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SECTION 230593
TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Testing, adjustment, and balancing of air systems.
B. Measurement of final operating condition of HVAC systems.

1.2 REFERENCE STANDARDS
A. AABC MN-1 - AABC National Standards for Total System Balance; Associated Air Balance Council;

2002.
B. NEBB (TAB) - Procedural Standards for Testing Adjusting Balancing of Environmental Systems; 2005,

Seventh Edition.
1.3 SUBMITTALS 

A. See Division 1 Section  - Administrative Requirements, for submittal procedures.
B. Qualifications:  Submit name of adjusting and balancing agency and TAB supervisor for approval

within 30 days after award of Contract.
C. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and

balancing of systems and equipment to achieve specified performance.
1. Submit to the Construction Manager within two weeks after completion of testing, adjusting, and

balancing.
2. Revise TAB plan to reflect actual procedures and submit as part of final report.
3. Provide reports in soft cover, letter size, 3-ring binder manuals, complete with index page and

indexing tabs, with cover identification at front and side.  Include set of reduced drawings with air
outlets and equipment identified to correspond with data sheets, and indicating thermostat
locations.

4. Include actual instrument list, with manufacturer name, serial number, and date of calibration.
5. Form of Test Reports:  Where the TAB standard being followed recommends a report format use

that; otherwise, follow ASHRAE Std 111.
6. Units of Measure:  Report data in I-P (inch-pound) units only.
7. Include the following on the title page of each report:

a. Name of Testing, Adjusting, and Balancing Agency.
b. Address of Testing, Adjusting, and Balancing Agency.
c. Telephone number of Testing, Adjusting, and Balancing Agency.
d. Project name.
e. Project location.
f. Report date.

D. Project Record Documents:  Record actual locations of flow measuring stations and balancing valves
and rough setting.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.1 GENERAL REQUIREMENTS

A. Perform total system balance in accordance with one of the following:
1. AABC MN-1, AABC National Standards for Total System Balance.
2. ASHRAE Std 111, Practices for Measurement, Testing, Adjusting and Balancing of Building

Heating, Ventilation, Air-Conditioning, and Refrigeration Systems.
3. NEBB Procedural Standards for Testing Adjusting Balancing of Environmental Systems.

B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work prior to
Substantial Completion of the project.
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C. Where HVAC systems and/or components interface with life safety systems, including fire and smoke
detection, alarm, and control, coordinate scheduling and testing and inspection procedures with the
authorities having jurisdiction.

D. TAB Agency Qualifications:
1. Company specializing in the testing, adjusting, and balancing of systems specified in this section.
2. Having minimum of three years documented experience.
3. Certified by one of the following:

a. AABC, Associated Air Balance Council:  www.aabchq.com; upon completion submit AABC
National Performance Guaranty.

b. NEBB, National Environmental Balancing Bureau:  www.nebb.org/#sle.
E. TAB Supervisor Qualifications:  Professional Engineer licensed in Oklahoma.

3.2 EXAMINATION 
A. Verify that systems are complete and operable before commencing work.  Ensure the following

conditions:
1. Systems are started and operating in a safe and normal condition.
2. Temperature control systems are installed complete and operable.
3. Proper thermal overload protection is in place for electrical equipment.
4. Final filters are clean and in place.  If required, install temporary media in addition to final filters.
5. Duct systems are clean of debris.
6. Fans are rotating correctly.
7. Fire and volume dampers are in place and open.
8. Air coil fins are cleaned and combed.
9. Access doors are closed and duct end caps are in place.
10. Air outlets are installed and connected.
11. Duct system leakage is minimized.

B. Submit field reports.  Report defects and deficiencies that will or could prevent proper system balance.
C. Beginning of work means acceptance of existing conditions.

3.3 PREPARATION 
A. Hold a pre-balancing meeting at least one week prior to starting TAB work.

1. Require attendance by all installers whose work will be tested, adjusted, or balanced.
B. Provide instruments required for testing, adjusting, and balancing operations.  Make instruments

available to Architect to facilitate spot checks during testing.
C. Provide additional balancing devices as required.

3.4 ADJUSTMENT TOLERANCES
A. Air Handling Systems:  Adjust to within plus or minus 10 percent of design for supply systems and plus

or minus 10 percent of design for return and exhaust systems.
B. Air Outlets and Inlets:  Adjust total to within plus 10 percent and minus 10 percent of design to space. 

Adjust outlets and inlets in space to within plus or minus 10 percent of design.
3.5 RECORDING AND ADJUSTING 

A. Field Logs:  Maintain written logs including:
1. Running log of events and issues.
2. Discrepancies, deficient or uncompleted work by others.
3. Contract interpretation requests.
4. Lists of completed tests.

B. Ensure recorded data represents actual measured or observed conditions.
C. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings to be

restored.  Set and lock memory stops.
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D. After adjustment, take measurements to verify balance has not been disrupted or that such disruption
has been rectified.

E. Leave systems in proper working order, replacing belt guards, closing access doors, closing doors to
electrical switch boxes, and restoring thermostats to specified settings.

3.6 AIR SYSTEM PROCEDURE
A. Adjust air handling and distribution systems to provide required or design supply, return, and exhaust

air quantities .
B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of duct.
C. Measure air quantities at air inlets and outlets.
D. Adjust distribution system to obtain uniform space temperatures free from objectionable drafts and

noise.
E. Use volume control devices to regulate air quantities only to extent that adjustments do not create

objectionable air motion or sound levels.  Effect volume control by duct internal devices such as
dampers and splitters.

F. Vary total system air quantities by adjustment of fan speeds.  Provide drive changes required.  Vary
branch air quantities by damper regulation.

G. Provide system schematic with required and actual air quantities recorded at each outlet or inlet.
H. Measure static air pressure conditions on air supply units, including filter and coil pressure drops, and

total pressure across the fan.  Make allowances for 50 percent loading of filters.
I. Adjust outside air automatic dampers, outside air, return air, and exhaust dampers for design

conditions.
J. Measure temperature conditions across outside air, return air, and exhaust dampers to check leakage.
K. Where modulating dampers are provided, take measurements and balance at extreme conditions.  

3.7 SCOPE
A. Test, adjust, and balance the following:

1. Forced Air Furnaces
2. Packaged Terminal Air Conditioning Units
3. Packaged vertical heat pumps
4. Air Handling Units
5. Fans 
6. Air Inlets and Outlets
7. Energy Recovery Ventilators

3.8 MINIMUM DATA TO BE REPORTED
A. Electric Motors:

1. Manufacturer 
2. Model/Frame 
3. HP/BHP 
4. Phase, voltage, amperage; nameplate, actual, no load
5. RPM 
6. Service factor
7. Starter size, rating, heater elements
8. Sheave Make/Size/Bore

B. V-Belt Drives:
1. Identification/location 
2. Required driven RPM
3. Driven sheave, diameter and RPM
4. Belt, size and quantity
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5. Motor sheave diameter and RPM
6. Center to center distance, maximum, minimum, and actual

C. Combustion Equipment:
1. Boiler manufacturer
2. Model number
3. Serial number

D. Air Cooled Condensers:
1. Location 
2. Manufacturer 
3. Model number

E. Electric Duct Heaters:
1. Manufacturer 
2. Identification/number 
3. Location 
4. Design kW
5. Number of stages
6. Phase, voltage, amperage
7. Test voltage (each phase)
8. Test amperage (each phase)
9. Air flow, specified and actual
10. Temperature rise, specified and actual

F. Air Moving Equipment:
1. Location 
2. Manufacturer 
3. Model number
4. Air flow, specified and actual
5. Total static pressure (total external), specified and actual

G. Exhaust Fans:
1. Location 
2. Manufacturer 
3. Model number
4. Air flow, specified and actual
5. Total static pressure (total external), specified and actual

H. Air Distribution Tests:
1. Room number/location
2. Terminal type
3. Design air flow
4. Test (final) air flow
5. Percent of design air flow

END OF SECTION
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SECTION 230713
DUCT INSULATION

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Duct insulation.
B. Duct Liner.

1.2 REFERENCE STANDARDS
A. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by Means of

the Heat Flow Meter Apparatus; 2010.
B. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for Commercial

and Industrial Applications; 2013.
C. ASTM C916 - Standard Specification for Adhesives for Duct Thermal Insulation; 2014.
D. ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and Sound

Absorbing Material); 2012.
E. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2015a.
F. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2014.
G. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials;

National Fire Protection Association; 2006.
H. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005.
I. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current Edition,

Including All Revisions.
1.3 SUBMITTALS

A. See Division 1 Section  - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and thickness for

each service, and locations.
C. Manufacturer's Instructions:  Indicate installation procedures necessary to ensure acceptable

workmanship and that installation standards will be achieved.
1.4 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type specified in
this section with not less than three years of documented experience.

