance with UL 723 or other standard acceptable to authorities having jurisdiction. Treated or 
laminated fabric is not acceptable. Fabric shall be classified according to ICC AC167 and UL 2518. 
Fabric weight shall be minimum 6.75 oz./sq. yd. as tested per ASTM D3776. Duct shall be designed 
for inlet static pressure range of 0.25-3.0 in. wg. Fabric shall withstand without damage temperature 
range of 0-180 degrees F. Fabric air permeability shall be 0.5 CFM per sq. ft. when tested according 
to the requirements of ASTM D737.  

a. Linear vent shall consist of round, open orifices in duct fabric, sized and spaced per 
Drawings, or as recommended by the manufacturer.  

b. Duct color shall be selected by Architect from among manufacturers’ available colors. 

2. Duct Shape Retention System: Provide duct with shape retention system consisting of removable, 
round, 360 degree hoops, placed inside duct and spaced at 5 ft. o.c., or as recommended by fabric 
duct system manufacturer. 

3. Duct Connections: Provide fabric duct system with hardware for duct inlet connection to metal duct. 
Inlet connection shall include zipper for removal or maintenance of duct. Duct sections and end 
caps shall be provided with zippers for connection, removal, and maintenance, number and location 
as normally provided by the manufacturer for the size and arrangement of duct as shown on 
Drawings. 

4. Provide system with airflow, pressure control, and balancing devices as shown on Drawings and 
Drawing schedules. 

5. Mounting: Provide fabric duct system with hardware for galvanized cable suspension system 
detailed on Drawings. Provide hanger attachment points on fabric duct, with locations compatible 
with duct suspension system detailed on Drawings. 

6. Warranty: Provide with manufacturers’ minimum 10 year warranty. 

7. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. DurkeeSox. 

b. DuctSox. 

N. Kitchen Exhaust Ducts (Type 1):  

1. Fabricate kitchen exhaust ducts and supports used for removal of smoke and grease-laden air from 
cooking equipment of 16 gauge minimum black steel where concealed and of 18 gauge minimum 
Type 304 stainless steel where exposed. At Contractor’s option, 18 gauge minimum Type 304 
stainless steel may be used where concealed. Finish exposed stainless steel with Number 4 finish. 
All ductwork shall be of welded construction in accordance with Section 510 of California 
Mechanical Code. For duct construction, comply with SMACNA "HVAC Duct Construction 
Standards" and ANSI/NFPA 96 “Standard for Ventilation Control and Fire Protection of Commercial 
Cooking Operations.” 

2. Kitchen Exhaust Duct Access Panels: 

a. Provide listed duct access panel assembly of the same material and gauge used for the duct. 
Duct access panels shall conform to the following: 
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1) Fasteners: Black steel or stainless steel to match material used for the duct. Panel 
fasteners shall not penetrate duct wall. 

2) Gasket: Comply with NFPA 96, grease-tight, high temperature ceramic fiber, rated for 
minimum 1500 °F. 

3) Minimum Pressure rating: 10 inches wg., positive or negative. 

b. Available manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

1) Ductmate Industries, Inc. 

2) 3M. 

3) Flame Gard, Inc. 

3. Field-Applied Grease Duct Enclosure: 

a. Thermal Ceramics Firemaster FastWrap XL, or equal, field-applied grease duct enclosure 
listed in accordance with ASTM E 2336.  

O. Kitchen Exhaust Ducts (Type 2):  

1. Cooking Equipment Exhaust Ducts: 

a. Fabricate kitchen exhaust ducts and supports used for removal of vapor, heat and odors 
from cooking equipment of 16 gauge minimum black steel where concealed and of 18 gauge 
minimum Type 304 stainless steel where exposed. At Contractor’s option, 18 gauge 
minimum Type 304 stainless steel may be used where concealed. Finish exposed stainless 
steel with Number 4 finish. All ductwork shall be of welded construction in accordance with 
Section 510 of California Mechanical Code. For duct construction, comply with SMACNA 
"HVAC Duct Construction Standards" and ANSI/NFPA 96 “Standard for Ventilation Control 
and Fire Protection of Commercial Cooking Operations.” 

2. Dishwasher Exhaust Ducts:  

a. Fabricate dishwasher exhaust ducts and supports used for steam removal from dishwasher 
of 18 gauge minimum 304 stainless steel. All ductwork shall be of welded construction in 
accordance with Section 510 of California Mechanical Code. For duct construction, comply 
with California Mechanical Code, SMACNA "HVAC Duct Construction Standards," and 
ANSI/NFPA 96 “Standard for Ventilation Control and Fire Protection of Commercial Cooking 
Operations.” 

3. Duct Access Panels: 

a. Provide duct access panel assembly of the same material and gauge used for the duct. Duct 
access panels shall conform to the following: 

1) Fasteners: Black steel or stainless steel to match material used for the duct. Panel 
fasteners shall not penetrate duct wall. 

2) Gasket: Comply with NFPA 96, grease-tight, high temperature ceramic fiber, rated for 
minimum 1500 °F. 

P. Type 1 Clothes Dryer Exhaust Ducts: Provide aluminum duct and fittings in wall and ceiling as indicated 
on Drawings. 

Q. Type 2 Clothes Dryer Exhaust Ducts:  
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1. Fabricate ducts and supports of 18 gauge minimum, Type 304, stainless steel. All duct seams and 
joints shall be welded. Finish exposed stainless steel with Number 4 finish. 

R. Shower exhaust ducts: Provide ducts and supports from stainless steel for a length of 20 feet from exhaust 
grille or register. 

S. Fume Hood Exhaust Ducts: 

1. Round Ductwork: 

a. Provide 18 gauge 304 stainless steel duct with spiral lockseam and welded joints. Fittings 
shall be 304 stainless steel, solid welded. 

2. Rectangular Duct:  

a. Provide 18 gauge 304 stainless steel duct with Pittsburgh lockseam and welded joints. 
Fittings shall be 304 stainless steel, solid welded. 

3. Duct Finish: Where exposed to view, Number 4 finish. 

4. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. McGill Airflow, Inc. 

b. SEMCO LLC. 

T. Flexible Connectors: 

1. Materials: Flame-retardant or noncombustible fabrics. Coatings and adhesives shall comply with 
UL 181, Class 1, with flame spread index of 25 or less, and smoke-developed index of 50 or less. 

2. Metal-Edged Connectors: Factory fabricated with a fabric strip 3 inches wide attached to two strips 
of 3-inch-wide, 0.028-inch-thick, galvanized sheet steel or 0.032-inch-thick aluminum sheets. 
Provide metal compatible with connected ducts. 

3. Flexible Connector Fabric: Glass fabric double coated with weatherproof, synthetic rubber resistant 
to UV rays and ozone. 

a. Minimum Weight: 26 oz./sq. yd. 

b. Tensile Strength: Minimum 475 lbf/inch in the warp and minimum 375 lbf/inch in the filling. 

c. Service Temperature: Minus 50 to plus 200 deg F. 

4. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. Ductmate Industries, Inc., model Proflex. 

b. Ventfabrics, Inc., model Ventlon. 

2.27 HYDRONIC PIPING 

A. Provide piping materials and factory-fabricated piping products of sizes, types, pressure ratings, 
temperature ratings, and capacities as indicated. Provide materials and products complying with California 
Mechanical Code. Where more than one type of material or product is indicated, selection from materials 
or products specified is Contractor's option. 
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B. Chilled Water, Heating Hot Water, and Condenser Water Piping:  

1. Copper Tube and Fittings Aboveground: 

a. Copper Tube and Fittings Aboveground: ASTM B88, Type L, drawn-temper, 150 psig 
minimum working pressure at 200 deg. F. Provide wrought-copper fittings and unions, ASTM 
B16.22, with full solder cup. Capped outlets shall be Schedule 40 screwed brass.  

2. Steel Pipe and Fittings Aboveground: 

a. 2 inches and smaller: ASTM A 53/A 53M, Schedule 40 black steel with plain ends, 150 psig 
minimum working pressure at 200 deg. F. Provide malleable-iron threaded fittings, ASTM 
B16.3, Class 150, and unions, ASTM B16.39, Class 150, and cast-iron flanges and flange 
fittings, and threaded joints. 

b. 2-1/2 inches and larger: ASTM A 53/A 53M, Schedule 40 black steel with plain ends, 150 
psig minimum working pressure at 200 deg. F. Provide wrought-steel fittings, ASTM A 234/A 
234M, and wrought-cast or forged-steel flanges and flange fittings, ASME B16.5, material 
group 1.1, with butt welding end connections and raised face. 

3. Underground Hydronic Piping: 

a. Refer to Section 232113.13, Underground Hydronic Piping. 

2.28 HYDRONIC PUMPS 

A. Close-Coupled, End Suction Centrifugal Pumps 

1. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, cast 
iron, bronze-fitted, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation 
with pump and motor shafts mounted horizontally. 

2. Pump Construction: 

a. Casing: Radially split, cast iron, drain plug at bottom and air vent at top of volute, threaded 
gage tappings at inlet and outlet, and flanged connections. 

b. Impeller: ASTM B 584, cast bronze or cast brass; statically and dynamically balanced, keyed 
to shaft, and secured with a locking cap screw. For constant-speed pumps, trim impeller to 
match specified performance. 

c. Pump Shaft: Steel, with copper-alloy shaft sleeve. 

d. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel 
spring, and Buna-N bellows and gasket. Include water slinger on shaft between motor and 
seal. 

e. Pump Bearings: Permanently lubricated or grease lubricated ball bearings as normally 
furnished for pump size scheduled on Drawings. 

3. Motor: Single speed and rigidly mounted to pump casing with integral pump support. 

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

1) Enclosure: Open, dripproof  

2) Enclosure Materials: Rolled steel. 
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3) Motor Bearings: Permanently lubricated or grease-lubricated ball bearings as 
normally furnished for pump size scheduled on Drawings. 

4) Efficiency: Premium efficient. 

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

a. ITT Corporation; Bell & Gossett. 

b. Armstrong Pumps Inc. 

c. PACO Pumps. 

d. TACO Incorporated. 

B. Separately Coupled, Base-Mounted, End-Suction Centrifugal Pumps 

1. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, separately coupled, 
cast iron, bronze-fitted, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for base 
mounting, with pump and motor shafts horizontal. 

2. Pump Construction: 

a. Casing: Radially split, cast iron, drain plug at bottom and air vent at top of volute, threaded 
gage tappings at inlet and outlet, and flanged connections. 

b. Impeller: ASTM B 584, cast bronze or cast brass; statically and dynamically balanced, keyed 
to shaft, and secured with a locking cap screw. For constant-speed pumps, trim impeller to 
match specified performance. 

c. Pump Shaft: Steel, with copper-alloy shaft sleeve. 

d. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel 
spring, and Buna-N bellows and gasket. Include water slinger on shaft between motor and 
seal. 

e. Pump Bearings: Permanently lubricated or grease lubricated ball bearings as normally 
furnished for pump size scheduled on Drawings. 

3. Shaft Coupling: Replaceable molded-rubber insert and interlocking spider capable of absorbing 
vibration. Provide EPDM coupling sleeve for variable-speed applications. 

4. Coupling Guard: Dual rated; ANSI B15.1, Section 8; OSHA 1910.219 approved; steel; removable; 
attached to mounting frame. 

5. Mounting Frame: Welded-steel frame and cross members, factory fabricated from 
ASTM A 36/A 36M channels and angles. Fabricate to mount pump casing, coupling guard, and 
motor. 

6. Motor: Single speed and secured to mounting frame, with adjustable alignment. 

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

1) Enclosure: Open, dripproof. 

2) Enclosure Materials: Rolled steel. 
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3) Motor Bearings: Permanently lubricated or grease-lubricated ball bearings as 
normally furnished for pump size scheduled on Drawings. 

4) Efficiency: Premium efficient. 

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

a. ITT Corporation; Bell & Gossett. 

b. Armstrong Pumps Inc. 

c. PACO Pumps. 

d. TACO Incorporated. 

C. Close-Coupled, In-Line Centrifugal Pumps 

1. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, cast-
iron, bronze fitted in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with 
pump and motor shafts mounted horizontally or vertically. 

2. Pump Construction: 

a. Casing: Radially split, cast iron, drain plug at bottom and air vent at top of volute, threaded 
gage tappings at inlet and outlet, and flanged connections. 

b. Impeller: ASTM B 584, cast bronze or cast brass; statically and dynamically balanced, keyed 
to shaft, and secured with a locking cap screw. For constant-speed pumps, trim impeller to 
match specified performance. 

c. Pump Shaft: Steel, with copper-alloy shaft sleeve. 

d. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel 
spring, and Buna-N bellows and gasket. Include water slinger on shaft between motor and 
seal. 

e. Pump Bearings: Permanently lubricated or grease lubricated ball bearings as normally 
furnished for pump size scheduled on Drawings. 

3. Motor: Single speed and rigidly mounted to pump casing. 

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

1) Enclosure: Open, dripproof. 

2) Enclosure Materials: Rolled steel. 

3) Motor Bearings: Permanently lubricated or grease-lubricated ball bearings as 
normally furnished for pump size scheduled on Drawings. 

4) Efficiency: Premium efficient. 

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

a. ITT Corporation; Bell & Gossett. 
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b. Armstrong Pumps Inc. 

c. PACO Pumps. 

d. TACO Incorporated. 

D. Separately Coupled, Horizontally Mounted Centrifugal In-Line Pumps 

1. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, separately coupled, 
cast-iron, bronze fitted in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation 
with pump and motor shafts mounted horizontally. 

2. Pump Construction: 

a. Casing: Radially split, cast iron, drain plug at bottom and air vent at top of volute, threaded 
gage tappings at inlet and outlet, and flanged connections. 

b. Impeller: ASTM B 584, cast bronze or cast brass; statically and dynamically balanced, keyed 
to shaft, and secured with a locking cap screw. For constant-speed pumps, trim impeller to 
match specified performance. 

c. Pump Shaft: Steel, with copper-alloy shaft sleeve. 

d. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel 
spring, and Buna-N bellows and gasket. 

e. Pump Bearings: Permanently lubricated ball bearings. 

3. Shaft Coupling: Replaceable molded-rubber insert with interlocking spider. 

4. Motor: Single speed and resiliently mounted to pump casing. 

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

1) Enclosure: Open, dripproof. 

2) Enclosure Materials: Rolled steel. 

3) Motor Bearings: Permanently lubricated or grease-lubricated ball bearings as 
normally furnished for pump size scheduled on Drawings. 

4) Efficiency: Premium efficient. 

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

a. ITT Corporation; Bell & Gossett. 

b. Armstrong Pumps Inc. 

c. PACO Pumps. 

d. TACO Incorporated. 

