PROJECT:

DATE:

Sampson Construction Co., Inc.
3730 South 14" Street

Lincoln, NE 68502

Phone: (402) 434-5450

FAX: (402) 434-5466

Bid Bulletin #03

Baldwin Filters Distribution Facility (Bid Package #01)
Kearney, NE

September 25, 2013

This Bid Bulletin includes items 1-1 through 1-7. Each item shall be fully incorporated into the
Bidding/Contract Documents and have the same force and effect as though originally included. Bidders
shall acknowledge receipt of this Bid Bulletin on the bid form.
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Item 1-4
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General Note: Bids for precast, steel, erection, roofing, and HVAC shall not include
any work on the portion of the building between gridline L. to N and 6.3 to 8.
Earthwork bids shall include constructing the pad for the building between gridline
L to N and 6.3 to 8.

Specification section 01 23 00- Alternates

Alternate #4 (mezzanine deduct) should be renumbered as alternate #5. Alternate #5
(building bearing height) should be renumbered as alternate #6. A new alternate #4
should be inserted which is to provide geopier support below the VNA slab. Alternates
are listed correctly on the bid form.

Specification section 01 50 00- Construction Facilities & Controls

Part 1.2, B, 1 & 2: As further clarification Sampson Construction will provide and pay for
temporary water and electricity consumption. Sampson Construction will provide water
service and electrical service at centralized locations. Distribution (i.e hoses, drop cords)
to specific locations shall be provided by the subcontractor.

Part 1.2, D, 1: As further clarification Sampson Construction will provide temporary fire
extinguishers throughout the jobsite. If a specific task is being performed by a
subcontractor which requires associated/specific fire protection, the subcontractor shall
provide the necessary protection for that task.

Part 1.2, D, 2: As further clarification Sampson Construction will provide barricades,
warning signs, and lighting to ensure general safety of the overall jobsite. If a
subcontractor is performing a specific task which requires barricades, task specific
lighting, etc. the subcontractor shall provide the necessary safety measures to protect all
persons on the jobsite.

Specification section 00 01 40 Summary of Work: #01B- Steel Material

Bidders shall only include the structural steel, joist, deck and stairs/railings as shown in
the drawings and contained in the specification book. Bids shall not include pipe
bollards, pit embeds or steel for pit cover, dock leveler embeds, (i.e misc steel items) that
are shown on the drawing but not sized.



Item 1-5

Item 1-6

Item 1-7
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Bidders shall include the exterior stairs and railings along the east side of the building.
Stairs and railings will be constructed similar to interior grating stairs.

Specification section 00 01 40 Summary of Work: #01D- Roofing
All work required for installation of termination bars, reglets, etc (i.e cutting wall panels,
anchoring into wall panels) shall be completed by the roofing contractor.

Bidders shall include walkways (specification section 075323, 2.5, A) per the following
narrative: Provide a walkway from the roof hatch east to gridline F. Provide a north-
south walkway along gridline F from grid 1 to grid 16. Provide east-west walkway from
gridline F to each individual piece of equipment.

Specification section 05 51 00 Metal Stairs
Steel fabricator shop built stairs are acceptable in lieu of premanufactured stairs.

See attached Addendum #1 dated 9/25/13 from Davis Design

END OF BID BULLETIN #03
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ADDENDUM

PROJECT: Baldwin Filters

ADDENDUM NUMBER

Main Distribution Center

AD-1

Pricing Package

Kearney, Nebraska

ISSUED BY:

PROJECT #: 13-0061

DATE ISSUED: Wednesday, September 25, 2013

Mike Wachal, Coordinating Professional
Todd Jedrzejczyk, Mechanical Engineer

This addendum is issued by the Architect to all known bidders before receipt of proposals, for the purpose of explaining, interpreting, or
modifying the original plans and specifications. When enumerated by the bidder upon the proposal sheet, the information or
instructions given hereon will be equally binding upon all parties as if included in the original plans and specifications.
BIDDER MUST ENTER THE NUMBER OF THIS ADDENDUM ON HIS PROPOSAL SHEET

THE FOLLOWING ITEMS ARE APPLICABLE TO THE SPECIFICATIONS:

AD-1, ITEM 1:

In reference to the Specification Booklet, remove all occurrences of the phrase "Bid Package No. 1 - Limited Site and

Shell Package" and replace with "Pricing Package."

AD-1, ITEM 2:

In reference to the Index of Specifications at the front of the specification booklet, Page TC-2, add the following

under "Facility Services Subgroup:"

DIVISION 23 - HEATING VENTILATING AND AIR CONDITIONING
23 05 00.Common Work Results for HVAC

23 05 13.Common Motor Requirements for HVAC Equipment

23 05 17 .Sleeves and Sleeve Seals for HVAC Piping

23 05 18.Escutcheons for HVAC Piping

23 05 29 .Hangers and Supports for HVYAC Piping and Equipment
23 05 53.ldentification for HVAC Piping and Equipment

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

23 07 13.Duct Insulation

23 09 00.Instrumentation and Control for HVAC

23 09 93.Sequence of Operations for HYAC Controls

23 11 23.Facility Natural-gas Piping

23 31 13.Metal Ducts

23 33 00.Air Duct Accessories

23 34 23 .HVAC Power Ventilators

23 37 13.Diffusers, Registers, and Grilles

23 55 23.13 Low-intensity, Gas-fired, Radiant Heaters

Baldwin Filters - Main Distribution Center (Kearney, NE)

Pricing Package

Addendum No. #1 Page 1 of 2
Wednesday, September 25, 2013

Davis Design, Inc.



23 55 33.Fuel-fired Unit Heaters
23 73 39.Indoor, Direct Gas-fired Heating and Ventilating Units
23 74 13.Packaged, Outdoor, Central-station Air-handling Units

All sections listed above are attached and to be added to the specification booklet.

END AD-1

Baldwin Filters - Main Distribution Center (Kearney, NE)

Pricing Package

Addendum No. #1 Page 2 of 2 Davis Design, Inc.
Wednesday, September 25, 2013



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

SECTION 230500 - COMMON WORK RESULTS FOR HVAC

PART 1- GENERAL

11

12

13

A.

RELATED DOCUMENTS

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

SUMMARY
This Section includes the following:

Piping materials and installation instructions common to most piping systems.
Dielectric fittings.

Grout.

Equipment installation requirements common to equipment sections.

Painting and finishing.

Concrete bases.

Supports and anchorages.

Nogh,rwdpE

DEFINITIONS

Finished Spaces. Spaces other than mechanical and electrical equipment rooms, furred spaces,
pipe and duct chases, unheated spaces immediately below roof, spaces above ceilings,
unexcavated spaces, crawlspaces, and tunnels.

Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied
spaces and mechanical equipment rooms.

Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient
temperatures and weather conditions. Examples include rooftop locations.

Concedled, Interior Installations: Concealed from view and protected from physical contact by
building occupants. Examples include above ceilings and chases.

Concedled, Exterior Installations: Concealed from view and protected from weather conditions
and physical contact by building occupants but subject to outdoor ambient temperatures.
Examples include installations within unheated shelters.

The following are industry abbreviations for plastic materials:
CPVC: Chlorinated polyvinyl chloride plastic.

1.
2. PE: Polyethylene plastic.
3 PVC: Polyvinyl chloride plastic.

COMMON WORK RESULTSFOR HVAC
230500 -1
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15

The following are industry abbreviations for rubber materials:

1 EPDM: Ethylene-propylene-diene terpolymer rubber.

SUBMITTALS
Product Data: For the following:
1 Dielectric fittings.

Brazing and welding certificates.

QUALITY ASSURANCE

Steel Support Welding: Qualify processes and operators according to AWSD1.1, "Structural
Welding Code--Steel "

Brazing and Steel Pipe Welding: Qualify processes and operators according to ASME Boiler
and Pressure Vessel Code: Section X, "Welding and Brazing Qualifications.”

1 Comply with provisionsin ASME B31 Series, "Code for Pressure Piping.”
2. Certify that each welder has passed AWS qualification tests for welding processes
involved and that certification is current.

Sheet Metal Welding: Qualify processes and operators according to AWS D9.1/D9.1M, "Sheet
Metal Welding Code," for duct joint and seam welding.

Electrical Characteristics for HYAC Equipment: Equipment of higher electrical characteristics
than basis of design may be furnished provided such proposed equipment is approved in writing
and connecting electrical services, circuit breakers, and conduit sizes are appropriately modified
at no cost to the Owner. If minimum energy ratings or efficiencies are specified, equipment
shall comply with requirements.

When the drawings and/or specifications refer to any item, article, material, method, fabrication,
assembly or construction by means of one or more manufacturer's trade name, catalog reference
or similar means of identification of manufacturer, the Contractor shall furnish one of the makes
so identified without substitution unless other make or makes have been approved by addendum
to the contract documents prior to the receipt of bids. Reguests for the approval of items of
equal quality are requested to be made in writing to the Architect fifteen (15) days prior to the
date of the receipt of bids so that alist of acceptable equal quality items can be made known to
al bidders by an addendum. If substitution for named items, articles, materials, methods,
fabrications, assembly or construction are approved, the Contractor assumes all responsibility
for coordination and performing the related changes in the work necessitated by such
substitutions and shall include in the bid all costsinvolved therein.

COMMON WORK RESULTSFOR HVAC
230500 - 2
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1.7

The entire cost of all changes of any type due to substitutions for materials specified shall be
borne by the Contractor at no extra cost to the Owner.

Unsolicited and voluntary deducts, on the part of the Contractor for substituting unapproved
equipment, shall not be considered for the purpose of awarding the Contract.

The Architect shall be the sole and final judge as to the suitability of items substituted for those
specified.

When the drawings schedule a manufacturer as the basis of design, the contractor assumes all
responsibility for coordination and performing the related changes in the work necessitated by
utilizing another manufacturer listed as acceptable in the specifications. The entire cost of all
associated changes of any type shall be borne by the Contractor at no extra cost to the Owner.

Drawings and specifications shall be taken together. Provide work specified and not indicated,
or work indicated and not specified as through mentioned in both.

In case of discrepancy between drawings and specifications, or within either document, the
greater quantity of work and / or better quality shall be used for estimating and the matter
brought to the Architect’s attention for awritten decision.

DELIVERY, STORAGE, AND HANDLING

Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping,
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and
moisture.

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

Where possible, store pipes and tubes inside and protected from weather. Where necessary to
store outside, elevate well above grade and protect ends.

Protect flanges and fittings from moisture and dirt by inside storage and enclosure, or by
packing with durable, waterproof wrapping.
COORDINATION

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

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

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

COMMON WORK RESULTSFOR HVAC
230500 - 3
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PART 2 - PRODUCTS

21

A.

2.2

2.3

MANUFACTURERS

In other Part2 articles where subparagraph titles below introduce lists, the following
reguirements apply for product selection:

1 Manufacturers: Subject to compliance with requirements, provide products by the
manufacturers specified.
PIPE, TUBE, AND FITTINGS

Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and joining
methods.

Pipe Threads: ASME B1.20.1 for factory-threaded pipe and pipe fittings.

JOINING MATERIALS
Refer to individual Division 23 piping Sections for special joining materials not listed below.

Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system
contents.

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness unless
thickness or specific material isindicated.

a Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and full-face
or ring type, unless otherwise indicated.

Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.

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

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

Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty
brazing, unless otherwise indicated; and AWS A5.8, BAgl, silver aloy for refrigerant piping,
unless otherwise indicated.

COMMON WORK RESULTSFOR HVAC
230500 - 4
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Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for wall
thickness and chemical analysis of steel pipe being welded.

Solvent Cements for Joining Plastic Piping:

1 CPVC Piping: ASTM F 493.

2. PVC Piping: ASTM D 2564. Include primer according to ASTM F 656.
DIELECTRIC FITTINGS

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

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

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

1. Manufacturers;

a Hart Industries, International, Inc.
b. Watts Industries, Inc.; Water Products Div.
C. Zurn Industries, Inc.; Wilkins Div.

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

1. Manufacturers;

a Advance Products & Systems, Inc.
b. Calpico, Inc.
C. Pipeline Seal and Insulator, Inc.

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

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

1. Manufacturers;

Perfection Corp.

Precision Plumbing Products, Inc.
Sioux Chief Manufacturing Co., Inc.
Victaulic Co. of America

cooTw

COMMON WORK RESULTSFOR HVAC
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2.5

A.

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

1. Characteristics: Post-hardening, volume-adjusting, nonstaining, noncorrosive,
nongaseous, and recommended for interior and exterior applications.

2. Design Mix: 5000-psi, 28-day compressive strength.

3. Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

31

A.

I

PIPING SYSTEMS - COMMON REQUIREMENTS

Install piping according to the following requirements and Division 23 Sections specifying
piping systems.

Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Indicated locations and arrangements were used to size pipe and calculate friction
loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless
deviations to layout are approved on Coordination Drawings.

Contractor shall not change indicated sizes without written approval of engineer. Provide all
necessary offsets and crossovers, whether indicated on the drawings or not.

Do not run piping through transformer vaults and other electrical or electronic equipment spaces
and enclosures.

Install piping in concealed locations, unless otherwise indicated and except in equipment rooms
and service aress.

Install piping at right angles or paralel to building walls. Diagonal runs are prohibited unless
specifically indicated otherwise.

Install piping above accessible ceilingsto allow sufficient space for ceiling panel removal.
Install piping to permit valve servicing.

Install piping at indicated slopes, or pitched to drain where slopes are not indicated.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install piping to alow application of insulation.

COMMON WORK RESULTSFOR HVAC
230500 - 6
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3.2

Select system components with pressure rating equal to or greater than system operating
pressure.

Verify final equipment locations for roughing-in.

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

PIPING JOINT CONSTRUCTION

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

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

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

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

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

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

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

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

Welded Joints: Construct joints according to AWSD10.12, using qualified processes and
welding operators according to Part 1 "Quality Assurance" Article.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.

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

1 Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent
cements.
2. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.

COMMON WORK RESULTSFOR HVAC
230500 - 7
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3.3

34

3. PV C Pressure Piping: Join schedule number ASTM D 1785, PV C pipe and PV C socket
fittings according to ASTM D 2672. Join other-than-schedule-number PVC pipe and
socket fittings according to ASTM D 2855.

4, PV C Nonpressure Piping: Join according to ASTM D 2855.

Plastic Pressure Piping Gasketed Joints: Join according to ASTM D 3139.
Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM D 3212.

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

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

PIPING CONNECTIONS
Make connections according to the following, unless otherwise indicated:

1 Install unions, in piping NPS2 and smaller, a fina connection to each piece of
equipment.

2. Install flanges, in piping NPS2-1/2 and larger, at final connection to each piece of
equipment.

3. Dry Piping Systems:

a NPS2 and Smaller: Ingtall dielectric unions to connect piping materias of
dissmilar metals.

b. NPS 2-1/2 and Larger: Install dielectric flange kits to connect piping materials of
dissimilar metals.

4, Wet Piping Systems:

a NPS 2 and Smaller: Install dielectric nipple fittings to connect piping materials of
dissimilar metals.

b. NPS 2-1/2 and Larger: Install dielectric flange kits to connect piping materials of
dissmilar metals.

C. Bronze valves will not be considered sufficient as a dielectric break between
dissimilar metals.

EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

Install equipment to allow maximum possible headroom unless specific mounting heights are
indicated.

Install equipment level and plumb, parallel and perpendicular to other building systems and
components in exposed interior spaces, unless otherwise indicated.

COMMON WORK RESULTSFOR HVAC
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3.6

3.7

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

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

PAINTING

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

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

CONCRETE BASES

Concrete Bases: Anchor equipment to concrete base according to equipment manufacturer's
written instructions.

1. Construct concrete bases 4 inches high and of dimensions indicated, but not less than 4
inches larger in both directions than supported unit. Coordinate sizes and locations of
concrete bases with actua equipment provided.

2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated,
install dowel rods on 18-inch centers around the full perimeter of the base.

3. Install anchor bolts for supported equipment that extend through concrete base, and
anchor into structural concrete floor.

4, Place and secure anchorage devices. Use supported equipment manufacturer's setting

drawings, templates, diagrams, instructions, and directions furnished with items to be

embedded.

Install anchor boltsto elevations required for proper attachment to supported equipment.

Install anchor bolts according to anchor-bolt manufacturer's written instructions.

Use 3000-psi, 28-day compressive-strength concrete and reinforcement as specified in

Division 03 Section "Cast-in-Place Concrete ."

Nowu

ERECTION OF METAL SUPPORTS AND ANCHORAGES

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

Field Welding: Comply with AWSD1.1.

COMMON WORK RESULTSFOR HVAC
230500-9
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3.8 ERECTION OF WOOD SUPPORTS AND ANCHORAGES

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

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

C.  Attachto substrates as required to support applied loads.

39 GROUTING

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

B.  Clean surfacesthat will come into contact with grout.
C.  Provideformsasrequired for placement of grout.

D. Avoid air entrapment during placement of grouit.

E. Place grout, completely filling equipment bases.

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

H.  Cure placed grout.

END OF SECTION 230500

COMMON WORK RESULTSFOR HVAC
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1- GENERAL

11

12

13

A.

A.

A.

RELATED DOCUMENTS

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

SUMMARY

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

COORDINATION

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

Motor controllers.

Torque, speed, and horsepower requirements of the load.

Ratings and characteristics of supply circuit and required control sequence.
Ambient and environmental conditions of installation location.

Eal A

PART 2 - PRODUCTS

21

2.2

A.

B.

A.

B.

GENERAL MOTOR REQUIREMENTS
Comply with NEMA MG 1 unless otherwise indicated.

Comply with |EEE 841 for severe-duty motors.

MOTOR CHARACTERISTICS

Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above
sealevel.

Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected loads
at designated speeds, at installed altitude and environment, with indicated operating sequence,
and without exceeding nameplate ratings or considering service factor.

COMMON MOTOR REQUIREMENTSFOR HVAC EQUIPMENT
230513-1



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

2.3

24

r ©

POLYPHASE MOTORS

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

1 Premium efficiency, as defined in NEMA MG 1.

Service Factor: 1.15.

Multispeed Motors: Variable torque.

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

Rotor: Random-wound, squirrel cage.

Bearings. Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
Temperature Rise: Match insulation rating.

Insulation: ClassF.

Code Letter Designation:

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

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

POLYPHASE MOTORSWITH ADDITIONAL REQUIREMENTS

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

1 Provide and install shaft grounding Kkit.

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

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

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

3. Inverter-Duty Motors. Class F temperature rise; Class H insulation.

COMMON MOTOR REQUIREMENTSFOR HVAC EQUIPMENT
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2.5

4, Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected
motors.
5. Provide and install shaft grounding kit.

SINGLE-PHASE MOTORS

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

1 Permanent-split capacitor.
2. Capacitor start, capacitor run.

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

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

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

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

PART 3 - EXECUTION (Not Applicable)

END OF SECTION 230513

COMMON MOTOR REQUIREMENTSFOR HVAC EQUIPMENT
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SECTION 230517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1- GENERAL

11

12

13

A.

A.

A.

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1. Sleeves.

2. Sleeve-seal systems.
ACTION SUBMITTALS

Product Data: For sleeve seal systems.

PART 2 - PRODUCTS

21

2.2

A.

B.

C.

A.

SLEEVES

Galvanized-Steel Wall Sleeves: ASTM A 53/A 53M, Schedule 40, with plain ends and welded
steel water stop; zinc coated.

Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, TypeE, GradeB, Schedule40, zinc
coated, with plain ends.

Molded-PE or -PP Sleeves. Removable, tapered-cup shaped, and smooth outer surface with
nailing flange for attaching to wooden forms.

SLEEVE-SEAL SYSTEMS

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

Advance Products & Systems, Inc.
CALPICO, Inc.

Metraflex Company (The).
Pipeline Seal and Insulator, Inc.
Proco Products, Inc.

S A
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B.

Description: Modular sealing-element unit, designed for field assembly, for filling annular
space between piping and Sleeve.

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

2. Pressure Plates: Plastic.

3. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, of length
required to secure pressure plates to sealing elements.

PART 3 - EXECUTION

31

A.

B.

C.

D.

SLEEVE INSTALLATION

Install sleeves for piping passing through penetrations in new and existing floors, roofs, and
walls.

For deeves that will have sleeve-seal system installed, select Sleeves of size large enough to
provide 1-inch annular clear space between piping and concrete slabs and walls.

Install seeves in concrete floors, concrete roof slabs, and concrete and masonry walls as new
slabs and walls are constructed.

1 Permanent sleeves are not required for holes formed by core drill or molded-PE or -PP
deeves, except where required in mechanical equipment areas or other wet areas to
extend sleeve's 4 inches above finished floor.

2. Cut deevesto length for mounting flush with both surfaces.

a Exception: Extend deeves instaled in floors of mechanical equipment areas or
other wet areas, such as janitor's closets and building chases, 4 inches above
finished floor level.

3. Using grout, seal the space outside of sleeves.

4, Install dleeves that are large enough to provide 1/4-inch annular clear space between
deeve and pipe or pipeinsulation.

5. 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 Section 079200 "Joint Sealants."

Sleeves are not required for pipes passing through interior gypsum board or metal partitions;
however, all penetrations shall be made clean and neat.

1 Openings shall be large enough to provide 1/4-inch annular clear space between interior
partition and pipe or pipe insulation.

2. Seal annular space between interior partition and piping or piping insulation; use joint
sealants appropriate for size, depth, and location of joint. Comply with requirements for
sealants specified in Section 079200 "Joint Sealants.”

SLEEVES AND SLEEVE SEALSFOR HVAC PIPING
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3.2

3.3

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 Section 078413 " Penetration Firestopping.”
SLEEVE-SEAL-SYSTEM INSTALLATION

Install deeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service
piping entriesinto building.

Select type, size, and number of sealing elements required for piping material and size and for
deeve ID or hole size. Position piping in center of deeve. Center piping in penetration,
assemble sleeve-seal system components, and install in annular space between piping and
deeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a
watertight seal.
SLEEVE AND SLEEVE-SEAL SCHEDULE
Use sleeves and sleeve sedls for the following piping-penetration applications:
1 Exterior Concrete or Masonry Walls above Grade:

a Piping, All Sizes. Galvanized-steel-pipe sleeves.
2. Exterior Concrete or Masonry Walls below Grade:

a Piping, All Sizes. Galvanized-steel wall sleeves with sleeve-seal system.