B. Applicator Qualifications:  Company specializing in performing the type of work specified in this
section, with minimum three years of experienceand approved by manufacturer.

1.5 DELIVERY, STORAGE, AND HANDLING
A. Accept materials on site in original factory packaging, labelled with manufacturer's identification,

including product density and thickness.
B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical damage,

by storing in original wrapping.
1.6 FIELD CONDITIONS

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics, and
insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.
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PART 2  PRODUCTS
2.1 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum, when
tested in accordance with ASTM E84, NFPA 255, or UL 723.

2.2 GLASS FIBER, FLEXIBLE
A. Manufacturer:

1. Knauf Insulation:  www.knaufusa.com.
2. Johns Manville Corporation:  www.jm.com/#sle.
3. Owens Corning Corp:  www.owenscorning.com/#sle.
4. CertainTeed Corporation; :  www.certainteed.com/#sle.

B. Insulation:  ASTM C553; flexible, noncombustible blanket.
1. 'K' value:  0.25 at 75 degrees F, when tested in accordance with ASTM C518.
2. Maximum Water Vapor Sorption:  5.0 percent by weight.

C. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture Vapor Permeability:  0.02 perm inch, when tested in accordance with ASTM

E96/E96M.
3. Secure with pressure sensitive tape.

D. Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure

sensitive rubber based adhesive.
2.3 DUCT LINER

A. Manufacturers:
1. Knauf Insulation:  www.knaufusa.com.
2. Johns Manville Corporation:  www.jm.com/#sle.
3. Owens Corning Corp:  www.owenscorning.com.
4. CertainTeed Corporation; :  www.certainteed.com/#sle.

B. Insulation:  Incombustible glass fiber complying with ASTM C 1071; flexible blanket, rigid board, and
preformed round liner board; impregnated surface and edges coated with poly vinyl acetate polymer or
acrylic polymer shown to be fungus and bacteria resistant by testing to ASTM G 21.
1. Apparent Thermal Conductivity:  Maximum of 0.31 at 75 degrees F.
2. Service Temperature:  Up to 250 degrees F.
3. Rated Velocity on Coated Air Side for Air Erosion:  5,000 fpm, minimum.
4. Minimum Noise Reduction Coefficients:

a. 1/2 inch Thickness: 0.30.
b. 1 inch Thickness: 0.45.
c. 1-1/2 inches Thickness:  0.60.
d. 2 inch Thickness:  0.70.

C. Adhesive:  Waterproof, fire-retardant type, ASTM C916.
D. Liner Fasteners:  Galvanized steel, self-adhesive pad, impact applied, or welded with integral or

press-on head.
PART 3  EXECUTION
3.1 EXAMINATION

A. Verify that ducts have been tested before applying insulation materials.
B. Verify that surfaces are clean, foreign material removed, and dry.

https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
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https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
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https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20E96/E96M
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3.2 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Insulated ducts:

1. Provide insulation with vapor barrier jackets.
2. Finish with tape and vapor barrier jacket.
3. Continue insulation through walls, sleeves, hangers, and other duct penetrations.
4. Insulate entire system including fittings, joints, flanges, fire dampers, flexible connections, and

expansion joints.
C. External Duct Insulation Application:

1. Secure insulation with vapor barrier with wires and seal jacket joints with vapor barrier adhesive
or tape to match jacket.

2. Secure insulation without vapor barrier with staples, tape, or wires.
3. Install without sag on underside of duct.  Use adhesive or mechanical fasteners where necessary to

prevent sagging.  Lift duct off trapeze hangers and insert spacers.
4. Seal vapor barrier penetrations by mechanical fasteners with vapor barrier adhesive.
5. Stop and point insulation around access doors and damper operators to allow operation without

disturbing wrapping.
D. Duct and Plenum Liner Application:

1. Adhere insulation with adhesive for 90 percent coverage.
2. Secure insulation with mechanical liner fasteners.  Refer to SMACNA HVAC Duct Construction

Standards for spacing.
3. Seal and smooth joints.  Seal and coat transverse joints.
4. Seal liner surface penetrations with adhesive.
5. Duct dimensions indicated are net inside dimensions required for air flow.  Increase duct size to

allow for insulation thickness.
3.3 SCHEDULES

A. All ductwork located in attics:  Flexible glass fiber duct insulation, 2" thick.
B. Outside Air Intake Ducts:  Flexible glass fiber duct insulation, 1-1/2" thick.
C. Supply ducts from space heating and cooling equipment:  Flexible glass fiber duct insulation, 1-1/2"

thick.
1. Omit duct wrap on ducts in apartments completely contained within conditioned envelope.

D. Transfer ducts between occupied spaces and mechanical rooms:  Glass Fiber Duct Liner, 1/2" thick.
E. Exhaust ducts within 15' of exterior penetration:  Flexible glass fiber duct insulation, 1-1/2" thick.
F. Supply and return ducts within 5`of air handling equipment at clubhouse:  Glass Fiber Duct Liner, 1/2"

thick.
END OF SECTION
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SECTION 230719
HVAC PIPING INSULATION

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Piping insulation.
1.2 REFERENCE STANDARDS

A. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular Thermal
Insulation in Sheet and Tubular Form; 2014.

B. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2015a.
C. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials;

National Fire Protection Association; 2006.
D. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current Edition,

Including All Revisions.
1.3 SUBMITTALS

A. Product Data:  Provide product description, thermal characteristics, list of materials and thickness for
each service, and locations.

PART 2  PRODUCTS
2.1 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum, when
tested in accordance with ASTM E84, NFPA 255, or UL 723.

2.2 FLEXIBLE ELASTOMERIC CELLULAR INSULATION
A. Manufacturer:

1. Armacell LLC:  www.armacell.us/#sle.
B. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM C534

Grade 1; use molded tubular material wherever possible.
1. Minimum Service Temperature:  -40 degrees F.
2. Maximum Service Temperature:  220 degrees F.
3. Connection:  Waterproof vapor barrier adhesive.

C. Elastomeric Foam Adhesive:  Air dried, contact adhesive, compatible with insulation.
PART 3  EXECUTION
3.1 EXAMINATION

A. Verify that piping has been tested before applying insulation materials.
B. Verify that surfaces are clean and dry, with foreign material removed.

3.2 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Exposed Piping:  Locate insulation and cover seams in least visible locations.
C. Inserts and Shields:

1. Application:  Piping 1-1/2 inches diameter or larger.
2. Shields:  Galvanized steel between pipe hangers or pipe hanger rolls and inserts.
3. Insert location:  Between support shield and piping and under the finish jacket.
4. Insert Configuration:  Minimum 6 inches long, of same thickness and contour as adjoining

insulation; may be factory fabricated.
5. Insert Material:  Hydrous calcium silicate insulation or other heavy density insulating material

suitable for the planned temperature range.
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D. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.  Finish at
supports, protrusions, and interruptions.  At fire separations, refer to "Firestopping" Section.

E. Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 10 feet above finished
floor):  Finish with canvas jacket sized for finish painting.

F. Exterior Applications:    Provide two coats of UV resistant finish for flexible elastomeric cellular
insulation without jacketing.

3.3 SCHEDULE
A. Heating Systems:

1. Heating Water Supply and Return:
a. Pipe sizes 1/2" to 1-1/4":  1" glass fiber
b. Pipe sizes 1-1/2" and larger:  1-1/2" glass fiber

B. Cooling Systems:
1. Condensate Drains from Cooling Coils:  1/2" Flexible Elastomeric
2. Refrigerant Suction:  1" Flexible Elastomeric
3. Refrigerant Liquid/hot gas:  Per system manufacturer's recommendations

END OF SECTION
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SECTION 232100
GENERAL REQUIREMENTS FOR HVAC PIPING

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section Includes:

1. Sleeves.
2. Escutcheons.

PART 2 - PRODUCTS
2.1 SLEEVES

A. Cast-Iron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron pressure
pipe, with plain ends and integral waterstop unless otherwise indicated.

B. Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded steel
collar; zinc coated.

C. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with
plain ends.

D. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.
E. Galvanized-Steel-Sheet Sleeves: 0.0239-inchminimum thickness; round tube closed with welded

longitudinal joint.
F. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with nailing

flange for attaching to wooden forms.
G. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.