2.29 HYDRONIC PIPING SPECIALTIES 

A. Bladder-Type Expansion Tanks: 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. AMTROL, Inc. 

b. Armstrong Pumps, Inc. 

c. Bell & Gossett; a Xylem brand. 

d. TACO Comfort Solutions, Inc. 

2. Tank: Welded steel, rated for 125-psig (860-kPa) working pressure and 375 deg F (191 deg C) 
maximum operating temperature. Factory test after taps are fabricated and supports installed and 
are labeled according to ASME Boiler and Pressure Vessel Code: Section VIII, Division 1. 

3. Bladder: Securely sealed into tank to separate air charge from system water to maintain required 
expansion capacity. 

4. Air-Charge Fittings: Schrader valve, stainless steel with EPDM seats. 

B. Tangential-Type Air Separators: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. AMTROL, Inc. 

b. Armstrong Pumps, Inc. 

c. Bell & Gossett; a Xylem brand. 

d. TACO Comfort Solutions, Inc. 

2. Tank: Welded steel; ASME constructed and labeled for 125-psig (860-kPa) minimum working 
pressure and 375 deg F (191 deg C) maximum operating temperature. 

3. Air Collector Tube: Perforated stainless steel, constructed to direct released air into expansion tank. 

4. Tangential Inlet and Outlet Connections: Threaded for NPS 2 (DN 50) and smaller; flanged 
connections for NPS 2-1/2 (DN 65) and larger. 

5. Blowdown Connection: Threaded. 

6. Size: Match system flow capacity. 

C. Calibrated Balance Valves (Symbol CBV): Provide globe style valves for precision regulation and control 
rated 175 psi for sizes 2-1/2 inches through 12 inches and rated 240 psi for bronze sizes 2 inches and 
smaller. Each valve shall have two metering/test ports with internal check valves and protective caps. All 
valves shall be equipped with visual position readout and concealed memory stops for repeatable 
regulation and control. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. Bell & Gossett Circuit Setter Plus. 

b. Armstrong CBV. 

c. Flow Design Inc. Accusetter. 
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d. Tour & Andersson. 

e. Circuit Sensor with butterfly valve above 3 inches.  

f. Illinois Series 5000 through 2 inches. 

D. Pressure Independent Flow Limiting Balancing Valves: 

1. Ball Valve Type: 

a. Body: Dezincification resistant brass. 

b. Cartridge: Removable, interchangeable, differential pressure regulating. Removable orifice 
plate to restrict maximum flow. Stainless steel spring. EPDM diaphragm. 

c. Ball: Plated brass or stainless steel. 

d. End Connections: Threaded or socket. 

e. Temperature/Pressure Gage Test Ports: Integral seals for portable testing instruments. 

f. Handle Style: Lever. 

g. Blowdown port with field-installed drain valve with hose-end connection. 

h. Provide valves with field-installed test port and operating handle extensions for insulated 
services. 

i. CWP Rating: Minimum 400 psig. 

j. Maximum Operating Temperature: 210 deg F. 

2. Wafer Valve Type: 

a. Body: Ductile Iron. 

b. Cartridge: Single or multiple cartridges, removable, interchangeable, differential pressure 
regulating. Removable orifice plate to restrict maximum flow. Stainless steel spring. EPDM 
diaphragm. 

c. End Connections: Flanged. 

d. Temperature/Pressure Gage Test Ports: Integral seals for portable testing instruments. 
Provide valves with field-installed test port extensions for insulated services. 

e. CWP Rating: Minimum 250 psig. 

f. Maximum Operating Temperature: 230 deg F. 

3. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. Ball Valve Type: 

1) Bell & Gossett; a Xylem Brand, model Circuit Sentry. 

2) Griswold Controls, model Isolator “R”. 

3) Caleffi North America, Inc, model Flocal. 
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b. Wafer Valve Type: 

1) Bell & Gossett; a Xylem Brand, model Circuit Sentry Wafer Valve. 

2) Griswold Controls, model Wafer AHU. 

E. Air Vent Valves:  

1. Provide Armstrong #1AV, Hoffman Model 78, Metraflex Model MV-15A, or equal, where automatic 
type air vent is shown. 

2.30 THERMAL AND SEISMIC EXPANSION LOOPS 

A. Manufactured assembly consisting of inlet and outlet elbow fittings, two sections of flexible metal hose 
and braid, and 180-degree return bend. Return bend section shall have support lug and plugged FPT 
drain. Flexible hose shall consist of corrugated metal inner hose and braided metal outer sheath. 
Assemblies shall be constructed from materials compatible with the fluid or gas being conveyed and shall 
be suitable for the system operating pressure and temperature. Provide assembly selected for 4 inches 
of movement.  

B. Basis-of-Design Product: Subject to compliance with requirements, provide Metraflex Inc., Metraloop 
series, or comparable product by one of the following, or equal: 

1. Flexicraft Industries. 

2.31 PIPE JOINING MATERIALS 

A. Refer to Division 22 and 23 piping sections for special joining materials not listed below. 

B. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (3.2-mm) maximum thickness unless 
thickness or specific material is indicated 

a. Full-Face Type: For flat-face, Class 125, cast iron and cast bronze flanges. 

b. Narrow-Face Type: For raised-face, Class 250, cast iron and steel flanges. 

2. AWWA C111, rubber, flat face, 1/8-inch (3.2mm) thick, unless otherwise indicated; and full-face or 
ring type, unless other indicated. 

3. Flange Bolts and Nuts: AWWA C111, carbon steel, unless otherwise indicated. 

C. Brazing Filler Metals:  

1. General Duty: AWS A5.8, BCup-5 Series, copper-phosphorus unless otherwise indicated. Sil-Fos 
15, or equal. 

2. Refrigerant Piping:  

a. Joining copper to copper: AWS A5.8, BCup-5 Series, copper-phosphorus unless otherwise 
indicated. Sil-Fos 15, or equal. 

b. Joining copper to bronze or steel: AWS A5.8, Bag-1, silver alloy unless otherwise indicated. 

D. Welding Filler Metals: Comply with ASME B31.1 for welding materials appropriate for wall thickness and 
chemical analysis of steel pipe being welded. 
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2.32 VALVES 

A. Gate Valves:  

1. 2-1/2 inches and smaller: Class150, bronze body, union bonnet, rising stem, solid wedge, threaded 
or solder ends, conforming to MSS SP-80. Hammond IB641, IB648, Nibco T-134, S-134, 
Milwaukee 1151, 1169, or equal. 

2. 3 inches and larger: Class 125, iron body, bronze mounted, bolted bonnet, non-rising stem, solid 
wedge, flanged ends, conforming to MSS SP-70. Hammond IR-1138, Nibco F619, Milwaukee 
F2882A, Stockham G-612, or equal. 

3. Underground valves 2 inches thru 12 inches: 250 psi, iron body, Non-rising stem, bolted bonnet, 
resilient wedge valves, conforming to AWWA C509, equipped with operating nuts, Mueller Series 
2360, Nibco F-619-RW-SON, or equal. 

a. Underground valves 3 inches and smaller may be furnished with operating nuts or hand-
wheels, and with Ring-Tite joint ends. 

b. Furnish and deliver to Owner one wrench of each size required for operating underground 
valves. 

B. Ball Valves:  

1. 2 inches and smaller: 600 psi CWP, 150 psi SWP, cast bronze body, full port, two piece, threaded 
ends, and reinforced PTFE seal, conforming to MSS SP-110. Nibco T585-70, Milwaukee BA-400, 
Stockham T-285, or equal. 

2. 2-1/2 inches and larger: Class 150, carbon steel body, full port, two piece, stainless steel vented 
ball, flanged ends, and reinforced PTFE seal, conforming to MSS SP-72. Nibco F-515-CS-F-66-
FS, Milwaukee F20-CS-15-F-02-GO-VB, or equal. 

C. Swing Check Valves: Class 125 or 150, bronze body, suitable for regrinding, threaded ends, conforming 
to MSS SP-80. Stockham B-321, Milwaukee 509, or equal. 

D. Butterfly Valves:  

1. General: Tight closing, full lug type, with resilient seat suitable for minimum working pressure of 
200 psig, conforming to MSS SP-67. Bi-direction dead end service with downstream flange 
removed. 

2. Provide valves with the following: 

a. Seats: Suitable for 40 degrees F for cold water service and 250 degrees F for hot water 
service. Seats shall cover inside surface of body and extend over body ends. 

b. Bodies: Ductile iron or cast iron. 

c. Discs: Bronze or stainless steel. 

d. Stems or Shafts: Stainless steel.  

e. Control Handles: Suitable for locking in any position or with 10 degree or 15 degree notched 
throttling plates to hold valve in selected position. Provide extended necks to compensate 
for insulation thickness. Provide gear operator for valves 5 inches and larger. 

3. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 
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a. 2 through 12 inches: Milwaukee Valve, CL series, Nibco, Inc., model LD2000-3, or equal. 

E. Silent Check Valves (for use on pump discharge):  

1. General: Provide spring loaded check valves at pump discharge of all pumps. 

a. 2 inches and smaller: 250 psi CWP, bronze body, Nibco Model T-480, Milwaukee 548-T, or 
equal. 

b. 2-1/2 inches and larger: Class 250, cast iron body, wafer style, suitable for regrinding. Nibco 
Model F960, Milwaukee 1400, Mueller 103MAP, or equal. 

2.33 VALVE BOXES 

A. General: 

1. Where several valves or other equipment are grouped together, provide larger boxes of rectangular 
“vault” type adequately sized for condition and similar in construction to those specified above. 

2. Provide valve box extensions as required to set bottom of valve box tight up to top of piping in 
which valve is installed. 

3. Provide a tee handle wrench for each size, Alhambra Foundry Co. #A-3008, or equal. 

B. Valve Boxes in Traffic Areas: Provide Christy No. G5 traffic valve box, Brooks, or approved equal, 10-3/8 
inches inside diameter with extensions to suit conditions, with cast iron locking cover. Provide Owner with 
set of special wrenches or tools as required for operation of valves. 

C. Valve Boxes in Non-Traffic Areas: Provide Christy No. F22, Brooks, or approved equal, 8 inches inside 
diameter by 30 inches long, with cast iron locking cover. Provide Owner with set of special wrenches or 
tools as required for operation of valves. Cut bottom of plastic body for operation of valves. 

D. Valve Box (Rectangular Vault Type): Precast concrete or cast iron with cast iron locking type covers 
lettered to suit service – Brooks No. 3-TL, Christy No. B3, Fraser No. 3, Alhambra A-3004 or A-3005, 
Alhambra E-2202, or E-2702, or approved equal, with extension to suit conditions. 

2.34 INSULATION MATERIALS 

A. General: 

1. Insulation products, including insulation, insulation facings, jackets, adhesives, sealants and 
coatings shall not contain polybrominated diphenyl ethers (PBDEs) in penta, octa, or deca 
formulations in amounts greater than 0.1 percent (by mass). 

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

3. 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. 

4. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according 
to ASTM C 795. 

5. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process. 

6. Test insulation, jackets and lap-seal adhesives as a composite product and confirm flame spread 
of not more than 25 and a smoke developed rating of not more than 50 when tested in accordance 
with UL723 or ASTM E84. 
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7. Adhesives and sealants shall comply with testing and product requirements of South Coast Air 
Quality Management District, Rule 1168. 

B. Insulation Materials:  

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

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) Aeroflex USA, Inc. 

2) Armacell LLC. 

3) K-Flex USA. 

2. Mineral-Fiber, Preformed Pipe Insulation: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) Johns Manville; a Berkshire Hathaway company. 

2) Knauf Insulation. 

3) Manson Insulation Inc. 

4) Owens Corning. 

b. 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-SSL. 

3. 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. Provide 2-
inch wide stapling and taping flange. 

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) CertainTeed Corporation. 

2) Johns Manville. 

3) Knauf Insulation. 

4) Owens Corning. 

4. 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.  

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) CertainTeed Corporation. 

2) Johns Manville. 

3) Knauf Insulation. 
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4) Owens Corning. 

5. Mineral-Fiber, Pipe and Tank Insulation: Mineral or glass fibers bonded with a thermosetting resin. 
Semirigid board material with factory-applied ASJ complying with ASTM C 1393, Type II or 
Type IIIA Category 2, or with properties similar to ASTM C 612, Type IB. Nominal density is 2.5 
lb/cu. ft. or more. Thermal conductivity (k-value) at 100 deg F is 0.29 Btu x in./h x sq. ft. x deg F or 
less.  

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) CertainTeed Corporation. 

2) Johns Manville; a Berkshire Hathaway company. 

3) Knauf Insulation. 

4) Owens Corning. 

C. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. Design Polymerics. 

b. Foster Brand; H. B. Fuller Construction Products. 

c. Knauf Insulation. 

2. Water-Vapor Permeance: Comply with ASTM E96/E96M or ASTM F1249. 

3. Service Temperature Range: 0 to plus 180 deg F. 

4. Color: White. 

D. Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below-ambient services. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. Design Polymerics. 

b. Childers Brand; H. B. Fuller Construction Products. 

c. Foster Brand; H. B. Fuller Construction Products. 

2. Water-Vapor Permeance: Comply with ASTM E96/E96M or ASTM F1249. 

3. Service Temperature Range: Minus 50 to plus 220 deg F. 

4. Color: White. 

E. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products 
that may be incorporated into the Work include the following, or equal: 

a. Design Polymerics. 
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b. Childers Brand; H. B. Fuller Construction Products. 

c. Foster Brand; H. B. Fuller Construction Products. 

d. Knauf Insulation. 

2. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness. 

3. Service Temperature Range: 0 to plus 180 deg F. 

4. Color: White. 

F. Field Applied Jackets: 

1. PVC Jacket and Factory Fabricated Fitting Covers: 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. 

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) Johns Manville, model Zeston, with Zeston 2000 fitting covers. 

2) Proto Corporation, model LoSmoke. 

2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, Temper H-14. 

a. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include the following, or equal: 

1) Childers Brand; H. B. Fuller Construction Products. 

2) ITW Insulation Systems; Illinois Tool Works, Inc. 

3) RPR Products, Inc. 

b. Finish and thickness are indicated in field-applied jacket schedules. 

c. Moisture Barrier for Outdoor Applications: 2.5-mil- thick polysurlyn. 

d. Factory-Fabricated Fitting Covers: 

1) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius elbows. 

2) Tee covers. 

3) Flange and union covers. 

4) End caps. 

5) Beveled collars. 

6) Valve covers. 

7) Field fabricate fitting covers only if factory-fabricated fitting covers are not available. 

2.35 THERMAL HANGER SHIELD INSERTS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include the following, or equal: 
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1. Buckaroos, Inc. 

2. Carpenter & Paterson, Inc. 

3. Clement Support Services. 

4. Rilco Manufacturing Co., Inc. 

B. Flame-spread index of 25 or less and smoke-developed index of 50 or less as tested by ASTM E 84. 

C. Insulation-Insert Material for Cold or Hot Piping, from Minus 40 to Plus 275 Deg F: ASTM C 552, Type II 
cellular glass with 100-psig minimum compressive strength or ASTM C 1126, Type III rigid phenolic foam 
and vapor barrier. 