1) Select dleeve size to alow for 1-inch annular clear space between piping and
sleevefor installing sleeve-seal system.

3. Concrete Slabs-on-Grade:
a Piping, All Sizes: Galvanized-steel wall sleeves with sleeve-seal system.

1) Select dleeve size to alow for 1-inch annular clear space between piping and
sleevefor installing sleeve-seal system.

4. Concrete Slabs above Grade:
a Piping, All Sizes. Galvanized-steel-wall sleeves.
5. Interior Concrete or Masonry Walls:

a Piping, All Sizes: Galvanized-steel-pipe sleeves.

END OF SECTION 230517
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SECTION 230518 - ESCUTCHEONS FOR HVAC PIPING

PART 1- GENERAL

11

A.

12

A.

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1. Escutcheons.
2. Floor plates.

PART 2 - PRODUCTS

21

C.

D.

22

A.

B.

ESCUTCHEONS
One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.

One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated finish and
spring-clip fasteners.

One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners.

Split-Casting Brass Type: With polished, chrome-plated finish and with concealed hinge and
Ssetscrew.

Split-Plate, Stamped-Steel Type: With chrome-plated finish, concealed hinge, and spring-clip
fasteners.

FLOOR PLATES

One-Piece Floor Plates: Cast-iron flange with holes for fasteners.

Split-Casting Floor Plates: Cast brass with concealed hinge.

ESCUTCHEONS FOR HVAC PIPING
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PART 3 - EXECUTION

31 INSTALLATION
A. Install escutcheonsfor piping penetrations of walls, ceilings, and finished floors.

B. Ingall escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with
OD that completely covers opening.

1 Escutcheons for New Piping:

a Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-pattern type.

b. Chrome-Plated Piping: One-piece, cast-brass type with polished, chrome-plated
finish.

C. Insulated Piping: One-piece, stamped-steel type.

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces. One-piece, cast-
brass type with polished, chrome-plated finish.

e Bare Piping at Ceiling Penetrations in Finished Spaces. One-piece, cast-brass type
with polished, chrome-plated finish.

f. Bare Piping in Unfinished Service Spaces. One-piece, cast-brass type with
polished, chrome-plated finish.

0. Bare Piping in Equipment Rooms. One-piece, cast-brass type with polished,
chrome-plated finish.

2. Escutcheons for Existing Piping:

a Chrome-Plated Piping: Split-casting brass type with polished, chrome-plated
finish.

b. Insulated Piping: Split-plate, ssamped-sted type with concealed hinge.

C. Bare Piping at Wall and Floor Penetrations in Finished Spaces: Split-casting brass
type with polished, chrome-plated finish.

d. Bare Piping at Ceiling Penetrations in Finished Spaces. Split-casting brass type
with polished, chrome-plated finish.

e Bare Piping in Unfinished Service Spaces: Split-casting brass type with polished,
chrome-plated finish.

f. Bare Piping in Equipment Rooms: Split-casting brass type with polished, chrome-
plated finish.

C. Instal floor plates for piping penetrations of equipment-room floors.

D. Install floor plateswith ID to closely fit around pipe, tube, and insulation of piping and with OD
that completely covers opening.

1 New Piping: One-piece, floor-plate type.
2. Existing Piping: Split-casting, floor-plate type.

ESCUTCHEONS FOR HVAC PIPING
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3.2 FIELD QUALITY CONTROL

A.  Replace broken and damaged escutcheons and floor plates using new materials.

END OF SECTION 230518
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1- GENERAL

11

A.

12

13

14

15

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Metal pipe hangers and supports.
Trapeze pipe hangers.

Metal framing systems.

Fastener systems.

Equipment supports.

agrODdDE

Related Sections:

1 Section 233113 "Metal Ducts' for duct hangers and supports.

DEFINITIONS

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

PERFORMANCE REQUIREMENTS

Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand
the effects of gravity loads and stresses.

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

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

ACTION SUBMITTALS

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

B.

QUALITY ASSURANCE

Structural Steel Welding Qualifications: Qualify procedures and personnel according to
AWS D1.1/D1.1M, "Structural Welding Code - Steel."

Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and
Pressure Vessel Code.

PART 2 - PRODUCTS

21

2.2

A.

B.

C.

A.

METAL PIPE HANGERS AND SUPPORTS
Galvanized-Steel Pipe Hangers and Supports:

Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
Galvanized Metallic Coatings. Pregalvanized or hot dipped.

Nonmetallic Coatings. Plastic coating, jacket, or liner.

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

5. Hanger Rods: Continuous-thread rod, nuts, and washer made of galvanized steel.

rpPODPE

Stainless-Steel Pipe Hangers and Supports:

1 Description: MSS SP-58, Types 1 through 58, factory-fabricated components.

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

3. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel.

Copper Pipe Hangers:

1 Description: MSS SP-58, Types 1 through 58, copper-coated-stedl, factory-fabricated
components.

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.

TRAPEZE PIPE HANGERS

Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from

structural galvanized or stainless steel shapes with MSS SP-58 galvanized or stainless stedl steel
hanger rods, nuts, saddles, and U-bolts.

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT
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2.3

24

2.5

2.6

A.

METAL FRAMING SYSTEMS
MFMA Manufacturer Metal Framing Systems:

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

Allied Tube & Conduit.

Cooper B-Line, Inc.

Flex-Strut Inc.

Thomas & Betts Corporation.

Unistrut Corporation; Tyco International, Ltd.
Wesanco, Inc.

S0P Qo0 T

2. Description:  Shop- or field-fabricated pipe-support assembly for supporting multiple
parale pipes.

3. Standard: MFMA-4.

4, Channels: Continuous dotted steel channel with inturned lips.

5. Channel Nuts: Formed or stamped steel nuts or other devices designed to fit into channel
dlot and, when tightened, prevent slipping along channel.

6. Hanger Rods. Continuous-thread rod, nuts, and washer made of galvanized-steel or
stainless steel.

7. Metallic Coating: Galvanized or stainless steel.

FASTENER SYSTEMS
Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated or stainless steel anchors, for

use in hardened portland cement concrete; with pull-out, tension, and shear capacities
appropriate for supported loads and building materials where used.

EQUIPMENT SUPPORTS

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

MISCELLANEOUS MATERIALS

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

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT
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PART 3 - EXECUTION

31

A.

HANGER AND SUPPORT INSTALLATION

Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers,
supports, clamps, and attachments as required to properly support piping from the building
structural elements, such as roof joists or concrete decks.

Supporting piping from the building roof deck is not permitted.

Reference structural drawings for specia hanging or support requirements at existing
conditions.

Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Arrange
for grouping of parallel runs of horizontal piping, and support together on field-fabricated
trapeze pipe hangers.

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

2. Field fabricate from ASTM A 36/A 36M, galvanized-steel shapes selected for loads
being supported. Weld steel according to AWSD1.1/D1.1M.

3. Piping must be attached to trapeze pipe hanger and is not permitted to freely rest on
trapeze pipe hanger. Provide thermal-hanger shield inserts on insulated piping.

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

Fastener System Installation:
1 Install mechanical-expansion anchors in concrete after concrete is placed and completely
cured. Install fasteners according to manufacturer's written instructions.

2. Do not use powder-actuated fasteners.

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

Equipment Support Installation: Fabricate from welded-structural -steel shapes.
Install hangers and supports to allow controlled therma movement of piping systems, to permit
freedom of movement between pipe anchors, and to facilitate action of expansion joints,

expansion loops, expansion bends, and similar units.

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

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT
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3.2

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

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

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

Chain, wire, strap, or perforated strap hangers will not be permitted.

Contractor shall select the size of hangers and supports to exactly fit the pipe size for bare
piping.

EQUIPMENT SUPPORTS

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

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

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

METAL FABRICATIONS

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

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

Field Welding:  Comply with AWSD1.1/D1.1M procedures for shielded, metal arc welding;
appearance and quality of welds; and methods used in correcting welding work; and with the
following:

1 Use materials and methods that minimize distortion and develop strength and corrosion
resistance of base metals.

2. Obtain fusion without undercut or overlap.

3. Remove welding flux immediately.

4 Finish welds at exposed connections so no roughness shows after finishing and so
contours of welded surfaces match adjacent contours.

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT
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34

35

3.6

ADJUSTING

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

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

PAINTING

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

1 Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils.
Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

HANGER AND SUPPORT SCHEDULE

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

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

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

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

Use galvanized-stedl pipe hangers and supports, metal trapeze pipe hangers and metal framing
systems and attachments for general service applications.

Use stainless-steel pipe hangers and stainless-steel attachments for hostile environment
applications.

Use copper-plated pipe hangers and copper attachments for copper piping and tubing.

Use padded hangers for piping that is subject to scratching.

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT
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l. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in
piping system Sections, install the following types:

1 Adjustable, Steel Clevis Hangers (MSS Typel): For suspension of noninsulated or
insulated, stationary pipes NPS 1/2 to NPS 30.

2. Adjustable Roller Hangers (MSS Type43): For suspension of pipes NPS2-1/2 to
NPS 24, from single rod if horizontal movement caused by expansion and contraction
might occur.

3. Complete Pipe Rolls (MSS Type44): For support of pipes NPS2 to NPS42 if
longitudinal movement caused by expansion and contraction might occur but vertical
adjustment is not necessary.

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

1 Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to
NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4
to NPS 24 if longer ends are required for riser clamps.

K.  Hanger-Rod Attachments. Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1 Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.

2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

3 Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of
building attachments.

4, Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.

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

1 Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend
pipe hangers from concrete ceiling.

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

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

4, Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.

5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads
are considerable and rod sizes are large.

6. C-Clamps (MSS Type 23): For structural shapes.

7 Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to
flange edge.

8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.

9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of steel I-
beams for heavy loads.

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT
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10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel |-
beams for heavy loads, with link extensions.

11. Malleable-Beam Clamps with Extension Pieces (MSS Type30): For attaching to
structural steel.

12.  Welded-Steel Brackets: For support of pipes from below or for suspending from above
by using clip and rod. Use one of the following for indicated loads:

a Light (MSS Type 31): 750 Ib.
b. Medium (MSS Type 32): 1500 Ib.
C. Heavy (MSS Type 33): 3000 Ib.
13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.

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

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

O.  Use mechanical-expansion anchors instead of building attachments where required in concrete
construction.

END OF SECTION 230529
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1- GENERAL

11

A.

12

13

14

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Equipment labels.
Warning signs and labels.
Pipe labels.

Duct labels.

Stencils.

Warning tags.

ok wdE

ACTION SUBMITTALS

Product Data: For each type of product indicated.

Pipe Label Schedule: Include alisting of all pipe to be labeled with the proposed content for
each |abel.

Duct Label Schedule: Include alisting of all duct to be labeled with the proposed content for
each label.
COORDINATION

Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with locations of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar conceal ment.

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
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PART 2 - PRODUCTS

21

2.2

A.

w

o 0

m

EQUIPMENT LABELS
Plastic Labels for Equipment:

1 Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/16 inch thick, and having predrilled holes for attachment hardware.

Letter Color: Black.

Background Color: White.

Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less than
2-1/2 by 3/4 inch.

Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering
for greater viewing distances. Include secondary lettering two-thirds to three-fourths the
size of principal lettering.

7. Fasteners: Stainless-stedl rivets or self-tapping screws.

8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

arowd

o

Label Content: Include equipment's Drawing designation or unique eguipment number,
Drawing numbers where equipment is indicated (plans, details, and schedules), plus the
Specification Section number and title where equipment is specified.

Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch
bond paper. Tabulate equipment identification number and identify Drawing numbers where
equipment is indicated (plans, details, and schedules), plus the Specification Section number
and title where equipment is specified. Equipment schedule shall be included in operation and
maintenance data.

WARNING SIGNSAND LABELS

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/16
inch thick, and having predrilled holes for attachment hardware.

Letter Color: White.
Background Color: Red.
Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2
by 3/4 inch.

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
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2.3

24

Minimum Letter Size: 1/4 inch for name of unitsif viewing distance is less than 24 inches, 1/2
inch for viewing distances up to 72 inches, and proportionately larger lettering for greater
viewing distances. Include secondary lettering two-thirds to three-fourths the size of principal
lettering.

Fasteners: Stainless-stedl rivets or self-tapping screws.

Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Label Content: Include caution and warning information, plus emergency notification
instructions.

PIPE LABELS

General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering
indicating service, and showing flow direction.

Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference of
pipe and to attach to pipe without fasteners or adhesive.

Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.

Pipe Label Contents. Include identification of piping service using same designations or
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.

1 Flow-Direction Arrows. Integral with piping system service lettering to accommodate
both directions, or as separate unit on each pipe label to indicate flow direction.

2. Lettering Size: At least 1-1/2 inches high.

DUCT LABELS

Self-adhesive Duct Labels: Printed plastic with contact type, permanent adhesive backing.

Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Duct Label Contents: Include identification of duct service using same designations or
abbreviations as used on Drawings, duct size, and an arrow indicating flow direction.

1 Flow-Direction Arrows: Integral with duct system service lettering to accommodate both
directions, or as separate unit on each duct label to indicate flow direction.
2. Lettering Size: At least 1-1/2 inches high.

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
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2.5

A.

2.6

A.

STENCILS

Stencils: Prepared with letter sizes according to ASME A13.1 for piping; minimum letter
height of 1-1/4 inches for ducts, and minimum letter height of 3/4 inch for access panel and
door labels, equipment labels, and similar operational instructions.

1
2.

3.

Stencil Material: Fiberboard or metal.

Stencil Paint: Exterior, gloss, akyd enamel black unless otherwise indicated. Paint may
be in pressurized spray-can form.

Identification Paint: Exterior, alkyd enamel in colors according to ASME A13.1 unless
otherwise indicated.

WARNING TAGS

Warning Tags. Preprinted or partialy preprinted, accident-prevention tags, of plasticized card
stock with matte finish suitable for writing.

1
2.
3

4.

Size: 3 by 5-1/4 inches minimum.

Fasteners: Brass grommet and wire.

Nomenclature: Large-size primary caption such as "DANGER," "CAUTION," or "DO
NOT OPERATE."

Color: Yellow background with black lettering.

PART 3 - EXECUTION

31

3.2

A.

A.

B.

PREPARATION

Clean piping and equipment surfaces of substances that could impair bond of identification
devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and
encapsulants.

EQUIPMENT LABEL INSTALLATION

Install or permanently fasten labels on each major item of mechanical equipment.

L ocate equipment |abels where accessible and visible.

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
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3.3

34

PIPE LABEL INSTALLATION

Stenciled Pipe Label Option: Stenciled labels may be provided instead of manufactured pipe
labels, at Installer's option. Install stenciled pipe labels with painted, color-coded bands or
rectangles , complying with ASME A13.1, on each piping system.

1 Identification Paint: Use for contrasting background.
2. Stencil Paint: Use for pipe marking.

Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces,
machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and
exterior exposed locations as follows:

1 Near each valve and control device.

2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.
Where flow pattern is not obvious, mark each pipe at branch.

3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.

4, At access doors, manholes, and similar access points that permit view of conceaed
piping.

5. Near major equipment items and other points of origination and termination.

6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 feet in
areas of congested piping and equipment, and above ceilings.

Pipe Label Color Schedule:
1 Gas Piping:

a Background Color: Yellow.
b. Letter Color: Black.

2. HVAC Condensate Drain Piping:
a Background Color: Green.
b. Letter Color: White.
DUCT LABEL INSTALLATION
Install self-adhesive duct labels with permanent adhesive on air ducts in the following color
Blue: For cold-air supply ducts.
Yellow: For hot-air supply ducts.

1
2.
3. Green: For exhaust-, outside-, relief-, return-, and mixed-air ducts.
4 ASME A13.1 Colors and Designs: For hazardous material exhaust.

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
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B. Stenciled Duct Label Option: Stenciled labels, showing service and flow direction, may be
provided instead of plastic-laminated duct labels, at Installer's option.

C.  Locate labels near points where ducts enter into concealed spaces and at maximum intervals of
50 feet in each space where ducts are exposed or 25 feet in areas where concealed by removable
ceiling system.

35 WARNING-TAG INSTALLATION

A.  Write required message on, and attach warning tags to, equipment and other items where

required.

END OF SECTION 230553
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1- GENERAL

11

A.

12

13

w

o 0

m

14

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1 Balancing Air Systems:

a Constant-volume air systems.

DEFINITIONS

AABC: Associated Air Balance Council.

NEBB: National Environmental Balancing Bureau.
TAB: Testing, adjusting, and balancing.

TABB: Testing, Adjusting, and Balancing Bureal.

TAB Specidist: An entity engaged to perform TAB Work.

INFORMATIONAL SUBMITTALS

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

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

Strategies and Procedures Plan: Within 60 days of Contractor's Notice to Proceed, submit TAB
strategies and step-by-step procedures as specified in "Preparation” Article.

Certified TAB reports.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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Instrument calibration reports, to include the following:

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

agrLdE

QUALITY ASSURANCE
TAB Contractor Qualifications: Engage a TAB entity certified by NEBBorTABB.

1 TAB Field Supervisor:  Employee of the TAB contractor and certified by
NEBBorTABB.

2. TAB Technician: Employee of the TAB contractor and who is certified by AABC
NEBBorTABB asaTAB technician.

TAB Conference: Meet with Architect and Owner on approval of the TAB strategies and
procedures plan to develop a mutual understanding of the details. Require the participation of
the TAB field supervisor and technicians. Provide seven days advance notice of scheduled
meeting time and location.

1 Agenda Items:

The Contract Documents examination report.

The TAB plan.

Coordination and cooperation of trades and subcontractors.
Coordination of documentation and communication flow.

cooTw

Certify TAB field data reports and perform the following:

1 Review field data reports to validate accuracy of data and to prepare certified TAB
reports.

2. Certify that the TAB team complied with the approved TAB plan and the procedures
specified and referenced in this Specification.

Instrumentation Type, Quantity, Accuracy, and Calibration: As described in ASHRAE 111,
Section 5, "Instrumentation."

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section7.2.2 - "Air
Balancing."

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

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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A.

B.

COORDINATION

Notice: Provide seven days advance notice for each test. Include scheduled test dates and
times.

Perform TAB after leakage and pressure tests on air distribution systems have been
satisfactorily completed.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

31

3.2

A.

A.

TAB SPECIALISTS
Subject to compliance with requirements, engage one of the following:

1 Air Fluid Management.
2. Balcon
3. Systems Management and Balancing, Inc.

EXAMINATION

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

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

Examine the approved submittals for HV AC systems and equipment.

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

Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to
verify that they meet the leakage class of connected ducts as specified in Section 233113 "Metal
Ducts" and are properly separated from adjacent areas. Verify that penetrationsin plenum walls
are sealed and fire-stopped if required.

Examine equipment performance data including fan curves.
1 Relate performance data to Project conditions and requirements, including system effects

that can create undesired or unpredicted conditions that cause reduced capacitiesin all or
part of a system.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
230593 - 3



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

3.3

34

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

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

Examine test reports specified in individual system and equipment Sections.

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

Examine heat-transfer coils for correct piping connections and for clean and straight fins.
Examine operating safety interlocks and controls on HVAC equipment.

Report deficiencies discovered before and during performance of TAB procedures. Observe
and record system reactions to changes in conditions. Record default set pointsif different from
indicated values.

PREPARATION
Prepare a TAB plan that includes strategies and step-by-step procedures.
Compl ete system-readiness checks and prepare reports. Verify the following:

Permanent el ectrical-power wiring is complete.

Automatic temperature-control systems are operational.

Equipment and duct access doors are securely closed.

Balance, smoke, and fire dampers are open.

Ceilings are installed in critical areas where air-pattern adjustments are required and
access to balancing devicesis provided.

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

gr0OdE

o

GENERAL PROCEDURES FOR TESTING AND BALANCING

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

1 Comply with requirementsin ASHRAE 62.1, Section 7.2.2 - "Air Balancing."

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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Cut insulation, ducts, pipes, and equipment cabinets for instalation of test probes to the
minimum extent necessary for TAB procedures.

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

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

Mark equipment and balancing devices, including damper-control positions, fan-speed-control

levers, and similar controls and devices, with paint or other suitable, permanent identification

material to show final settings.

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

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

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

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

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

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

Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air
dampers through the supply-fan discharge and mixing dampers.

L ocate start-stop and disconnect switches, electrical interlocks, and motor starters.
Verify that motor starters are equipped with properly sized thermal protection.
Check dampersfor proper position to achieve desired airflow path.

Check for airflow blockages.

Check condensate drains for proper connections and functioning.

Check for proper sealing of air-handling-unit components.

Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts.”

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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3.6

PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

Adjust fansto deliver total indicated airflows within the maximum allowable fan speed listed by
fan manufacturer.

1. Measure total airflow.

a Where sufficient space in ducts is unavailable for Pitot-tube traverse
measurements, measure airflow at terminal outlets and inlets and cal cul ate the total
arflow.

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

a Measure outlet static pressure as far downstream from the fan as practica and
upstream from restrictions in ducts such as elbows and transitions.

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

C. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as
possible, upstream from the flexible connection, and downstream from duct
restrictions.

d. Measure inlet static pressure of double-inlet fans through the wall of the plenum
that houses the fan.

3. Measure static pressure across each component that makes up an air-handling unit,
rooftop unit, and other air-handling and -treating equipment.

a Report the cleanliness status of filters and the time static pressures are measured.

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

5. Obtain approval from Architect for adjustment of fan speed higher or lower than
indicated speed. Comply with requirements in HVAC Sections for air-handling units for
adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit
performance.

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

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

1 Measure airflow of submain and branch ducts.
a Where sufficient space in submain and branch ducts is unavailable for Pitot-tube

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

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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3.7

3.8

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

3. Remeasure each submain and branch duct after all have been adjusted. Continue to
adjust submain and branch ducts to indicated airflows within specified tolerances.

Measure air outlets and inlets without making adjustments.

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

Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of
indicated values. Make adjustments using branch volume dampers rather than extractors and
the dampers at air terminals.

1 Adjust each outlet in same room or space to within specified tolerances of indicated
guantities without generating noise levels above the limitations prescribed by the
Contract Documents.

2. Adjust patterns of adjustable outlets for proper distribution without drafts.

PROCEDURES FOR MOTORS
Motors, 1/2 HP and Larger: Test at final balanced conditions and record the following data:

Manufacturer's name, model number, and serial number.
Motor horsepower rating.