2.2 ESCUTCHEONS
A. One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners.
B. Split-Plate, Stamped-Steel Type: With chrome-plated finish, concealed or exposed-rivet hinge, and

spring-clip fasteners.
PART 3 - EXECUTION
3.1 SLEEVE INSTALLATION

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
B. Install sleeves for pipes passing through interior partitions.

1. Cut sleeves to length for mounting flush with both surfaces.
2. Install sleeves that are large enough to provide 1/4-inchannular clear space between sleeve and

pipe or pipe insulation.
3. Seal annular space between sleeve and piping or piping insulation; use joint sealants appropriate

for size, depth, and location of joint. Comply with requirements for sealants specified in other
sections.

C. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe
penetrations. Seal pipe penetrations with firestop materials. Comply with requirements for firestopping
specified in other sections.

3.2 ESCUTCHEON INSTALLATION
A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with OD that

completely covers opening.
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1. Escutcheon Schedule:
a. Bare Piping in Unfinished Service Spaces: One-piece, stamped-steel type or split-plate,

stamped-steel type with exposed-rivet hinge.
b. Bare Piping in Equipment Rooms: One-piece, stamped-steel type or split-plate, stamped-steel

type with exposed-rivet hinge.
END OF SECTION
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SECTION 232113
HYDRONIC PIPING

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Hydronic system requirements.
B. Heating water piping, above grade.
C. Pipe hangers and supports.
D. Unions, flanges, mechanical couplings, and dielectric connections.
E. Valves:

1. Gate valves.
2. Ball valves.
3. Butterfly valves.
4. Check valves.

F. Flow controls.
1.2 RELATED REQUIREMENTS

A. Section 230553 - Identification for HVAC Piping and Equipment.
B. Section 230719 - HVAC Piping Insulation.
C. Section 232114 - Hydronic Specialties.

1.3 REFERENCE STANDARDS
A. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Welding, Brazing, and Fusing

Qualifications; 2015.
B. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2012.
C. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2013.
D. ASME B31.9 - Building Services Piping; 2014.
E. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,

Welded and Seamless; 2012.
F. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and Alloy

Steel for Moderate and High Temperature Service; 2015.
G. ASTM B32 - Standard Specification for Solder Metal; 2008 (Reapproved 2014).
H. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2014.
I. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2013.
J. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers; 1992 (Reapproved

2008).
K. ASTM F1476 - Standard Specification for Performance of Gasketed Mechanical Couplings for Use in

Piping Applications; 2007 (Reapproved 2013).
L. AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding; 2011-AMD 1.
M. AWS A5.8/A5.8M - Specification for Filler Metals for Brazing and Braze Welding; 2011 and errata.
N. AWS D1.1/D1.1M - Structural Welding Code - Steel; 2015.
O. AWWA C606 - Grooved and Shouldered Joints; 2011.
P. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, Application, and

Installation; 2009.
1.4 SUBMITTALS

A. Welders Certificate:  Include welders certification of compliance with ASME BPVC-IX.
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B. Product Data:
1. Include data on pipe materials, pipe fittings, valves, and accessories.
2. Provide manufacturers catalogue information.
3. Indicate valve data and ratings.
4. Show grooved joint couplings, fittings, valves, and specialties on drawings and product submittals,

specifically identified with the manufacturer's style or series designation.
1.5 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.
B. Provide temporary protective coating on cast iron and steel valves.
C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until installation.
D. Protect piping systems from entry of foreign materials by temporary covers, completing sections of the

work, and isolating parts of completed system.
1.6 FIELD CONDITIONS

A. Do not install underground piping when bedding is wet or frozen.
PART 2  PRODUCTS
2.1 HYDRONIC SYSTEM REQUIREMENTS

A. Comply with ASME B31.9 and applicable federal, state, and local regulations.
B. Piping:  Provide piping, fittings, hangers and supports as required, as indicated, and as follows:

1. Where more than one piping system material is specified, provide joining fittings that are
compatible with piping materials and ensure that the integrity of the system is not jeopardized. 

2. Use non-conducting dielectric connections whenever jointing dissimilar metals.
3. Provide pipe hangers and supports in accordance with ASME B31.9 or MSS SP-58 unless

indicated otherwise.
C. Pipe-to-Valve and Pipe-to-Equipment Connections:  Use flanges, unions, or grooved couplings to allow

disconnection of components for servicing; do not use direct welded, soldered, or threaded connections.
D. Valves:  Provide valves where indicated:

1. Provide drain valves where indicated, and if not indicated provide at least at main shut-off, low
points of piping, bases of vertical risers, and at equipment. Use 3/4 inch gate valves with cap; pipe
to nearest floor drain.

2. Isolate equipment using butterfly valves with lug end flanges or grooved mechanical couplings.
3. For throttling, bypass, or manual flow control services, use globe, ball, or butterfly valves.
4. For throttling and isolation service in chilled and condenser water systems, use only butterfly

valves.
5. In heating water systems, butterfly valves may be used interchangeably with gate and globe valves.
6. For shut-off and to isolate parts of systems or vertical risers, use gate, ball, or butterfly valves.

2.2 HEATING WATER PIPING, ABOVE GRADE
A. Steel Pipe:  ASTM A53/A53M, Schedule 40, black, using one of the following joint types:

1. Welded Joints: ASTM A234/A234M, wrought steel welding type fittings; AWS D1.1/D1.1M
welded.

B. Copper Tube:  ASTM B88 (ASTM B88M), Type K (A), drawn, using one of the following joint types:
1. Solder Joints:  ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper fittings.

a. Solder:  ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
b. Braze:  AWS A5.8M/A5.8 BCuP copper/silver alloy.
c. Braze:  1 BCuP copper/silver alloy.

2.3 PIPE HANGERS AND SUPPORTS
A. Provide hangers and supports that comply with MSS SP-58.
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1. If type of hanger or support for a particular situation is not indicated, select appropriate type using
MSS SP-58 recommendations.

2.4 UNIONS, FLANGES, MECHANICAL COUPLINGS, AND DIELECTRIC CONNECTIONS
A. Unions for Pipe 2 Inches and Less:
B. Flanges for Pipe 2 Inches and Greater:
C. Mechanical Couplings for Grooved and Shouldered Joints:  Two or more curved housing segments with

continuous key to engage pipe groove, circular C-profile gasket, and bolts to secure and compress
gasket.
1. Dimensions and Testing:  In accordance with AWWA C606.
2. Mechanical Couplings: Comply with ASTM F1476.
3. Bolts and Nuts:  Hot dipped galvanized or zinc-electroplated steel.
4. When pipe is field grooved, provide coupling manufacturer's grooving tools.

D. Dielectric Connections:
1. Waterways:

a. Water impervious insulation barrier capable of limiting galvanic current to 1 percent of short
circuit current in a corresponding bimetallic joint.

b. Dry insulation barrier able to withstand 600 volt breakdown test.
c. Construct of galvanized steel with threaded end connections to match connecting piping.
d. Suitable for the required operating pressures and temperatures.

2. Flanges:
a. Dielectric flanges with same pressure ratings as standard flanges.
b. Water impervious insulation barrier capable of limiting galvanic current to 1 percent of short

circuit current in a corresponding bimetallic joint.
c. Dry insulation barrier able to withstand 600 volt breakdown test.
d. Construct of galvanized steel with threaded end connections to match connecting piping.
e. Suitable for the required operating pressures and temperatures.

2.5 GATE VALVES
A. Up To and Including 2 Inches:

1. Bronze body, bronze trim, screwed bonnet, non-rising stem, lockshield stem, inside screw with
backseating stem, solid wedge disc, alloy seat rings, solder ends.

B. Over 2 Inches:
1. Iron body, bronze trim, bolted bonnet, rising stem, handwheel, outside screw and yoke, solid

wedge disc with bronze seat rings, flanged ends.
2.6 BALL VALVES

A. Up To and Including 2 Inches:
1. Bronze one piece body, chrome plated brass ball, teflon seats and stuffing box ring, lever handle

with balancing stops, solder ends with union.
2.7 BUTTERFLY VALVES

A. Body:  Cast or ductile iron with resilient replaceable EPDM seat, wafer or lug ends, extended neck.
B. Disc:  Construct of aluminum bronze, chrome plated ductile iron, stainless steel, ductile iron with

EPDM encapsulation, Buna-N encapsulation, or _________________.
C. Operator:  10 position lever handle.

2.8 SWING CHECK VALVES
A. Up To and Including 2 Inches:

1. Bronze body, bronze trim, bronze rotating swing disc, with composition disc, solder ends.
B. Over 2 Inches:
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1. Iron body, bronze trim, stainless steel, bronze, or bronze faced rotating swing disc, renewable disc
and seat, flanged ends.