1. Phenolic: 

a. NPS 10 and Smaller: 3.75-lb/cu. Ft. minimum compressive strength. 

b. NPS 12 to NPS 30: 5.0-lb/cu. ft. minimum compressive strength. 

D. Insulation-Insert Material for Piping Above 275 Deg F: Water-repellent treated, ASTM C 533, Type I 
calcium silicate with 100-psig or ASTM C 552, Type II cellular glass with 100-psig minimum compressive 
strength. 

E. Insulation Protection Shields: Galvanized metal, G90 coating designation, complying with 
ASTM A 653/A 653M, 180-degree saddle. 

F. Heavy Duty Insulation Protection Shields: Galvanized metal, 12-gage, G90 coating designation, 
complying with ASTM A 653/A 653M, 180-degree saddle. Structural steel plate welded to bottom of 
galvanized shield for sizes NPS 6 and larger. 

G. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe. 

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

I. Insert Length: Extend minimum 1-1/2 inches beyond sheet metal shield. 

2.36 TEMPERATURE CONTROL SYSTEM  

A. Refer to Section 23 09 23, Direct Digital Control System for HVAC. 

PART 3 - EXECUTION 

3.1 ROOF MOUNTED EQUIPMENT INSTALLATION 

A. Mount and anchor equipment in strict compliance with Drawings details. Alternate anchorage methods 
will not be considered for roof mounted equipment. 

B. Examine rough-in for roof mounted equipment to verify actual locations of piping and duct connections 
prior to final equipment installation. 

C. Verify that piping to be installed adjacent to roof mounted equipment allows service and maintenance. 

D. Verify that gas piping will be installed with sufficient clearance for burner removal and service. 

E. Install gas flue extensions. Attach gas flue extensions to unit according to unit manufacturers’ installation 
instructions. Terminate gas flue extensions with lowest discharge opening at height compliant with 
requirements of California Mechanical Code, based on final unit location. 



  HEATING, VENTILATING AND AIR CONDITIONING 
  23 80 00 - 67 

 

SACRAMENTO CITY UNIFIED SCHOOL DISTRICT  JAMES MARSHALL ES 
VERSION DATE JULY 15, 2022 

F. Install ducts to termination at top of roof curb and install heavy duty rubber gaskets on supply and return 
openings and on full perimeter of curb, or as required for an airtight installation, prior to setting unit on 
curb. 

G. Cover roof inside each roof mounted air conditioning unit, heat pump unit, and heating and ventilating unit 
roof curb with 2 inch thick, 3 pound density fiberglass insulation board. 

H. Connect supply and return air ducts to horizontal discharge roof mounted equipment with flexible duct 
connectors. Provide G 90 galvanized steel weather hood over flexible connections exposed to the 
weather. Weather hood minimum gauge shall be per PART 2 article, Ductwork, Table A. 

I. Remove roof decking only as required for passage of ducts. Do not cut out decking under entire roof curb. 

3.2 SPLIT SYSTEM AC, HEAT PUMP, AND VRF SYSTEMS INSTALLATION 

A. General: 

1. Install units level and plumb. 

2. Install evaporator-fan components as detailed on Drawings. 

3. Install ground or roof- mounted condensing units as detailed on Drawings. 

4. Install seismic restraints as required by applicable codes. Refer to Article, Submittals, in Section 23 
00 50, Basic HVAC Materials and Methods, for delegated design requirements for seismic 
restraints. 

5. Install and connect refrigerant piping as detailed in unit manufacturers’ literature. Install piping to 
allow access to unit. 

6. Install cooling coil condensate primary drain pan piping, and overflow, if provided, and run to 
nearest code-compliant receptacle, or as indicated on Drawings. Install secondary drain pan for 
units installed over permanent and suspended-tile ceilings. Install secondary drain pan piping and 
terminate 1/2 inch below ceiling, with escutcheon, in a readily visible location or as shown on 
Drawings.  

7. Install air filters at each indoor unit. Install washable, permanent filters at indoor units designed to 
accept washable, permanent filters. Refer to Drawings schedule, and Article, Air Filters, in this 
Section, for filter requirements for ducted, above-ceiling units incorporating mixing boxes. 

8. Duct Connections: Duct installation requirements are specified in Article, Ductwork, in this Section. 
Drawings indicate the general arrangement of ducts. Connect supply and return ducts to split-
system air-conditioning units with flexible duct connectors. Flexible duct connectors are specified 
in Article, Ductwork, in this Section. 

B. Variable Refrigerant Flow Split System Heat Pumps: 

1. The system shall be installed by a factory-trained and certified contractor, in strict conformance 
with unit manufacturer’s instructions. 

2. Install indoor heat recovery controllers as detailed on Drawings. Install condensate drain pan piping 
and run to nearest code-compliant receptacle, or as indicated on Drawings. 

a. Indoor Heat Recovery Controllers Identification: 

1) Comply with requirements for identification in Section 23 00 50, Basic HVAC Materials 
and Methods. 
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2) Identify each control cable on each end and at each terminal with a number-coded 
identification tag. Each cable shall have a unique tag. 

3) Identify each refrigerant connection with label or tag corresponding to the indoor fan 
coil unit served by the refrigerant piping branch. Use equipment numbers scheduled 
on Drawings. 

3. Install ball-type refrigerant service valves in refrigerant piping at downstream connections of indoor 
heat recovery units. 

4. Install ground or roof- mounted condensing units as detailed on Drawings. Connected condensing 
units shall allow space for coil cleaning and other required maintenance tasks. 

3.3 HIGH EFFICIENCY FURNACE UNIT INSTALLATION  

A. Install vent and combustion air piping in strict compliance with manufacturer's installation guidelines. Pipe 
and fittings shall comply with manufacturer's instructions, flash through roof or wall as specified for piping. 
Refer to Drawings for special conditions. 

1. Provide concentric flue system with single roof or wall penetration. Install in accordance with 
manufacturer's requirements. 

2.  

B. Mount horizontally or vertically as indicated on Drawings. Comply with manufacturer’s installation 
requirements specific to mounting orientation. 

C. Install cooling coil overflow drain piping and run to nearest receptacle, or as indicated on Drawings. 

3.4 REFRIGERANT PIPING INSTALLATION 

A. General:  

1. Install refrigerant piping according to ASHRAE 15. Install and connect refrigerant piping as detailed 
in unit manufacturers’ literature. Install piping to allow access to unit. 

2. Install piping straight and free of kinks, restrictions or traps. 

3. Install piping as short and direct as possible, with a minimum number of joints, elbows, and fittings. 

4. Slope horizontal suction piping 1 inch/10 feet towards compressor. 

5. Install fittings for changes in direction and branch connections. 

6. Piping under raised floors shall be kept 6 inches minimum above ground; excavate as necessary. 

7. Install locking caps on refrigerant access valves located outside building, including valves located 
on roofs. 

8. Insulate refrigerant piping, including liquid and hot gas pipes when required by system 
manufacturer, and including headers, branches, and other components as detailed in unit 
manufacturers’ literature.  

B. Factory Pre-charged and sealed line set piping: 

1. Keep the entire system clean and dry during installation. 

2. All tubing shall be evacuated and sealed at the factory. The seal must not be broken until ready for 
assembly.  
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3. If there is any evidence of dust, moisture, or corrosion, the tubing must be cleaned out by drawing 
a swab soaked with methyl alcohol through the tubing as many times as necessary to thoroughly 
clean the tubing. 

4. Where line set piping is used, enclose in iron or steel piping and fittings or in EMT conduit. 

C. Field Assembled Refrigerant Piping: 

1. Select system components with pressure rating equal to or greater than system operating pressure. 

2. Where subject to mechanical injury, enclose refrigerant piping in EMT conduit. 

3. Where field assembled refrigerant piping is exposed mounted at grade, on walls, and on roof, 
enclose in 16 gage galvanized steel enclosure. 

4. When brazing, remove solenoid valve coils and sight glasses, also remove valve stems, seats, and 
packing, and accessible internal parts of refrigerant specialties. Do not apply heat near expansion-
valve bulb. 

3.5 FAN INSTALLATION  

A. Ceiling Mounted Fans: Mount variable speed switch within fan housing. Mark final balance point on 
variable speed switch. 

B. Provide access doors for fans or motors mounted in ductwork. 

C. Mount all fans as detailed on Drawings and in compliance with CBC standards. 

D. Fan motors mounted in air-stream to be totally enclosed. 

E. Completely line supply, return or exhaust fan cabinets with 1 inch thick, 3/4 pound density acoustic 
insulation securely cemented in place. 

F. Roof fans shall be mounted level. 

G. Provide heavy-duty rubber gasket between exhaust fan mounting flange and roof curb, or as required for 
an airtight installation. 

H. Label fume hood fans with sign "CAUTION - HAZARDOUS EXHAUST." 

3.6 RELIEF VENT INSTALLATION  

A. Install relief vents to provide a level mounting for backdraft damper. 

3.7 AIR INLETS AND OUTLETS INSTALLATION 

A. Provide all air inlets and outlets with gaskets and install so that there will be no streaking of the walls or 
ceilings due to leakage. Duct connection to outlet on exposed duct shall be full size of outer perimeter of 
outlet flange. 

B. Unless otherwise indicated on Drawings, provide rectangular galvanized steel plenum on top of each 
diffuser and ceiling return for connection to ductwork. Line plenum with internal insulation as indicated for 
lined ductwork. Size plenum to allow full opening into air terminal. Plenum sheet metal gauge shall be 
equal to gauge for rectangular equivalent of the branch duct serving the air inlet or outlet. 

C. Ceiling-mounted air inlets, outlets, or other services installed in T-Bar type ceiling systems shall be 
positively attached to the ceiling suspension main runners or to cross runners with the same carrying 
capacity as the main runners. 
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1. Air inlets, outlets, or other services weighing not more than 56 pounds shall have two No. 12 gauge 
hangers connected from the terminal or service to the structure above. These wires may be slack. 

2. Support air inlets, outlets, or other services weighing more than 56 pounds directly from the structure 
above by approved hangers. Provide 4 taut 12 gauge wires each, attached to the fixture and to the 
structure above. The 4 taut 12 gauge wires, including their attachment to the structure above must be 
capable of supporting 4 times the weight of the unit. 

3. Secure air inlets and outlets to main runners of ceiling suspension system with two No. 8 sheet metal 
screws at opposing corners. 

D. Furnish all air inlets and outlets with a baked prime coat unless otherwise noted. Provide off-white baked 
enamel finish on ceiling-mounted air inlets and outlets. Paint exposed mounting screws to match the 
material being secured. 

E. Air inlets and outlets shall match all qualities of these specified including appearance, throw, noise level, 
adjustability, etc. 

3.8 AIR TERMINAL UNIT INSTALLATION 

A. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air Conditioning and 
Ventilating Systems." 

B. Install air terminal units level and plumb. Maintain sufficient clearance for normal service and 
maintenance. 

C. Where installing piping adjacent to air terminal unit, allow space for service and maintenance. 

D. Connect heating coils to supply with shutoff valve, strainer, control valve, and union or flange; and to 
return with balancing valve and union or flange, or as detailed on Drawings. 

3.9 FILTER HOUSING INSTALLATION  

A. Mount filters in airtight galvanized steel housings furnished by the filter manufacturer, or shop fabricated. 
Housings shall incorporate integral tracks to accommodate filters, and flanges for connection to duct or 
casing system. 

1. Sealing: Incorporate positive-sealing gasket material on channels to seal top and bottom of filter 
cartridge frames and to prevent bypass of unfiltered air. 

2. Access Doors: Hinged, with continuous gaskets on perimeter and positive-locking latch handle 
devices. 

B. Air filters shall be accessible for cleaning or replacement. 

C. Identify each filter access door with 1/2 inch high minimum stenciled letters. 

3.10 TEMPORARY FILTERS 

A. Provide temporary filters for fans that are operated during construction; after construction dirt has been 
removed from the building install new filters at no additional cost to the Owner. In addition to temporary 
filters at filter location, provide temporary filters on all duct openings which will operate under a negative 
pressure. 

1. Filters used for temporary operation shall be the same as permanent filters for the application. 
Filters used for duct openings may be 1 inch thick pleated media disposable type. 
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3.11 DAMPER INSTALLATION  

A. All dampers automatically controlled by damper motors are specified under "Temperature Control 
System" except those specified with items of equipment. 

B. Provide opposed blade manual air dampers at each branch duct connection and at locations indicated on 
the drawings and where necessary to control air flow for balancing system. Provide an opposed blade 
balancing damper in each zone supply duct. Provide an access panel or Ventlok flush type damper 
regulator on ceiling or wall for each concealed damper. 

C. Install fusible link fire dampers full size of duct at points where shown or required. 

D. Provide 18 inch x 12 inch minimum hinged access doors in ductwork and furring for easy access to each 
fire damper; insulated access doors in insulated ducts. Label access doors with 1/2 inch high red letters. 

1. Provide Ventlok Series 100, Durodyne, or equal access doors with hardware for convenient access 
to all automatic dampers and other components of the system, insulated type in insulated ducts. 
Provide Ventlok #202 for light duty up to 2 inch thick doors, #260 heavy-duty up to 2 inch thick 
doors and #310 heavy-duty for greater than 2 inch thick doors. Provide #260 hinges on all hinged 
and personnel access doors; include gasketing. 

3.12 DUCTWORK INSTALLATION 

A. General: 

1. Assemble and install ductwork in accordance with recognized industry practices which will achieve 
air tight and noiseless (no objectionable noise) systems capable of performing each indicated 
service. Install each run with minimum of joints. Align ductwork accurately at connections within 1/8 
inch misalignment tolerance and with internal surfaces smooth. Support ducts rigidly with suitable 
ties, braces, hangers, and anchors of type which will hold ducts true to shape and to prevent 
buckling. Where possible, install ductwork to clear construction by 1/4 inch minimum, except at air 
inlets and outlets. Where ductwork will not clear construction, secure duct firmly to eliminate noise 
in the system. 

2. Duct Joints: Install duct sealers, pop rivets or sheet metal screws at each fitting and joint. Duct 
sealers shall be fire retardant. Sheet metal screws for joints shall be minimum #10 size galvanized. 

3. Where ductwork is left exposed within a room, the same shall be run true to plumb, horizontal, or 
intended planes. Where possible, uniform margins are to be maintained between parallel lines 
and/or adjacent wall, floor, or ceiling surfaces. 

4. Horizontal runs of ductwork suspended from ceilings shall provide for a maximum headroom 
clearance. The clearance shall not be less than 6'-6" without written approval from the Architect. 