Motor rpm.

Efficiency rating.

Nameplate and measured voltage, each phase.
Nameplate and measured amperage, each phase.

Starter thermal -protection-element rating.

NogokrwdpE

Motors Driven by Variable-Frequency Controllers. Test for proper operation at speeds varying
from minimum to maximum. Test the manua bypass of the controller to prove proper
operation. Record observations including name of controller manufacturer, model number,
serial number, and nameplate data.

PROCEDURES FOR HEAT-TRANSFER COILS
Measure, adjust, and record the following data for each refrigerant coil:

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

Air pressure drop.

Refrigerant suction pressure and temperature.

arLODdDE
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3.9

3.10

311

TOLERANCES
Set HVAC system's air flow rates and water flow rates within the following tolerances:

1 Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 percent.
2. Air Outlets and Inlets: Plus or minus 10 percent.

REPORTING

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

FINAL REPORT

General: Prepare a certified written report; tabulate and divide the report into separate sections
for tested systems and balanced systems.

1 Include a certification sheet at the front of the report's binder, signed and sealed by the
certified testing and balancing engineer.
2. Include alist of instruments used for procedures, along with proof of calibration.

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

Fan curves.

Manufacturers test data.

Field test reports prepared by system and equipment installers.

Other information relative to equipment performance; do not include Shop Drawings and
product data.

AW PE

General Report Data: 1n addition to form titles and entries, include the following data:

Title page.

Name and address of the TAB contractor.

Project name.

Project location.

Architect's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB supervisor who certifies the report.
0. Table of Contents with the total number of pages defined for each section of the report.
Number each page in the report.

HBHoOoo~NooOrwWNE
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11.  Summary of contentsincluding the following:

a
b.
C.

Indicated versusfinal performance.

Notable characteristics of systems.

Description of system operation sequence if it varies from the Contract
Documents.

12.  Nomenclature sheets for each item of equipment.
13.  Notesto explain why certain final datain the body of reports vary from indicated values.
14. Test conditions for fans performance forms including the following:

@rpooop

Settings for outdoor-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling coail, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch diameter.
Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

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

Eal SN

Quantities of outdoor, supply, return, and exhaust airflows.
Duct, outlet, and inlet sizes.

Balancing stations.

Position of balancing devices.

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

1. Unit Data:

TS oo

Unit identification.

Location.

Make and type.

Model number and unit size.
Manufacturer's serial number.

Unit arrangement and class.
Discharge arrangement.

Sheave make, size in inches, and bore.
Center-to-center dimensions of sheave, and amount of adjustmentsin inches.
Number, make, and size of belts.
Number, type, and size of filters.

2. Motor Data:

cooTw

Motor make, and frame type and size.
Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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e Sheave make, sizein inches, and bore.
f. Center-to-center dimensions of sheave, and amount of adjustmentsin inches.

3. Test Data (Indicated and Actual Vaues):

Total air flow ratein cfm.

Total system static pressurein inches wg.

Fan rpm.

Discharge static pressure in inches wg.

Filter static-pressure differential in inches wg.
Cooling-coail static-pressure differential in inches wg.
Heating-coil static-pressure differential in inches wg.
Outdoor airflow in cfm.

Return airflow in cfm.

Outdoor-air damper position.

Return-air damper position.

XTI oSQ oo

F.  Apparatus-Coil Test Reports:
1 Coil Data:

System identification.
Location.

Coil type.

Number of rows.

Fin spacing in fins per inch o.c.
Make and model number.

Face areain sg. ft..

Tube sizein NPS.

Tube and fin materials.
Circuiting arrangement.

T T@ o ap T

2. Test Data (Indicated and Actual Vaues):

Air flow ratein cfm.

Average face velocity in fpm.

Air pressure drop in inches wg.

Outdoor-air, wet- and dry-bulb temperaturesin deg F.
Return-air, wet- and dry-bulb temperaturesin deg F.
Entering-air, wet- and dry-bulb temperaturesin deg F.
Leaving-air, wet- and dry-bulb temperaturesin deg F.
Refrigerant expansion valve and refrigerant types.
Refrigerant suction pressurein psig.

Refrigerant suction temperaturein deg F.

T T@ o an T
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G. Gas and Qil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory startup
equipment reports, include the following:

1. Unit Data:

System identification.

Location.

Make and type.

Model number and unit size.

Manufacturer's serial number.

Fuel typein input data.

Output capacity in Btu/h.

Ignition type.

Burner-control types.

Motor horsepower and rpm.

Motor volts, phase, and hertz.

Motor full-load amperage and service factor.
Sheave make, sizein inches, and bore.
Center-to-center dimensions of sheave, and amount of adjustmentsin inches.

SITART TS0 R0 T

2. Test Data (Indicated and Actual Vaues):

Total air flow rate in cfm.

Entering-air temperature in deg F.
Leaving-air temperature in deg F.

Air temperature differential in deg F.
Entering-air static pressure in inches wg.
Leaving-air static pressure in inches wg.
Air static-pressure differential in inches wg.
Low-fire fuel input in Btu/h.
High-fire fuel input in Btu/h.

Manifold pressurein psig.
High-temperature-limit setting in deg F.
Operating set point in Btu/h.

Motor voltage at each connection.
Motor amperage for each phase.
Heating value of fuel in Btu/h.

OCS3ITATITSTQ@ OO T

H.  FanTest Reports: For supply, return, and exhaust fans, include the following:
1. Fan Data:

System identification.
Location.

Make and type.

Model number and size.
Manufacturer's serial number.

Poo T
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f. Arrangement and class.
g. Sheave make, sizein inches, and bore.
h. Center-to-center dimensions of sheave, and amount of adjustmentsin inches.

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, sizein inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustmentsin inches.
Number, make, and size of belts.

@roooo

3. Test Data (Indicated and Actual Vaues):

Total airflow ratein cfm.

Total system static pressurein inches wg.
Fan rpm.

Discharge static pressure in inches wg.
Suction static pressure in inches wag.

Coo T

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

1 Report Data:

System and air-handling-unit number.
Location and zone.

Traverse air temperature in deg F.
Duct static pressure in inches wg.
Duct sizeininches.

Duct areain sq. ft..

Indicated air flow ratein cfm.
Indicated velocity in fpm.

Actual air flow ratein cfm.
Actual average velocity in fpm.
Barometric pressurein psig.

XTI oSQ@ oo

J Instrument Calibration Reports:

1 Report Data:

a Instrument type and make.
b. Serial number.

C. Application.

d. Dates of use.

e

Dates of calibration.

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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3.12 INSPECTIONS

A. Initia Inspection:

1

After testing and balancing are complete, operate each system and randomly check
measurements to verify that the system is operating according to the final test and balance
readings documented in the final report.

Check the following for each system:

a Measure airflow of at least 10 percent of air outlets.

b. Measure room temperature at each thermostat/temperature sensor. Compare the
reading to the set point.

C. Verify that balancing devices are marked with final balance position.

d. Note deviations from the Contract Documents in the final report.

B.  Final Inspection:

1

After initial inspection is complete and documentation by random checks verifies that
testing and balancing are complete and accurately documented in the final report, request
that afinal inspection be made by Architect.

The TAB contractor's test and balance engineer shall conduct the inspection in the
presence of Architect.

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

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

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

C. TAB Work will be considered defective if it does not pass final inspections. If TAB Work fails,
proceed as follows:

1

Recheck all measurements and make adjustments. Revise the final report and balancing
device settings to include all changes; resubmit the final report and request a second final
inspection.

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

D. Preparetest and inspection reports.

END OF SECTION 230593
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SECTION 230713 - DUCT INSULATION

PART 1- GENERAL

11

12

13

14

15

A.

RELATED DOCUMENTS

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

SUMMARY

Section includes insulating the following duct services:

1 Indoor, concealed supply and outdoor air.

2. Indoor, exposed supply and outdoor air.

3. Indoor, concealed return located in unconditioned space.
4, Indoor, exposed return located in unconditioned space.
Related Sections:

1. Section 233113 "Metal Ducts" for duct liners.

ACTION SUBMITTALS

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

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics employed by a company engaged in this type of
work astheir primary business for a minimum of three years.

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

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

DELIVERY, STORAGE, AND HANDLING

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

DUCT INSULATION
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1.7

A.

B.

A.

B.

COORDINATION

Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section
230529 "Hangers and Supports for HYAC Piping and Equipment.”

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

SCHEDULING

Schedule insulation application after pressure testing systems. Insulation application may begin
on segments that have satisfactory test results.

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

PART 2 - PRODUCTS

21

A.

INSULATION MATERIALS

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

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

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.

Insulation materials for use on austenitic stainless steel shall be qualified as acceptable
according to ASTM C 795.

Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
process.

Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 553, Typell and ASTM C 1290, Typelll with factory-applied FSK
jacket or white PSK jacket where indicated on Drawings. Factory-applied jacket requirements
are specified in "Factory-Applied Jackets' Article.

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

a CertainTeed Corp.; SoftTouch Duct Wrap.
b. Johns Manville; Microlite.

DUCT INSULATION
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C. Knauf Insulation; Friendly Feel Duct Wrap.
d. Manson Insulation Inc.; Alley Wrap.
e Owens Corning; SOFTR All-Service Duct Wrap.

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

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

CertainTeed Corp.; Commercia Board.
Johns Manville; 800 Series Spin-Glas.
Knauf Insulation; Insulation Board.
Manson Insulation Inc.; AK Board.
Owens Corning; Fiberglas 700 Series.

Poo T

Mineral-Fiber, Pipe and Tank Insulation: Mineral or glass fibers bonded with a thermaosetting
resin. Semirigid board material with factory-applied ASJ complying with ASTM C 1393,
Typell or TypelllA Category 2, or with properties similar to ASTM C 612, Type IB. Nominal
density is 2.5 Ib/cu. ft. or more. Therma conductivity (k-value) at 100 deg F is 0.29 Btu x in./h
X sg. ft. x deg F or less. Factory-applied jacket requirements are specified in "Factory-Applied
Jackets' Article.

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

a CertainTeed Corp.; CrimpWrap.

b. Johns Manville; MicroFlex.

C. Knauf Insulation; Pipe and Tank Insulation.

d. Manson Insulation Inc.; AK Flex.

e Owens Corning; Fiberglas Pipe and Tank Insulation.
ADHESIVES

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

Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
1 Products: Subject to compliance with requirements, provide one of the following:

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

b. Design Polymerics; DP 2590.

C. Eagle Bridges - Marathon Industries; 225.

d. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-60/85-70.

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

DUCT INSULATION
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C.

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

1

MASTICS

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

a

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

Design Polymerics; DP 2595.

Eagle Bridges - Marathon Industries; 225.

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

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

Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Typell.

Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.

1

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

a
b.

C.

Design Polymerics, DP 3040.

Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-80/30-90.

Vimasco Corporation; 749.

Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.018 perm at 43-mil dry
film thickness.

Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.

Color: White.

Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below ambient services.

1

arowd

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

a

b.

C.

d.

Childers Brand, Speciaty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-30.

Eagle Bridges - Marathon Industries; 501.

Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-35.

Mon-Eco Industries, Inc.; 55-10.

Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
Service Temperature Range: 0 to 180 deg F.

Solids Content: ASTM D 1644, 44 percent by volume and 62 percent by weight.
Color: White.

DUCT INSULATION
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Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below ambient services.

1

arwd

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

a Childers Brand, Speciaty Construction Brands, Inc., a business of H. B. Fuller
Company; Encacel.

b. Eagle Bridges - Marathon Industries; 570.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 60-95/60-96.

Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 30-mil dry film thickness.
Service Temperature Range: Minus 50 to plus 220 deg F.

Solids Content: ASTM D 1644, 33 percent by volume and 46 percent by weight.
Color: White.

Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.

1

arLDd

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

a Childers Brand, Speciaty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-10.

b. Design Palymerics; DP 5050.

C. Eagle Bridges - Marathon Industries; 550.

d. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 46-50.

e Mon-Eco Industries, Inc.; 55-50.

f. Vimasco Corporation; WC-1/WC-5.

Water-Vapor Permeance; ASTM F 1249, 1.0 permsat 0.0625-inch dry film thickness.
Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: 60 percent by volume and 66 percent by weight.

Color: White.

SEALANTS

FSK and Metal Jacket Flashing Sealants:

1

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

a Childers Brand, Speciaty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

b. Eagle Bridges - Marathon Industries; 405.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 95-44.

d. Mon-Eco Industries, Inc.; 44-05.

Materials shall be compatible with insulation materials, jackets, and substrates.

DUCT INSULATION
230713-5



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

25

2.6

3. Fire- and water-resistant, flexible, elastomeric sealant.
4, Service Temperature Range: Minus 40 to plus 250 deg F.
5. Color: Aluminum.

ASJand PSK Flashing Sealants:
1 Products: Subject to compliance with requirements, provide one of the following:

a Childers Brand, Speciaty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.
b. PittSedl; 444.

Materials shall be compatible with insulation materials, jackets, and substrates.
Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: White.

agroDd

FACTORY-APPLIED JACKETS

Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1 ASJ-SSL: ASJwith self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
removable protective strip; complying with ASTM C 1136, Type .

2. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type l.

3. PSK Jacket: Metalized polypropylene film, fiberglass-reinforced scrim with kraft-paper
backing; complying with ASTM C 1136, Typel.

TAPES

ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C 1136.

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

a ABI, Ideal Tape Division; 428 AWF ASJ.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.
c Compac Corporation; 104 and 105.

d Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plug/SQ.

Width: 3 inches.

Thickness: 11.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.

Nogokowd
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B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1

NoakwhN

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

a ABI, Ideal Tape Division; 491 AWF FSK.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
C. Compac Corporation; 110 and 111.

d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

Width: 3inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 |bf/inch in width.

FSK Tape Disks and Squares. Precut disks or squares of FSK tape.

C. PSK Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C 1136.

1

Nogokowd

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

a ABI, Ideal Tape Division; 427 AWF polypropylene.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0850.
C Compac Corporation; 280.

d. Venture Tape.

Width: 3 inches.

Thickness: 10 mils.

Adhesion: 48 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

PSK Tape Disks and Squares: Precut disks or squares of PSK tape.

D.  Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.

1

ok wN

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

a ABI, Ideal Tape Division; 488 AWF.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
C. Compac Corporation; 120.

d. Venture Tape; 3520 CW.

Width: 2 inches.

Thickness: 3.7 mils.

Adhesion: 100 ounces force/inch in width.
Elongation: 5 percent.

Tensile Strength: 34 |bf/inch in width.
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A.

SECUREMENTS

Bands:

1.

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

a ITW Insulation Systems; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015
inch thick, 1/2 inch wide with wing sedl.

Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch
thick, 1/2 inch wide with wing seal.

Insulation Pins and Hangers:

1

Capacitor-Discharge-Weld Pins. Copper- or zinc-coated steel pin, fully annealed for
capacitor-discharge welding, 0.106-inch- diameter shank, length to suit depth of
insulation indicated.

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

1) AGM Industries, Inc.; CWP-1.

2) GEMCQO; CD.

3) Midwest Fasteners, Inc.; CD.

4) Nelson Stud Welding; TPA, TPC, and TPS.

Cupped-Head, Capacitor-Discharge-Weld Pins. Copper- or zinc-coated steel pin, fully
annealed for capacitor-discharge welding, 0.106-inch- diameter shank, length to suit
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.

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

1) AGM Industries, Inc.; CHP-1.

2)  GEMCO; Cupped Head Weld Pin.

3) Midwest Fasteners, Inc.; Cupped Head.
4) Nelson Stud Welding; CHP.

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

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

1) AGM Industries, Inc.; RC-150.

2) GEMCO; R-150.

3) Midwest Fasteners, Inc.; WA-150.
4) Nelson Stud Welding; Speed Clips.

b. Protect ends with capped self-locking washers incorporating a spring steel insert to
ensure permanent retention of cap in exposed locations.

DUCT INSULATION
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C.

D.

Staples: Outward-clinching insulation staples, nomina 3/4-inch- wide, stainless steel or Monel.
Wire: 0.062-inch soft-annealed, stainless steql.

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

a C & FWire.

PART 3 - EXECUTION

31

3.2

3.3

A.

B.

A.

A.

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

1 Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
adversely affect insulation application.

GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, and finishes with smaooth, straight, and even surfaces,
free of voids throughout the length of ducts and fittings. The appearance of finished work shall

be of equal importance as its mechanical correctness and efficiency.

Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for
each item of duct system as specified in insulation system schedules.

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.

Install insulation with longitudinal seams at top and bottom of horizonta runs.

Install multiple layers of insulation with longitudinal and end seams staggered.

Keep insulation materials dry during application and finishing.

DUCT INSULATION
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G. Ingtal insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

H. Install insulation with least number of joints practical.

l. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

1 Install insulation continuoudly through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
and dry film thicknesses.

K. Install insulation with factory-applied jackets as follows:

1 Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to receive
self-sealing lap. Staple laps with outward clinching staples along edge at 4 inches o.c.

a For below ambient services, apply vapor-barrier mastic over staples.

4, Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at
ends adjacent to duct flanges and fittings.

L.  Cutinsulation in a manner to avoid compressing insulation more than 75 percent of its nominal
thickness.

M.  Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

N. Repar damaged insulation facings by applying same facing material over damaged areas.
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar
to butt joints.

DUCT INSULATION
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A.

35

PENETRATIONS

Insulation Installation at Roof Penetrations: Instal insulation continuously through roof
penetrations.

1 Seal penetrations with flashing seal ant.
2. For applications requiring only indoor insulation, terminate insulation above roof surface
and seal with joint sealant.

Insulation Installation a Aboveground Exterior Wall Penetrations: Install insulation
continuously through wall penetrations.

1 Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation inside wall surface
and seal with joint sealant.

Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.

Insulation Installation at Fire-Rated Wall and Partition Penetrations with Dampers. Terminate
insulation at fire damper sleeves for fire-rated wall and partition penetrations. Externally
insulate damper sleeves to match adjacent insulation and overlap duct insulation at least 2
inches.

1 Comply with requirements in Section 078413 "Penetration Firestopping"firestopping and
fire-resistivejoint sealers.

Insulation Installed at Fire-rated Wall and Partition Penetration without Dampers. Install
insulation continuously through walls and partitions.

1 Comply with requirements in Section 078413 "Penetration Firestopping"firestopping and
fire-resistivejoint sealers

INSTALLATION OF MINERAL-FIBER INSULATION
Blanket Insulation Installation on Ducts and Plenums. Secure with insulation pins.

1 Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as
follows:

a On duct sides with dimensions 12 inches and smaller, pins are not required.

b. On duct sides with dimensions larger than 12 inches, place pins at maximum 12
inches o.c. each way, and 3 inches maximum from insulation joints. At a
minimum, all duct sides over 12 inches shall be provided with pins along
longitudinal centerline of duct. Install additional pins to hold insulation tightly
against surface at cross bracing.

C. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

DUCT INSULATION
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d. Do not overcompress insulation during installation.

Impale insulation over pins and attach speed washers.

Cut excess portion of pins extending beyond speed washers. Cover exposed pins
and washers with tape matching insulation facing.

- o

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudina seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment.
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch
o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions.

a Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped
pattern over insulation face, aong butt end of insulation, and over the surface.
Cover insulation face and surface to be insulated a width equal to two times the
insulation thickness, but not less than 3 inches.

Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.
At end joints, secure with steel bands spaced a maximum of 18 inches o.c.

Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Install insulation on round and flat-oval duct elbows with individually
mitered gores cut to fit the elbow.

Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on aternating sides of
gtiffener, hanger, and flange with pins spaced 6 inches o.c.

B.  Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1

2.

Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 50 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as
follows:

a On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 12
inches o.c.

b. On duct sides with dimensions larger than 18 inches, space pins at maximum 12

inches o.c. each way, and 3 inches maximum from insulation joints. Install

additional pinsto hold insulation tightly against surface at cross bracing.

Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

Do not overcompress insulation during installation.

oo
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e Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching insulation
facing.

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment.
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch
o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-
barrier mastic, and sealant at joints, seams, and protrusions.

a Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped
pattern over insulation face, aong butt end of insulation, and over the surface.
Cover insulation face and surface to be insulated a width equal to two times the
insulation thickness, but not less than 3 inches.

Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Groove and score insulation to fit as closely as possible to outside and
inside radius of elbows. Instal insulation on round and flat-oval duct elbows with
individually mitered gores cut to fit the elbow.

Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on aternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

DUCT INSULATION SCHEDULE, GENERAL

Plenums and Ducts Requiring Insulation:

1
2.
3.
4,

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, concealed return located in unconditioned space.
Indoor, exposed return located in unconditioned space.

Items Not Insul ated:

N

©ONO AW

Fibrous-glass ducts.

Metal ducts with duct liner of sufficient thickness to comply with energy code and
ASHRAE/IESNA 90.1.

Factory-insulated flexible ducts.

Factory-insulated plenums and casings.

Flexible connectors.

Vibration-control devices.

Factory-insulated access panels and doors.

Factory-insulated double wall duct.