2.9 SPRING LOADED CHECK VALVES
A. Iron body, bronze trim, split plate, hinged with stainless steel spring, resilient seal bonded to body,

wafer or threaded lug ends.
2.10 FLOW CONTROLS

A. Construction:  Class 125, Brass or bronze body with union on inlet and outlet, temperature and pressure
test plug on inlet and outlet, blowdown/backflush drain.

B. Calibration:  Control flow within 5 percent of selected rating, over operating pressure range of 10 times
minimum pressure required for control, maximum minimum pressure 3.5 psi.

PART 3  EXECUTION
3.1 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Prepare pipe for grooved mechanical joints as required by coupling manufacturer.
C. Remove scale and dirt on inside and outside before assembly.
D. Prepare piping connections to equipment using jointing system specified.
E. Keep open ends of pipe free from scale and dirt.  Protect open ends with temporary plugs or caps.
F. After completion, fill, clean, and treat systems.  Refer to Section 232500 for additional requirements.

3.2 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Route piping in orderly manner, parallel to building structure, and maintain gradient.
C. Install piping to conserve building space and to avoid interfere with use of space.
D. Group piping whenever practical at common elevations.
E. Sleeve pipe passing through partitions, walls and floors.
F. Install firestopping to preserve fire resistance rating of partitions and other elements, using materials

and methods specified in other sections.
G. Slope piping and arrange to drain at low points.
H. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected

equipment.  Refer to Section 230516.
1. Flexible couplings may be used in header piping to accommodate thermal growth, thermal

contraction in lieu of expansion loops.
I. Pipe Hangers and Supports:

1. Install in accordance with ASME B31.9, ASTM F708, or MSS SP-58.
2. Support horizontal piping as scheduled.
3. Provide copper plated hangers and supports for copper piping.

J. Provide clearance in hangers and from structure and other equipment for installation of insulation and
access to valves and fittings.  Refer to Section 230719.

K. Install valves with stems upright or horizontal, not inverted.
3.3 SCHEDULES

A. Hanger Spacing for Copper Tubing.
1. 1/2 inch and 3/4 inch:  Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. 1 inch:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. 1-1/2 inch and 2 inch:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
4. 2-1/2 inch:  Maximum span, 9 feet; minimum rod size, 3/8 inch.
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5. 3 inch:  Maximum span, 10 feet; minimum rod size, 3/8 inch.
6. 4 inch:  Maximum span, 12 feet; minimum rod size, 1/2 inch.
7. 6 inch:  Maximum span, 14 feet; minimum rod size, 1/2 inch.

B. Hanger Spacing for Steel Piping.
1. 1/2 inch, 3/4 inch, and 1 inch:  Maximum span, 7 feet; minimum rod size, 1/4 inch.
2. 1-1/4 inches:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
3. 1-1/2 inches:  Maximum span, 9 feet; minimum rod size, 3/8 inch.
4. 2 inches:  Maximum span, 10 feet; minimum rod size, 3/8 inch.
5. 2-1/2 inches:  Maximum span, 11 feet; minimum rod size, 3/8 inch.
6. 3 inches:  Maximum span, 12 feet; minimum rod size, 3/8 inch.
7. 4 inches:  Maximum span, 14 feet; minimum rod size, 1/2 inch.
8. 6 inches:  Maximum span, 17 feet; minimum rod size, 1/2 inch.

END OF SECTION
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SECTION 232300
REFRIGERANT PIPING

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Piping.
B. Refrigerant.

1.2 RELATED REQUIREMENTS
A. Section 230719 - HVAC Piping Insulation.

1.3 REFERENCE STANDARDS
A. ASHRAE Std 15 - Safety Standard for Refrigeration Systems; 2013.
B. ASHRAE Std 34 - Designation and Safety Classification of Refrigerants; 2013.
C. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2013.
D. ASME B31.5 - Refrigeration Piping and Heat Transfer Components; 2013.
E. ASTM B280 - Standard Specification for Seamless Copper Tube for Air Conditioning and Refrigeration

Field Service; 2013.
F. AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding; 2011-AMD 1.

1.4 SYSTEM DESCRIPTION
A. Where more than one piping system material is specified ensure system components are compatible and

joined to ensure the integrity of the system is not jeopardized.  Provide necessary joining fittings. 
Ensure flanges, union, and couplings for servicing are consistently provided.

B. Provide pipe hangers and supports in accordance with ASME B31.5 unless indicated otherwise.
1.5 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store piping and specialties in shipping containers with labeling in place.
B. Protect piping and specialties from entry of contaminating material by leaving end caps and plugs in

place until installation.
C. Dehydrate and charge components such as piping and receivers, seal prior to shipment, until connected

into system.
PART 2  PRODUCTS
2.1 PIPING

A. Copper Tube:  ASTM B280, H58 hard drawn .
1. Fittings:  ASME B16.22 wrought copper.
2. Joints:  Braze, AWS A5.8 BCuP silver/phosphorus/copper alloy.

B. Pipe Supports and Anchors:
1. Conform to ASME B31.5.
2. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch:  Malleable iron adjustable swivel, split ring.
3. Hangers for Pipe Sizes 2 Inches and Over:  Carbon steel, adjustable, clevis.
4. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.
5. Floor Support:  Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and concrete pier

or steel support.
6. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated.
7. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded.
8. Inserts:  Malleable iron case of galvanized steel shell and expander plug for threaded connection

with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; size inserts to
suit threaded hanger rods.
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2.2 REFRIGERANT
A. Refrigerant:  R-410a as defined in ASHRAE Std 34.

PART 3  EXECUTION
3.1 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Remove scale and dirt on inside and outside before assembly.
C. Prepare piping connections to equipment with flanges or unions.

3.2 INSTALLATION
A. Install refrigerant piping and accessories in accordance with split system manufacturer's

recommendations.
B. Install refrigeration specialties in accordance with manufacturer's instructions.
C. Route piping in orderly manner, with plumbing parallel to building structure, and maintain gradient.
D. Install piping to conserve building space and avoid interference with use of space.
E. Group piping whenever practical at common elevations and locations.  Slope piping per manufacturer's

recommendations.
F. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected

equipment.
G. Pipe Hangers and Supports:

1. Install in accordance with ASME B31.5.
2. Support horizontal piping as scheduled.
3. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent work.
4. Place hangers within 12 inches of each horizontal elbow.
5. Support vertical piping at every  floor.  Support riser piping independently of connected horizontal

piping.
6. Where several pipes can be installed in parallel and at same elevation, provide multiple or trapeze

hangers.
7. Provide copper plated hangers and supports for copper piping.

H. Arrange piping to return oil to compressor.  Provide traps and loops in piping, and provide double risers
as required.  Slope horizontal piping 0.40 percent in direction of flow.

I. Provide clearance for installation of insulation and access to valves and fittings.
J. Provide access to concealed valves and fittings.  Coordinate with General Contractor.
K. Flood piping system with nitrogen when brazing.
L. Where pipe support members are welded to structural building frame, brush clean, and apply one coat

of zinc rich primer to welding.
M. Follow ASHRAE Std 15 procedures for charging and purging of systems and for disposal of refrigerant.
N. Fully charge completed system with refrigerant after testing.

3.3 FIELD QUALITY CONTROL
A. Test refrigeration system in accordance with ASME B31.5, and in accordance with VRFZ system

manufacturer's recommendations.
3.4 SCHEDULES

A. Hanger Spacing for Copper Tubing.
1. 1/2 inch, 5/8 inch, and 7/8 inch OD:  Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. 1-1/8 inch OD:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. 1-3/8 inch OD:  Maximum span, 7 feet; minimum rod size, 3/8 inch.
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4. 1-5/8 inch OD:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
END OF SECTION
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SECTION 233100
HVAC DUCTS AND CASINGS

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Metal ductwork.
B. Duct cleaning.

1.2 RELATED REQUIREMENTS
A. Section 230713 - Duct Insulation:  External insulation and duct liner.
B. Section 233300 - Air Duct Accessories.
C. Section 230593 - Testing, Adjusting, and Balancing for HVAC.

1.3 REFERENCE STANDARDS
A. ASHRAE (FUND) - ASHRAE Handbook - Fundamentals; 2013.
B. ASTM A240/A240M - Standard Specification for Chromium and Chromium-Nickel Stainless Steel

Plate, Sheet, and Strip for Pressure Vessels and for General Applications; 2015b.
C. ASTM A480/A480M - Standard Specification for General Requirements for Flat-Rolled Stainless and

Heat-Resisting Steel Plate, Sheet, and Strip; 2015.
D. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron

Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2015.
E. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate; 2014.
F. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate [Metric];

2014.
G. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2015a.
H. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005.