5. Provide sheet metal angle frame at all duct penetrations to wall, floor, roof, or ceiling. 

6. Paint inside of ducts, visible through grille, dull black. 

7. Where ductwork is installed in finished areas of buildings that do not have ceilings, paint ductwork, 
support hangers, and air inlets and outlets to match adjacent architectural surfaces, or as directed 
by Architect. 

8. At the time of rough installation, or during storage on the construction site and until final startup of 
the heating and cooling equipment, duct and other related air distribution component openings shall 
be covered with tape, plastic, sheet metal, or other methods acceptable to the enforcing agency. 

B. Firestopping: 
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1. Pack the annular space between duct openings and ducts penetrating floors and walls with UL 
listed fire stop, and sealed at the ends. All pipe penetrations shall be UL listed, Hilti, 3M Pro-Set, 
or equal.  

a. Install fire caulking behind mechanical services installed within fire rated walls, to maintain 
continuous rating of wall construction.  

2. Firestopping systems to be installed in strict accordance with manufacturer's instructions. 

3. Alternate firestopping systems are acceptable if approved equal. However, any deviation from the 
above specification requires the Contractor to be responsible for determining the suitability of the 
proposed products and their intended use, and the Contractor shall assume all risks and liabilities 
whatsoever in connection therewith.  

C. Flashing: 

1. The work of this section shall include furnishing, layout, sizing, and coordination of penetrations 
required for the mechanical work. 

2. Refer to Division 07 specifications and Drawings details as applicable. 

3. Flashing for penetrations of roof for mechanical items such as flues and ducts shall be coordinated 
with the roofing manufacturer and roofing installer for the specific roofing type. The work of this 
section shall include furnishing, layout, sizing, and coordination of penetrations required for the 
mechanical work.  

a. Furnish and install flashing and counterflashing in strict conformance with the requirements 
of the roofing manufacturer. Submit shop drawing details for review prior to installation. 

b. Flues and ducts shall have 24 gauge galvanized sheet metal storm collar securely clamped 
to the flue above the flashing. 

D. Upper connection of support to wood structure shall be with wood screws or lag screws in shear fastened 
in the upper one half of the wood structural member. Fasteners shall conform to the following schedule: 

For ducts with P/2=30" #10 x 1-1/2" wood screw 

For ducts with P/2=72" 1/4"x 1-1/2" lag screw 

For ducts with P/2 over 73" 3/8"x 1-1/2" lag screw 

E. Upper connection in tension to wood shall not be used unless absolutely necessary. Where deemed 
necessary the contractor shall submit calculations to show the size fastener and penetration required to 
support loads in tension from wood in accordance with the following schedule: 

For ducts with P/2=30" 260 pounds per hanger 

For ducts with P/2=72" 320 pounds per hanger 

For ducts with P/2=96" 460 pounds per hanger 

For duct with P/2 larger than 120" NOT ALLOWED 

F. Install concrete inserts for support of ductwork in coordination with formwork as required to avoid delays 
in work. 
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G. Upper connection to manufactured truss construction must comply with truss manufacturers published 
requirements and Structural Engineers requirements. 

H. Where ducts pass through interior partitions and exterior walls, conceal space between construction 
opening and duct or duct plus insulation with sheet metal flanges of same gauge as duct. Overlap opening 
on four sides by at least 1-1/2 inches. 

I. Support ductwork in manner complying with SMACNA "HVAC Duct Construction Standards," hangers 
and supports sections. Where special hanging of ductwork is detailed or shown on Drawings, Drawings 
shall be followed. Angles shall be attached to overhead construction in a manner so as to allow a minimum 
of 2 inches of movement in all directions with no bending or sagging of the angle. 

1. Except where modified in individual paragraphs of this Section, provide hanger support with 
minimum 18 gauge straps, 1 inch wide. Fold duct strap over at bottom of duct. 

2. Install duct supports to rectangular ducts with sheet metal screws. Provide one screw at top of duct 
and one screw into strap at bottom of duct. 

J. Installation of Flexible Ductwork: 

1. Provide flexible ducts with supports at 30 inch centers with 2 inch wide, 26 gauge steel hanger 
collar attached to the structure with an approved duct hanger. Installation shall minimize sharp 
radius turns or offsets. 

a. Supports shall be in accordance with SMACNA HVAC Duct Construction Standards (Metal 
and Flexible). 

b. Flexible duct bends shall be not less than 1-1/2 duct diameter bend radius. 

2. Make connections to rigid duct and units with Panduit style draw band at inner liner material, and 
a second draw band over the outer vapor barrier material. 

3. Make connection to duct with spin-in fittings, with air scoop and balance damper. 

K. Installation of Fabric Duct Air Dispersion System: 

1. Install fabric duct system in accordance with the requirements of the manufacturer, and per 
Drawings details. 

a. Air handler and associated ductwork shall be clean and free of particulate matter at the time 
of fabric duct connection and pressurization of duct system. 

2. Fabric duct shall be cleaned according to manufacturers’ instructions, if soiled during installation, 
prior to Project handover to Owner. 

L. Installation of Kitchen Exhaust Ducts (Type 1): 

1. Install commercial kitchen hood exhaust ducts without dips and traps that may hold grease. 

2. Slope duct a minimum of 2 percent to drain grease back to the hood. 

3. Provide for thermal expansion of ductwork through 2000 ◦F temperature range. 

4. Install listed grease duct access panel assemblies at each change of direction and at maximum 
intervals of 12 feet in horizontal ducts, and at every floor for vertical ducts, and as indicated on 
Drawings. Locate access panel on top or sides of duct. Locate panel so that edge of opening is not 
less than 1-1/2 inch from all outside edges of the duct or welded seams. For large horizontal ducts, 
install 20 inch by 20 inch access panel for personnel entry at maximum intervals of 20 feet. 
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5. Install listed grease duct access panel assemblies in accordance with the terms of their listings and 
the manufacturers’ instructions. Access panels shall be labeled with the words: “Access Panel – 
Do Not Obstruct.” 

6. Fabricate ducts with continuous welds for grease-tight construction. 

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

8. Cover grease exhaust duct with two layers of 1-1/2 inch thick field-applied grease duct enclosure. 
Install grease duct enclosure in accordance with manufacturer’s instructions and listing 
requirements. 

M. Installation of Kitchen Exhaust Ducts (Type 2): 

1. Install commercial kitchen hood exhaust ducts without dips and traps that may hold grease. 

2. Slope duct a minimum of 1 percent to drain back to the hood or dishwasher connection. 

3. Install duct access panel assemblies at each change of direction and at maximum intervals of 12 
feet in horizontal ducts, and at every floor for vertical ducts, and as indicated on Drawings. Locate 
access panel on top or sides of duct. Locate panel so that edge of opening is not less than 1-1/2 
inch from all outside edges of the duct. For large horizontal ducts, install 20 inch by 20 inch access 
panel for personnel entry at maximum intervals of 20 feet. 

4. Fabricate ducts with continuous welds for water-tight construction. 

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

6. Fabricate ducts for dishwasher exhaust with seams on top of duct, and with minimum joints. 

7. Access panels shall be labeled with the words: “Access Panel – Do Not Obstruct.” 

N. Installation of Shower Exhaust Ducts: 

1. Slope duct a minimum of 1 percent to drain back to the exhaust grille. 

3.13 DUCTWORK SEALING AND LEAK TESTING 

A. All ductwork shall receive a Class A seal. 

B. Seal airtight all joints and seams, including standing seams and manufactured joints and seams, of all 
supply, return and exhaust ducts except those exposed in conditioned space.  

C. Leakage Classes: 

Pressure Class Leakage Class 

 Round Duct Rectangular Duct 

2"W.G. or less 8 16 

4"W.G. or greater 2 4 
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D. All duct systems (supply, return, outside air intake, and exhaust), except those identified on compliance 
forms on Drawings as requiring Acceptance Testing per the requirements of the California Energy Code, 
shall be tested in accordance with the requirements of SMACNA “HVAC Air Duct Leakage Test Manual.” 
Test pressure shall be equal to the pressure class of the duct. For additional duct leak testing 
requirements, refer to Section 230800.13, “Title 24 Commissioning of HVAC.”  

3.14 PIPING INSTALLATION 

A. General: 

1. All piping shall be concealed unless shown or otherwise directed. Allow sufficient space for ceiling 
panel removal. 

2. Installation of piping shall be made with appropriate fittings. Bending of piping will not be accepted. 

3. Install piping to permit application of insulation and to allow valve servicing. 

4. Where piping or conduit is left exposed within a room, the same shall be run true to plumb, 
horizontal, or intended planes. Where possible, uniform margins are to be maintained between 
parallel lines and/or adjacent wall, floor, or ceiling surfaces. 

5. Horizontal runs of pipes and conduits suspended from ceilings shall provide for a maximum 
headroom clearance. The clearance shall not be less than 6'-6" without written approval from the 
Architect. 

6. Close ends of pipe immediately after installation. Leave closure in place until removal is necessary 
for completion of installation. 

7. Use reducing fittings; bushings shall not be allowed. Use eccentric reducing fittings wherever 
necessary to provide free drainage of lines and passage of air. 

8. Verify final equipment and fixture locations for roughing-in. 

9. Where piping is installed in walls within one inch of the face of stud, provide a 16 gauge sheet metal 
shield plate on the face of the stud. The shield plate shall extend a minimum of 1-1/2 inches beyond 
the outside diameter of the pipe. 

10. Each piping system shall be thoroughly flushed and proved clean before connection to equipment. 

11. Install exposed polished or enameled connections with special care showing no tool marks or 
threads at fittings. 

12. Service Markers: Mark the location of each plugged or capped pipe with a 4 inch round by 30 inch 
long concrete marker, set flush with finish grade. Provide 2-1/2 inch diameter engraved brass plate 
as part of monument marker. 

13. Pipe the discharge of each relief valve, air vent, backflow preventer, and similar device to floor sink 
or drain. 

B. Sleeves: 

1. Install Adjus-to-Crete, Pipeline Seal and Insulator, or equal, pipe sleeves of sufficient size to allow 
for free motion of pipe, 24 gauge galvanized steel. The space between pipe and sleeves through 
floor slabs on ground, through outside walls above or below grade, through roof, and other locations 
as directed shall be caulked with oakum and mastic and made watertight. The space between pipe 
and sleeve and between sleeve and slab or wall shall be sealed watertight. 
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2. At Contractor's option, Link-Seal, Metraflex Metraseal, or equal, casing seals may be used in lieu 
of caulking. Wrap pipes through slabs on grade with 1 inch thick fiberglass insulation to completely 
isolate the pipe from the concrete.  

C. Floor, Wall, and Ceiling Plates: 

1. Fit all pipes with or without insulation passing through walls, floors, or ceilings, and all hanger rods 
penetrating finished ceilings with chrome-plated or stainless escutcheon plates. 

D. Firestopping: 

1. Pack the annular space between pipe sleeves and pipes penetrating floors and walls with UL listed 
fire stop, and sealed at the ends. All pipe penetrations shall be UL listed, Hilti, 3M Pro-Set, or equal.  

a. Install fire caulking behind mechanical services installed within fire rated walls, to maintain 
continuous rating of wall construction.  

2. Provide SpecSeal Systems UL fire rated sleeve/coupling penetrators for each pipe penetration or 
fixture opening passing through floors, walls, partitions or floor/ceiling assemblies. All Penetrators 
shall comply with UL Fire Resistance Directory (Latest Edition), and in accordance with CBC 
requirements.  

3. Sleeve penetrators shall have a built in anchor ring for waterproofing and anchoring into concrete 
pours or use the special fit cored hole penetrator for cored holes. 

4. Copper and steel piping shall have SpecSeal, or equal, plugs on both sides of the penetrator to 
reduce noise and to provide waterproofing. 

5. Firestopping systems to be installed in strict accordance with manufacturer's instructions. 

6. Alternate firestopping systems are acceptable if approved equal. However, any deviation from the 
above specification requires the Contractor to be responsible for determining the suitability of the 
proposed products and their intended use, and the Contractor shall assume all risks and liabilities 
whatsoever in connection therewith.  

E. Flashing: 

1. The work of this section shall include furnishing, layout, sizing, and coordination of penetrations 
required for the mechanical work. 

2. Refer to Division 07 specifications and Drawings details as applicable. 

3. Flashing for penetrations of metal or membrane roof for pipes shall be coordinated with the roofing 
manufacturer and roofing installer for the specific roofing type.  

a. Furnish and install flashing and counterflashing in strict conformance with the requirements 
of the roofing manufacturer. Submit shop drawing details for review prior to installation. 

b. Furnish and install counterflashing above each flashing required. Provide Stoneman, or 
equal, vandalproof top and flashing combination. Elmdor/Stoneman Model 1540. 

4. Furnish and install flashing and counterflashing in strict conformance with the requirements of the 
roofing manufacturer. Submit shop drawing details for review prior to installation. 

3.15 PUMP INSTALLATION 

A. Install pumps as shown on Drawings. 
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B. Install pumps to provide access for periodic maintenance including removing motors, impellers, couplings, 
and accessories. Manufacturer recommended clearances shall be maintained. 

C. Independently support pumps and piping so that weight of piping is not supported by pumps and weight 
of pumps is not supported by piping. 

3.16 HYDRONIC SPECIALTIES INSTALLATION 

A. Install expansion tanks on the floor. Vent and purge air from hydronic system, and ensure that tank is 
properly charged with air to suit system Project requirements. 

B. Install tangential air separator in pump suction. Install blowdown piping with gate or full-port ball valve; 
extend full size to nearest floor drain. 

C. Calibrated Balancing Valves: Install calibrated balancing valves per manufacturers’ recommendations, 
including requirements for straight pipe lengths at valve inlet and outlet. 

D. Air Vent Valves:  

1. Install with shutoff valves or cocks and drain to floor sink or drain. 

2. At each high point of piping, and elsewhere where required for system air venting and drainage, 
provide manual air vent connection at top of pipe. Provide ball valve within 18 inches of ceiling in 
accessible location, and extend drain line to allow convenient access. 

3.17 THERMAL AND SEISMIC EXPANSION LOOP INSTALLATION 

A. Install expansion loops where piping crosses building expansion or seismic joints, between buildings, 
between buildings and canopies, and as indicated on Drawings. 

B. Install expansion loops of sizes matching sizes of connected piping. 

C. Install grooved-joint expansion joints to grooved-end steel piping. 

D. Materials of construction and end fitting type shall be consistent with pipe material and type of gas or 
liquid conveyed by the piping system in which expansion loop is installed. 

3.18 PIPE JOINTS AND CONNECTIONS 

A. General: 

1. Cutting: Cut pipe and tubing square, remove rough edges or burrs. Bevel plain ends of steel pipe. 

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

3. Boss or saddle type fittings or mechanically extracted tube joints will not be allowed. 

B. Threaded Pipe: 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 thread compound to external pipe threads: Rectorseal No. 5, Permatex No. 1, or equal. 