DUCT INSULATION
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3.7

INDOOR DUCT AND PLENUM INSULATION SCHEDULE

Round, supply-air duct insulation shall be the following:

1 Mineral-Fiber Blanket: 2 inchesthick and 1.5-Ib/cu. ft. nominal density.
Round, return-air duct insulation shall be the following:

1 Mineral-Fiber Blanket: 2 inchesthick and 1.5-Ib/cu. ft. nominal density.
Round, outdoor-air duct insulation shall be the following:

1 Mineral-Fiber Blanket: 1-1/2 inchesthick and 1.5-1b/cu. ft. nominal density.
Rectangular, supply-air duct insulation shall be the following:

1 Mineral-Fiber Blanket: 2 inchesthick and 1.5-Ib/cu. ft. nominal density.
Rectangular, return-air duct insulation shall be the following:

1 Mineral-Fiber Blanket: 2 inchesthick and 1.5-Ib/cu. ft. nominal density.
Rectangular, outdoor-air duct insulation shall be the following:

1 Mineral-Fiber Blanket: 1-1/2 inchesthick and 1.5-1b/cu. ft. nominal density.
Supply-air plenum insulation shall be the following:

1 Mineral-Fiber Board: 1-1/2 inchesthick and 3-Ib/cu. ft. nominal density.
Return-air plenum insulation shall be the following:

1 Mineral-Fiber Board: 1-1/2 inchesthick and 3-Ib/cu. ft. nominal density.
Outdoor-air plenum insulation shall be the following:

1 Mineral-Fiber Board: 1-inch thick and 3-Ib/cu. ft. nominal density.

Round, supply-air duct insulation in equipment rooms and other high abuse areas as noted on
drawings shall be the following:

1 Mineral-Fiber Pipe and Tank: 1-1/2 inches thick.

Round, return-air duct insulation in equipment rooms and other high abuse areas as noted on
drawings shall be the following:

1 Mineral-Fiber Pipe and Tank: 1-1/2 inches thick.

DUCT INSULATION
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L. Round and flat-oval, exhaust-air duct insulation between isolation damper and penetration of
building exterior in equipment rooms and other high abuse areas as noted on drawings shall be
the following:

1 Mineral-Fiber Pipe and Tank: 1-1/2 inches thick.

M.  Rectangular, supply-air duct insulation in equipment rooms and other high abuse areas as noted
on drawings shall be the following:

1 Mineral-Fiber Board: 1-1/2 inchesthick and 3-Ib/cu. ft. nominal density.

N.  Rectangular, return-air duct insulation in equipment rooms and other high abuse areas as noted
on drawings shall be the following:

1 Mineral-Fiber Board: 1-1/2 inchesthick and 3-Ib/cu. ft. nominal density.

O. Rectangular, outdoor-air duct insulation in equipment rooms and other high abuse areas as
noted on drawings shall be the following:

1 Mineral-Fiber Board: 1 inch thick and 3-lb/cu. ft. nominal density.

END OF SECTION 230713
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SECTION 230900 - INSTRUMENTATION AND CONTROL FOR HVAC

PART 1- GENERAL

11

A.

12

13

14

RELATED DOCUMENTS

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

SUMMARY

This Section includes control equipment for HVAC systems and components, including control
components for terminal heating and cooling units not supplied with factory-wired controls.

Related Sections include the following:

1 Section 230993 "Sequence of Operations for HVAC Controls' for requirements that
relate to this Section.

DEFINITIONS

DDC: Direct digita control.

I/O: Input/output.

LonWorks: A control network technology platform for designing and implementing
interoperable control devices and networks.

MS/TP: Master slave/token passing.
PC: Persona computer.
PID: Proportional plusintegral plus derivative.

RTD: Resistance temperature detector.

SYSTEM PERFORMANCE
Comply with the following performance requirements:

1 Graphic Display: Display graphic with minimum 20 dynamic points with current data
within 10 seconds.

2. Graphic Refresh: Update graphic with minimum 20 dynamic points with current data
within 8 seconds.

INSTRUMENTATION AND CONTROL FOR HVAC
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Object Command: Reaction time of less than two seconds between operator command of
abinary object and device reaction.

Object Scan: Transmit change of state and change of analog values to control units or
workstation within six seconds.

Alarm Response Time: Annunciate alarm at workstation within 45 seconds. Multiple
workstations must receive alarms within five seconds of each other.

Program Execution Frequency: Run capability of applications as often as five seconds,
but selected consistent with mechanical process under control.

Performance: Programmable controllers shall execute DDC PID control loops, and scan
and update process values and outputs at least once per second.

Reporting Accuracy and Stability of Control: Report values and maintain measured
variables within tolerances as follows:

Space Temperature: Plusor minus 1 deg F.

Ducted Air Temperature: Plus or minus 1 deg F.

Outside Air Temperature: Plus or minus 2 deg F.

Dew Point Temperature: Plusor minus 3 deg F.

Temperature Differential: Plus or minus 0.25 deg F.

Relative Humidity: Plus or minus 2 percent.

Airflow (Pressurized Spaces): Plusor minus 3 percent of full scale.
Airflow (Measuring Stations): Plus or minus 5 percent of full scale.
Airflow (Terminal): Plus or minus 10 percent of full scale.

Air Pressure (Space): Plus or minus 0.01-inch wg.

Air Pressure (Ducts): Plus or minus 0.1-inch wg.

Carbon Monoxide: Plus or minus 5 percent of reading.

Carbon Dioxide: Plus or minus 50 ppm.

Electrical: Plusor minus 5 percent of reading.

SITARTISQ@ 00T

ACTION SUBMITTALS

Product Data: Include manufacturer's technical literature for each control device. Indicate
dimensions, capacities, performance characteristics, electrica characteristics, finishes for
materials, and installation and startup instructions for each type of product indicated.

1

DDC System Hardware:  Bill of materials of equipment indicating quantity,
manufacturer, and model number. Include technical data for operator workstation
equipment, interface equipment, control units, transducers/transmitters, sensors,
actuators, valves, relays/switches, control panels, and operator interface equipment.
Control System Software: Include technical data for operating system software, operator
interface, color graphics, and other third-party applications.

Controlled Systems.  Instrumentation list with element name, type of device,
manufacturer, model number, and product data. Include written description of sequence
of operation including schematic diagram.

INSTRUMENTATION AND CONTROL FOR HVAC
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Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

Bill of materials of equipment indicating quantity, manufacturer, and model number.
Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control
devices.

Wiring Diagrams. Power, signal, and control wiring.

Details of control panel faces, including controls, instruments, and |abeling.

Written description of sequence of operation.

Schedule of dampersincluding size, leakage, and flow characteristics.

Schedule of valvesincluding flow characteristics.

DDC System Hardware:

N

ONO AW

a Wiring diagrams for control units with termination numbers.

b. Schematic diagrams and floor plans for field sensors and control hardware.

C. Schematic diagrams for control, communication, and power wiring, showing trunk
data conductors and wiring between operator workstation and control unit
locations.

9. Control System Software: List of color graphics indicating monitored systems, data
(connected and calculated) point addresses, output schedule, and operator notations.
10. Controlled Systems:

a Schematic diagrams of each controlled system with control points labeled and
control elements graphically shown, with wiring.

b. Scaled drawings showing mounting, routing, and wiring of elements including
bases and special construction.

C. Written description of sequence of operation including schematic diagram.

d. Pointslist.

Samples for Initial Selection: For each color required, of each type of thermostat or sensor
cover with factory-applied color finishes.

Samplesfor Verification: For each color required, of each type of thermostat or sensor cover.

INFORMATIONAL SUBMITTALS

Data Communications Protocol Certificates: Certify that each proposed DDC system
component complies with ASHRAE 135.

Qudification Data: For Installer and manufacturer.

Software Upgrade Kit: For Owner to use in modifying software to suit future systems revisions
or monitoring and control revisions.

Field quality-control test reports.

INSTRUMENTATION AND CONTROL FOR HVAC
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1.7

1.8

19

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For HVAC instrumentation and control system to include in
emergency, operation, and maintenance manuals. In addition to items specified in Section
017823 "Operation and Maintenance Data," include the following:

1 Maintenance instructions and lists of spare parts for each type of control device

2. Interconnection wiring diagrams with identified and numbered system components and
devices.

3. Keyboard illustrations and step-by-step procedures indexed for each operator function.

4, Inspection period, cleaning methods, cleaning materials recommended, and calibration
tolerances.

5. Cdlibration records and list of set points.
Software and Firmware Operational Documentation: Include the following:

Software operating and upgrade manuals.

Program Software Backup: On acompact disc, complete with data files.

Device address list.

Printout of software application and graphic screens.

Software license required by and installed for DDC workstations and control systems.

arLODdDE

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.
1 Maintenance Materials. One thermostat adjusting key(s).

QUALITY ASSURANCE

Installer Qualifications: Automatic control system manufacturer's authorized representative
who istrained and approved for installation of system components required for this Project.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

Communication Protocol: The DDC system shall be able to communicate with all major open
protocols such as BACnet, LonWorks and Modbus.

Comply with ASHRAE 135 for DDC system components.

INSTRUMENTATION AND CONTROL FOR HVAC
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1.10

111

112

113

DELIVERY, STORAGE, AND HANDLING

Factory-Mounted Components. Where control devices specified in this Section are indicated to
be factory mounted on equipment, arrange for shipping of control devices to equipment
manufacturer.

System Software: Update to latest version of software at Project completion.

COORDINATION

Coordinate location of thermostats, humidistats, and other exposed control sensors with plans
and room details before installation.

Coordinate supply of electrical branch circuits for control units.

OWNERSHIP OF PROPRIETARY MATERIAL

Project-specific software and documentation shall become Owner’s property. Thisincludes, but
isnot limitedto :

Graphics

Record Drawings

Database

Application Programming Code
Documentation

arLODdDE

WARRANTY
Warrant work as follows:

1 Warrant labor and materials for specified control system free from defects for a period of
12 months after final acceptance. Control system failures during warranty period shall be
adjusted, repaired, or replaced at no additional cost or reduction in service to Owner.
Respond during normal business hours within 24 hours of Owner's warranty service
request.

2. Work shall have a single warranty date, even if Owner receives beneficia use due to
early system start-up. If specified work is split into multiple contracts or a multi-phase
contract, each contract or phase shall have a separate warranty start date and period.

3. Provide updates to operator workstation or web server software, project-specific
software, graphic software, database software, and firmware that resolve Contractor-
identified software deficiencies at no charge during warranty period. Do not install
updates or upgrades without Owner's written authorization.

INSTRUMENTATION AND CONTROL FOR HVAC
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PART 2 - PRODUCTS

21 MANUFACTURERS

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

1

Manufacturers. Subject to compliance with requirements, provide products by one of the
manufacturers specified.

2.2 CONTROL SYSTEM

A. Manufacturers:

o~ E

Alerton Inc.

Automated Logic Corporation.

Honeywdll International Inc.; Authorized Controls Integrator
Johnson Controls, Inc.; Controls Group.

Siemens Building Technologies, Inc.

Schneider Electric.

B. Control system shall consist of sensors, indicators, actuators, final control elements, interface
equipment, other apparatus, accessories, and software connected to distributed controllers
operating in multiuser, multitasking environment on token-passing network and programmed to
control mechanical systems. A web based operator interface shall permit interface with the
network via dynamic color graphics with each mechanical system, building floor plan, and
control device depicted by point-and-click graphics.

1

2.

One graphic shall be provided per piece of equipment or occupied zone and graphics that
summarize conditions on each floor of each building included in this contract.

Indicate thermal comfort on floor plan summary graphics using dynamic colors to
represent zone temperature relative to zone setpoint.

Graphics shall allow operator to monitor system status, to view a summary of the most
important data for each controlled zone or piece of equipment, to use point-and-click
navigation between zones or equipment, and to edit setpoints and other specified
parameters.

Graphics shall be able to animate by displaying different image files for changed object
status.

Indicate areas or equipment in an alarm condition using color or other visual indicator.
Graphics shall be saved in an industry-standard format such as BMP, JPEG, or GIF.
Web-based system graphics shall be viewable on browsers compatible with World Wide
Web Consortium browser standards. Web graphic format shall require no plug-in (such
as HTML and JavaScript) or shall only require widely available no-cost plug-ins (such as
Active-X and Macromedia Flash).

INSTRUMENTATION AND CONTROL FOR HVAC
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C.  All controllers and other hardware components shall be of the manufacturer’s latest standard of
design and current technology to achieve the required performance specified in the sequence of
operations.

D. Controllers shal be capable of stand-alone operation regardless of network status.

2.3 DDC EQUIPMENT
1 Application Software:

1/O capability from operator station.

System security for each operator via software password and access levels.
Automatic system diagnostics; monitor system and report failures.

Database creation and support.

Automatic and manual database save and restore.

Dynamic color graphic displays with up to 10 screen displays at once.
Custom graphics generation and graphics library of HVAC equipment and
symbols.

Alarm processing, messages, and reactions.

Trend logs retrievable in spreadsheets and database programs.

Alarm and event processing.

Object and property status and control.

Automatic restart of field equipment on restoration of power.

Data collection, reports, and logs. Include standard reports for the following:

I3 CTARTTS @0 o

1) Current values of all objects.
2) Current alarm summary.

3) Disabled objects.

4)  Alarm lockout objects.

5) Logs.

Custom report devel opment.

Utility and weather reports.

Workstation application editors for controllers and schedul es.
M aintenance management.

LT OS>

2. Custom Application Software:

a English language oriented.

b. Full-screen character editor/programming environment.

C. Allow development of independently executing program modules with
debugging/simulation capability.

d. Support conditional statements.

e Support floating-point arithmetic with mathematic functions.

f Contains predefined time variables.

INSTRUMENTATION AND CONTROL FOR HVAC
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ELECTRONIC SENSORS

Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as
required.

Thermistor Temperature Sensors and Transmitters:

1

Eal S

© N

Manufacturers (In addition to control system manufacturer):

BEC Controls Corporation.
Ebtron, Inc.

Heat-Timer Corporation.
[.T.M. Instruments Inc.
MAMAC Systems, Inc.
RDF Corporation.

~oQ0oTe

Accuracy: Plusor minus 0.36 deg F at calibration point.

Wire: Twisted, shielded-pair cable.

Insertion Elements in Ducts: Single point, 8 inches long; use where not affected by
temperature stratification or where ducts are smaller than 9 sg. ft.

Averaging Elements in Ducts: 18 inches long, rigid; use where prone to temperature
stratification or where ducts are larger than 10 sq. ft.

Room Sensor Cover Construction: Manufacturer's standard locking covers.

Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.

Room Security Sensors: Stainless-steel cover plate with insulated back and security
Screws.

RTDs and Transmitters (In addition to control system manufacturer):

1

Eall S

© N

Manufacturers;

a BEC Controls Corporation.
b. MAMAC Systems, Inc.
C. RDF Corporation.

Accuracy: Plusor minus 0.2 percent at calibration point.

Wire: Twisted, shielded-pair cable.

Insertion Elements in Ducts: Single point, 8 incheslong; use where not affected by
temperature stratification or where ducts are smaller than 9 sg. ft..

Averaging Elements in Ducts: 18 inches long, rigid; use where prone to temperature
stratification or where ducts are larger than 9 sg. ft.; length as required.

Room Sensor Cover Construction: Manufacturer's standard locking covers.

Outside-Air Sensors. Watertight inlet fitting, shielded from direct sunlight.

Room Security Sensors: Stainless-steel cover plate with insulated back and security
Screws.

INSTRUMENTATION AND CONTROL FOR HVAC
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D.  Humidity Sensors: Bulk polymer sensor element.

1

agroDd

o

Manufacturers (In addition to control system manufacturer):

BEC Controls Corporation.
Genera Eastern Instruments.
MAMAC Systems, Inc.
ROTRONIC Instrument Corp.
TCS/Basys Controls.

Vaisaa

~oQ0oTe

Accuracy: 2 percent full range with linear output.

Room Sensor Range: 20 to 80 percent relative humidity.

Room Sensor Cover Construction: Manufacturer's standard locking covers.

Duct Sensor: 20 to 80 percent relative humidity range with element guard and mounting
plate.

Outside-Air Sensor: 20 to 80 percent relative humidity range with mounting enclosure,
suitable for operation at outdoor temperatures of minus 22 to plus 185 deg F.

Duct and Sensors: With element guard and mounting plate, range of O to 100 percent
relative humidity.

E. Pressure Transmitters/Transducers:

1

Manufacturers (In addition to control system manufacturer):

a BEC Controls Corporation.

b. Genera Eastern Instruments.
C. MAMAC Systems, Inc.

d. ROTRONIC Instrument Corp.
e TCS/Basys Controls.

f. Vaisaa

0.

Veris Industries

Static-Pressure Transmitter:  Nondirectional sensor with suitable range for expected
input, and temperature compensated.

Accuracy: 2 percent of full scale with repeatability of 0.5 percent.
Output: 4to 20 mA.

Building Static-Pressure Range: 0- to 0.25-inch wg.

Duct Static-Pressure Range: 0- to 5-inch wag.

coow

Differential-Pressure Switch (Air or Water): Snap acting, with pilot-duty rating and with
suitable scale range and differential.

F. Room Sensor Cover Construction: Manufacturer's standard locking covers.

INSTRUMENTATION AND CONTROL FOR HVAC
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2.6

Room sensor accessories include the following:

1 Insulating Bases: For sensors located on exterior walls.
2. Guards: Locking, solid metal, ventilated.
3. Adjusting Key: Asrequired for calibration and cover screws.

STATUS SENSORS

Status Inputs for Fans: Differential-pressure switch with pilot-duty rating and with adjustable
range of O- to 5-inch wg.

Status Inputs for Electric Motors. Comply with 1SA 50.00.01, current-sensing fixed- or split-
core transformers with self-powered transmitter, adjustable and suitable for 175 percent of rated
motor current.

Voltage Transmitter (100- to 600-V ac): Comply with ISA 50.00.01, single-loop, self-powered
transmitter, adjustable, with suitable range and 1 percent full-scale accuracy.

Power Monitor: 3-phase type with disconnect/shorting switch assembly, listed voltage and
current transformers, with pulse kilowatt hour output and 4- to 20-mA kW output, with
maximum 2 percent error at 1.0 power factor and 2.5 percent error at 0.5 power factor.

Current Switches: Self-powered, solid-state with adjustable trip current, selected to match
current and system output requirements.

Electronic Valve/Damper Position Indicator: Visual scale indicating percent of travel and 2- to
10-V dc, feedback signal.

1 Manufacturers:
a BEC Controls Corporation.
b. [.T.M. Instruments Inc.
GASDETECTION EQUIPMENT
Manufacturers:
1 Critical Environment Technol ogies, Canada, Inc.
2 Honeywell Analytics.
3.
Hydrogen Gas Detectors. Single detectors utilizing electro-chemical or solid-state sensor;

suitable over a temperature range of 32 to 110 deg F. MS/TP BACnet communication
transmitter. Provide remote alarm horn and strobe to be activated by BAS.

INSTRUMENTATION AND CONTROL FOR HVAC
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2.7

2.8

ACTUATORS
Electronic Actuators. Direct-coupled type designed for minimum 60,000 full-stroke cycles at
rated torque.
1 Manufacturers:
a Belimo Aircontrols (USA), Inc.
b. Honeywell.
C. Johnson Controls.
d. Siemens.
2. Dampers. Size for running torque calculated as follows:
a Parallel-Blade Damper with Edge Seals: 7 inch-lb/sg. ft. of damper.
b. Opposed-Blade Damper with Edge Seals: 5 inch-lb/sg. ft. of damper.
C. Parallel-Blade Damper without Edge Seals: 4 inch-Ib/sg. ft of damper.
d. Opposed-Blade Damper without Edge Seals: 3 inch-lb/sg. ft. of damper.
e Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 to 2500
fpm: Increase running torque by 1.5.
f. Dampers with 3- to 4-Inch wg of Pressure Drop or Face Velocities of 2500 to 3000
fpm: Increase running torque by 2.0.
3. Coupling: V-bolt and V-shaped, toothed cradle.
4, Overload Protection: Electronic overload or digital rotation-sensing circuitry.
5. Fail-Safe Operation: Mechanical, spring-return mechanism. Provide external, manual
gear release on nonspring-return actuators.
6. Power Requirements (Two-Position Spring Return): 120-V ac.
7. Power Requirements (Modulating): Maximum 10 VA at 24-V ac or 8 W at 24-V dc.
8 Proportional Signal: 2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback
signal.
9. Temperature Rating: Minus 22 to plus 122 deg F.
10. Temperature Rating (Smoke Dampers): Minus 22 to plus 250 deg F.
11. RunTime 120 seconds.
DAMPERS
Manufacturers:
1 Air Balance Inc.
2. Greenheck
3. Honeywell
4. Ruskin.
5. TAMCO (T. A. Morrison & Co. Inc.).
6. United Enertech Corp.
7. Vent Products Company, Inc.

INSTRUMENTATION AND CONTROL FOR HVAC
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2.9

B.

A.

Dampers. AMCA-rated, opposed-blade design; 0.108-inch- minimum thick, galvanized-steel or
0.125-inch- minimum thick, extruded-aluminum frames with holes for duct mounting; damper
blades shall not be less than 0.064-inch- thick galvanized steel with maximum blade width of 8
inches and length of 48 inches.

1 Secure blades to 1/2-inch- diameter, zinc-plated axles using zinc-plated hardware, with
oil-impregnated sintered bronze blade bearings, blade-linkage hardware of zinc-plated
steel and brass, ends sealed against spring-stainless-steel blade bearings, and thrust
bearings at each end of every blade.

2. Operating Temperature Range: From minus 40 to plus 200 deg F.

3. Edge Seals, Standard Pressure Applications: Closed-cell neoprene.

4, Edge Seals, Low-Leakage Applications. Use inflatable blade edging or replaceable
rubber blade seals and spring-loaded stainless-steel side seals, rated for leakage at less
than 10 cfm per sg. ft. of damper area, at differential pressure of 4-inch wg when damper
is held by torque of 50 in. x |bf; when tested according to AMCA 500D.

CONTROL CABLE

Electronic cables for control wiring are specified in Section 271500 "Communications
Horizontal Cabling."

PART 3 - EXECUTION

31

A.

B.

C.

D.

EXAMINATION
Verify that power supply is available to control units and operator workstation.

Verify that duct-, pipe-, and equipment-mounted devices are instaled before proceeding with
installation.

Coordination with Other Controls. Integrate with and coordinate controls and control devices
furnished or installed by others as follows.

1 Each supplier of a controls product shall configure, program, start up, and test that
product to meet the sequences of operation described regardiess of where within the
contract documents those products are described.

2. Coordinate and resolve incompatibility issues that arise between control products
provided under this section and those provided under other sections or divisions of this
specification.

3. Controls Contractor shall be responsible for integration of control products provided by
multiple suppliers regardless of where integration is described within the contract
documents.

Coordinate and schedule work with other work in the same area and with work dependent upon
other work to facilitate mutual progress.

INSTRUMENTATION AND CONTROL FOR HVAC
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3.2

3.3

Assist in coordinating space conditions to accommodate the work of each trade where work will
be installed near or will interfere with work of other trades. If installation without coordination
causes interference with work of other trades, Contractor shall correct conditions without extra
charge.

INSTALLATION

Install software in control units and operator workstation(s). Implement al features of
programs to specified requirements and as appropriate to sequence of operation.

Connect and configure equipment and software to achieve sequence of operation specified.