1.4 PERFORMANCE REQUIREMENTS
A. No variation of duct configuration or sizes permitted except by written permission.  Size round ducts

installed in place of rectangular ducts in accordance with ASHRAE table of equivalent rectangular and
round ducts.

1.5 SUBMITTALS
A. See Division 1 Section  - Administrative Requirements, for submittal procedures.
B. Project Record Documents:  Record actual locations of ducts and duct fittings.  Record changes in

fitting location and type.  Show additional fittings used.
1.6 FIELD CONDITIONS

A. Do not install duct sealants when temperatures are less than those recommended by sealant
manufacturers.

B. Maintain temperatures within acceptable range during and after installation of duct sealants.
PART 2  PRODUCTS
2.1 DUCT ASSEMBLIES
2.2 MATERIALS

A. Galvanized Steel for Ducts:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B, with
G60/Z180 coating.

B. Aluminum for Ducts:  ASTM B209 (ASTM B209M); aluminum sheet, alloy 3003-H14.  Aluminum
Connectors and Bar Stock: Alloy 6061-T651 or of equivalent strength.

C. Stainless Steel for Ducts:  ASTM A 240/A 240M, Type 304.
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D. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant.
1. Type:  Heavy mastic or liquid used alone or with tape, suitable for joint configuration and

compatible with substrates, and recommended by manufacturer for pressure class of ducts.
2. Surface Burning Characteristics:  Flame spread of zero, smoke developed of zero, when tested in

accordance with ASTM E84.
E. Insulated Flexible Ducts:

1. Two ply vinyl film supported by helically wound spring steel wire; fiberglass insulation;
polyethylene vapor barrier film.
a. Pressure Rating:  10 inches WG positive and 1.0 inches WG negative.
b. Maximum Velocity:  4000 fpm.
c. Temperature Range:  -10 degrees F to 160 degrees F.

F. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant.
2.3 DUCTWORK FABRICATION

A. Fabricate and support in accordance with SMACNA HVAC Duct Construction Standards and as
indicated.

B. No variation of duct configuration or size permitted except by written permission.
C. Provide duct material, gages, reinforcing, and sealing for operating pressures indicated.
D. Construct T's, bends, and elbows with radius of not less than 1-1/2 times width of duct on centerline. 

Where not possible and where rectangular elbows must be used, provide air foil turning vanes of
perforated metal with glass fiber insulation.

E. Provide turning vanes of perforated metal with glass fiber insulation when acoustical lining is indicated.
F. Provide air foil turning vanes when rectangular elbows must be used.
G. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible; maximum 30

degrees divergence upstream of equipment and 45 degrees convergence downstream.
H. Fabricate continuously welded round and oval duct fittings in accordance with SMACNA HVAC Duct

Construction Standards.
I. Provide standard 45 degree lateral wye takeoffs unless otherwise indicated where 90 degree conical tee

connections may be used.
J. Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver frame, provide

blank-out panels sealing louver area around duct.  Use same material as duct, painted black on exterior
side; seal to louver frame and duct.

2.4 MANUFACTURED DUCTWORK AND FITTINGS
A. Manufacture in accordance with SMACNA HVAC Duct Construction Standards - Metal and Flexible,

and as indicated.  Provide duct material, gages,reinforcing, and sealing for operating pressures
indicated.

B. Transverse Duct Connection System:  SMACNA "E" rated rigidly class connection, interlocking angle
and duct edge connection system with sealant, gasket, cleats, and corner clips.
1. Manufacturers:

PART 3  EXECUTION
3.1 INSTALLATION

A. Install, support, and seal ducts in accordance with SMACNA HVAC Duct Construction Standards.
B. Install in accordance with manufacturer's instructions.
C. During construction provide temporary closures of metal or taped polyethylene on open ductwork to

prevent construction dust from entering ductwork system.
D. Duct sizes indicated are inside clear dimensions.  For lined ducts, maintain sizes inside lining.
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E. Install and seal metal and flexible ducts in accordance with SMACNA HVAC Duct Construction
Standards - Metal and Flexible.

F. Provide openings in ductwork where required to accommodate thermometers and controllers.  Provide
pilot tube openings where required for testing of systems, complete with metal can with spring device or
screw to ensure against air leakage.  Where openings are provided in insulated ductwork, install
insulation material inside a metal ring.

G. Locate ducts with sufficient space around equipment to allow normal operating and maintenance
activities.

H. Use crimp joints with or without bead for joining round duct sizes 8 inch and smaller with crimp in
direction of air flow.

I. Use double nuts and lock washers on threaded rod supports.
J. Connect flexible ducts to metal ducts with draw bands plus sheet metal screws and adhesive.  Use a

maximum of 5' of flexible duct, at final connection to diffusers only, free of kinks.  Do not install above
inaccessible ceilings.  Do not use flexible ductwork in exposed areas.

K. During construction provide temporary closures of metal or taped polyethylene on open ductwork to
prevent construction dust from entering ductwork system.

L. At exterior wall louvers, seal duct to louver frame and install blank-out panels.
3.2 CLEANING

A. Clean duct system and force air at high velocity through duct to remove accumulated dust.  To obtain
sufficient air, clean half the system at a time.  Protect equipment that could be harmed by excessive dirt
with temporary filters, or bypass during cleaning.

3.3 SCHEDULES
A. Ductwork Material:

1. Low Pressure Supply (Heating Systems):  Steel.
2. Low Pressure Supply (System with Cooling Coils):  Steel.
3. Return and Relief:  Steel.
4. General Exhaust:  Steel.
5. Outside Air Intake:  Steel.

B. Ductwork Pressure Class:
1. Supply (System with Cooling Coils):  1 inch.
2. Return and Relief:  1 inch.
3. General Exhaust:  1/2 inch.

C. Round ductwork shall be double wall spiral where exposed.  Concealed round ductwork may be spiral,
double or single wall, or fabricated.

END OF SECTION



LST #19092
June 2020

233300 - 1
AIR DUCT ACCESSORIES

SECTION 233300
AIR DUCT ACCESSORIES

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Air turning devices/extractors.
B. Backdraft dampers.
C. Combination fire and smoke dampers.
D. Duct access doors.
E. Duct test holes.
F. Fire dampers.
G. Flexible duct connections.
H. Smoke dampers.
I. Volume control dampers.

1.2 RELATED REQUIREMENTS
A. Section 233100 - HVAC Ducts and Casings.

1.3 REFERENCE STANDARDS
A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2015.
B. NFPA 92 - Standard for Smoke Control Systems; 2015.
C. NFPA 96 - Standard for Ventilation Control and Fire Protection of Commercial Cooking Operations;

2014.
D. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005.
E. UL 33 - Safety Heat Responsive Links for Fire-Protection Service; Current Edition, Including All

Revisions.
F. UL 555 - Standard for Fire Dampers; Current Edition, Including All Revisions.
G. UL 555S - Standard for Smoke Dampers; Current Edition, Including All Revisions.

1.4 SUBMITTALS
A. See Division 1 Section  - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide for shop fabricated assemblies including volume control dampers.  Include

electrical characteristics and connection requirements.
C. Shop Drawings:  Indicate for shop fabricated assemblies including volume control dampers.
D. Manufacturer's Installation Instructions:  Provide instructions for fire dampers.
E. Project Record Drawings:  Record actual locations of access doors and test holes.

1.5 DELIVERY, STORAGE, AND HANDLING
A. Protect dampers from damage to operating linkages and blades.

PART 2  PRODUCTS
2.1 AIR TURNING DEVICES/EXTRACTORS

A. Multi-blade device with blades aligned in short dimension; steel construction; with individually
adjustable blades, mounting straps.

2.2 BACKDRAFT DAMPERS
A. Gravity Backdraft Dampers, Size 24 inches or Smaller, Furnished with Air Moving Equipment: Air

moving equipment manufacturer's standard construction.
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2.3 COMBINATION FIRE AND SMOKE DAMPERS
A. Fabricate in accordance with NFPA 90A, UL 555, UL 555S, and as indicated.
B. Provide factory sleeve and collar for each damper.
C. Multiple Blade Dampers:  Fabricate with 16 gage galvanized steel frame and blades, oil-impregnated

bronze or stainless steel sleeve bearings and plated steel axles, stainless steel jamb seals, 1/8 x 1/2 inch
plated steel concealed linkage, stainless steel closure spring, blade stops, and lock, and 1/2 inch actuator
shaft.

D. Operators:  UL listed and labelled spring return electric type suitable for 120 volts, single phase, 60 Hz. 
  Locate damper operator on exterior of duct and link to damper operating shaft.