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or damaged. 

C. Flanged Joints: Select appropriate asbestos-free, nonmetallic gasket material in size, type, and thickness 
suitable for type of water conveyed by pipe. Join flanges with gasket and bolts according to ASME B31.9. 
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D. Copper Pipe and Tubing: All joints shall be brazed according to ASME Section IX, Welding and Brazing 
Qualifications, except pneumatic control piping, and hydronic piping having grooved-end fittings and 
couplings. 

E. Welded Pipe:  

1. Make up with oxyacetylene or electric arc process. 

2. All welding shall conform to the American Standard Code for Power Piping ASME B-31.1. When 
requested by the Architect, furnish certification from an approved testing agency or National 
Certified Pipe Welding Bureau that the welders performing the work are qualified. 

3. All line welds shall be of the single "V" butt type. Welds for flanges shall be of the fillet type. 

4. Where the branch is two pipe sizes smaller than the main or smaller, Bonney Weldolets, 
Threadolets, Nibco, or equal, may be used in lieu of welding tees. 

F. Flexible Connections:  

1. Furnish and install Thermo Tech., Inc. F/J/R, Metraflex, or equal, flexible couplings with limiter bolts 
on piping connections to all equipment mounted on anti-vibration bases, except fan coil units under 
2000 cfm, on each connection to each base mounted pump and where shown. Couplings shall be 
suitable for pressure and type of service. 

2. Flexible connections in refrigerant lines; Flexonic, Anaconda or equal, metal hose, full size. 

3. Anchor piping securely on the system side of each flexible connection. 

3.19 VALVE INSTALLATION 

A. General: 

1. Valves shall be full line size unless indicated otherwise on Drawings. 

2. Install horizontal valves with valve stem above horizontal, except butterfly valves. 

3. Install valves with unions or flanges at each piece of equipment arranged to allow service, 
maintenance, and equipment removal without system shutdown. 

4. Locate valves for easy access and provide separate support where necessary. 

5. Install valves in position to allow full stem movement. 

6. Install exposed polished or enameled connections with special care showing no tool marks or 
exposed threads. 

7. Butterfly valves conforming to the paragraph “Butterfly Valves” may be used in lieu of gate or globe 
valves for locations above grade. 

8. Ball valves conforming to the paragraph “Ball Valves” may be used in lieu of gate valves for 
locations above grade for services 2-1/2 inches and smaller. 

9. Valves 2-1/2 inches and smaller (except ball valves) in nonferrous water piping systems may be 
solder joint type with bronze body and trim. 

10. Provide gate or globe valves on inlet and outlet of each pump. 

B. Gate Valves: 
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1. Furnish valves in copper lines with adapters to suit valve / line requirements. 

2. Underground gate valves: 

a. Underground valves 3 inches and smaller may be furnished with operating nuts or hand-
wheels, and with Ring-Tite joint ends. 

b. Furnish and deliver to Owner one wrench of each size required for operating underground 
valves. 

C. Swing Check Valves: Install in horizontal position with hinge pin level. 

D. Butterfly Valves: Install with stems horizontal. 

E. Silent Check Valves: Install in horizontal or vertical position between flanges. 

F. Valve Adjustment: Adjust or replace valve packing after piping systems have been tested and put into 
service but before final adjusting and balancing. Replace valves if persistent leaking occurs. 

3.20 HANGER AND SUPPORT INSTALLATION 

A. General: Support ductwork, equipment and piping so that it is firmly held in place by approved iron hangers 
and supports, and special hangers. Hanger and support components shall support weight of ductwork, 
equipment and pipe, fluid, and pipe insulation based on spacing between supports with minimum factor 
of safety of five based on ultimate strength of material used. Do not exceed manufacturer's load rating. 
Pipe attachments or hangers, of same size as pipe or tubing on which used, or nearest available. Rigidly 
fasten hose faucets, fixture stops, compressed air outlets, and similar items to the building construction. 
The Architect shall approve hanger material before installation. Where building structural members do not 
match piping and ductwork support spacing, provide “bridging” support members firmly attached to 
building structural members in a fashion approved by the structural engineer. 

1. Materials, design, and type numbers for support of piping per Manufacturers' Standardization 
Society (MSS), Standard Practice (SP)-58. 

a. Provide copper-plated or felt-lined hangers for use on uninsulated copper tubing. 

2. Materials and design for ductwork support shall be per SMACNA “HVAC Duct Construction 
Standards, Metal and Flexible.” 

B. Hanger components shall be provided by one manufacturer: B-Line, Grinnell, Unistrut, Badger, or equal. 

C. Riser clamps: B-line model B3373, or equal. 

D. Rubber Neoprene Pipe Isolators: 

1. Pipe isolators shall comprise an internal rubber or neoprene material that isolates pipe from hanger 
and structure. Install at all piping located in acoustical walls. Refer to Architectural Drawings for 
location of acoustical walls. 

2. Isolation material shall be either a rubber or neoprene material that prevents contact between the 
pipe and the structure. The rubber shall have between a 45 to 55 durometer rating and a minimum 
thickness of 1/2 inch. 

3. Manufacturers: 

a. Vertical runs: Acousto-Plumb or equal. 

b. Horizontal runs: B-Line, Vibraclamp; Acousto-Plumb or equal. 
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E. Pipe Hanger and Support Placement and Spacing: 

1. Provide a support or hanger close to each change of direction of pipe either horizontal or vertical 
and as near as possible to concentrated loads. 

2. Vertical piping hanger and support spacing: Provide riser clamps for piping, above each floor, in 
contact with the floor. Provide support at joints, branches, and horizontal offsets. Provide additional 
support for vertical piping, spaced at or within the following maximum limits: 

Pipe 
Diameter 

Steel 
Threaded or 

Welded 
(Note 3) 

Copper 
Brazed or  
Soldered 

(Notes 3, 4) 

CPVC & PVC 
(Note 2) 

1/2 - 1” 12 ft. Each Floor, Not 
to Exceed 10 ft. 

Base and Each 
Floor (Note 1) 

1-1/4 - 2” 12 ft. Each Floor, Not 
to Exceed 10 ft. 

Base and Each 
Floor (Note 1) 

2-1/2 - 3” 12 ft. Each Floor, Not 
to Exceed 10 ft. 

Base and Each 
Floor (Note 1) 

Over 4” 12 ft. Each Floor, Not 
to Exceed 10 ft. 

Base and Each 
Floor (Note 1) 

a. Note 1: Provide mid-story guides. 

b. Note 2: For PVC piping, provide for expansion every 30 feet per IAPMO installation standard. 
For CPVC piping, provide for expansion per IAPMO installation standard. 

c. Note 3: Spacing of hangers and supports for piping assembled with mechanical joints shall 
be in accordance with standards acceptable to authorities having jurisdiction. 

d. Note 4: Includes refrigerant piping, including vapor and hot gas pipes. 

3. Horizontal piping, hanger and support spacing: Locate hangers and supports at each change of 
direction, within one foot of elbow, and spaced at or within following maximum limits: 

Pipe  
Diameter 

Steel Threaded or 
Welded 
(Note 2) 

Copper Brazed or  
Soldered 

(Notes 2, 3) 

CPVC & PVC 
(Note 1) 

1/2 - 1" 6 ft. 5 ft. 3 ft. 

1-1/4 - 2" 7 ft. 6 ft. 4 ft. 

2-1/2 - 3" 10 ft. 10 ft. 4 ft. 

Over 4" 10 ft. 10 ft. 4 ft. 

a. Note 1: For PVC piping, provide for expansion every 30 feet per IAPMO installation standard. 
For CPVC piping, provide for expansion per IAPMO installation standard. 
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b. Note 2: Spacing of hangers and supports for piping assembled with mechanical joints shall 
be in accordance with standards acceptable to authorities having jurisdiction. 

c. Note 3: Includes refrigerant piping, including vapor and hot gas pipes. 

4. Suspended Piping: 

a. Individually suspended piping: B-Line B3690 J-Hanger or B3100 Clevis, complete with 
threaded rod, or equal. All hangers on supply and return piping handling heating hot water 
or steam shall have a swing connector at point of support. 

Pipe Size Rod Size Diameter 

2" and Smaller 3/8" 

2-1/2" to 3-1/2" 1/2" 

4" to 5" 5/8" 

6" 3/4" 

b. Suspend rods from concrete inserts with removable nuts where suspended from concrete 
decks. Power actuated inserts will not be allowed. 

c. Trapeze Suspension: B-Line, or equal, 1-5/8 inch width channel in accordance with 
manufacturers’ published load ratings. No deflection to exceed 1/180 of a span. 

d. Trapeze Supporting Rods: Shall have a safety factor of five; securely anchor to building 
structure. 

e. Pipe Clamps and Straps: B-Line B2000, B2400, or equal. Where used for seismic support 
systems, provide B-Line B2400 series, or equal, pipe straps. 

f. Concrete Inserts: B-line B22-I continuous insert or B2500 spot insert. Do not use actuated 
fasteners for support of overhead piping unless approved by Architect. 

g. Steel Connectors: Beam clamps with retainers. 

5. Provide support for piping through roof, arranged to anchor piping solidly in place at the roof 
penetration. 

6. Insulated Piping: 

a. Do not interrupt insulation at pipe hangers and clamps. 

b. Use thermal hanger shield inserts or MSS protection saddles and shields. 

c. Thermal Hanger Shield Inserts: 

1) Use thermal-hanger shield insert with clamp sized to match OD of insert. 

2) Do not exceed pipe stress limits allowed by ASME B31.9 for building services piping. 

3) For below ambient services, maintain continuous vapor barrier. 

4) For Clevis or Band Hangers: Install thermal-hanger shield inserts with insulation 
protection shields. 
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5) For Trapeze or Clamped Systems: Install thermal-hanger shield inserts with heavy-
duty insulation protection shields. Install additional 180-degree galvanized shield for 
top of support if clamping is required. 

d. MSS Protection Saddles and Shields: 

1) MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is 
indicated. Fill interior voids with insulation that matches adjoining insulation. 

2) MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields 
shall span an arc of 180 degrees. 

3) Shield Dimensions for Pipe: Of length recommended in writing by manufacturer to 
prevent crushing insulation. Not less than the following: 

a) NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick. 

b) NPS 4: 12 inches long and 0.06 inch thick. 

c) NPS 5 and NPS 6: 18 inches long and 0.06 inch thick. 

d) NPS 8 to NPS 14: 24 inches long and 0.075 inch thick. 

e) NPS 16 to NPS 24: 24 inches long and 0.105 inch thick. 

F. Piping Support to Structure: 

1. Wood Structure: Provide and install wood blocking as required to suit structure. Provide lag screws 
or through bolts with length to suit requirements, and with size (diameter) to match the size of 
hanger rods required. 

a. Do not install Lag screws in tension without written review and acceptance by Structural 
Engineer. 

Side Beam Angle Clip B-Line B3062--MSS Type 34 

Side Beam Angle Clip B-Line B3060 

Ceiling Flange B-Line B3199 

b. Blocking for support of piping shall be not less than 2 inch thick for piping up to 2 inch size. 
Provide 3 inch blocking for piping up through 5 inch size, and 4 inch blocking for larger piping. 
Provide support for blocking in accordance with Structural Engineers requirements. 

c. Where lag screws are used, length of screw shall be 1/2 inch less than the wood blocking. 
Pre-drill starter holes for each lag screw. 

2. Steel Structure: Provide and install additional steel bracing as required to suit structure. Provide 
through bolts with length to suit requirements of the structural components. Burning or welding on 
any structural member may only be done if approved by the Architect. 

G. Duct Hanger and Support Spacing: Conform to Requirements of CMC and SMACNA “HVAC Duct 
Construction Standards, Metal and Flexible.” 

H. Duct Support to Structure: 
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1. Upper connection of support to wood structure shall be with wood screws or lag screws in shear 
fastened in the upper one half of the wood structural member. Fasteners shall conform to the 
following schedule: 

For ducts with P/2=30" #10 x 1-1/2" wood screw 

For ducts with P/2=72" 1/4"x 1-1/2" lag screw 

For ducts with P/2 over 73" 3/8"x 1-1/2" lag screw 

2. Upper connection in tension to wood shall not be used unless absolutely necessary. Where 
deemed necessary the contractor shall submit calculations to show the size fastener and 
penetration required to support loads in tension from wood in accordance with the following 
schedule: 

For ducts with P/2=30" 260 pounds per hanger 

For ducts with P/2=72" 320 pounds per hanger 

For ducts with P/2=96" 460 pounds per hanger 

For duct with P/2 larger than 120" NOT ALLOWED 

3. Install concrete inserts for support of ductwork in coordination with formwork as required to avoid 
delays in work. 

4. Upper connection to manufactured truss construction must comply with truss manufacturers 
published requirements and Structural Engineers requirements. 

3.21 INSULATION AND FIELD-APPLIED JACKET INSTALLATION 

A. General: 

1. The term "piping" used herein includes pipe, air separators, valves, strainers and fittings. 

2. Clean thoroughly, test and have approved, all piping and equipment before installing insulation 
and/or covering. 

3. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free 
of voids throughout the length of piping, ductwork, and equipment. 

4. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for 
each item of equipment as specified in insulation system schedules. 

5. 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. 

6. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

7. Install multiple layers of insulation with longitudinal and end seams staggered. 

8. Keep insulation materials dry during application and finishing. 

9. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness. 
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10. Finish installation with systems at operating conditions. Repair joint separations and cracking due 
to thermal movement. 

11. Install insulation in removable segments on equipment access doors, manholes, handholes, and 
other elements that require frequent removal for service and inspection. Bevel and seal insulation 
ends around manholes, handholes, ASME stamps, and nameplates. 

12. For piping, ductwork, and equipment, with surface temperatures below ambient, apply mastic to 
open ends, joints, seams, breaks, and punctures in insulation. 

13. Repair all damage to existing pipe, duct and equipment insulation whether or not caused during 
the work of this contract, to match existing adjacent insulation for thickness and finish, but 
conforming to flame spread and smoke ratings specified above. 

14. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic. 

a. Install insulation continuously through hangers and around anchor attachments. 

b. 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. 

c. 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. 

d. Cover inserts with jacket material matching adjacent insulation. Install shields over jacket, 
arranged to protect jacket from tear or puncture by hanger, support, and shield. 

B. Piping Insulation Installation: 

1. General: 

a. Apply insulating cement to fittings, valves and strainers and trowel smooth to the thickness 
of adjacent covering. Cover with jacket to match piping. Extend covering on valves up to the 
bonnet. Leave strainer cleanout plugs accessible. 

b. Provide removable insulation covers for items requiring periodic service or inspection.  

c. Insulation shall be vapor tight before applying PVC jacket and fitting covers. Verify suitability 
with manufacturer of insulation. 

d. Provide pre-formed PVC valve and fitting covers for indoor piping. 

e. Provide factory-fabricated aluminum valve and fitting covers for outdoor piping. 

f. Provide Calcium Silicate rigid insulation and sheet metal sleeve, 18 inch minimum length at 
each pipe hanger. Seal ends of insulation to make vapor tight with jacket. 