Verify location of thermostats, humidistats, and other exposed control sensors with Drawings
and room details before installation. Install devices 48 inches above the floor.

1 Install averaging elementsin ducts and plenumsin crossing or zigzag pattern.
Install guards on thermostatsin the following locations:

1. Entrances.

2. Public areas.

3. Where indicated.

Install automatic dampers according to Section 233300 "Air Duct Accessories."

Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor
temperatures.

Install labels and nameplates to identify control components according to Section 230553
"Identification for HVAC Piping and Equipment.”

Install duct volume-control dampers according to Section 233113 "Metal Ducts."

Install electronic cables according to Section 271500 "Communications Horizontal Cabling."

ELECTRICAL WIRING AND CONNECTION INSTALLATION

Install raceways, boxes, and cabinets according to Section 260519 "Raceways and Boxes for
Electrical Systems."

Install building wire and cable according to Section 260519 "Low-Voltage Electrical Power
Conductors and Cables."

INSTRUMENTATION AND CONTROL FOR HVAC
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Install signal and communication cable according to Section 271500 "Communications
Horizontal Cabling.”

1 Conceal cable, except in mechanical rooms and areas where other conduit and piping are
exposed.

2. Install exposed cablein raceway.

3. Install concealed cable in raceway.

4, Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against
abrasion. Tieand support conductors.

5. Number-code or color-code conductors for future identification and service of control
system, except local individual room control cables.

6. Install wire and cable with sufficient slack and flexible connections to alow for vibration
of equipment.

Connect manual-reset limit controls independent of manual-control switch positions.

Connect hand-off-auto selector switches to override automatic interlock controls when switch is
in hand position.

FIELD QUALITY CONTROL

Manufacturer's Field Servicee  Engage a factory-authorized service representative to
inspect, test, and adjust field-assembled components and equipment installation, including
connections, and to assist in field testing. Report resultsin writing.

Perform the following field tests and inspections and prepare test reports:

1 Operational Test: After electrical circuitry has been energized, start units to confirm
proper unit operation. Remove and replace malfunctioning units and retest.

2. Test and adjust controls and safeties.

3. Test calibration of electronic controllers by disconnecting input sensors and simulating
operation with compatible signal generator.

4, Test each point through its full operating range to verify that safety and operating control
set points are as required.

5. Test each control l1oop to verify stable mode of operation and compliance with sequence
of operation. Adjust PID actions.

6. Test each system for compliance with sequence of operation.

7 Test software and hardware interlocks.

DDC Verification:

1 Verify that instruments are installed before calibration, testing, and loop or leak checks.

2. Check instruments for proper location and accessibility.

3 Check instrument installation for direction of flow, elevation, orientation, insertion depth,
and other applicable considerations.

4, Check instrument tubing for proper fittings, slope, material, and support.

5. Check temperature instruments and material and length of sensing elements.

INSTRUMENTATION AND CONTROL FOR HVAC
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Check control dampers. Verify that proper blade alignment, either parallel or opposed,
has been provided.
Check DDC system asfollows:

a Verify that DDC controller power supply is from emergency power supply, if
applicable.

b. Verify that wires at control panels are tagged with their service designation and
approved tagging system.

C. Verify that spare 1/0O capacity has been provided.

d. Verify that DDC controllers are protected from power supply surges.

Replace damaged or malfunctioning controls and equipment and repeat testing procedures.

ADJUSTING

Calibrating and Adjusting:

1
2.

3.

Calibrate instruments.

Make three-point calibration test for both linearity and accuracy for each analog
instrument.

Calibrate equipment and procedures using manufacturer's written recommendations and
instruction manuals. Use test equipment with accuracy at least double that of instrument
being calibrated.

Control System Inputs and Outputs:

Check analog inputs at 0, 50, and 100 percent of span.

Check analog outputs using milliampere meter at 0, 50, and 100 percent output.
Check digital inputs using jumper wire.

Check digital outputs using ohmmeter to test for contact making or breaking.
Check resistance temperature inputs at 0, 50, and 100 percent of span using a
precision-resistant source.

Coo T

Temperature:

a Cdlibrate resistance temperature transmitters at 0, 50, and 100 percent of span
using a precision-resi stance source.
b. Calibrate temperature switches to make or break contacts.

Stroke and adjust dampers without positioners, following the manufacturer's
recommended procedure, so that damper is 100 percent open and closed.

Stroke and adjust dampers with positioners, following manufacturer's recommended
procedure, so that damper is 0, 50, and 100 percent closed.

Provide diagnostic and test instruments for calibration and adjustment of system.

Provide written description of procedures and equipment for calibrating each type of
instrument. Submit procedures review and approval before initiating startup procedures.

Adjust initial temperature and humidity set points.

INSTRUMENTATION AND CONTROL FOR HVAC
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C.  Occupancy Adjustments: When requested within 12 months of date of Substantial Completion,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to
three visits to Project during other than normal occupancy hours for this purpose.

3.6 DEMONSTRATION
A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to

adjust, operate, and maintain HVAC instrumentation and controls. Refer to Section 017900
"Demonstration and Training."

END OF SECTION 230900
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SECTION 231123 - FACILITY NATURAL-GASPIPING

PART 1- GENERAL

11

12

13

14

A.

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Pipes, tubes, and fittings.

Piping specialties.

Piping and tubing joining materials.
Valves.

Pressure regulators.

agrODdDE

DEFINITIONS

Finished Spaces. Spaces other than mechanical and electrical equipment rooms, furred spaces,
pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings,
unexcavated spaces, crawlspaces, and tunnels.

Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied
spaces and mechanical equipment rooms.

Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient
temperatures and weather conditions. Examples include rooftop locations.

PERFORMANCE REQUIREMENTS

Minimum Operating-Pressure Ratings:

1 Piping and Valves: 100 psig minimum unless otherwise indicated.

Natural-Gas System Pressures within Buildings: Two pressure ranges. Primary pressure is

more than 2 psig but not more than 5 psig, and is reduced to secondary pressure of more than
0.5 psig but not more than 2 psig.

FACILITY NATURAL-GASPIPING
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16

17

18

19

ACTION SUBMITTALS

Product Data: For each type of the following:

1 Piping specialties.

2. Valves. Include pressure rating, capacity, settings, and electrica connection data of
selected models.

3. Pressure regulators. Indicate pressure ratings and capacities.

INFORMATIONAL SUBMITTALS

Field quality-control reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For pressure regulators to include in emergency, operation,
and maintenance manuals.

QUALITY ASSURANCE

Steel Support Welding Qualifications: Qualify procedures and personnel according to
AWS D1.1/D1.1M, "Structural Welding Code - Steel."

Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and
Pressure Vessel Code.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for intended |ocation and application.
DELIVERY, STORAGE, AND HANDLING

Handling Flammable Liquids: Remove and dispose of liquids from existing natural-gas piping
according to requirements of authorities having jurisdiction.

Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping,
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and
moisture.

Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging
coating, and protect from direct sunlight.

FACILITY NATURAL-GASPIPING
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PART 2 -

21

A.

PROJECT CONDITIONS

Interruption of Existing Natural-Gas Service: Do not interrupt natural-gas service to facilities
occupied by Owner or others unless permitted under the following conditions and then only
after arranging to provide purging and startup of natural-gas supply according to requirements
indicated:

1.

2.

Notify Owner no fewer than two days in advance of proposed interruption of natural-gas
service.
Do not proceed with interruption of natural-gas service without Owner's written

permission.

COORDINATION

Coordinate requirements for access panels and doors for valves installed concealed behind
finished surfaces. Comply with requirementsin Section 083113 "Access Doors and Frames."

PRODUCTS

PIPES, TUBES, AND FITTINGS

Steel Pipe: ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B.

1
2.

3.

Malleable-Iron Threaded Fittings:. ASME B16.3, Class 150, standard pattern.
Wrought-Steel Welding Fittings: ASTM A 234/A 234M for butt welding and socket
welding.

Unions. ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint,
and threaded ends.

Forged-Steel Flanges and Flanged Fittings:. ASME B16.5, minimum Class 150,
including bolts, nuts, and gaskets of the following material group, end connections, and
facings:

Material Group: 1.1.

End Connections. Threaded or butt welding to match pipe.

Lapped Face: Not permitted underground.

Gasket Materials: ASME B16.20, metallic, flat, asbestos free, aluminum o-rings,
and spiral-wound metal gaskets.

e Bolts and Nuts. ASME B18.2.1, carbon steel aboveground and stainless steel
underground.

oo oTw
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2.3

24

PIPING SPECIALTIES
Y -Pattern Strainers:

1. Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.

2. End Connections. Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and
larger.

3. Strainer Screen: 40-mesh startup strainer, and perforated stainless-steel basket with 50
percent free area.

4, CWP Rating: 125 psig.

Weatherproof Vent Cap: Cast- or malleable-iron increaser fitting with corrosion-resistant wire
screen, with free area at least equal to cross-sectional area of connecting pipe and threaded-end
connection.

JOINING MATERIALS
Joint Compound and Tape: Suitable for natural gas.

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

MANUAL GAS SHUTOFF VALVES

See "Aboveground Manua Gas Shutoff Valve Schedule" Articles for where each valve type is
applied in various services.

General Requirements for Metallic Valves, NPS 2 and Smaller: Comply with ASME B16.33.

1. CWP Rating: 125 psig.

2. Threaded Ends: Comply with ASME B1.20.1.

3 Tamperproof Feature: Locking feature for valves indicated in "Aboveground Manual
Gas Shutoff Valve Schedul€" Articles.

4, Listing: Listed and labeled by an NRTL acceptable to authorities having jurisdiction for
valves 1 inch and smaller.

5. Service Mark: Valves 1-1/4 inches to NPS 2 shall have initials "WOG" permanently
marked on valve body.

Genera Requirements for Metdlic Vaves, NPS2-1/2 and Larger: Comply with
ASME B16.38.

1. CWP Rating: 125 psig.

2. Flanged Ends. Comply with ASME B16.5 for steel flanges.

3 Tamperproof Feature: Locking feature for valves indicated in "Aboveground Manual
Gas Shutoff Valve Schedul€" Articles.

4, Service Mark: Initials "WOG" shall be permanently marked on valve body.

FACILITY NATURAL-GASPIPING
231123-4



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

D. Two-Piece, Full-Port, Bronze Ball Vaveswith Bronze Trim: MSS SP-110.

1

NogokwWN

© ©

10.

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

BrassCraft Manufacturing Company; a Masco company.
Conbraco Industries, Inc.; Apollo Div.

Lyal, R. W. & Company, Inc.

McDonald, A. Y. Mfg. Co.

Perfection Corporation; a subsidiary of American Meter Company.

Poo T

Body: Bronze, complying with ASTM B 584.

Ball: Chrome-plated bronze.

Stem: Bronze; blowout proof.

Seats. Reinforced TFE; blowout proof.

Packing: Threaded-body packnut design with adjustable-stem packing.

Ends: Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff
Valve Schedule" and " Aboveground Manual Gas Shutoff VValve Schedule" Articles.

CWP Rating: 600 psig.

Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

Service: Suitable for natural-gas service with "WOG" indicated on valve body.

E. Bronze Plug Valves. MSS SP-78.

1

Nowu

8.

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

a Lee Brass Company.
b. McDonald, A. Y. Mfg. Co.

Body: Bronze, complying with ASTM B 584.

Plug: Bronze.

Ends: Threaded, socket, or flanged as indicated in "Aboveground Manua Gas Shutoff
Valve Schedule" Articles.

Operator: Square head or lug type with tamperproof feature where indicated.

Pressure Class: 125 psig.

Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

Service: Suitable for natural-gas service with "WOG" indicated on valve body.

F. Cast-Iron, Nonlubricated Plug Valves: MSS SP-78.

1

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

a McDonald, A. Y. Mfg. Co.
b. Mueller Co.; Gas Products Div.
C. Xomox Corporation; a Crane company.

FACILITY NATURAL-GASPIPING
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10.

Body: Castiron, complying with ASTM A 126, Class B.

Plug: Bronze or nickel-plated cast iron.

Seat: Coated with thermoplastic.

Stem Seal: Compatible with natural gas.

Ends: Threaded or flanged as indicated in "Aboveground Manual Gas Shutoff Valve
Schedule" Articles.

Operator: Square head or lug type with tamperproof feature where indicated.

Pressure Class: 125 psig.

Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

Service: Suitable for natural-gas service with "WOG" indicated on valve body.

PRESSURE REGULATORS

General Requirements:

Eal A

Single stage and suitable for natural gas.

Steel jacket and corrosion-resistant components.

Elevation compensator.

End Connections. Threaded for regulators NPS 2 and smaller; flanged for regulators
NPS 2-1/2 and larger.

Line Pressure Regulators: Comply with ANSI Z21.80.

1

agrLDN

©o N

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

Actaris.

American Meter Company.

Eclipse Combustion, Inc.

Fisher Control Valves and Regulators; Division of Emerson Process Management.
Invensys.

Maxitrol Company.

Richards Industries; Jordan Valve Div.

@roooo

Body and Diaphragm Case: Cast iron or die-cast aluminum.

Springs: Zinc-plated steel; interchangeable.

Diaphragm Plate: Zinc-plated stedl.

Seat Disc: Nitrile rubber resistant to gas impurities, abrasion, and deformation at the
valve port.

Orifice: Aluminum; interchangeable.

Seal Plug: Ultraviolet-stabilized, mineral-filled nylon.

Single-port, self-contained regulator with orifice no larger than required at maximum
pressure inlet, and no pressure sensing piping externa to the regulator.

Pressure regulator shall maintain discharge pressure setting downstream, and not exceed
150 percent of design discharge pressure at shutoff.

FACILITY NATURAL-GASPIPING
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2.6

C.

A.

10. Overpressure Protection Device: Factory mounted on pressure regulator.

11. Atmospheric Vent: Factory- or field-installed, stainless-steel screen in opening if not
connected to vent piping.

12.  Maximum Inlet Pressure: 5 psig.

Appliance Pressure Regulators. Comply with ANSI Z221.18.

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

Canadian Meter Company Inc.
Eaton Corporation; Controls Div.
Harper Wyman Co.

Maxitrol Company.

SCP, Inc.

Poo T

Body and Diaphragm Case: Die-cast aluminum.

Springs: Zinc-plated stedl; interchangeable.

Diaphragm Plate: Zinc-plated stedl.

Seat Disc: Nitrile rubber.

Seal Plug: Ultraviolet-stabilized, mineral-filled nylon.

Factory-Applied Finish: Minimum three-layer polyester and polyurethane paint finish.
Regulator may include vent limiting device, instead of vent connection, if approved by
authorities having jurisdiction.

Maximum Inlet Pressure: 5 psig.

ONOARWDN

©

LABELING AND IDENTIFYING

Detectable Warning Tape: Acid- and akali-resistant, PE film warning tape manufactured for
marking and identifying underground utilities, a minimum of 6 inches wide and 4 mils thick,
continuously inscribed with a description of utility, with metallic core encased in a protective
jacket for corrosion protection, detectable by metal detector when tape is buried up to 30 inches
deep; colored yellow.

PART 3 - EXECUTION

31

A.

B.

EXAMINATION

Examine roughing-in for natural-gas piping system to verify actua locations of piping
connections before equipment installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

FACILITY NATURAL-GASPIPING
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3.2

3.3

A.

I o m

PREPARATION
Close equipment shutoff valves before turning off natural gas to premises or piping section.

Inspect natural-gas piping according to NFPA 54 and local codes to determine that natural-gas
utilization devices are turned off in piping section affected.

Comply with NFPA 54 and local code requirements for prevention of accidental ignition.

INDOOR PIPING INSTALLATION
Comply with NFPA 54 and local codes for installation and purging of natural-gas piping.

Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Indicated locations and arrangements are used to size pipe and calculate friction loss,
expansion, and other design considerations. Install piping as indicated unless deviations to
layout are approved on Coordination Drawings.

Arrange for pipe spaces, chases, dots, seeves, and openings in building structure during
progress of construction, to alow for mechanical installations.

Install piping in concealed locations unless otherwise indicated and except in equipment rooms
and service aress.

Install piping at right angles or paralel to building walls. Diagonal runs are prohibited unless
specifically indicated otherwise.

Install piping above accessible ceilingsto allow sufficient space for ceiling panel removal.
Locate valves for easy access.

Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps.
Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Verify final equipment locations for roughing-in.

Comply with requirements in Sections specifying gas-fired appliances and equipment for
roughing-in requirements.

Drips and Sediment Traps. Install drips at points where condensate may collect, including
service-meter outlets. Locate where accessible to permit cleaning and emptying. Do not install
where condensate is subject to freezing.

1 Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped.
Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches long and
same size as connected pipe. Install with space below bottom of drip to remove plug or

cap.

FACILITY NATURAL-GASPIPING
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Extend relief vent connections for service regulators, line regulators, and overpressure
protection devices to outdoors and terminate with weatherproof vent cap.

Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or
floors, and in floor channels unless indicated to be exposed to view.

Concedled Location Instalations: Except as specified below, install concealed natural-gas
piping and piping installed under the building in containment conduit constructed of steel pipe
with welded joints as described in Part 2. Install a vent pipe from containment conduit to
outdoors and terminate with weatherproof vent cap.

1 Above Accessible Ceilings: Natural-gas piping, fittings, valves, and regulators may be
installed in accessible spaces without containment conduit.

2. In Walls or Partitions: Protect tubing installed inside partitions or hollow walls from
physical damage using steel striker barriers at rigid supports.

a Exception: Tubing passing through partitions or walls does not require striker
barriers.

3. Prohibited Locations:

a Do not install natural-gas piping in or through circulating air ducts, clothes or trash
chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or elevator
shafts.

b. Do not install natural-gas piping in solid walls or partitions.

Connect branch piping from top or side of horizonta piping.

Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each
piece of equipment. Unions are not required at flanged connections.

Do not use natural-gas piping as grounding el ectrode.

Install deeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
for sleeves specified in Section 230517 "Sleeves and Sleeve Sealsfor HVAC Piping.”

Install sleeve sedls for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC
Piping."

Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 235018 "Escutcheons for HVAC Piping."
SERVICE-METER ASSEMBLY INSTALLATION

Install metal bollards to protect meter assemblies.

FACILITY NATURAL-GASPIPING
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3.6

3.7

VALVE INSTALLATION

Install manual gas shutoff valve for each gas appliance ahead of connector.

Install regulators and overpressure protection devices with maintenance access space adequate
for servicing and testing.

PIPING JOINT CONSTRUCTION

Ream ends of pipes and tubes and remove burrs.

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

Threaded Joints:

1 Thread pipe with tapered pipe threads complying with ASME B1.20.1.

2. Cut threads full and clean using sharp dies.

3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.

4, Apply appropriate tape or thread compound to external pipe threads unless dryseal

threading is specified.

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

1 Construct joints according to AWS D10.12/D10.12M, using qualified processes and
welding operators.

2. Bevel plain ends of steel pipe.

3. Patch factory-applied protective coating as recommended by manufacturer at field welds
and where damage to coating occurs during construction.

Flanged Joints: Install gasket material, size, type, and thickness appropriate for natural-gas
service. Install gasket concentrically positioned.
HANGER AND SUPPORT INSTALLATION

Comply with regquirements for pipe hangers and supports specified in Section 230529 "Hangers
and Supports for HVAC Piping and Equipment.”

Install hangers for horizontal steel piping with the following maximum spacing and minimum
rod sizes:

1. NPS 1 and Smaller: Maximum span, 96 inches; minimum rod size, 3/8 inch.
2. NPS 1-1/4: Maximum span, 108 inches; minimum rod size, 3/8 inch.

FACILITY NATURAL-GASPIPING
231123-10



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

3.8
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3.10

311

3. NPS 1-1/2 and NPS 2: Maximum span, 108 inches; minimum rod size, 3/8 inch.
4. NPS 2-1/2 to NPS 3-1/2: Maximum span, 10 feet; minimum rod size, 1/2 inch.
5. NPS 4 and Larger: Maximum span, 10 feet; minimum rod size, 5/8 inch.

CONNECTIONS
Install piping adjacent to appliances to allow service and maintenance of appliances.

Connect piping to appliances using manual gas shutoff valves and unions. Install valve within
72 inches of each gasfired appliance and equipment. Install union between vave and
appliances or equipment.

Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as
practical to inlet of each appliance.

LABELING AND IDENTIFYING

Comply with requirements in Section 230553 "Identification for HYAC Piping and Equipment"
for piping and valve identification.

Install detectable warning tape directly above gas piping, 12 inches below finished grade,
except 6 inches below subgrade under pavements and slabs.

PAINTING

Paint exposed, exterior metal piping, valves, service regulators, service meters and meter bars,
and piping specialties, except components, with factory-applied paint or protective coating.

1. Alkyd System: MPI EXT 5.1D.

Prime Coat: Alkyd anticorrosive metal primer.

Intermediate Coat: Exterior akyd enamel matching topcoat.
Topcoat: Exterior alkyd enamel (semigloss).

Color: Gray.

cooTw

FIELD QUALITY CONTROL

Notify Architect and Owner no fewer than two (2) days in advance of testing to allow for
observation of tests.

Perform tests and inspections.
Tests and Inspections:

1 Test, ingpect, and purge natural gas according to NFPA 54, local codes, and authorities
having jurisdiction.

FACILITY NATURAL-GASPIPING
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D. Natural-gas piping will be considered defective if it does not pass tests and inspections.

E. Prepare test and inspection reports.

3.12 OUTDOOR PIPING SCHEDULE
A.  Aboveground natural-gas piping NPS 2 (DN 50) and smaller shall be the following:
1 Steel pipe with malleable-iron fittings and threaded joints.
B.  Aboveground natural gas piping NPS 2-1/2 (DN 65) and larger shall be the following:

1 Steel pipe with wrought-steel fittings and welded joints.

3.13 INDOOR PIPING SCHEDULE FOR SY STEM PRESSURES LESS THAN 0.5 PSIG
A.  Aboveground piping NPS 2 and smaller shall be the following:
1 Steel pipe with malleable-iron fittings and threaded joints.
B.  Aboveground piping NPS 2-1/2 (DN 65) and larger shall be the following:
1 Steel pipe with wrought-steel fittings and welded joints.
3.14 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES MORE THAN 0.5 PSIG AND
LESSTHAN 5PSIG
A.  Aboveground piping NPS 2 and smaller shall bethe following:
1 Steel pipe with malleable-iron fittings and threaded joints.
B.  Aboveground piping NPS 2-1/2 (DN 65) and larger shall be the following:

1 Steel pipe with steel welding fittings and welded joints.

3.15 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE
A. Vavesfor pipe sizes NPS 2 and smaller at service meter shall be the following:
1 Bronze plug valve.
B. Vavesfor pipe sizes NPS 2-1/2 and larger at service meter shall be the following:

1 Cast-iron, nonlubricated plug valve.

FACILITY NATURAL-GASPIPING
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C.  Distribution piping valves for pipe sizes NPS 2 and smaller shall be the following:
1. Two-piece, full-port, bronze ball valves with bronze trim.