2.4 DUCT ACCESS DOORS
A. Fabrication:  Rigid and close-fitting of galvanized steel with sealing gaskets and quick fastening locking

devices.  For insulated ducts, install minimum 1 inch thick insulation with sheet metal cover.
1. Less Than 12 inches Square:  Secure with sash locks.
2. Up to 18 inches Square:  Provide two hinges and two sash locks.
3. Up to 24 x 48 inches:  Three hinges and two compression latches with outside and inside handles.
4. Larger Sizes: Provide an additional hinge.

2.5 DUCT TEST HOLES
A. Temporary Test Holes:  Cut or drill in ducts as required.  Cap with neat patches, neoprene plugs,

threaded plugs, or threaded or twist-on metal caps.
B. Permanent Test Holes:  Factory fabricated, air tight flanged fittings with screw cap.  Provide extended

neck fittings to clear insulation.
2.6 FIRE DAMPERS

A. Fabricate in accordance with NFPA 90A and UL 555, and as indicated.
B. Ceiling Dampers:  Galvanized steel, 22 gage frame and 16 gage flap, two layers 0.125 inch ceramic

fiber on top side and one layer on bottom side for round flaps, with locking clip.
C. Horizontal Dampers:  Galvanized steel, 22 gage frame, stainless steel closure spring, and lightweight,

heat retardant non-asbestos fabric blanket.
D. Curtain Type Dampers:  Galvanized steel with interlocking blades.  Provide stainless steel closure

springs and latches for horizontal installations.  Configure with blades out of air stream except for 1.0
inch pressure class ducts up to 12 inches in height.

E. Multiple Blade Dampers:  16 gage galvanized steel frame and blades, oil-impregnated bronze or
stainless steel sleeve bearings and plated steel axles, 1/8 x 1/2 inch plated steel concealed linkage,
stainless steel closure spring, blade stops, and lock.

F. Fusible Links:  UL 33, separate at 160 degrees F with adjustable link straps for combination
fire/balancing dampers.

2.7 FLEXIBLE DUCT CONNECTIONS
A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards and as indicated.
B. Flexible Duct Connections:  Fabric crimped into metal edging strip.

1. Fabric:  UL listed fire-retardant neoprene coated woven glass fiber fabric to NFPA 90A, minimum
density 30 oz per sq yd.
a. Net Fabric Width:  Approximately 2 inches wide.

2. Metal:  3 inches wide, 24 gage thick galvanized steel.
C. Leaded Vinyl Sheet:  Minimum 0.55 inch thick, 0.87 lbs per sq ft, 10 dB attenuation in 10 to 10,000 Hz

range.
2.8 SMOKE DAMPERS

A. Fabricate in accordance with NFPA 90A and UL 555S, and as indicated.
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B. Dampers:  UL Class 1 multiple blade type fire damper, normally closed automatically operated by 120
VAC electric actuator.

2.9 VOLUME CONTROL DAMPERS
A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards and as indicated.
B. Splitter Dampers:

1. Material:  Same gage as duct to 24 inches size in either direction, and two gages heavier for sizes
over 24 inches.

2. Blade:  Fabricate of single thickness sheet metal to streamline shape, secured with continuous
hinge or rod.

3. Operator:  Minimum 1/4 inch diameter rod in self aligning, universal joint action, flanged
bushing with set screw .

C. Single Blade Dampers:  Fabricate for duct sizes up to 6 x 30 inch.
D. Multi-Blade Damper:  Fabricate of opposed blade pattern with maximum blade sizes 8 x 72 inch. 

Assemble center and edge crimped blades in prime coated or galvanized channel frame with suitable
hardware.

E. End Bearings:  Except in round ducts 12 inches and smaller, provide end bearings.  On multiple blade
dampers, provide oil-impregnated nylon or sintered bronze bearings.

F. Quadrants:
1. Provide locking, indicating quadrant regulators on single and multi-blade dampers.
2. On insulated ducts mount quadrant regulators on stand-off mounting brackets, bases, or adapters.

PART 3  EXECUTION
3.1 INSTALLATION

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow SMACNA
HVAC Duct Construction Standards.  Refer to Section 233100 for duct construction and pressure class.

B. Provide backdraft dampers on exhaust fans or exhaust ducts nearest to outside and where indicated.
C. Provide duct access doors for inspection and cleaning before and after filters, coils, fans, automatic

dampers, at fire dampers, combination fire and smoke dampers, and elsewhere as indicated.  Provide for
cleaning kitchen exhaust ducts in accordance with NFPA 96.  Provide minimum 8 x 8 inch size for
hand access,  size for shoulder access, and as indicated.  Provide 4 x 4 inch for balancing dampers only.
 Review locations prior to fabrication.

D. Provide duct access doors for inspection and cleaning before and after filters, coils, fans, automatic
dampers, at fire dampers, combination fire and smoke dampers, and elsewhere as indicated.    Provide
minimum 8 x 8 inch size for hand access, 18 x 18 inch size for shoulder access, and as indicated. 
Provide 4 x 4 inch for balancing dampers only.  Review locations prior to fabrication.

E. Provide duct test holes where indicated and required for testing and balancing purposes.
F. Provide fire dampers, combination fire and smoke dampers, and smoke dampers at locations indicated,

where ducts and outlets pass through fire rated components, and where required by authorities having
jurisdiction.  Install with required perimeter mounting angles, sleeves, breakaway duct connections,
corrosion resistant springs, bearings, bushings and hinges.

G. Install smoke dampers and combination smoke and fire dampers in accordance with NFPA 92.
H. Install smoke damper motors in locations to allow service/replacement without removal of permenant

building components.
I. Demonstrate re-setting of fire dampers to Owner's representative.
J. At fans and motorized equipment associated with ducts, provide flexible duct connections immediately

adjacent to the equipment.
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K. Provide balancing dampers at points on supply, return, and exhaust systems where branches are taken
from larger ducts as required for air balancing.  Install minimum 2 duct widths from duct take-off.

L. Provide balancing dampers on duct take-off to diffusers, grilles, and registers, regardless of whether
dampers are specified as part of the diffuser, grille, or register assembly.  Omit dampers only where
noted on drawings.

M. Where dampers or other accessories that require adjustment or maintenance are located above hard
ceilings, provide access panel in ceiling.  Coordinate with G.C.

END OF SECTION
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SECTION 233700
AIR OUTLETS AND INLETS

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Diffusers. 
B. Registers/grilles. 
C. Roof hoods.

1.2 REFERENCE STANDARDS
A. ASHRAE Std 70 - Method of Testing the Performance of Air Outlets and Inlets; 2006 (R2011).
B. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005.

1.3 SUBMITTALS 
A. See Division 1 Section  - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide data for equipment required for this project.  Review outlets and inlets as to size,

finish, and type of mounting prior to submission.  Submit schedule of outlets and inlets showing type,
size, location, application, and noise level.

1.4 QUALITY ASSURANCE
A. Test and rate air outlet and inlet performance in accordance with ASHRAE Std 70.

PART 2  PRODUCTS
2.1 MANUFACTURERS 

A. Hart & Cooley, Inc:  www.hartandcooley.com.
B. Krueger:  www.krueger-hvac.com/#sle.
C. Price Industries:  www.price-hvac.com/#sle.
D. Titus:  www.titus-hvac.com/#sle.

2.2 DIFFUSERS, REGISTERS, AND GRILLES
A. Type and performance are scheduled on the drawings.
B. Coordinate finish of all devices with Architect.

2.3 ROOF HOODS
A. Fabricate air inlet or exhaust hoods in accordance with SMACNA HVAC Duct Construction Standards.
B. Fabricate of galvanized steel, minimum 16 gage base and 20 gage hood, or aluminum, minimum 16

gage base and 18 gage hood; suitably reinforced; with removable hood; birdscreen with 1/2 inch square
mesh for exhaust and 3/4 inch for intake, and factory prime coat finish.

C. Mount unit on minimum 12 inch high curb base with insulation between duct and curb.
D. Make hood outlet area minimum of twice throat area.

PART 3  EXECUTION
3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions.
B. Check location of outlets and inlets and make necessary adjustments in position to conform with

architectural features, symmetry, and lighting arrangement.
C. Install diffusers to ductwork with air tight connection.
D. Provide balancing dampers on duct take-off to diffusers, and grilles and registers, despite whether

dampers are specified as part of the diffuser, or grille and register assembly.  Omit dampers where
drawings specifically indicate devices are to be provided without dampers.
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E. Paint ductwork visible behind air outlets and inlets matte black.  Coordinate with G.C.
END OF SECTION
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SECTION 234000
HVAC AIR CLEANING DEVICES

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Disposable, extended area panel filters.
B. Disposable panel filters.