2. Below-Ambient Services Including Chilled Water Supply and Return and Refrigerant Piping: 

a. Insulate valves and irregular surfaces to match adjacent insulation and cover with two layers 
of woven glass fiber cloth saturated in Foster Sealfas 30-36, 3M, or equal, extending 3 inches 
over the adjoining pipe insulation. Finish with a coat of Foster Sealfas 30-36, 3M, or equal. 
The 3 inch wide SSL end laps furnished with the insulation shall be adhered over the end 
joints. Seal entire surface of insulation vapor tight, including joints and ends of PVC or 
aluminum fitting covers. 
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b. Variable refrigerant flow (VRF) heat pump systems: Insulation for VRF system refrigerant 
piping shall be installed according to VRF unit manufacturer’s instructions. 

3. PVC 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. 

4. Aluminum Jacket Installation: 

a. Where insulated piping is exposed to the weather apply aluminum jacket secured with 1/2 
inch stainless-steel bands on 12 inch centers. Install jacketing 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. Cover 
fittings with glass cloth, two coats of Foster Sealfas 30-36, and factory-fabricated aluminum 
fitting covers, of same material, finish, and thickness as jacket. Insulation shall be vapor tight 
before applying metal jacket and fitting covers. 

b. Do not install aluminum jackets on refrigerant flexible connectors to vibration isolated outdoor 
condensing units. Coat elastomeric insulation with insulation manufacturer’s recommended 
ultraviolet light protective coating. 

C. Duct Insulation Installation: 

1. General: 

a. Insulation applied to the exterior surface of ducts located in buildings shall have a flame 
spread of not more than 25 and a smoke-developed rating of not more than 50 when tested 
as a composite installation including insulation, facing materials, tapes and adhesives as 
normally applied. Material exposed within ducts or plenum shall have a flame-spread rating 
of not more than 25 and a smoke-developed rating of not more than 50. 

b. Duct insulation applied to the exterior surface of ducts installed outside the building insulation 
envelope shall meet minimum R-value of R-8 at 3 inches thickness and 3/4 pound per cubic 
foot density.  

c. Duct insulation applied to the exterior surface of ducts installed within the building insulation 
envelope shall meet minimum R-value of R-4.2 at 1-1/2 inches thickness and 3/4 pound per 
cubic foot density. 

2. Mineral Fiber Blanket Installation: 

a. Insulate all unlined concealed supply and return ducts with fiberglass duct wrap, 
manufactured as a blanket of glass fibers factory laminated to a reinforced foil/kraft vapor 
retarding facing. Provide 2 inch stapling and taping flange. Wrap insulation entirely around 
duct and secure with outward clinching staples on 6 inch centers. Provide mechanical 
fasteners at maximum 18 inch centers for all bottoms of duct which are greater than 24 
inches. Lap all insulation joints 3" minimum. Insulate ducts installed tight against other work 
before hanging in place. Seal all seams, both longitudinal and transverse, and all staple and 
mechanical fastener penetrations of facing with scrim backed foil tape or recommended 
sealant, to provide a vapor tight installation. 

3. PVC Jacket Installation: 
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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. 

D. Equipment Insulation Installation: 

1. General: 

a. Insulate pumps, coil u-bends where exposed outside airstream, air separators, heating hot 
water and chilled water storage tanks, and other elements that are in series with the fluid 
flow, according to the requirements of the California Energy Code. 

2. Mineral-Fiber, Pipe and Tank Insulation Installation for Tanks and Vessels: Secure insulation with 
adhesive and anchor pins and speed washers. 

a. Apply adhesives according to manufacturer's recommended coverage rates per unit area, 
and for percent coverage of tank and vessel surfaces. 

b. Groove and score insulation materials to fit as closely as possible to equipment, including 
contours. Bevel insulation edges for cylindrical surfaces for tight joints. Stagger end joints. 

c. Protect exposed corners with secured corner angles. 

d. Install adhesively attached or self-sticking insulation hangers and speed washers on sides 
of tanks and vessels as follows: 

1) Do not weld anchor pins to ASME-labeled pressure vessels. 

2) Select insulation hangers and adhesive that are compatible with service temperature 
and with substrate. 

3) On tanks and vessels, maximum anchor-pin spacing is 3 inches from insulation end 
joints, and 16 inches o.c. in both directions. 

4) Do not overcompress insulation during installation. 

5) Cut and miter insulation segments to fit curved sides and domed heads of tanks and 
vessels. 

6) Impale insulation over anchor pins and attach speed washers. 

7) 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. 

e. Secure each layer of insulation with stainless-steel or aluminum bands. Select band material 
compatible with insulation materials. 

f. Where insulation hangers on equipment and vessels are not permitted or practical and where 
insulation support rings are not provided, install a girdle network for securing insulation. 
Stretch prestressed aircraft cable around the diameter of vessel and make taut with clamps, 
turnbuckles, or breather springs. Place one circumferential girdle around equipment 
approximately 6 inches from each end. Install wire or cable between two circumferential 
girdles 12 inches o.c. Install a wire ring around each end and around outer periphery of 
center openings, and stretch prestressed aircraft cable radially from the wire ring to nearest 
circumferential girdle. Install additional circumferential girdles along the body of equipment 
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or tank at a minimum spacing of 48 inches o.c. Use this network for securing insulation with 
tie wire or bands. 

g. Stagger joints between insulation layers at least 3 inches. 

h. Install insulation in removable segments on equipment access doors, manholes, handholes, 
and other elements that require frequent removal for service and inspection. 

i. Bevel and seal insulation ends around manholes, handholes, ASME stamps, and 
nameplates. 

j. For equipment with surface temperatures below ambient, apply mastic to open ends, joints, 
seams, breaks, and punctures in insulation. 

3. Flexible Elastomeric Thermal Insulation Installation for Tanks and Vessels: Install insulation over 
entire surface of tanks and vessels. 

a. Apply 100 percent coverage of adhesive to surface with manufacturer's recommended 
adhesive. 

b. Seal longitudinal seams and end joints. 

4. Insulation Installation on Pumps: 

a. Fabricate metal boxes lined with insulation. Fit boxes around pumps and coincide box joints 
with splits in pump casings. Fabricate joints with outward bolted flanges. Bolt flanges on 6-
inch centers, starting at corners. Install 3/8-inch- diameter fasteners with wing nuts. 
Alternatively, secure the box sections together using a latching mechanism. Do not enclose 
or insulate pump motor.  

b. Fabricate boxes from G90 galvanized steel, at least 0.050 inch thick. 

c. For below ambient services, install a vapor barrier at seams, joints, and penetrations. Seal 
between flanges with replaceable gasket material to form a vapor barrier. 

5. PVC Jacket Installation: 

a. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end 
joints; for horizontal applications, install with longitudinal seams along top and bottom of 
tanks and vessels. Seal with manufacturer's recommended adhesive. 

1) Apply two continuous beads of adhesive to seams and joints, one bead under lap and 
the finish bead along seam and joint edge. 

6. Aluminum Jacket Installation: 

a. Where aluminum 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. 

3.22 TEMPERATURE CONTROL SYSTEM INSTALLATION 

A. Provide thermostats where indicated on drawings. All wiring shall be in conduit. Provide all relays, 
transformers and the like to render the control system complete and fully operable. All control conduit to 
be rigid steel type. 
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3.23 EQUIPMENT START-UP  

A. Initial start-up of the systems and pumps shall be under the direct supervision of the Contractor. 

B. Equipment start-up shall not be performed until the piping systems have been flushed and treated and 
the initial water flow balance has been completed. 

C. It shall be the responsibility of the Contractor to assemble and supervise a start-up team consisting of 
controls contractor, start-up technician, and test and balance contractor; all to work in concert to assure 
that the systems are started, balanced, and operate in accordance with the design. 

D. After start-up is complete, instruct the Owner's personnel in the operation and maintenance of the 
systems. Obtain from the Owner's representative a signed memo certifying that instruction has been 
received.  

E. For additional requirements, refer to article, Check, Test and Start Requirements, in Section 23 00 50, 
Basic HVAC Materials and Methods. 

3.24 TESTING AND BALANCING 

A. For testing and balancing requirements, refer to Section 23 05 93, Testing and Balancing for HVAC. 

3.25 CLEANING AND PROTECTION  

A. As each duct section is installed, clean interior of ductwork of dust and debris. Clean external surfaces of 
foreign substances that might cause corrosive deterioration of metal or where ductwork is to be painted. 

B. Strip protective paper from stainless steel ductwork surfaces, and repair finish wherever it has been 
damaged. 

C. Temporary Closure: At ends of ducts that are not connected to equipment or air distribution devices at 
time of ductwork installation, provide temporary closure of polyethylene film or other covering that will 
prevent entrance of dust and debris until connections are to be completed. 

D. As each internally lined duct section is installed, check internal lining for small cuts, tears, or abrasions. 
Repair all damage with fire retardant adhesive. 

3.26 EQUIPMENT MOUNTING  

A. Mount and anchor equipment in strict compliance with Drawings details. Alternate anchorage methods 
will not be considered for roof mounted equipment. 

3.27 INDOOR PIPING INSULATION SCHEDULE 

A. Refrigerant Suction and Hot-Gas Piping, Cooling-Only Systems:  

1. Suction and hot-gas piping smaller than 1-1/2 inches diameter:  

a. Flexible Elastomeric: 1/2 inch thick. 

b. Mineral-Fiber, Preformed Pipe: 1/2 inch thick. 

2. Suction piping 1-1/2 inches diameter and larger:  

a. Flexible Elastomeric: 1 inch thick. 

b. Mineral-Fiber, Preformed Pipe: 1 inch thick. 

B. Refrigerant Vapor and Liquid Piping, Heat Pump Systems: 
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1. Vapor piping for heat pump applications smaller than 1-1/2 inches diameter:  

a. Flexible Elastomeric: 1-1/2 inches thick. 

b. Mineral-Fiber, Preformed Pipe: 1-1/2 inches thick. 

2. Vapor piping for heat pump applications 1-1/2 inches diameter and larger: 

a. Flexible Elastomeric: 2 inches thick. 

b. Mineral-Fiber, Preformed Pipe: 2 inches thick. 

3. Liquid piping for heat pump applications smaller than 1 inch diameter: 

a. Flexible Elastomeric: 1 inch thick. 

b. Mineral-Fiber, Preformed Pipe: 1 inch thick. 

4. Liquid piping for heat pump applications 1 inch diameter and larger: 

a. Flexible Elastomeric: 1-1/2 inch thick. 

b. Mineral-Fiber, Preformed Pipe: 1-1/2 inch thick. 

C. Hydronic Piping: 

1. Chilled Water Piping:  

a. Piping smaller than 1-1/2 inches diameter:  

1) Mineral-Fiber, Preformed Pipe: 1/2 inch thick. 

b. Piping 1-1/2 inches diameter and larger: 

1) Mineral-Fiber, Preformed Pipe: 1 inch thick. 

2. Heating Hot Water Piping: 

a. Piping smaller than 1-1/2 inches diameter: 

1) Mineral-Fiber, Preformed Pipe: 1-1/2 inch thick. 

b. Piping 1-1/2 inches diameter and larger: 

1) Mineral-Fiber, Preformed Pipe: 2 inches thick. 

3.28 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 

A. Refrigerant Suction and Hot-Gas Piping, Cooling-Only Systems: 

1. All Pipe Sizes: Insulation shall be one of the following: 

a. Flexible Elastomeric: 1 inch thick. 

b. Mineral-Fiber, Preformed Pipe: 1 inch thick. 

B. Refrigerant Vapor and Liquid Piping, Heat Pump Systems: 

1. Vapor piping for heat pump applications smaller than 1-1/2 inches diameter:  
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a. Flexible Elastomeric: 1-1/2 inches thick. 

b. Mineral-Fiber, Preformed Pipe: 1-1/2 inches thick. 

2. Vapor piping for heat pump applications 1-1/2 inches diameter and larger: 

a. Flexible Elastomeric: 2 inches thick. 

b. Mineral-Fiber, Preformed Pipe: 2 inches thick. 

3. Liquid piping for heat pump applications smaller than 1 inch diameter: 

a. Flexible Elastomeric: 1 inch thick. 

b. Mineral-Fiber, Preformed Pipe: 1 inch thick. 

4. Liquid piping for heat pump applications 1 inch diameter and larger: 

a. Flexible Elastomeric: 1-1/2 inch thick. 

b. Mineral-Fiber, Preformed Pipe: 1-1/2 inch thick. 

C. Refrigerant Flexible Connectors: 

1. Flexible Elastomeric: Thicknesses as specified for rigid piping. 

D. Chilled Water: 

1. All Pipe Sizes: Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 2 inches thick. 

E. Heating-Hot-Water Supply and Return, 200 Deg F and Below: 

1. All Pipe Sizes: Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 2 inches thick. 

3.29 INDOOR FIELD-APPLIED PIPING JACKET SCHEDULE 

A. Piping, concealed: None. 

B. Piping, exposed: PVC, 20 mils thick. 

3.30 OUTDOOR FIELD-APPLIED PIPING JACKET SCHEDULE 

A. All Piping: Aluminum, Stucco Embossed: Thickness as follows: 

Outer Insulation Diameter 
(Inches) 

Minimum Aluminum Jacket Thickness (Inch) 
Rigid Insulation Non-Rigid Insulation 

(1) 
8 and Smaller 0.024 0.024 

Larger Than 8 Thru 11 0.024 0.024 
Larger Than 11 Thru 24 0.024 0.024 
Larger Than 24 Thru 36 0.024 0.032 

Larger Than 36 0.024 0.040 

1. (1) Non-rigid Insulation is defined as having a compressive strength of less than 15 psi. 
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3.31 INDOOR DUCT INSULATION SCHEDULE 

A. Ducts Located Within Building Thermal Envelope: 

1. Minimum R-Value = R-4.2. 

2. Supply and Return Ducts: Mineral Fiber Blanket, 1-1/2 inches thick, 0.75 lb/cu. ft. 

B. Ducts Located Within Building Outside Thermal Envelope: 

1. Minimum R-Value – R-8.0. 

2. Supply and Return Ducts: Mineral Fiber Blanket, 3 inches thick, 0.75 lb/cu. ft. 

3.32 OUTDOOR DUCT INSULATION SCHDULE. 

A. Minimum R-Value = R-8. 

B. Refer to article, Ductwork, for internal duct lining. Provide 2 inches thick internal duct lining where indicated 
on Drawings. 