D. Distribution piping valves for pipe sizes NPS 2-1/2 and larger shall be the following:
1 Two-piece, full-port, bronze ball valves with bronze trim.

E. Vavesinbranch piping for single appliance shall be the following:

1. Two-piece, full-port, bronze ball valves with bronze trim.

END OF SECTION 231123
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SECTION 233113 - METAL DUCTS

PART 1- GENERAL

11

12

13

A.

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Single-wall rectangular ducts and fittings.
Single-wall round ducts and fittings.
High efficiency takeoff.

Sheet metal materials.

Duct liner.

Sealants and gaskets.

Hangers and supports.

Nogh,rwdpE

Related Sections:

1 Section 230593 "Testing, Adjusting, and Balancing for HYAC" for testing, adjusting, and
bal ancing requirements for metal ducts.

2. Section 233300 "Air Duct Accessories' for dampers, sound-control devices, duct-
mounting access doors and panels, turning vanes, and flexible ducts.

PERFORMANCE REQUIREMENTS

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

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

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

METAL DUCTS
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ACTION SUBMITTALS

Product Data: For each type of the following products:

1 Liners and adhesives.

2. Sealants and gaskets.

Shop Drawings:

1. Fabrication, assembly, and installation, including plans, elevations, sections, components,
and attachments to other work.

2. Factory- and shop-fabricated ducts and fittings.

3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes.

4, Elevation of top of ducts.

5. Dimensions of main duct runs from building grid lines.

6. Fittings.

7. Reinforcement and spacing.

8. Seam and joint construction.

9. Penetrations through fire-rated and other partitions.

10. Equipment installation based on equipment being used on Project.

11. Locations for duct accessories, including dampers, turning vanes, and access doors and
panels.

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

isolation.

Delegated-Design Submittal:

ApwWDdPE

Sheet metal thicknesses.

Joint and seam construction and sealing.

Reinforcement details and spacing.

Materials, fabrication, assembly, and spacing of hangers and supports.

INFORMATIONAL SUBMITTALS

Field quality-control reports.

QUALITY ASSURANCE

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

1
2.

AWS D1.1/D1.1M, "Structural Welding Code - Stedl," for hangers and supports.
AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.
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2.2

A.

SINGLE-WALL RECTANGULAR DUCTSAND FITTINGS

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

Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" Figure2-1, "Rectangular Duct/Transverse
Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure2-2, "Rectangular Duct/Longitudina
Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

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

SINGLE-WALL ROUND DUCTSAND FITTINGS

General Fabrication Requirements. Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" Chapter 3, "Round, Oval, and Flexible Duct,” based on
indicated static-pressure class unless otherwise indicated.

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

Ducts on Demand.

Eastern Sheet Metal.

Lindab Inc.

McGill AirFlow LLC.
Norlock.

SEMCO Incorporated.

Sheet Metal Connectors, Inc.
Spiral Manufacturing Co., Inc.
Spiral Pipe of Texas.

TTe@ o ap o

METAL DUCTS
233113-3



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

2.3

Transverse Joints. Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for
static-pressure class, applicable sealing requirements, materials involved, duct-support intervals,
and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

1 Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged.

Longitudinal Seams. Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudina Seams,"
for static-pressure class, applicable sealing requirements, materials involved, duct-support
intervals, and other provisionsin SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

1 Fabricate round ducts larger than 90 inches in diameter with butt-welded longitudinal
seams.

Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and
Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisons in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

SELF-SEALING SINGLE-WALL ROUND DUCT AND FITTINGS

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

1 Ductmate Industries.
For duct construction pressure 2-inch w.g. or below:
1 Round ductwork:

a Round low velocity ductwork shall be constructed from a minimum of 26 gauge,
self-locking, pre-sealed snaplock pipe, which incorporates a factory applied gasket
in the longitudinal seam and on the female end of the transverse joint. Snaplock
pipe shall be “Greenseam +” as manufactured by Ductmate Industries or approved
equal.

2. Fittings:

a All high efficiency take-offs, conicals, and collars must have a factory applied
gasket along all rivets, co-latches, and flange. All fittings shall be constructed from
a minimum of 26 gauge steel. All dampered fittings must have low-leakage
hardware with closed-end bearings.

b. Approved manufacturer: Ductmate Industries “GreenSeam Fittings’ or approved

equal.
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3. For duct construction pressure 3-inch w.g. or greater:
a Round Joints:

1) Unexposed duct 3-inch to 30-inch diameter: Connect round duct with a one
piece interior dip coupling, at least two gages heavier than duct wall,
beaded at center and fastened to duct with screws. Sea joint with an
approved sealant applied continuously around both end of coupler prior to
assembling and after fastening.

2)  All exposed duct and unexposed duct 30-inch to 72-inch diameter: Install
using a three piece, gasket flanged-joint consisting of two internal flanges,
with integral mastic sealant, and one external closure band, which compress
the gasket between the internal flanges.

a) Approved Manufacturer: Ductmate Industries “ Spiralmate” system or
approved equal.

3)  Above 72 inch diameter: Install using companion angle flanged joints as
defined in Figure 3-1 of the 2005 SMACNA Manua, “HVAC Duct
Construction Standards, Metal & Flexible” Third Edition. Refer to manua
for proper sizing and construction details.

4) Dust collection systems and exposed duct 3-inch to 14-inch use a one piece,
polyethylene lined gasket connector with integrated bolt for the closure
system.

a) Approved Manufacturer: Ductmate Industries “Quicksleeve” or
approved equal.

HIGH EFFICIENCY TAKEOFF

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

1. Ductmate Industries.
2. Sheet Metal Connectors, Inc.

Solid body, galvanized steel. Dampers shall be quadrant locking hardware with 1-1/2 inch
insulation standoff.

SHEET METAL MATERIALS

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

METAL DUCTS
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2.6

Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

1 Galvanized Coating Designation: G90.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.
3. Provide galvanneal for all exposed surfaces to receive paint.

Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and
galvanized.

1 Where black- and galvanized-steel shapes and plates are used to reinforce aluminum
ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

DUCT LINER

Fibrous-Glass Duct Liner: Comply with ASTM C 1071, NFPA 90A, or NFPA 90B; and with
NAIMA AH124, "Fibrous Glass Duct Liner Standard."

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

CertainTeed Corporation; Insulation Group.
Johns Manville.
Knauf Insulation.

Owens Corning.
Maximum Thermal Conductivity:

Poo T

1) Typel, Flexiblee 0.27 Btu x in/h x sg. ft. x degF at 75 deg F mean
temperature.

2. 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 usein HVAC systems.

3. Water-Based Liner Adhesive:  Comply with NFPA 90A or NFPA 90B and with
ASTM C 916.

Polyester duct liner: Comply with Greenguard Environmental Institute, ASTM D5116, ASTM
E84, ASTM C518, ASTM G-21, NFPA 90A and 90B, and UL 181.

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

a Ductmate Industries, “PolyArmor.”

METAL DUCTS
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Duct liner shall be an engineered nonwoven, thermally bonded Polyester with a smooth
and durable FSK facing. Liner must have a noise reduction coefficient of at least 0.65 and
have thermal values greater or equal to an R-5 a 1”, R-6 at 12" and R-8 at 2"
respectively.

Polyester duct liner must be attached using a non flammable, low VOC water based
adhesive. When applicable, apply a non flammable, low VOC water based lagging
adhesive to the exposed leading edge of the insulation. Install fasteners per SMACNA
HVAC Duct Liner installation instructions. Liner must consist of at least 25% recycled
content.

Polyester duct liner must be installed per section 7.4 of the 2005 SMACNA Manual,
“HVAC Duct Construction Standards, Metal and Flexible,” Third Edition unless
otherwise specified.

C. Insulation Pins and Washers:

1

Cupped-Head, Capacitor-Discharge-Weld Pins. Copper- or zinc-coated steel pin, fully
annealed for capacitor-discharge welding, 0.106-inch- diameter shank, length to suit
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.
Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- thick
galvanized steel; with beveled edge sized as required to hold insulation securely in place
but not lessthan 1-1/2 inches in diameter.

D. Shop Application of Duct Liner: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation."

1

Adhere asingle layer of indicated thickness of duct liner with at least 90 percent adhesive
coverage at liner contact surface area. Attaining indicated thickness with multiple layers
of duct liner is prohibited.

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

Buitt transverse joints without gaps, and coat joint with adhesive.

Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-
edge overlapping.

Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts,
unless duct size and dimensions of standard liner make longitudinal joints necessary.
Secure liner with mechanical fasteners 4 inches from corners and at intervals not
exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not
exceeding 18 inches longitudinally.

Secure transversely oriented liner edges facing the airstream with metal nosings that have
either channel or "Z" profiles or are integrally formed from duct wall. Fabricate edge
facings at the following locations:

a Fan discharges.

b. Intervals of lined duct preceding unlined duct.

C. Upstream edges of transverse joints in ducts where air velocities are higher than
2500 fpm or where indicated.
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2.7

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

SEALANT AND GASKETS

Woater-Based Joint and Seam Seal ant:

1

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

a Design Polymerics, DP 1010.
b. United McGill, United Duct Sealer Water Based.
C. Ductmate, ProSeal.

Application Method: Brush or Caulk. When caulking, back brush sealant into joint.
Solids Content: Minimum 65 percent.

Service Temperature -25 F to 200 F.

Water resistant.

Mold and mildew resistant.

VOC: Maximum 30 g/L (less water).

Maximum Static-Pressure Class: 15-inch wg (3750 Pa), positive and negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PV C coated and bare), stainless.
Sealant shall be rated for all SMACNA HVAC Pressure Classes.

Surface Burning Characteristics: Maximum flame spread index of 25 and maximum
smoke devel oped index of 50 when tested according to UL 181; certified by and NRTL.

Solvent-Based Joint and Seam Seal ant:

1

BHOOoNO O AWN

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

a Design Polymerics, DP 1090.
b. United McGill, United Duct Sealer Water Based.
C. Ductmate, SolySeal.

Application Method: Brush or Caulk. When caulking, back brush sealant into joint.
Salids Content: Minimum 65 percent.

Service Temperature -25 F to 160 F.

Water resistant.

Mold and mildew resistant.

VOC: Maximum 80 g/L (less water).

Maximum Static-Pressure Class: 15-inch wg (3750 Pa), positive and negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PV C coated and bare), stainless.

METAL DUCTS
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2.8

11.  Sealant shall berated for all SMACNA HVAC Pressure Classes.
12.  Surface Burning Characteristics: Maximum flame spread index of 25 and maximum
smoke developed index of 50 when tested according to UL 723; certified by and NRTL.

TDC/TDF and Applied Duct Flange Gaskets:

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

a Design Polymerics, DP 1040.
b. Ductmate, 440.

c Schnee Morehead, Tacky Tape.
d Ward Industries, GSK-BT.

Domestically manufactured.

600% Elongation.

Non-oxidizing.

Non-slumping / non-sagging.

Solid content 100%.

5/8" x 3/16" minimum.

Gasket shall be rated for all SMACNA HVAC Pressure Classes.

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

COoONOARWN

Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
Round Duct Joint O-Ring Seals:
1 Seal shall provide maximum 3 cfm/100 sg. ft. at 1-inch wg and shall be rated for10-inch
wg static-pressure class, positive or negative.
EPDM O-ring to seal in concave bead in coupling or fitting spigot.

2.
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings
and fitting spigots.

HANGERS AND SUPPORTS

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

Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible" Table5-1, "Rectangular Duct Hangers Minimum Size" and Table5-2,
"Minimum Hanger Sizes for Round Duct."

Steel Cablesfor Galvanized-Steel Ducts. Galvanized steel complying with ASTM A 603.

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

METAL DUCTS
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E.

F.

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

Trapeze and Riser Supports:

1 Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

PART 3 - EXECUTION

31

A.

m

G.

J.

K.

DUCT INSTALLATION

Drawing plans, schematics, and diagrams indicate general location and arrangement of duct
system. Indicated duct locations, configurations, and arrangements were used to size ducts and
calculate friction loss for air-handling equipment sizing and for other design considerations.
Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and
Coordination Drawings.

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

Install round ducts in maximum practical lengths.
Install ducts with fewest possiblejoints.

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

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

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

Install ductswith a clearance of 1 inch, plus allowance for insulation thickness.

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

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

Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.
Comply with requirements in Section 233300 "Air Duct Accessories' for fire and smoke
dampers.

METAL DUCTS
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3.3

34

Protect duct interiors from moisture, construction debris and dust, and other foreign
materials. Comply with  SMACNA's "IAQ Guideines for Occupied Buildings Under
Construction,” Appendix G, "Duct Cleanliness for New Construction Guidelines' for the
advanced duct cleanlinesslevel.

INSTALLATION OF EXPOSED DUCTWORK

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

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

Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When
welding stainless steel with aNo. 3 or 4 finish, grind the welds flush, polish the exposed welds,
and treat the welds to remove discoloration caused by welding.

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

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

DUCT SEALING

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

HANGER AND SUPPORT INSTALLATION

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

Wire duct hangers shall not be used.

Steel cable duct hangers and accessories shall be utilized on uninsulated round duct in finished
spaces exposed to view only.

Building Attachments: Concrete inserts or structural-steel fasteners appropriate for construction
materials to which hangers are being attached.

1 Where practical, install concrete inserts before placing concrete.
2. Do not use powder-actuated concrete fasteners.

METAL DUCTS
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3.6

3.7

Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible" Table5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum
Hanger Sizes for Round Duct,” for maximum hanger spacing; install hangers and supports
within 24 inches of each elbow and within 48 inches of each branch intersection.

Rectangular Duct Hangers Exposed to View in Finished Spaces. Threaded rod and angle or
channel supports.

Round Uninsulated Single Wall Duct Hangers Exposed to View in Finished Spaces. Steel
cables and associated hardware or strap with single hanger rod.

Support vertical ducts with steel angles or channel secured to the sides of the duct with welds,
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16
feet.

Install upper attachments to structural el ements such as roof joists or concrete decks. Select and
size upper attachments with pull-out, tension, and shear capacities appropriate for supported
loads and building materials where used.

Supporting ductwork from the building roof deck is not permitted.

Reference structural drawings for specia hanging or support requirements at existing
conditions.

CONNECTIONS

Make connections to equipment with flexible connectors complying with Section 233300 "Air
Duct Accessories."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
branch, outlet and inlet, and terminal unit connections.

PAINTING

Paint interior of metal ducts that are visible through registers and grilles and that do not have
duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.
Paint materials and application requirements are specified in Section 099113 "Exterior Painting"
and Section 099123 "Interior Painting."

All exposed ductwork surfaces scheduled to receive paint shall be galvanneal.

FIELD QUALITY CONTROL

Perform tests and inspections.

METAL DUCTS
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3.8

3.9

START UP

Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing
for HYAC."

DUCT SCHEDULE

Fabricate ducts with galvanized sheet steel except as otherwise indicated .
Supply Ducts:

1 Ducts Connected to Constant-V olume Air-Handling Units:
Pressure Class: Positive 3-inch wg.

Minimum SMACNA Seal Class: A.

SMACNA Leakage Class for Rectangular: 6.
SMACNA Leakage Classfor Round: 3.

cooTw

2. Ducts Connected to Variable-Air-Volume Air-Handling Units:

Pressure Class. Positive 4-inch wg.
Minimum SMACNA Sedl Class: A.
SMACNA Leakage Class for Rectangular: 6.
SMACNA Leakage Class for Round: 3.

cooTw

3. Ducts Connected to Equipment Not Listed Above:

Pressure Class: Positive 2-inch wg.
Minimum SMACNA Seal Class: A.
SMACNA Leakage Class for Rectangular: 6.
SMACNA Leakage Classfor Round: 3.

cooTw

Return Ducts:
1 Ducts Connected to Air-Handling Units:

Pressure Class: Positive or negative 2-inch wag.
Minimum SMACNA Sedl Class: A.
SMACNA Leakage Class for Rectangular: 6.
SMACNA Leakage Class for Round: 3.

oo oTw

2. Ducts Connected to Equipment Not Listed Above:

Pressure Class: Positive or negative 2-inch wg.
Minimum SMACNA Sedl Class: A.
SMACNA Leakage Class for Rectangular: 6.
SMACNA Leakage Classfor Round: 3.

coow
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D.  Exhaust Ducts:
1 Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:

a Pressure Class: Negative 2-inch wg.

b. Minimum SMACNA Sed Class. A if negative pressure, and A if positive
pressure.

C. SMACNA Leakage Class for Rectangular: 6.

d. SMACNA Leakage Classfor Round: 3.

2. Ducts Connected to Air-Handling Units:

a Pressure Class: Positive or negative 2-inch wg.

b. Minimum SMACNA Sea Class. A if negative pressure, and A if positive
pressure.

C. SMACNA Leakage Class for Rectangular: 6.

d. SMACNA Leakage Class for Round and Flat Oval: 3.

3. Ducts Connected to Equipment Not Listed Above:

a Pressure Class: Positive or negative 2-inch wag.

b. Minimum SMACNA Sea Class. A if negative pressure, and A if positive
pressure.

C. SMACNA Leakage Class for Rectangular: 6.

d. SMACNA Leakage Class for Round: 3.

E. Outdoor-Air (Not Filtered, Heated, or Cooled) Ducts:
1 Ducts Connected to Air-Handling Units:
a Pressure Class: Positive or negative 2-inch wag.
b. Minimum SMACNA Seal Class: A.
c SMACNA Leakage Class for Rectangular: 6.
d SMACNA Leakage Class for Round: 3.

2. Ducts Connected to Equipment Not Listed Above:

a Pressure Class: Positive or negative 2-inch wg.
b. Minimum SMACNA Seal Class. A.
C. SMACNA Leakage Class for Rectangular: 6.
d. SMACNA Leakage Class for Round: 3.

F. Intermediate Reinforcement:

1. Galvanized-Stedl Ducts: Galvanized steel.

METAL DUCTS
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G. Liner:

1 Return Air Ducts Where Indicated on Plans. Fibrous glass, Typel, 1 inch thick.
2. Transfer Ducts: Fibrousglass, Typel, 1 inch thick.

H.  Elbow Configuration:

1 Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-2, "Rectangular Elbows."

a Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.

b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.

C. Mitered TypeRE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible” Figure4-3, "Vanes and Vane
Runners," and Figure 4-4, "V ane Support in Elbows."

2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Figure 3-4, "Round Duct Elbows."

a Minimum Radiusto-Diameter Ratio and Elbow Segments. Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-
1, "Mitered Elbows." Elbows with less than 90-degree change of direction have
proportionately fewer segments.

b. Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated.

C. Round Elbows, 14 Inches and Larger in Diameter: Standing seam or welded.

l. Branch Configuration:

1 Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-6, "Branch Connection."

a Rectangular Main to Rectangular Branch: 45-degree entry.

b. Rectangular Main to Round Branch: High efficiency takeoff. If avolume control
damper is required at the branch, provide a high efficiency takeoff with integral
damper and 1-1/2 inch standoff.

2. Round: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees."
Saddle taps are permitted in existing duct.

a Velocity 1000 fpm or Lower: 90-degree tap.
b. Velocity 1000 fpm or Higher: 45-degree lateral.

END OF SECTION 233113
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SECTION 233300 - AIR DUCT ACCESSORIES

PART 1- GENERAL

11

12

13

A.

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Backdraft and pressure relief dampers.
Manual volume dampers.

Control dampers.

Fire dampers.

Smoke dampers.

Combination fire and smoke dampers.
Flange connectors.

Turning vanes.

Duct-mounted access doors.

10. Flexible connectors.

11. Fexibleducts.

12.  Duct accessory hardware.

©COoNOARWNE

ACTION SUBMITTALS
Product Data: For each type of product.

Shop Drawings. For duct accessories. Include plans, elevations, sections, details and
attachments to other work.

1 Detail duct accessories fabrication and installation in ducts and other construction.
Include dimensions, weights, loads, and required clearances; and method of field
assembly into duct systems and other construction. Include the following:

Specidl fittings.

Manual volume damper installations.

Control-damper installations.

Fire-damper, smoke-damper, combination fire- and smoke-damper, ceiling, and
corridor damper installations, including sleeves; and duct-mounted access doors
and remote damper operators.

e Wiring Diagrams. For power, signal, and control wiring.

oo oo
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16

A.

A.

A.

INFORMATIONAL SUBMITTALS

Fire and smoke damper testing reports, NFPA 80.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For air duct accessories to include in operation and
mai ntenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

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

1 Fusible Links: Furnish quantity equal to 10 percent of amount installed.

PART 2 - PRODUCTS
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2.2

A.

B.

A.

C.

D.

ASSEMBLY DESCRIPTION

Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems.”

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

MATERIALS
Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

1 Galvanized Coating Designation: G90.
2. Exposed-Surface Finish: Mill phosphatized.

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

Extruded Aluminum: Comply with ASTM B 221, Alloy 6063, Temper T6.

Reinforcement Shapes and Plates.  Galvanized-steel reinforcement where installed on
galvanized sheet metal ducts, compatible materials for aluminum and stainless-steel ducts.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

AIR DUCT ACCESSORIES
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BACKDRAFT AND PRESSURE RELIEF DAMPERS

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

American Warming and Ventilating; adivision of Mestek, Inc.
Greenheck Fan Corporation.

Pottorff.

Ruskin Company.

Eal A

Description: Gravity balanced.
Maximum Air Velocity: 2000 fpm.
Maximum System Pressure: 1-inch wg.

Frame: Hat-shaped, 0.05-inch- thick, galvanized sheet steel, with welded corners or
mechanically attached and mounting flange.

Blades: Multiple single-piece blades, maximum 6-inch width, 0.025-inch- thick, roll-formed
aluminum with sealed edges.