1.2 REFERENCE STANDARDS
A. ASHRAE Std 52.2 - Method of Testing General Ventilation Air-Cleaning Devices for Removal

Efficiency by Particle Size; 2012, with 2015 amendments.
B. UL 900 - Standard for Air Filter Units; Current Edition, Including All Revisions.

1.3 SUBMITTALS
A. See Division 1 Section  - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide data on filter media, filter performance data, filter assembly and filter frames,

dimensions, motor locations and electrical characteristics and connection requirements.
C. Shop Drawings:  Indicate filter assembly and filter frames, dimensions, motor locations, and electrical

characteristics and connection requirements.
1.4 EXTRA MATERIALS

A. Provide one set of disposable panel filters.  Filters shall be delivered to Owner.
PART 2  PRODUCTS
2.1 FILTER MANUFACTURERS

A. American Filtration Inc:  www.americanfiltration.com/#sle.
B. AAF International/American Air Filter:  www.aafintl.com/#sle.
C. Camfil Farr Company:  www.camfilfarr.com/#sle.

2.2 DISPOSABLE, EXTENDED AREA PANEL FILTERS
A. Media:  UL 900 Class 1, pleated, lofted, non-woven, reinforced cotton fabric; supported and bonded to

welded wire grid by corrugated aluminum separators.
1. Frame:  Non-flammable.
2. Nominal thickness:  2 inches.

B. Minimum Efficiency Reporting Value (MERV):  8, when tested in accordance with ASHRAE 52.2.
2.3 DISPOSABLE PANEL FILTERS

A. Media:  UL 900 Class 2, fiber blanket, factory sprayed with flameproof, non-drip, non-volatile adhesive.
1. Thickness:  1 inch.

B. Performance Rating:
1. Face Velocity:  500 FPM.
2. Initial Resistance:  0.15 inch WG.
3. Recommended Final Resistance:  0.50 inches WG.

C. Casing:  Cardboard frame.
PART 3  EXECUTION
3.1 INSTALLATION

A. Install air cleaning devices in accordance with manufacturer's instructions.
B. Prevent passage of unfiltered air around filters with felt, rubber, or neoprene gaskets.
C. Do not operate fan system until filters (temporary or permanent) are in place.  Replace temporary filters

used during construction and testing, with clean set.
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D. Ensure that filters are easily removable from equipment, and that access is not blocked by other
installations.

END OF SECTION
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SECTION 238127
SMALL SPLIT-SYSTEM HEATING AND COOLING

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Forced air furnaces.
B. Air cooled condensing units.
C. Controls. 

1.2 RELATED REQUIREMENTS
A. Section 233100 - HVAC Ducts and Casings.
B. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections and installation

and wiring of thermostats and other controls components.
1.3 REFERENCE STANDARDS

A. AHRI 210/240 - Standard for Performance Rating of Unitary Air-Conditioning and Air-Source Heat
Pump Equipment; 2008.

B. AHRI 520 - Performance Rating of Positive Displacement Condensing Units; 2004.
C. ASHRAE Std 15 - Safety Standard for Refrigeration Systems; 2013.
D. ASHRAE Std 23.1 - Methods of Testing for Rating Positive Displacement Refrigerant Compressors and

Condensing Units; 2010.
E. NEMA MG 1 - Motors and Generators; 2014.
F. NFPA 54 - National Fuel Gas Code; 2015.
G. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2015.
H. NFPA 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems; 2015.
I. NFPA 211 - Guide for Smoke and Heat Venting; 2013, Including All Amendments.
J. UL 207 - Standard for Refrigerant-Containing Components and Accessories, Nonelectrical; Current

Edition, Including All Revisions.
1.4 SUBMITTALS

A. Product Data:  Provide rated capacities, weights, accessories, electrical nameplate data, and wiring
diagrams.

B. Shop Drawings:  Indicate assembly, required clearances, and location and size of field connections.
C. Design Data:  Indicate refrigerant pipe sizing.
D. Manufacturer's Instructions:  Indicate rigging, assembly, and installation instructions.
E. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating instructions,

installation instructions, maintenance and repair data, and parts listing.
F. Warranty:  Submit manufacturers warranty and ensure forms have been filled out in Owner s name and

registered with manufacturer.
G. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.

1. See Section 016000 - Product Requirements, for additional provisions.
2. Extra Filters:  One for each unit.

1.5 WARRANTY 
A. Provide five year manufacturers warranty for heat exchangers.
B. Provide five year manufacturers warranty for compressors.
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PART 2  PRODUCTS
2.1 MANUFACTURERS

A. Carrier Corporation:  www.carrier.com.
B. Trane Inc:  www.trane.com.
C. Lennox:  www.lennox.com
D. Approved substitute.

2.2 SYSTEM DESIGN
A. Split-System Heating and Cooling Units:  Self-contained, packaged, matched factory-engineered and

assembled, pre-wired indoor and outdoor units; UL listed. 
1. Heating:  Natural gas fired.
2. Cooling:  Outdoor electric condensing unit with evaporator coil in central ducted indoor unit.
3. Provide refrigerant lines internal to units and between indoor and outdoor units, factory cleaned,

dried, pressurized and sealed, with insulated suction line.
B. Performance Requirements:  See Drawings for additional requirements.

2.3 INDOOR UNITS FOR DUCTED SYSTEMS
A. Indoor Units:  Self-contained, packaged, factory assembled, pre-wired unit consisting of cabinet, supply

fan, heating and cooling element(s), controls, and accessories; wired for single power connection with
control transformer.
1. Air Flow Configuration:  As indicated on drawings.
2. Cabinet:  Steel with baked enamel finish, easily removed and secured access doors with safety

interlock switches, glass fiber insulation with reflective liner.  
B. Supply Fan:  Centrifugal type rubber mounted with direct or belt drive with adjustable variable pitch

motor pulley.
1. Motor:  NEMA MG 1; 1750 rpm single speed, permanently lubricated, hinge mounted.
2. Motor Electrical Characteristics: 

C. Air Filters:  1 inch thick urethane, washable type arranged for easy replacement.
D. Evaporator Coils:  Copper tube aluminum fin assembly, galvanized or polymer drain pan sloped in all

directions to drain, drain connection, refrigerant piping connections, restricted distributor or
thermostatic expansion valve.
1. Construction and Ratings:  In accordance with AHRI 210/240 and UL 207.
2. Manufacturers:  System manufacturer.

2.4 OUTDOOR UNITS
A. Outdoor Units:  Self-contained, packaged, pre-wired unit consisting of cabinet, with compressor and

condenser.
1. Refrigerant:  R-410A.
2. Construction and Ratings:  In accordance with AHRI 210/240 with testing in accordance with

ASHRAE Std 23 and UL listed.
B. Compressor:   Scroll, 3600 rpm, AHRI 520 resiliently mounted integral with condenser, with positive

lubrication, crankcase heater, high pressure control, motor overload protection, service valves and drier.
 Provide time delay control to prevent short cycling.

C. Air Cooled Condenser:  ARI 520;   Aluminum fin and copper tube coil, with direct drive axial propeller
fan resiliently mounted, galvanized fan guard.

D. Accessories:  Filter drier, high pressure switch (manual reset), low pressure switch (automatic reset),
service valves and gage ports, thermometer well (in liquid line).      
1. Provide thermostatic expansion valves.

E. Operating Controls:



LST #19092
June 2020

238127 - 3
SMALL SPLIT-SYSTEM HEATING AND COOLING

1. Control by programmable room thermostat to maintain room temperature setting.
2.5 GAS FURNACE COMPONENTS

A. Burner:  High efficiency condensing with piped combustion air and flue.
1. Gas valve provides 100 percent safety gas shut-off; 24 volt combining pressure regulation, safety

pilot, manual set (On-Off), pilot filtration, automatic electric valve.
2. Non-corrosive combustion air blower with permanently lubricated motor.

B. Burner Safety Controls:
1. Thermocouple Sensor:  Prevents opening of gas valve until pilot flame is proven and stops gas

flow on ignition failure.
2. Flame Rollout Switch:  Installed on burner box and prevents operation.
3. Vent Safety Shutoff Sensor:  Temperature sensor installed on draft hood and prevents operation,

manual reset.
4. Limit Control:  Fixed stop at maximum permissible setting, de-energizes burner on excessive

bonnet temperature, automatic resets.
C. Operating Controls:

1. Cycle burner by room thermostat to maintain room temperature setting.
2. Supply fan energized from bonnet temperature independent of burner controls, with adjustable

timed off delay and fixed timed on delay, with manual switch for continuous fan operation.  
D. Flue Termination:  Concentric roof kit.