3.33 INDOOR FIELD-APPLIED DUCT JACKET SCHEDULE 

A. Insulated ducts in concealed spaces: None. 

B. Insulated ducts in exposed unconditioned spaces: PVC, 20 mils thick. 

3.34 EQUIPMENT INSULATION SCHEDULE 

A. Insulate indoor and outdoor equipment that is not factory insulated. 

B. Chilled-water pump insulation shall be the following: 

1. Mineral-Fiber Board: Thickness equal to insulation thickness for connected pipes and 3-lb/cu. ft. 
nominal density. 

C. Heating-hot-water pump insulation shall be the following: 

1. Mineral-Fiber Board: Thickness equal to insulation thickness for connected pipes and 3-lb/cu. ft. 
nominal density. 

D. Chilled-water expansion/compression tank insulation shall be one of the following: 

1. Flexible Elastomeric: Thickness equal to insulation thickness for connected pipes. 

2. Mineral-Fiber Board: Thickness equal to insulation thickness for connected pipes and 3-lb/cu. ft. 
nominal density. 

3. Mineral-Fiber Pipe and Tank: Thickness equal to insulation thickness for connected pipes. 

E. Heating-hot-water expansion/compression tank insulation shall be one of the following: 

1. Mineral-Fiber Board: Thickness equal to insulation thickness for connected pipes and 3-lb/cu. ft. 
nominal density. 

2. Mineral-Fiber Pipe and Tank: Thickness equal to insulation thickness for connected pipes. 

F. Chilled-water air-separator insulation shall be one of the following: 

1. Flexible Elastomeric: Thickness equal to insulation thickness for connected pipes. 
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2. Mineral-Fiber Board: Thickness equal to insulation thickness for connected pipes and 3-lb/cu. ft. 
nominal density. 

3. Mineral-Fiber Pipe and Tank: Thickness equal to insulation thickness for connected pipes. 

G. Heating-hot-water air-separator insulation shall be one of the following: 

1. Mineral-Fiber Board: Thickness equal to insulation thickness for connected pipes and 3-lb/cu. ft. 
nominal density. 

2. Mineral-Fiber Pipe and Tank: Thickness equal to insulation thickness for connected pipes. 

3.35 INDOOR, FIELD-APPLIED EQUIPMENT JACKET SCHEDULE 

A. Equipment, Concealed: None. 

B. Equipment, Exposed: PVC: 20 mils thick. 

3.36 OUTDOOR, FIELD-APPLIED EQUIPMENT JACKET SCHEDULE 

A. All Equipment: Aluminum, Stucco Embossed. Thickness as follows: 

Outer Insulation Diameter 
(Inches) 

Minimum Aluminum Jacket Thickness (Inch) 
Rigid Insulation Non-Rigid Insulation 

(1) 
8 and Smaller 0.024 0.024 

Larger Than 8 Thru 11 0.024 0.024 
Larger Than 11 Thru 24 0.024 0.024 
Larger Than 24 Thru 36 0.024 0.032 

Larger Than 36 0.024 0.040 

1. (1) Non-rigid Insulation is defined as having a compressive strength of less than 15 psi. 

[END OF SECTION 23 80 00] 
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EMBEDDED EDGE METAL FLASHING

MB-3S

(GRAVEL-STOP)
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MULTIPLE-PLY

(FASTENED PER TABLE 1)
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STAGGERED
3'' to 6'' [75 to 150 mm] O.C.,
FASTENERS AT APPROX.

FLANGE BEFORE STRIPPING
ROOF CEMENT - PRIME 
STOP'' SET IN COMPATIBLE
SHEET METAL ''GRAVEL-

ROOF MEMBRANE

INSULATION

BLOCKING

MEMBRANE STRIPPING
MODIFIED BITUMEN 

FEATHERED AT FIELD OF

SYSTEMS WITH FACTORY-
APPLIED GRANULE 
SURFACING, THE ''GRAVEL
STOP'' FLANGE AND
MEMBRANE STRIPPING
CAN BE INSTALLED
BETWEEN THE BASE PLY 
AND GRANULE-SURFACED

ROOF. (FOR ROOF

SHEET)

EDGE METAL
OF MEMBRANE AND 
SEALANT AT JUNCTION 
OPTIONAL: COMPATIBLE

2. REFER TO SHEET METAL SECTION OF THE METAL ROOFING MANUAL FOR JOINERY AND SECUREMENT OPTIONS 

NOTES

EMBEDDED OR SANDWICHED INTO THE ROOF MEMBRANE. (SEE MB-1 FOR THE PREFERRED PERIMETER CONSTRUCTION.)
1. NRCA SUGGESTS AVOIDING (WHERE POSSIBLE) FLASHING DETAILS THAT REQUIRE RIGID METAL FLANGES TO BE

FOR SHEET METAL.

:

REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.3.
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GUTTER

MB-22
NOT DRAWN TO SCALE

2.

NOTES :

1.

GUTTER BRACKETS ARE RECOMMENDED TO BE AT LEAST ONE GAUGE HEAVIER THAN GUTTER STOCK.
TIME, NRCA SUGGESTS USING MB-2 AND INTERIOR DRAINS OR THROUGH-CURB SCUPPERS TO DRAIN THE ROOF.
IN CLIMATES WHERE THE WINTER TEMPERATURE REMAINS BELOW FREEZING FOR EXTENDED PERIODS OF

:

REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.3.
4. REFER TO THE SHEET METAL SECTION OF THE METAL ROOFING MANUAL FOR JOINERY AND SECUREMENT OPTIONS

FOR SHEET METAL.
5. ON BALLASTED SYSTEMS, A DRAINAGE BAR TO RETAIN BALLAST IS REQUIRED.

2001

STAGGERED

GUTTER BRACKETS
INSTALLED BETWEEN
GUTTER SPACERS

MEMBRANE STRIPPING
MODIFIED BITUMEN

[75 mm TO 150 mm] O.C.
FASTENERS 3'' TO 6''

OPTIONAL: GUTTER
BRACKET SUPPORT

SHEET METAL GUTTER
THE FRONT OF THE

ROOF DECK

SHEET TO OVERLAY
A SEPARATE MEMBRANE
EXTEND ONE PLY OR

METAL CLOSURE

PLY

FLASHING - PRIME
SHEET METAL EDGE 

MULTIPLE-PLY
MODIFIED BITUMEN

COMPATIBLE
SET FLANGE IN 

GUTTER SHOULD BE A
MIN. 1'' [25 mm] LOWER
THAN THE BACK TO

ROOF CEMENT

ROOF MEMBRANE

FLANGE BEFORE
STRIPPING (FOR ROOF

ALLOW FOR OVERFLOW

OPTION

OPTIONAL: STIFFENING
BAR

SYSTEMS WITH
FACTORY-APPLIED
GRANULE SURFACING,
THE METAL EDGE
FLANGE AND MEMBRANE
STRIPPING CAN BE
INSTALLED BETWEEN
THE BASE PLY AND

COVERBOARD
INSULATION

INSULATION
THERMAL

GRANULE-SURFACED
SHEET)

NAILERS
WOOD
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MB-18S
NOT DRAWN TO SCALE

PLUMBING VENT

2001

SEALANT AT PENETRATION
TO MEMBRANE JUNCTURE

MEMBRANE STRIPPING PLY
MODIFIED BITUMEN

ROOF CEMENT

CEMENT OR COMPATIBLE

COVERBOARD INSULATION

MULTIPLE-PLY MODIFIED

THERMAL INSULATION

BITUMEN ROOF MEMBRANE

ROOF DECK

SOFT METAL PIPE

APPROXIMATELY
OR ROLLED INTO PIPE
TOP OF FLASHING CAPPED

[100 mm]
FLANGE
4'' MIN.

FLASHING

1'' [25 mm]

PLUMBING VENT STACK

COMPATIBLE ROOF

SET FLANGE IN COMPATIBLE

SEE NOTE No. 1

PRIME FLANGE BEFORE
STRIPPING

BASE PLY AND GRANULE-
INSTALLED BETWEEN THE

AND MULTI-PLY MEMBRANE
PIPE FLASHING FLANGE
GRANULE SURFACING, THE

(FOR ROOF SYSTEMS WITH

SURFACED SHEET)

STRIPPING CAN BE

FACTORY-APPLIED

FROM WALLS, CURBS, AND OTHER PROJECTIONS TO FACILITATE PROPER FLASHING.  SEE TABLE 4.
VENT STACKS AND OTHER PIPES SHOULD HAVE A MINIMUM OF 12 INCHES [300 mm] OF CLEARANCE ON ALL SIDES
CONTACT WITH PIPE, TO REDUCE GALVANIC ACTION.
SATURATED ROOFING FELT), WRAPPED AROUND PIPE, TO SEPARATE THE COPPER FLASHING FROM DIRECT
IF USING COPPER FLASHING OVER AN IRON OR STEEL PIPE, INSERT A SEPARATOR SHEET (E.G., ASPHALT-
PRECAUTIONS SHOULD BE TAKEN NOT TO DAMAGE THE SHEET LEAD WHEN USING HEAT-WELDED APPLICATION.
   -SHEET COPPER  MINIMUM 16 OZ. [5 kg/m ]
   -SHEET LEAD  MINIMUM OF 2 1/2 LB. PER SQUARE FOOT [12 kg/m ]  OR
SOFT METAL PIPE FLASHING

3.

2.

1.

NOTES

2

:

REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.4.

:
:

:

2
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2001

FLASHING HAVE BEEN INSTALLED.
WHEN POSSIBLE, THE MECHANICAL UNITS SHOULD NOT BE SET UNTIL THE ROOF MEMBRANE AND 

NOTES

1.

OPTIONAL: EXTENDED FIELD 
PLIES ABOVE HEAD OF CANT

THERMAL INSULATION

COVERBOARD INSULATION

MULTIPLE-PLY MODIFIED

ROOF DECK

BITUMEN ROOF MEMBRANE

CANT

NAILERS
WOOD 

FASTENERS APPROX.
8'' [200 mm] O.C.

WOOD CURB

GASKETED FASTENERS
MINIMUM TWO
FASTENERS PER SIDE

SHEET METAL
COUNTERFLASHING

SEALING MATERIAL

2.
3.

REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.
REFER TO THE SHEET METAL SECTION FOR THE METAL ROOFING MANUAL FOR JOINERY AND SECUREMENT
OPTIONS FOR SHEET METAL.

BETWEEN THE BASE PLY
FLASHING CAN BE INSTALLED
PLY MEMBRANE BASE
SURFACING, THE MULTI-

SYSTEMS WITH FACTORY-
APPLIED GRANULE 

SHEET)
AND GRANULE-SURFACED

MULTIPLE-PLY MEMBRANE

[200 mm] MIN. HEIGHT)
FEATHERED AT FIELD OF

BASE FLASHING (8'' 

ROOF (FOR ROOF

MB-13S
NOT DRAWN TO SCALE

RAISED CURB DETAIL FOR ROOFTOP AIR
HANDLING UNITS AND DUCTS (JOB SITE
CONSTRUCTED WOOD CURB)

:
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(FASTENED PER TABLE 1)
CONTINUOUS CLEAT

WOOD CANT FASTEN TO

THERMAL INSULATION

COVERBOARD INSULATION

ROOF DECK

WOOD NAILERS

BLOCKING

BITUMEN ROOF MEMBRANE
MULTIPLE-PLY MODIFIED

GASKETED FASTENERS

APPROX. 8'' [200 mm] O.C.
FASTEN BASE FLASHING

SHEET METAL FASCIA CAP

EXTEND ONE BASE

BELOW BLOCKING
FLASHING PLY

OF ROOF. (FOR ROOF

SURFACED SHEET)
BASE PLY AND GRANULE-
INSTALLED BETWEEN THE 
FLASHING CAN BE 
PLY MEMBRANE BASE
SURFACING, THE MULTI-
APPLIED GRANULE 
SYSTEMS WITH FACTORY-

FEATHERED AT FIELD

MULTIPLE-PLY MEMBRANE
BASE FLASHING 

1.

NOTES

REFER TO THE SHEET METAL SECTION OF THE METAL ROOFING MANUAL FOR JOINERY AND SECUREMENT OPTIONS 

:

FOR SHEET METAL.
2. REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.
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2001

FOR HEAVY WEIGHT
LOADING CONDITIONS

REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.

WHEN POSSIBLE, THE MECHANICAL UNITS SHOULD NOT BE SET UNTIL THE ROOF MEMBRANE AND FLASHING
THE CURBS, TOP WOOD NAILER, AND SEAL STRIP ARE TO BE SUPPLIED BY THE CURB MANUFACTURER.

ROOF DECK

MULTIPLE-PLY MODIFIED
BITUMEN ROOF MEMBRANE

COVERBOARD INSULATION

THERMAL INSULATION

2.

NOTES

1.

BEARING LOCATION
ALTERNATE CURB

FASTENERS
APPROX. 8''

OPTIONAL  EXTENDED FIELD 
PLIES ABOVE HEAD OF CANT

PER SIDE

REMOVABLE SHEET
METAL COUNTERFLASHING

RAISED CURB

SEALING 

WOOD NAILER

WOOD NAILERS

MINIMUM TWO FASTENERS
GASKETED FASTENERS

MATERIAL

[200 mm] O.C.

(NOT SHOWN FOR CLARITY)

REFER TO THE SHEET METAL SECTION OF THE METAL ROOFING MANUAL FOR JOINERY AND SECUREMENT
OPTIONS FOR SHEET METAL.

3.
4.

HAVE BEEN INSTALLED.

BETWEEN THE BASE PLY
FLASHING CAN BE INSTALLED
PLY MEMBRANE BASE
SURFACING, THE MULTI-

SYSTEMS WITH FACTORY-
APPLIED GRANULE 

SHEET)
AND GRANULE-SURFACED

MULTIPLE-PLY MEMBRANE

[200 mm] MIN. HEIGHT)
FEATHERED AT FIELD OF

BASE FLASHING (8'' 

ROOF (FOR ROOF       

MB-12S
NOT DRAWN TO SCALE

RAISED CURB DETAIL FOR ROOFTOP AIR
HANDLING UNITS AND DUCTS
(PREFABRICATED METAL CURB)

:

:
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MB-20A
NOT DRAWN TO SCALE

ROOF DRAIN - ALTERNATE FLASHING

2001

PLIES, METAL FLASHING,

EXTEND UNDER CLAMPING 
AND STRIPPING PLY ALL

RING

DECK CLAMP

CLAMPING RING

MEMBRANE FIELD

DRAIN BOWL

ROOF DECK

30'' [750 mm] SQUARE MINIMUM,
2 1/2 LB. TO 4 LB. [12 TO 20 kg/m ]

FLASHING SET IN COMPATIBLE ROOF 
CEMENT PRIME TOP SURFACE BEFORE
STRIPPING

2

TAPERED

MODIFIED BITUMEN MEMBRANE

DRAIN STRAINER

COMPATIBLE ROOF CEMENT

MODIFIED BITUMEN ROOF MEMBRANE BASE PLY

THERMAL INSULATION

COVERBOARD INSULATION

INSULATION

STRIPPING PLY

LEAD OR 16 OZ. [5 kg/m ] SOFT COPPER2

MODIFIED BITUMEN ROOF
MEMBRANE CAP SHEET

THE USE OF A METAL DECK SUMP PAN IS NOT RECOMMENDED. HOWEVER,

NOTES

1.
DRAIN RECEIVER/BEARING PLATES ARE APPLICABLE WITH SOME PROJECTS.

:

2.