Blade Action: Parallel.
Blade Seals: Extruded vinyl, mechanically locked.
Blade Axles:

1. Material: Stainless stedl.
2. Diameter: 0.20 inch.

Tie Bars and Brackets: Aluminum.
Return Spring: Adjustable tension.
Bearings: Stainless steel ball.
Accessories:

Adjustment device to permit setting for varying differential static pressure.
Counterweights and spring-assist kits for vertical airflow installations.
Electric actuators.

Chain pulls.

Screen Mounting: Rear mounted.

Screen Material: Aluminum.

Screen Type: Bird.

90-degree stops.

NGO~ WNE
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A.

MANUAL VOLUME DAMPERS

Standard, Steel, Manual Volume Dampers:

1

8.

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

American Warming and Ventilating; adivision of Mestek, Inc.
Flexmaster U.S.A., Inc.

McGill AirFlow LLC.

Pottorff.

Ruskin Company.

Trox USA Inc.

S0P Qo0 T

Standard leakage rating, with linkage outside airstream.
Suitable for horizontal or vertical applications.
Frames:

a Frame: Hat-shaped, 0.094-inch- thick, galvanized sheet steel or 0.05-inch- thick
stainless steel.

b. Mitered and welded corners.

C. Flanges for attaching to walls and flangeless frames for installing in ducts.

Blades:

Multiple or single blade.

Parallel- or opposed-blade design.
Stiffen damper blades for stability.
Galvanized-steel, 0.064 inch thick.

coow

Blade Axles. Galvanized steel.
Bearings:

a Qil-impregnated bronze.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.

Tie Bars and Brackets: Galvanized stedl.

Jackshaft:

1
2.

3.

Size: 0.5-inch diameter.

Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.

Length and Number of Mountings: As required to connect linkage of each damper in
multiple-damper assembly.

AIR DUCT ACCESSORIES
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C.

Damper Hardware:

1

2.
3.

Locking Hand Quadrant: Zinc-plated, die-cast core with dial and handle made of 3/32-
inch- thick zinc-plated steel, and locking means.

Include center hole to suit damper operating-rod size.

Include a minimum of 1-1/2 inch standoff for insulated duct mounting.

ROUND MANUAL VOLUME DAMPERS

Standard, Steel, Manual Volume Dampers:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:
a American Warming and Ventilating; adivision of Mestek, Inc.
b. Flexmaster U.S.A., Inc.
C. McGill AirFlow LLC.
d. Pottorff; adivision of PCI Industries, Inc.
e Ruskin Company.
f. Trox USA Inc.
2. Standard leakage rating, with linkage outside airstream.
3. Suitable for horizontal or vertical applications.
4, Frames:
a Galvanized or stainless-steel, 0.040-inch minimum thickness, 6 inches deep.
b. Flangeless frames for installing in ducts.
5. Blades:
a Multiple or Single blade.
b. Galvanized steel, 0.040 inch thick.
6. Blade Axles: Galvanized steel.
7. Bearings:
a Qil-impregnated bronze.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
8. Tie Bars and Brackets: Galvanized steel.
Jackshaft:
1 Size: 1-inch diameter.
2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.
3. Length and Number of Mountings: As required to connect linkage of each damper in

multiple-damper assembly.

AIR DUCT ACCESSORIES
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Damper Hardware:

1 Locking Hand Quadrant: Zinc-plated, die-cast core with dial and handle made of 3/32-
inch- thick zinc-plated steel, and locking means.

2. Include center hole to suit damper operating-rod size.

3. Include a minimum of 1-1/2 inch standoff for insulated duct mounting.

CONTROL DAMPERS

Manufacturers: Subject to compliance with regquirements, provide products by one of the
following:

American Warming and Ventilating; adivision of Mestek, Inc.
Greenheck Fan Corporation.

McGill AirFlow LLC.

Pottorff.

Ruskin Company.

Y oung Regulator Company.

o~ E

L ow-leakage rating, with linkage outside airstream, and bearing AMCA's Certified Ratings Seal
for both air performance and air leakage.

Frames:

1 Hat shaped.
2. 0.094-inch- thick, galvanized sheet steel.
3. Mitered and welded or interlocking, gusseted corners.

Blades:

Multiple blade with maximum blade width of 6 inches.
Opposed-blade design.

Galvanized-steel.

0.064 inch thick single skin.

Blade Edging: Closed-cell neoprene.

agrwdE

Blade Axles: 1/2-inch- diameter; galvanized steel; blade-linkage hardware of zinc-plated steel
and brass; ends sealed against blade bearings.

1 Operating Temperature Range: From minus 40 to plus 200 deg F.

Bearings:

1 Molded synthetic.

2. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of

damper blades and bearings at both ends of operating shaft.
3. Thrust bearings at each end of every blade.

AIR DUCT ACCESSORIES
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FIRE DAMPERS

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

1. Greenheck Fan Corporation.
2. Pottorff.
3 Ruskin Company.

Type: Static and dynamic; rated and labeled according to UL 555 by an NRTL.
Closing rating in ducts up to 4-inch wg static pressure class and minimum 2000-fpm velocity.
Fire Rating: 1-1/2 and 3 hours.

Frame: Curtain type with blades outside airstream; fabricated with roll-formed, 0.034-inch-
thick galvanized steel; with mitered and interlocking corners.

Mounting Sleeve: Factory- or field-installed, galvanized sheet steel.

1 Minimum Thickness: 0.05 thick, asindicated, and of length to suit application.

2. Exception: Omit deeve where damper-frame width permits direct attachment of
perimeter mounting angles on each side of wall or floor; thickness of damper frame must
comply with sleeve requirements.

3. Sleeve connections to duct work shall be breakaway connections.

Mounting Orientation: Vertical or horizontal asindicated.

Blades: Roll-formed, interlocking, 0.024-inch- thick, galvanized sheet steel. In place of
interlocking blades, use full-length, 0.034-inch- thick, galvanized-steel blade connectors.

Horizontal Dampers: Include blade lock and stainless-steel closure spring.

Heat-Responsive Device: Replaceable, 165 deg F rated, fusible links.

SMOKE DAMPERS

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

1. Greenheck Fan Corporation.
2. Pottorff.
3 Ruskin Company.

General Requirements: Label according to UL 555S by an NRTL.

AIR DUCT ACCESSORIES
233300 -7



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

C.  Smoke Detector: Integral, factory wired for single-point connection. Detector shall be fully
compatible with building fire adarm sytem. See Section 283111 "Digital-Addressable Fire-
Alarm System."

D. Frame Hat-shaped, 0.063-inch- thick, galvanized sheet steel, with welded or interlocking,
gusseted corners and mounting flange.

E. Blades: Roll-formed, horizontal, interlocking, 0.034-inch thick, galvanized sheet steel.

F. Leakage: Classl.

G. Rated pressure and velocity to exceed design airflow conditions.

H.  Mounting Sleeve: Factory-installed, 0.05-inch- thick, galvanized sheet steel; length to suit wall
or floor application. Sleeve connections to duct work shall be breakaway connections.

l. Damper Motors: Two-position action.

J. Comply with NEMA designation, temperature rating, service factor, enclosure type, and
efficiency requirements for motors specified in Section 230513 "Common Motor Requirements
for HYAC Equipment.”

1

2.

6.

7.

Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
will not require motor to operate in service factor range above 1.0.

Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical
devices and connections specified in Section 230900 "Instrumentation and Control for
HVAC."

Permanent-Split-Capacitor or Shaded-Pole Motors: With oil-immersed and sealed gear
trains.

Spring-Return Motors: Equip with an integral spiral-spring mechanism where indicated.
Enclose entire spring mechanism in a removable housing designed for service or
adjustments. Size for running torque rating of 150 in. x |bf and breakaway torque rating
of 150in. x Ibf.

Outdoor Motors and Motors in Outdoor-Air Intakes: Equip with O-ring gaskets designed
to make motors weatherproof. Equip motors with internal heaters to permit normal
operation at minus 40 deg F.

Nonspring-Return Motors: For dampers larger than 25 sg. ft., size motor for running
torque rating of 150 in. x Ibf and breakaway torque rating of 300 in. x Ibf.

Electrical Connection: 115V, single phase, 60 Hz.

K.  Accessories:

1
2.

Auxiliary switchesfor signaling or position indication.
Test and reset switches, damper mounted.

AIR DUCT ACCESSORIES
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COMBINATION FIRE AND SMOKE DAMPERS

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

1. Greenheck Fan Corporation.
2. Pottorff.
3. Ruskin Company.

Type: Dynamic; rated and labeled according to UL 555 and UL 555S by an NRTL.
Closing rating in ducts up to 4-inch wg static pressure class and minimum 2000-fpm velocity.
Fire Rating: 1-1/2 and 3 hours.

Frame: Hat-shaped, 0.063-inch- thick, galvanized sheet steel, with welded or interlocking,
gusseted corners and mounting flange.

Heat-Responsive Device: Electric resettable link and switch package, factory installed, rated.

Smoke Detector: Integral, factory wired for single-point connection. Detector shall be fully
compatible with building fire alarm sytem. See Section 283111 "Digital-Addressable Fire-
Alarm System."

Blades: Roll-formed, horizontal, interlocking, 0.063-inch- thick, galvanized sheet steel.
Leakage: Class|.
Rated pressure and velocity to exceed design airflow conditions.

Mounting Sleeve: Factory-installed, 0.05-inch- thick, galvanized sheet steel; length to suit wall
or floor application. Sleeve connections to duct work shall be breakaway connections.

Damper Motors: Two-position action.

Comply with NEMA designation, temperature rating, service factor, enclosure type, and
efficiency requirements for motors specified in Section 230513 "Common Motor Requirements
for HYAC Equipment.”

1 Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
will not require motor to operate in service factor range above 1.0.

2. Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical
devices and connections specified in Section 230900 "Instrumentation and Control for
HVAC."

3. Permanent-Split-Capacitor or Shaded-Pole Motors. With oil-immersed and sealed gear
trains.

4, Spring-Return Motors: Equip with an integral spiral-spring mechanism where indicated.
Enclose entire spring mechanism in a removable housing designed for service or
adjustments. Size for running torgque rating of 150 in. x |bf and breakaway torque rating
of 150 in. x Ibf.

AIR DUCT ACCESSORIES
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5. Outdoor Motors and Motors in Outdoor-Air Intakes: Equip with O-ring gaskets designed
to make motors weatherproof. Equip motors with internal heaters to permit normal
operation at minus 40 deg F.

6. Nonspring-Return Motors. For dampers larger than 25 sqg. ft., size motor for running
torque rating of 150 in. x Ibf and breakaway torque rating of 300 in. x Ibf.

7. Electrical Connection: 115V, single phase, 60 Hz.

Accessories:

1 Auxiliary switches for signaling or position indication.
2. Test and reset switches, damper mounted.

FLANGE CONNECTORS

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

1. Ductmate Industries, Inc.
2. Nexus PDQ: Division of Shilco Holdings Inc.
3. Ward Industries, Inc.; adivision of Hart & Cooley, Inc.

Description:  Roll-formed, factory-fabricated, slide-on transverse flange connectors, gaskets,
and components.

Material: Galvanized steel.

Gage and Shape: Match connecting ductwork.

TURNING VANES

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

Ductmate |ndustries, Inc.
Duro Dyne Inc.

Elgen Manufacturing.
METALAIRE, Inc.
SEMCO Incorporated.

grwDdRE

Manufactured Turning Vanes for Metal Ducts. Curved blades of galvanized sheet steel; support
with bars perpendicular to blades set; set into vane runners suitable for duct mounting.

1 Acoustic Turning Vanes. Fabricate airfoil-shaped aluminum extrusions with perforated
faces and fibrous-glassfill.

General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."

AIR DUCT ACCESSORIES
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Vane Construction: Single wall for ducts up to 36 inches wide and double wall for larger
dimensions.

DUCT-MOUNTED ACCESS DOORS

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

Ductmate Industries, Inc.
Flexmaster U.S.A., Inc.
Greenheck Fan Corporation.
McGill AirFlow LLC.
Pottorff.

grODdDE

Duct-Mounted Access Doors.  Fabricate access panels according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels,”
and 7-3, "Access Doors - Round Duct."

1. Door:

a Double wall, rectangular.

b. Galvanized sheet metal with insulation fill and thickness as indicated for duct
pressure class.

C. Vision panel.

d. Hinges and Latches: 1-by-1-inchbutt or piano hinge and cam latches.

e Fabricate doors airtight and suitable for duct pressure class.

2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.
3. Number of Hinges and L ocks:

a Access Doors Less Than 12 Inches Square: No hinges and two sash locks.

b. Access Doors up to 18 Inches Square: Two hinges and two sash locks.

C. Access Doors up to 24 by 48 Inches: Continuous and two compression
latches with outside and inside handles.

d. Access Doors Larger Than 24 by 48 Inches: Continuous and two compression
latches with outside and inside handles.

Pressure Relief Access Door:

1 Door and Frame Material: Galvanized sheet steel.

2. Door: Double wall with insulation fill with metal thickness applicable for duct pressure
class.

3. Operation: Open outward for positive-pressure ducts and inward for negative-pressure
ducts.

4, Factory set at 3.0- to 8.0-inch wg.

5. Doors close when pressures are within set-point range.

6. Hinge: Continuous piano.

AIR DUCT ACCESSORIES
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7. Latches: Cam.
8. Seal: Neoprene or foam rubber.
9. Insulation Fill: 1-inch- thick, fibrous-glass or polystyrene-foam board.

FLEXIBLE CONNECTORS

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

Ductmate Industries, Inc.
Duro Dyne Inc.

Elgen Manufacturing.
Ventfabrics, Inc.

~pWODdPE

Materials: Flame-retardant or noncombustible fabrics.
Coatings and Adhesives: Comply with UL 181, Class 1.

Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to
two strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet steel or 0.032-inch- thick
aluminum sheets. Provide metal compatible with connected ducts.

Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.

1 Minimum Weight: 26 oz./sg. yd..
2. Tensile Strength: 480 |bf/inch in the warp and 360 Ibf/inch in the filling.
3. Service Temperature: Minus 40 to plus 200 deg F.

Outdoor System, Flexible Connector Fabric: Glass fabric double coated with weatherproof,
synthetic rubber resistant to UV rays and ozone.

1 Minimum Weight: 24 oz./sg. yd..
2. Tensile Strength: 530 |bf/inch in the warp and 440 |bf/inch in the filling.
3. Service Temperature: Minus 50 to plus 250 deg F.

Thrust Limits: Combination coil spring and elastomeric insert with spring and insert in
compression, and with a load stop. Include rod and angle-iron brackets for attaching to fan
discharge and duct.

1 Frame: Steel, fabricated for connection to threaded rods and to allow for a maximum of
30 degrees of angular rod misalignment without binding or reducing isolation efficiency.

2. Outdoor Spring Diameter: Not less than 80 percent of the compressed height of the
spring at rated load.

3. Minimum Additional Travel: 50 percent of the required deflection at rated load.

4, Lateral Stiffness: More than 80 percent of rated vertical stiffness.

5. Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

6. Elastomeric Element: Molded, oil-resistant rubber or neoprene.

AIR DUCT ACCESSORIES
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PART 3 -
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5

A.

7. Coil Spring: Factory set and field adjustable for a maximum of 1/4-inch movement at
start and stop.

FLEXIBLE DUCTS

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

1. Flexmaster U.S.A., Inc.
2. McGill AirFlow LLC.
3. Ward Industries, Inc.; adivision of Hart & Cooley, Inc.

Insulated, Flexible Duct: UL 181, Class1, 2-ply vinyl film supported by helically wound,
spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.

1 Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.

2. Maximum Air Velocity: 4000 fpm.

3. Temperature Range: Minus 10 to plus 160 deg F.

4, Insulation R-value: Comply with ASHRAE/IESNA 90.1.

Flexible Duct Connectors:

1 Clamps: Stainless-steel band with cadmium-plated hex screw to tighten band with a
worm-gear action in sizes 3 through 18 inches, to suit duct size.

DUCT ACCESSORY HARDWARE

Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap

and gasket. Size to allow insertion of pitot tube and other testing instruments and of length to

suit duct-insulation thickness.

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline

and grease.

EXECUTION

INSTALLATION

Install duct accessories according to applicable details in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" for metal ducts.

Install duct accessories of materials suited to duct materials; use galvanized-stedl accessoriesin
galvanized-sted!.

AIR DUCT ACCESSORIES
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C. Instal backdraft or control dampers as indicated on Drawings at inlet of exhaust fans or exhaust
ducts as close as possible to exhaust fan unless otherwise indicated.

D. Install volume dampers at points on supply, return, and exhaust systems where branches extend
from larger ducts. Where dampers are installed in ducts having duct liner, install dampers with
hat channels of same depth as liner, and terminate liner with nosing at hat channel.

1 Install galvanized steel volume dampersin galvanized steel ducts.
E.  Set dampersto fully open position before testing, adjusting, and balancing.
F. Install test holes at fan inlets and outlets and elsewhere as indicated.
G. Ingtal fire and smoke dampers according to UL listing.

H. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining
accessories and equipment at the following locations:

At outdoor-air intakes and mixed-air plenums.

At drain pans and sedls.

Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible links.
Control devices requiring inspection.

Elsewhere as indicated.

agrowdPE

l. Install access doors with swing against duct static pressure.
J. Access Door Sizes:

One-Hand or Inspection Access: 8 by 8 inches.
Two-Hand Access. 12 by 12 inches.

Head and Hand Access. 18 by 12 inches.

Head and Shoulders Access. 20 by 18 inches.

AW PE

K. Label access doors according to Section 230553 "ldentification for HVAC Piping and
Equipment" to indicate the purpose of access door.

L. Install flexible connectors to connect ducts to equipment.

M.  For fans developing static pressures of 5-inch wg and more, cover flexible connectors with
loaded vinyl sheet held in place with metal straps.

N.  Connect ceiling-mounted supply diffusersto ducts directly or with maximum 36-inch lengths of
flexible duct clamped in place. Do not use flexible ducts to change direction or for connections
to exhaust or return registers or grilles.

O.  Connect flexible ducts to metal ducts with stainless steel band clamps.

P. Install duct test holes where required for testing and balancing purposes.

AIR DUCT ACCESSORIES
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Q. Ingtal thrust limits at centerline of thrust, symmetrical on both sides of equipment. Attach
thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start
and stop of fans.

3.2 FIELD QUALITY CONTROL
A. Testsand Inspections:

1 Operate dampers to verify full range of movement.

2. Inspect locations of access doors and verify that purpose of access door can be
performed.

3. Operate fire, smoke, and combination fire and smoke dampers to verify full range of
movement and verify that proper heat-response deviceisinstalled. Document and submit
testing reports required per NFPA 80.

4, Inspect turning vanes for proper and secure installation.

END OF SECTION 233300

AIR DUCT ACCESSORIES
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SECTION 233423 - HYAC POWER VENTILATORS

PART 1- GENERAL

11

12

13

14

A.

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1 Centrifugal roof ventilators.

2. Upblast propeller roof exhaust fans.

3. In-line centrifugal fans.

PERFORMANCE REQUIREMENTS

Project Altitude: Base fan-performance ratings on actual Project site elevations.

Operating Limits: Classify according to AMCA 99.

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include rated capacities, operating
characteristics, and furnished specialties and accessories. Also include the following:

Certified fan performance curves with system operating conditions indicated.
Certified fan sound-power ratings.

Motor ratings and electrical characteristics, plus motor and electrical accessories.
Material thickness and finishes, including color charts.

Dampers, including housings, linkages, and operators.

Roof curbs.

Fan speed controllers.

Nogok,rwdpE

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

1 Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

2. Wiring Diagrams. For power, signal, and control wiring.

HVAC POWER VENTILATORS
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B.

C.
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A.

B.

INFORMATIONAL SUBMITTALS

Field quality-control reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For power ventilators to include in emergency, operation,
and maintenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

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.

QUALITY ASSURANCE

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

AMCA Compliance: Fans shall have AMCA-Certified performance ratings and shall bear the
AMCA-Certified Ratings Seal.

UL Standards: Power ventilators shall comply with UL 705. Power ventilators for use for
restaurant kitchen exhaust shall also comply with UL 762.

COORDINATION

Coordinate size and location of structural-steel support members.

Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with
actual equipment provided.

PART 2 - PRODUCTS
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A.

CENTRIFUGAL ROOF VENTILATORS

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

1 Greenheck Fan Corporation.
2. Loren Cook Company.

HVAC POWER VENTILATORS
233423 -2
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2.2

Housing: Removable, spun-aluminum, dome top and outlet baffle; square, one-piece,
aluminum base with venturi inlet cone.

1 Upblast Units: Provide spun-aluminum discharge baffle to direct discharge air upward,
with rain and snow drains.

2. Hinged Subbase:  Galvanized-steel hinged arrangement permitting service and
mai ntenance.

Fan Wheels: Aluminum hub and wheel with backward-inclined blades.
Belt Drives:

Resiliently mounted to housing.

Fan Shaft: Turned, ground, and polished steel; keyed to wheel hub.

Shaft Bearings: Permanently lubricated, permanently sealed, self-aligning ball bearings.
Pulleys: Cast-iron, adjustable-pitch motor pulley.

Fan and motor isolated from exhaust airstream.

arLODdDE

Accessories:

1. Variable-Speed Controller: Where indicated on direct-drive fans, solid-state control to
reduce speed from 100 to less than 50 percent.

2. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted inside
fan housing, factory wired through an internal auminum conduit.

3. Bird Screens: Removable, 1/2-inch mesh, aluminum or brass wire.

4, Dampers. Counterbalanced, parallel-blade, backdraft dampers mounted in curb base;
factory set to close when fan stops.

5. Motorized Dampers: Where indicated on Drawings, parallel-blade dampers mounted in
curb base with electric actuator; wired to close when fan stops.

Roof Curbs: Galvanized stedl; mitered and welded corners; 1-1/2-inch- thick, rigid, fiberglass
insulation adhered to inside walls; and 1-1/2-inch wood nailer. Size as required to suit roof
opening and fan base.

Configuration: Self-flashing without a cant strip, with mounting flange.
Overadl Height: 12 inches.

Pitch Mounting: Manufacture curb for roof slope.

Metal Liner: Galvanized steel.