2.6 ACCESSORY EQUIPMENT 
A. Room Thermostat:  Wall-mounted, electric solid state microcomputer based room thermostat with

remote sensor to maintain temperature setting; low-voltage; with following features:
1. Automatic switching from heating to cooling.
2. Preferential rate control to minimize overshoot and deviation from setpoint.
3. Set-up for four separate temperatures per day.
4. Programming based on weekdays, Saturday and Sunday.
5. Thermostat display:

a. Actual room temperature.
b. Programmed temperature.
c. System mode indication:  heating, cooling, fan auto, off, and on, auto or on, off.

PART 3  EXECUTION
3.1 INSTALLATION 

A. Install in accordance with NFPA 90A and NFPA 90B.
B. Install gas fired furnaces in accordance with NFPA 54.
C. Provide combustion air and vent connections in accordance with manufacturer's recommendations.
D. Install refrigeration systems in accordance with ASHRAE Std 15.

END OF SECTION
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SECTION 238200
CONVECTION HEATING AND COOLING UNITS

PART 1  GENERAL
1.1 SECTION INCLUDES

A. Fan-coil units.
B. Electric unit heaters.
C. Electric cabinet unit heaters.

1.2 RELATED REQUIREMENTS
A. Section 230719 - HVAC Piping Insulation.
B. Section 232113 - Hydronic Piping.
C. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections.  Installation of

room thermostats.  Electrical supply to units.
1.3 REFERENCE STANDARDS

A. AHRI Directory of Certified Product Performance - Air-Conditioning, Heating, and Refrigeration
Institute (AHRI); current edition at www.ahrinet.org.

B. AHRI 440 - Performance Rating of Room Fan-Coil Units; 2008.
C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,

Including All Applicable Amendments and Supplements.
D. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2015.

1.4 SUBMITTALS
A. Shop Drawings:

1. Indicate cross sections of cabinets, grilles, bracing and reinforcing, and typical elevations.
2. Indicate air coil and frame configurations, dimensions, materials, rows, connections, and rough-in

dimensions.
3. Submit schedules of equipment and enclosures typically indicating length and number of pieces of

element and enclosure, corner pieces, end caps, cap strips, access doors, pilaster covers, and
comparison of specified heat required to actual heat output provided.

B. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating instructions,
installation instructions, maintenance and repair data, and parts listings.

1.5 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in this

section with minimum three years documented experience.
B. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories Inc. as

suitable for the purpose specified and indicated.
PART 2  PRODUCTS
2.1 FAN-COIL UNITS

A. Performance Data and Safety Requirements:
1. Unit capacities certified in accordance with AHRI 440.
2. Provide products listed, classified, and labeled by Underwriters Laboratories Inc. (UL), Intertek

(ETL), or testing firm acceptable to Authority Having Jurisdiction as suitable for the purpose
indicated.

3. Insulation to comply with NFPA 90A requirements for flame spread and smoke generation.
4. Equipment wiring to comply with requirements of NFPA 70.

B. Required Directory Listings:  AHRI Directory of Certified Product Performance - Air-Conditioning,
Heating, and Refrigeration Institute (AHRI).
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C. Coils:
1. Evenly spaced aluminum fins mechanically bonded to copper tubes.
2. Water Coil:  Suitable for working temperatures not less than 200 degrees F.

D. Finish:  Factory applied baked primer coat on visible surfaces of enclosure or cabinet.
E. Fans:  Centrifugal forward-curved, statically and dynamically balanced, direct driven.
F. Motor:  Tap wound multiple speed permanent split capacitor with sleeve bearings, resiliently mounted.
G. Controls:

1. Provide units with pump and controls interface furnished by the fan coil unit manufacturer.
2. Controls Interface:

a. Relay board.
b. 24-volt transformer.

H. Filter:  Easily removed 1 inch thick glass fiber throw-away type, located to filter air before coil.
I. Electrical Characteristics:

2.2 ELECTRIC UNIT HEATERS
A. Provide products listed, classified, and labeled by Underwriters Laboratories Inc. (UL), Intertek (ETL),

or testing firm acceptable to Authority Having Jurisdiction as suitable for the purpose indicated.
B. Assembly:  Suitable for mounting from ceiling or structure above with built-in controls, thermal safety

cut-out, and electric terminal box.
C. Acceptable Heating Element Assemblies:

1. Horizontal Projection Units:
a. Steel fins copper brazed to steel sheath and epoxy sealed for moisture resistance.
b. Nickel chromium resistance wire surrounded with magnesium oxide and sheathed in steel,

spiral-finned tubes.
c. High-mass, all steel tubular type, copper brazed, centrally located and installed in fixed

element banks.
2. Vertical Projection Units:

a. Finned tubular.
b. Nickel chromium resistance wire surrounded with magnesium oxide and sheathed in steel,

spiral-finned tubes.
c. High-mass, all steel tubular type, copper brazed, centrally located and installed in fixed

element banks.
D. Housing:

1. Horizontal Projection Units:
a. Construction materials to consist of heavy gage steel with galvanized, polyester powder coat,

or high gloss baked enamel finish.
b. Provide with threaded holes for threaded rod suspension or ___________.
c. Provisions for access to internal components for maintenance, adjustments, and repair.

2. Vertical Projection Units:
a. Construction materials to consist of heavy gage steel with polyester powder coat or high gloss

baked enamel.
b. Provide with mounting support brackets or provisions for mounting from ceiling or structure

above.
c. Provisions for access to internal components for maintenance, adjustments, and repair.

E. Fan:  Factory balanced, direct drive, axial type with fan guard.
F. Motor:  Totally enclosed, thermally protected, and provided with permanently lubricated bearings.
G. Controls:

1. Disconnect.
2. 120-volt control.
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H. Electrical Characteristics:  On Drawings
2.3 ELECTRIC CABINET UNIT HEATERS

A. Provide products listed, classified, and labeled by Underwriters Laboratories Inc. (UL), Intertek (ETL),
or testing firm acceptable to Authority Having Jurisdiction as suitable for the purpose indicated.

B. Heating Elements:  Provide open-wire, finned tubular, or resistance wire enclosed in steel sheath.
C. Cabinet:  Minimum 18 gage, 0.0478 inch thick steel front panel with exposed corners and edges

rounded, easily removed panels, glass fiber insulation and integral air outlet, and inlet grilles.
D. Finish:

1. Factory applied, painted finish.
2. Color:  As selected from color chart.

E. Fans:  Centrifugal forward-curved double-width wheels, statically and dynamically balanced, direct
driven.

F. Motor:  Tap wound multiple speed permanent split capacitor with sleeve bearings, resiliently mounted.
G. Controls:

1. Fan speed switch.
2. Thermostat.
3. Disconnect switch.

H. Filter:  Easily removed, 1 inch thick glass fiber throw-away type, located to filter air before coil.
I. Electrical Characteristics:  On Drawings

PART 3  EXECUTION
3.1 INSTALLATION

A. Install in accordance with manufacturer's recommendations.
B. Install equipment exposed to finished areas after walls and ceilings are finished and painted.
C. Do not damage equipment or finishes.
D. Unit Heaters:

1. Hang from building structure, with pipe hangers anchored to building, not from piping or
electrical conduit.

2. Mount as high as possible to maintain greatest headroom unless otherwise indicated.
E. Cabinet Unit Heaters:

1. Install as indicated.
2. Coordinate to ensure correct recess size for recessed units.

F. Fan-Coil Units:
1. Install as indicated.

G. Units with Hydronic Coils:
1. Provide with shut-off valve on supply piping and tamper-proof, balancing valve with memory stop

on return piping.
2. If not easily accessible, extend air vent to exterior surface of cabinet for ease of servicing.
3. Provide float operated automatic air vents with stop valve for fan coil units.

H. Units with Electric Heating Elements:
1. Install as indicated including electrical devices furnished by manufacturer but not factory

installed.
2. Install wiring in accordance with the manufacturer's wiring diagram submittal and Section

262717.
3.2 CLEANING

A. After construction and painting is completed, clean exposed surfaces of units.



LST #19092
June 2020

238200 - 4
CONVECTION HEATING AND COOLING UNITS

B. Vacuum clean coils and inside of units.
C. Touch-up marred or scratched surfaces of factory-finished cabinets using finish materials furnished by

the manufacturer.
D. Install new filters.

3.3 PROTECTION
A. Provide finished cabinet units with protective covers during the balance of construction.

END OF SECTION
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