3.

THE DESIGNER SHOULD CONSIDER INSULATING THE DRAIN COMPONENTS BELOW THE DECK TO PREVENT
POTENTIAL CONDENSATION.
MEMBRANE SEAMS SHOULD NOT INTERSECT DRAIN CLAMPING RING.

4. REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.
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MB-9S
NOT DRAWN TO SCALE2001

BASE FLASHING (8''
MULTIPLE-PLY MEMBRANE

BITUMEN ROOF MEMBRANE
MULTIPLE-PLY MODIFIED

THERMAL INSULATION

COVERBOARD INSULATION

FEATHERED AT FIELD
[200 mm] MIN. HEIGHT)

OF ROOF (FOR ROOF

SHEET METAL COVER

GASKETED FASTENERS

SET NEOPRENE PAD IN

FASTENERS APPROX. 8''

SEALANT (BY OTHERS)

SET BOLTS IN SEALANT

PLIES ABOVE HEAD OF CANT
OPTIONAL: EXTENDED FIELD

[200 mm] O.C.

(BY OTHERS)

WOOD NAILERS

WOOD CURB

CANT

ROOF DECK

SYSTEMS WITH FACTORY-
APPLIED GRANULE 
SURFACING, THE MULTI-
PLY MEMBRANE BASE 
FLASHING CAN BE 
INSTALLED BETWEEN THE
BASE PLY AND GRANULE-
SURFACED SHEET)

EQUIPMENT SUPPORT CURB

OF ROOFING AND FLASHING BETWEEN PARALLEL SUPPORTS. REFER TO THE TABLE ABOVE FOR RECOMMENDATIONS ON 
MINIMUM OF 2 FEET [600 mm] HORIZONTAL CLEARANCE MUST BE PROVIDED FOR REMOVAL AND REPLACEMENT
OR WHERE THE LOAD CAN BE CONCENTRATED OVER A COLUMN, DETAIL MB-10 MAY BE PREFERRED. A

THIS DETAIL ALLOWS FOR MEMBRANE MAINTENANCE AROUND THE SUPPORTED EQUIPMENT. THE CONTINUOUS
SUPPORT IS PREFERRED IN LIGHTWEIGHT STRUCTURAL SYSTEMS BECAUSE THE EQUIPMENT WEIGHT CAN BE
SPREAD ACROSS TWO OR MORE SUPPORTING MEMBERS. WHERE HEAVY STRUCTURAL SYSTEMS ARE USED

1.

NOTES :

VERTICAL CLEARANCE FROM ROOF SURFACE TO BOTTOM OF SUPPORTED EQUIPMENT.

REFER TO THE SHEET METAL SECTION OF THE METAL ROOFING MANUAL FOR JOINERY AND SECUREMENT OPTIONS
REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.

FOR SHEET METAL.

2.
3.

36'' [900 mm]

48'' [1.2 m]

HEIGHT OF LEGS

24'' [600 mm]

WIDTH OF EQUIPMENT

24'' TO 48'' [600 mm TO 1.2 m]

48'' AND WIDER [1.2 m AND WIDER]

UP TO 24'' [UP TO 600 mm]
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NOT DRAWN TO SCALE

PENETRATION POCKET

2001

THERMAL INSULATION

COVERBOARD INSULATION

MULTIPLE-PLY MODIFIED

NON-SHRINK
GROUT

SEALANT
POURABLE

ROOF DECK

BITUMEN ROOF MEMBRANE

[6 mm]
CLEARANCE

APPROX. 1/4''

STRIPPING
MEMBRANE
BITUMEN

BEFORE STRIPPING
PLIES, PRIME FLANGE 
CEMENT OVER FIELD 

4'' [100 mm] MIN. FLANGE

SOLDERED / WELDED
(4'' [100 mm] MIN. HEIGHT)

PENETRATION POCKET
COLLAR OVERLAPPING
SHEET METAL RAIN

DRAWBAND

APPROPRIATE SEALANT

COMPATIBLE ROOF CEMENT
OR COMPATIBLE SEALANT
AT PENETRATION TO

AT CORNERS

(E.G. POLYURETHANE)

MODIFIED

SHEET METAL PITCH PAN, 

MEMBRANE JUNCTURE

SET IN COMPATIBLE ROOF 

PLY

BASE PLY AND GRANULE-
INSTALLED BETWEEN THE

AND MULTI-PLY MEMBRANE
PIPE FLASHING FLANGE
GRANULE SURFACING, THE

(FOR ROOF SYSTEMS WITH

SURFACED SHEET)

STRIPPING CAN BE

FACTORY-APPLIED

[100 mm]

APPROX. 4''

WEATHERPROOF

NOTES

FLASHING METHOD.
BECAUSE THEY MAY BE A CONSTANT MAINTENANCE PROBLEM.  SEE DETAIL MB-11  FOR THE PREFERRED
PENETRATION POCKETS ARE NOT THE PREFERRED FLASHING METHOD AT THE PENETRATIONS1.

:

REFER TO THE INTRODUCTION FOR ADDITIONAL INFORMATION.2.



1. T
R

IM
 tw

o shingle strips to lengths show
n for 

C
ourses 1 and 2. U

sing a full length of shingle strip, 
trim

 to pattern dim
ensions show

n for C
ourse 3.

2. B
EG

IN
N

IN
G

 W
IT

H
 C

O
U

R
SE 1, 

align and attach to top of vent as show
n using 

locally-approved peel and stick, tw
o-sided tape, or 

sealant (C
lass A

 w
here required by code for flam

e 
resistance). R

epeat w
ith C

ourses 2 and 3  
to com

plete shingle-over finish m
ethod.

IN
STA

LLA
T

IO
N

 IN
ST

R
U

C
T

IO
N

S FO
R

 C
O

M
P

O
SIT

IO
N

 SH
IN

G
LE, SLA

T
E A

N
D

 SH
A

K
E R

O
O

F A
P

P
LIC

A
T

IO
N

S
O

’H
A

G
IN

 ST
A

N
D

A
R

D
, O

’H
A

G
IN

 W
EA

T
H
ERM

A
ST

ER
™, A

N
D

 O
’H

A
G

IN
 FIR

E
 &

 IC
E

® A
T

T
IC

 V
EN

T
S

G
EN

ER
A

L IN
STA

LLA
T

IO
N

 N
O

T
ES:

1. M
A

R
K

 &
 C

U
T

* A
lign front of vent 1/2-inch 

below
 nail line and m

ark outline of vent for placem
ent 

later. M
ark outline of 11-inch by 11-inch hole. W

ith 
blade set to thickness of sheathing, cut hole in roof deck.

2. SEA
L

 using sufficient am
ount of locally-approved  

sealant (C
lass A

 w
here required by code for flam

e 
resistance) around inner and outer flange.

3. P
LA

C
E

 vent directly over 11-inch x 11-inch hole 
using previously m

arked outline as a guide.

4. SEC
U

R
E

 at 4-inch centers using roofing nails of 
sufficient length to penetrate sheathing. SEA

L
 all  

penetrations using locally-approved sealant (C
lass A

 
w

here required by code for flam
e resistance).

1. D
o not install vents below

 or adjacent to valleys or other areas of concentrated w
ater runoff.

2. Standard installation at 3:12 pitch or greater.

3. A
ll low

 vents (intake) shall be uniform
ly installed a m

inim
um

 of 12 inches above the attic insulation. T
he w

idth of any eave over hang shall  
 

be taken into consideration so, for exam
ple, the insulation does not block the attic vent opening.

4. A
ll high vents (exhaust) shall be uniform

ly installed tw
o (2) to three (3) courses below

 the ridge assem
bly, unless prevented by structural  

 
fram

ing or other design lim
itations.

5. O
’H

agin vents are designed to be part of a com
plete roofing system

. Failure to properly install all com
ponents w

ill negatively im
pact overall  

 
perform

ance and w
ill void w

arranty protection.

6. For specific inform
ation regarding snow

 and high velocity w
ind applications, contact O

’H
agin.

5. C
O

V
ER

 w
ith roofing m

aterial around vent. B
ased 

upon local best practices, a 45-degree angle cut m
ay be 

m
ade on the m

aterial term
inating at the vent. See Step 

5a. if installing shingle-over finish m
ethod.

6. T
R

IM
 roofing m

aterial back 1-inch on top and 
sides of vent cover to allow

 for proper drainage.

5a. A
LT

ER
N

A
T

E SH
IN

G
LE-O

V
ER

  
 

FIN
ISH

 M
ET

H
O

D

*O
ptional W

ind D
iverter (w

ind speeds betw
een 70-110 m

ph) installation should occur before securing low
er course of shingles at vent placem

ent. M
ark diverter location (centered in alignm

ent w
ith vent 

location) one course below
 low

er edge of vent. A
pply bead of sealant to underside of diverter; install on m

ark so that next shingle course can be installed over base of diverter, leaving 1/4-inch to 1/2 inch 
channel betw

een edge of shingle course above diverter and inside diverter w
all. Secure w

ith four evenly-spaced roofing nails of sufficient length to penetrate sheathing. C
ontinue w

ith Step 1.
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1. R
EC

O
R

T
E

 dos tiras de tablilla a largor m
ostrado 

para hileras 1 y 2. U
sando el largor entero de la tira de 

tablilla, recorte a las dim
ensiones del diseño m

ostrado 
en hilera 3.

2. EM
PEZ

A
N

D
O

 C
O

N
 H

ILER
A

 1, alinee y sujete 
a la parte de arriba de la ventila com

o se m
uestra usando 

despegue y adhiere, cinta de dos caras, o sellador (C
lase 

A
 donde sea requerido por código para la resistencia 

de fuego). R
epita con hileras 2 y 3 para com

pletar el 
m

étodo de term
inación sobre tablilla.

IN
ST

R
U

C
C

IO
N

ES D
E IN

ST
A

LA
C

IÓ
N

 PA
R

A
 V

EN
T

ILA
S D

E A
P

LIC
A

C
IÓ

N
 D

E T
EJA

D
O

 D
E C

O
M

P
O

SIC
IÓ

N
, D

E FIB
R

A
 Y

 D
E V

ID
R

IO
V

EN
T

ILA
S D

E D
ESV

Á
N

 EST
Á

N
D

A
R

 D
E O

’H
A

G
IN

, W
EA

T
H

ERM
A

ST
ER

™ D
E O

’H
A

G
IN

, Y
 FIR

E
 &

 IC
E

® D
E O

’H
A

G
IN

N
O

TA
S G

EN
ER

A
LES D

E IN
STA

LA
C

IÓ
N

:

1. M
A

R
Q

U
E Y C

O
R

T
E

* A
linea el frente de la ventila 

½
 pulgada debajo de la línea de clavos y m

arque el perfil 
de la ventila para después colocar. M

arque el perfil de una 
abertura de 11-pulgadas x 11-pulgadas. C

on la navaja 
ajustada al grosor de la capa, corte el agujero en la superficie 
del techo.

2. SELLE
 usando cantidad suficiente de sellador  

localm
ente aprobado (C

lase A
 donde sea requerido por  

código para la resistencia de fuego) de alrededor del  
interior y exterior de la pestaña.

3. C
O

LO
Q

U
E

 la ventila directam
ente sobre la abertura 

de 11-pulgadas x 11-pulgadas, anteriorm
ente m

arcada 
alrededor com

o una guía.

4. A
SEG

U
R

E
 cada 4-pulgadas en centro usando clavos 

para techo del largor apropiado para penetrar las capas. 
SELLE

 todas las penetraciones usando sellador localm
ente 

aprobado (C
lase A

 donde sea requerido por código para la 
resistencia de fuego).

1. N
o instale los ventiladores debajo o al lado de los valles o a otras áreas de la salida concentrada del agua.

2. Instalación estándar en la echada de 3:12 o m
ayor.

3. Todas las ventilas bajas (entradas de aire) deben ser instaladas de m
anera uniform

e lo m
ínim

o de 12-pulgadas sobre el aislam
iento del desván.  

 
El ancho de cualquier alero saliente debe tom

arse en cuenta de m
anera que, por ejem

plo, el aislam
iento no obstruirá la abertura de la ventila.

4. Todas las ventilas altas (salida de aire) deben ser instaladas de m
anera uniform

e dos (2) a tres (3) hileras de losetas debajo de la cresta superior del  
 

tejado, a m
enos que no lo perm

ita la estructura u otras lim
itaciones del diseño.

5. Ventilas O
’H

agin son diseñados para ser de un sistem
a com

pleto de tejado. Fracasando en una form
a inapropia da al instalar todos los com

ponentes  
 

im
pactara negativam

ente la ejecución total y va a invalidar la garantía de protección.
6. Para inform

ación especifica acerca de instalaciones para nieve y para velocidad de vientos contacte a O
’H

agin.

5. C
U

B
R

A
 las tejas alrededor de la ventila. B

asada en  
las m

ejores practicas locales, se puede hacer una abertura 
de 45-grados en las tejas term

inando en la ventila. M
ire 

P
aso 5a. si esta instalando m

étodo de term
inación 

sobre tablilla.

6. R
EC

O
R

T
E

 las tejas, una pulgada en las parte de 
arriba, y lo suficiente en los otros lados de la ventila para 
perm

itir el desagüe.

5a. M
ÉT

O
D

O
 A

LT
ER

N
A

T
IV

O
 D

E  
 

T
ER

M
IN

A
C

IÓ
N

 SO
B

R
E TA

B
LILLA

*D
esviador de V

iento O
pcional (velocidades de vientos entre 70 a 110 m

ph) instalación debe ocurrir antes de asegurar la fila inferior de tejas en la colocación de ventilas. M
arque la ubicación del desviador 

(centrada en la alineación de la ubicación de ventila) una fila debajo del borde inferior de la ventila. A
plique un cordón de sellador a la parte inferior del desviador; instale en la m

arca de m
anera que la 

siguiente fila de tejado pueda ser instalada sobre la base del desviador, dejando ¼
-pulgada a ½

-pulgada de canal entre la orilla de la fila de teja sobre el desviador y la pared dentro del desviador. A
segure con 

cuatro uniform
em

ente espaciados clavos para techo de suficiente largo para penetrar las capas. C
ontinúe con Paso 1.