Eal A

UPBLAST PROPELLER ROOF EXHAUST FANS

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

1 Greenheck Fan Corporation.
2. Loren Cook Company.

HVAC POWER VENTILATORS
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2.3

Wind Band, Fan Housing, and Base: Reinforced and braced galvanized steel motor and drive
assembly, and fan wheel.

Fan Whedl: Replaceable, extruded-aluminum, airfoil blades fastened to cast-aluminum hub;
factory set pitch angle of blades.

Belt Drives:

Resiliently mounted to housing.

Weatherproof housing of same material as fan housing.

Fan Shaft: Turned, ground, and polished steel; keyed to wheel hub.

Shaft Bearings: Prelubricated and sealed, self-aligning, pillow-block-type ball bearings.
Pulleys: Cast-iron, adjustable-pitch motor pulley.

arwOdE

Roof Curbs: Galvanized sted; mitered and welded corners; 1-1/2-inch- thick, rigid, fiberglass
insulation adhered to inside walls; and 1-1/2-inch wood nailer. Size as required to suit roof
opening and fan base.

Configuration: Self-flashing without a cant strip, with mounting flange.
Overal Height: 12 inches.

Pitch Mounting: Manufacture curb for roof slope.

Metal Liner: Galvanized steel.

Eal SN

IN-LINE CENTRIFUGAL FANS

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

1 Greenheck Fan Corporation.
2. Loren Cook Company.

Housing: Steel with inlet and outlet flanges, and support bracket adaptable to floor, side wall,
or ceiling mounting.

Belt-Driven Units: Motor mounted on adjustable base, with adjustable sheaves, enclosure
around belts within fan housing, and lubricating tubes from fan bearings extended to outside of
fan housing.

Fan Whedls. Aluminum, airfoil blades welded to aluminum hub.

Accessories:

1 Companion Flanges. For inlet and outlet duct connections.
2. Motor and Drive Cover (Belt Guard): Epoxy-coated steel.

HVAC POWER VENTILATORS
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A.

B.

A.

B.

MOTORS

Comply with NEMA designation, temperature rating, service factor, enclosure type, and
efficiency requirements for motors specified in Section 230513 "Common Motor Requirements
for HYAC Equipment.”

1 Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
will not require motor to operate in service factor range above 1.0.

2. Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical
devices and connections specified in Division 26 Sections.

Enclosure Type: Totally enclosed, fan cooled.

SOURCE QUALITY CONTROL

Certify sound-power level ratings according to AMCA 301, "Methods for Calculating Fan
Sound Ratings from Laboratory Test Data" Factory test fans according to AMCA 300,
"Reverberant Room Method for Sound Testing of Fans." Label fans with the AMCA-Certified
Ratings Seal.

Certify fan performance ratings, including flow rate, pressure, power, air density, speed of
rotation, and efficiency by factory tests according to AMCA 210, "Laboratory Methods of
Testing Fans for Aerodynamic Performance Rating." Label fans with the AMCA-Certified
Ratings Seal.

PART 3 - EXECUTION

31

INSTALLATION
Install power ventilators level and plumb.

Secure roof-mounted fans to roof curbs with cadmium-plated hardware. See Section 077200
"Roof Accessories' for installation of roof curbs.

Ceiling Units: Suspend units from structure; use steel wire or meta straps.

Support suspended units from structure using threaded steel rods and spring hangers having a
static deflection of 1 inch.

Install units with clearances for service and maintenance.

Label units according to requirements specified in Section 230553 "Identification for HVAC
Piping and Equipment.”

HVAC POWER VENTILATORS
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3.2

3.3

CONNECTIONS

Drawings indicate general arrangement of ducts and duct accessories. Make final duct
connections with flexible connectors. Flexible connectors are specified in Section 233300 "Air
Duct Accessories.”

Install ducts adjacent to power ventilators to allow service and maintenance.

Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems.”

Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."

FIELD QUALITY CONTROL
Perform tests and inspections.

1 Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections, and
to assist in testing.

Tests and Inspections:

1 Verify that shipping, blocking, and bracing are removed.

2. Verify that unit is secure on mountings and supporting devices and that connections to

ducts and electrical components are complete. Verify that proper thermal-overload

protection isinstalled in motors, starters, and disconnect switches.

Verify that cleaning and adjusting are complete.

Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan

wheel free rotation and smooth bearing operation. Reconnect fan drive system, align and

adjust belts, and install belt guards.

Adjust belt tension.

Adjust damper linkages for proper damper operation.

Verify lubrication for bearings and other moving parts.

Verify that manual and automatic volume control and fire and smoke dampers in

connected ductwork systems arein fully open position.

9. Disable automatic temperature-control operators, energize motor and adjust fan to
indicated rpm, and measure and record motor voltage and amperage.

10.  Shut unit down and reconnect automatic temperature-control operators.

11. Remove and replace malfunctioning units and retest as specified above.

~w

©NO O

Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

Prepare test and inspection reports.

HVAC POWER VENTILATORS
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34 ADJUSTING
A.  Adjust damper linkages for proper damper operation.
B. Adjust belt tension.

C.  Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC"
for testing, adjusting, and balancing procedures.

D. Replacefan and motor pulleys as required to achieve design airflow.

E. L ubricate bearings.

END OF SECTION 233423

HVAC POWER VENTILATORS
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SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES

PART 1- GENERAL

11

A.

12

A.

13

B.

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary

Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1 Diffusers, registers, and grilles.

Related Sections:

1 Section 233300 "Air Duct Accessories’ for fire and smoke dampers and volume-control
dampers not integral to diffusers, registers, and grilles.

ACTION SUBMITTALS

Product Data: For each type of product indicated, include the following:

1 Data Sheet: Indicate materials of construction, finish, and mounting details; and
performance data including throw and drop, static-pressure drop, and noise ratings.

2. Diffuser, Register, and Grille Schedule: Indicate drawing designation, room location,
guantity, model number, size, and accessories furnished.

PART 2 - PRODUCTS

21

A.

DIFFUSERS, REGISTERS, AND GRILLES
See plansfor Diffuser, Register, and Grille Schedule.

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

a Krueger
b. Price Industries.
C. Titus.

DIFFUSERS, REGISTERS, AND GRILLES
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2.2

A.

SOURCE QUALITY CONTROL

Verification of Performance: Rate diffusers, registers, and grilles according to ASHRAE 70,
"Method of Testing for Rating the Performance of Air Outlets and Inlets.”

PART 3 - EXECUTION

31

3.2

3.3

A.

B.

A.

A.

EXAMINATION

Examine areas where diffusers, registers, and grilles are to be installed for compliance with
requirements for installation tolerances and other conditions affecting performance of
equipment.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install diffusers, registers, and grilles level and plumb.

Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts, fittings,
and accessories. Air outlet and inlet locations have been indicated to achieve design
requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop. Make
final locations where indicated, as much as practical. For unitsinstalled in lay-in ceiling panels,
locate units in the center of panel. Where architectural features or other items conflict with
installation, notify Architect for a determination of final location.

Coordinate locations of all diffusers, registers, and grilles with smoke detectors to maintain
minimum clearance of 36 inches required per NFPA 72.

Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and
maintenance of dampers, air extractors, and fire dampers. Provide all necessary gaskets,
screws, duct collars, and transitions necessary for a complete assembly.

Paint ductwork that is visible behind perforated, eggcrate, or other similar diffusers, register,
and grilles. Color to beflat black.
ADJUSTING

After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed,
before starting air balancing.

END OF SECTION 233713

DIFFUSERS, REGISTERS, AND GRILLES
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SECTION 235523.13 - LOW-INTENSITY, GAS-FIRED, RADIANT HEATERS

PART 1- GENERAL

11

A.

12

13

14

RELATED DOCUMENTS

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

SUMMARY

Section includes low-intensity, gas-fired, draft-induced radiant heaters.

ACTION SUBMITTALS

Product Data: For each type of product.

1 Include rated capacities, operating characteristics, electrical characteristics, and furnished
specialties and accessories.

Shop Drawings:

1. Include plans, elevations, sections, and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Detail fabrication and assembly of low-intensity, gasfired, radiant heaters, as well as
procedures and diagrams.

4, Include diagrams for power, signal, and control wiring.

INFORMATIONAL SUBMITTALS

Coordination Drawings. Plans, elevations, and other details, drawn to scale, on which the
following items are shown and coordinated with each other, using input from installers of the
itemsinvolved:

agrwdE

Structural members to which equipment will be attached.
Gas piping to heater installations

Thermostats and wiring to heaters.

Heater locations and clearance requirements.

Other suspended ceiling components including the following:

a Lighting fixtures.
b. Air outlets and inlets.
C. Sprinklers.

LOW-INTENSITY, GASFIRED, RADIANT HEATERS
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B.

C.

15

A.

16

A.

1.7

A.

Field quality-control reports.

Sample Warranty: For manufacturer's special warranties.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For gasfired, radiant heaters to include in emergency,
operation, and maintenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

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

1 Igniter: One hot-surface burner igniter for each style of high-intensity, gas-fired, radiant
heater furnished.
WARRANTY

Manufacturer's Special Warranty: Manufacturer agrees to repair or replace components of
radiant heatersthat fail in materials or workmanship within specified warranty period.

1 Warranty Period: All warranty periods listed below are from date of Substantial
Completion.

a Burner Assembly: Threeyears.
b. Combustion and Emitter Tubes: Two years.
C. Heater Controls: One year.

PART 2 - PRODUCTS

21

A.

B.

C.

PERFORMANCE REQUIREMENTS

CSA certified, with CSA Sea and certification number clearly visible on units indicating
compliance with ANSI Z83.20/CSA 2.34.

UL listed and labeled, with UL label clearly visible on units indicating compliance with
ANS| Z83.20/CSA 2.34.

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

LOW-INTENSITY, GASFIRED, RADIANT HEATERS
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2.2

DRAFT-INDUCED HEATERS

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

Ambirad.

Combustion Research Corporation.
Detroit Radiant Products Company.
Roberts-Gordon, LLC.

Eal A

Description:  Factory-assembled, indoor, overhead-mounted, electrically controlled, low-
intensity, infrared radiant heating units using gas combustion. Heater to have all necessary
factory-installed wiring and piping required prior to field installation and startup.

Fuel Type: Design burner for natural gas having characteristics same as those of gas available
at Project site.

Burner Assembly:

1 Combustion-Air Inlet: Non-ducted, unvented.

2. Burner Control Housing: Totally enclosed steel exterior with steel cover and enameled
finish. A sight glassis supplied for visual inspection of the burner.

3. Burner: Stainless stedl.

4, Ignition System: Direct spark with flame rod sensing capabilities and self-diagnostic
control module.

5. Motors: General requirements for motors are specified in Section 230513 "Common
Motor Reguirements for HVAC Equipment.”

a Motor: Resilient-mounted, capacitor-start-capacitor-run type with sealed ball
bearings; totally enclosed, nonventilated type with internal thermal protection.

b. Motor Sizes: Minimum size asindicated. If not indicated, large enough so driven
load will not require motor to operate in service factor range above 1.0.

Combustion Chamber: 4-inch- diameter,14-gage, aluminized-stedl tubing with high-emissivity,
high-temperature, corrosion-resistant external finish. Chambers shall be equipped with sight
glass for burner and pilot flame observation.

Emitter Tube: 4-inch diameter, 16-gage, steel tubing with high-emissivity, high-temperature,
corrosion-resistant external finish.

1 Tubing Connections: Compression couplings made from aluminized or stainless stedl.
2. 180-degree-bend emitter steel tubing with high-emissivity, high-temperature, corrosion-
resistant external finish.

LOW-INTENSITY, GASFIRED, RADIANT HEATERS
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2.3

w

m o 0

Vacuum Exhaust Fan: Dynamically balanced, direct-driven, stainless-steel impeller in
aluminized-steel housing, isolated from emitter tubing exhaust system by high-temperature
flexible vibration isolation connector. Fan and connector to have a minimum temperature rating
of 450 deg F.

1 Motors: General requirements for motors are specified in Section 230513 "Common
Motor Reguirements for HVAC Equipment.”

a Motor: Resilient-mounted, capacitor-start-capacitor-run type with sealed ball
bearings; totally enclosed, nonventilated type with internal thermal protection.
b. Motor Sizes: Minimum size asindicated. If not indicated, large enough so driven
load will not require motor to operate in service factor range above 1.0.
2. Vent Termination: Vertical through roof with vent caps.
Reflector:  Polished auminum, with end caps. Shape to control radiation from tubing for
uniform intensity at floor level with 100 percent cutoff above centerline of tubing. Reflectors or
entire heater shall accommodate rotational adjustment from horizontal to a minimum 30-degree
tilt from vertical.
Accessories:
1 Hanger chain with"S" hooks.
2. Clearance warning plague.
CONTROLS AND SAFETIES
Gas Control Valve: Single-stage, regulated redundant 24-V ac gas valve that contains pilot
solenoid valve, electric gas valve, pilot filter, pressure regulator, pilot shutoff, and manual
shutoff al in one body.
Failure Safeguards. 100 percent shutoff of gas flow in the event of flame or power failure.
Prepurge of 15 seconds of air control system prior to burner ignition.

Safety lockout of burner after three consecutive ignition failures.

Blocked Vent Safety: Differential pressure switch in burner safety circuit to stop burner
operation with high discharge or suction pressure.

Control Panel Interlock: Stops burner if panel is open.
Indicator Lights: "Airflow-on" and "burner-on" indicator lights.

Controller: Provide a single, master controller capable f connecting to up to 15 zone control
units. Zone control units shall receive radiant temperature input from black bulb space sensors.

LOW-INTENSITY, GASFIRED, RADIANT HEATERS
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PART 3 - EXECUTION

31

A.

3.2

3.3

EXAMINATION

Examine structures, substrates, areas and conditions, with Installer present, for compliance with
requirements for installation tolerances, required clearances, and other conditions affecting
performance of the Work.

Examine roughing-in for fuel-gas piping to verify actual locations of piping connections before
equipment installation.

Prepare written report, endorsed by Installer, listing conditions detrimental to performance of
the Work.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Equipment Installation: Install gasfired, radiant heaters and associated gas features and
systems according to NFPA 54.

Suspended Units: Suspend from substrate using chain hanger kits and building attachments.

1 Comply with requirements for hangers and supports specified in Section 230529
"Hangers and Supports for HV AC Piping and Equipment.”

Maintain manufacturers recommended clearances for combustibles.

CONNECTIONS

Gas Piping: Comply with Section 231123 "Facility Natural-Gas Piping." Connect gas piping to
gastraininlet; provide union with enough clearance for burner removal and service.

1 Gas Connections: Connect gas piping to radiant heaters according to NFPA 54.

Where installing piping adjacent to gasfired, radiant heaters, alow space for service and
mai ntenance.

Vent Connections: Comply with Section 233113 "Metal Ducts."

Electrical Connections. Comply with applicable requirements in Section 260519 "Low-Voltage
Electrical Power Conductors and Cables.”

1 Install electrical devices furnished with heaters but not specified to be factory mounted.

LOW-INTENSITY, GASFIRED, RADIANT HEATERS
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34 FIELD QUALITY CONTROL

A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and
inspect components, assemblies, and equipment installations, including connections.

B. Gasfired, radiant heaterswill be considered defective if they do not pass tests and inspections.

C.  Preparetest and inspection reports.

35 ADJUSTING
A. Adjust initia-temperature set points.

B.  Adjust burner and other unit components for optimum heating performance and efficiency.

3.6 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain gas-fired, radiant heaters.

END OF SECTION 235523.13

LOW-INTENSITY, GASFIRED, RADIANT HEATERS
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SECTION 235533 - FUEL-FIRED UNIT HEATERS

PART 1- GENERAL

11

12

13

14

15

16

A.

RELATED DOCUMENTS

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

SUMMARY

This Section includes gas-fired unit heaters.

ACTION SUBMITTALS

Product Data: For each type of fuel-fired unit heater indicated. Include rated capacities,
operating characteristics, and accessories.

Shop Drawings: For fuel-fired unit heaters. Include plans, elevations, sections, details, and
attachments to other work.

1 Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

2. Wiring Diagrams. Power, signal, and control wiring.

INFORMATIONAL SUBMITTALS

Field quality-control test reports.

Warranty: Special warranty specified in this Section.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For fuel-fired unit heaters to include in emergency,
operation, and maintenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

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

1. Fan Belts: Onefor each belt-driven fan size.

FUEL-FIRED UNIT HEATERS
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1.7

1.8

A.

B.

A.

QUALITY ASSURANCE

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1,
Section 6 - "Heating, Ventilating, and Air-Conditioning."

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace heat exchanger of fuel-fired unit heater that fails in materials or workmanship within
specified warranty period.

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

PART 2 - PRODUCTS

21

A.

GAS-FIRED UNIT HEATERS

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

1. M odine Manufacturing Company.
2. Reznor/Thomas & Betts Corporation.
3. Sterling HVAC Products; Div. of Mestek Technology Inc.

Description: Factory assembled, piped, and wired, and complying with ANS| Z83.8/CSA 2.6.

Fuel Type: Design burner for natural gas having characteristics same as those of gas available
a Project site.

Type of Venting: Indoor, separated combustion, power vented.
Housing: Steel with inserts for suspension mounting rods.
1 External Casings and Cabinets. Powder coating over corrosion-resistant-treated surface.

Heat Exchanger: Aluminized stedl primary heat exchanger with stainless steel recuperative heat
exchanger.

Burner Material: Aluminized steel with stainless-stedl inserts.

Unit Fan: Aluminum propeller blades riveted to heavy-gage steel spider bolted to cast-iron hub,
dynamically balanced, and resiliently mounted.

FUEL-FIRED UNIT HEATERS
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J.

1 Fan-Blade Guard: Galvanized steel, complying with OSHA specifications, removable for
mai ntenance.

2. General requirements for motors are specified in Section 230513 "Common Motor
Requirements for HV AC Equipment."

a Motors: Totally enclosed with internal thermal-overload protection and complying
with Section 230513 "Common Motor Requirements for HVAC Equipment.”

b. Motor Sizes: Minimum size asindicated. If not indicated, large enough so driven
load will not require motor to operate in service factor range above 1.0.

C. Controllers, Electrical Devices, and Wiring: Electrical devices and connections are
specified in electrical Sections.

Controls: Regulated redundant gas valve containing pilot solenoid valve, electric gas valve,
pilot filter, pressure regulator, pilot shutoff, and manual shutoff all in one body.

Gas Control Valve: Single stage.

Ignition: Electronically controlled electric spark with flame sensor.

Fan Thermal Switch: Operates fan on heat-exchanger temperature.

Vent Flow Verification: Flame rollout switch.

Control transformer.

High Limit: Thermal switch or fuse to stop burner.

Thermostat: Single-stage, wall-mounting type with 50 to 90 deg F operating range and
fan on switch.

Nogok,rwdpE

Discharge Louvers: Independently adjustable horizontal blades.

PART 3 - EXECUTION

31

3.2

A.

B.

A.

B.

INSTALLATION

Install and connect gasfired unit heaters and associated fuel and vent features and systems
according to NFPA 54, applicable local codes and regulations, and manufacturer's written
installation instructions.

Suspended Units: Suspend from substrate using threaded rods, spring hangers, and building
attachments. Secure rods to unit hanger attachments. Adjust hangers so unit is level and
plumb.

CONNECTIONS

Piping installation requirements are specified in other Sections. Drawings indicate general
arrangement of piping, fittings, and specialties.

Install piping adjacent to fuel-fired unit heater to allow service and maintenance.

FUEL-FIRED UNIT HEATERS
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3.3

34

35

Gas Piping: Comply with Section 231123 "Facility Natural-Gas Piping." Connect gas piping to
gastraininlet; provide union with enough clearance for burner removal and service.

Electrical Connections: Comply with applicable requirementsin electrical Sections.

1 Install electrical devices furnished with heaters but not specified to be factory mounted.

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.
Report resultsin writing.

Tests and Inspections:

1 Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

2. Verify bearing lubrication.

3. Verify proper motor rotation.
4, Test Reports: Prepare awritten report to record the following:

a Test procedures used.

b. Test results that comply with requirements.

C. Test results that do not comply with requirements and corrective action taken to
achieve compliance with requirements.

Remove and replace malfunctioning units and retest as specified above.

ADJUSTING
Adjust initial temperature set points.

Adjust burner and other unit components for optimum heating performance and efficiency.

DEMONSTRATION

Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain fuel-fired unit heaters. Refer to Section 017900 "Demonstration
and Training."

END OF SECTION 235533

FUEL-FIRED UNIT HEATERS
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SECTION 237339 - OUTDOOR, DIRECT GAS-FIRED HEATING AND VENTILATING UNITS

PART 1- GENERAL

11

A.

12

13

14

15

16

RELATED DOCUMENTS

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

SUMMARY

This Section includes direct-fired H& V units.

ACTION SUBMITTALS

Product Data: Include rated capacities, furnished specialties, and accessories.

Shop Drawings. Detail equipment assemblies and indicate dimensions, weights, |oads, required

clearances, method of field assembly, components, and location and size of each field

connection. Prepare the following by or under the supervision of a qualified professiona

engineer:

1 Mounting Details: For securing and flashing roof curb to roof structure. Indicate
coordinating requirements with roof membrane system.

2. Wiring Diagrams. Power, signal, and control wiring.

INFORMATIONAL SUBMITTALS

Startup service reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For direct-fired H&V units to include in emergency,
operation, and maintenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

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

1. Filters: One set for each unit.
2. Fan Belts: One set for each unit.

OUTDOOR, DIRECT GAS-FIRED HEATING AND VENTILATING UNITS
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1.7

18

A.

C.

D.

A.

B.

QUALITY ASSURANCE

Product Options: Drawings indicate size, profiles, and dimensiona requirements of direct-fired
H&V units and are based on the specific system indicated. Refer to Section 016000 "Product
Requirements."

Electrical Components, Devices, and Accessories. Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

Comply with NFPA 70.

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and
Equipment" and Section 7 - "Construction and Startup.”

ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1,
Section 6 - "Heating, Ventilating, and Air-Conditioning."
COORDINATION

Coordinate size, location, installation, and structural capacity of roof curbs, equipment supports,
and roof penetrations. These items are specified in Section 077200 "Roof Accessories.”

Coordinate size, location and installation of unit manufacturer's roof curbs and equipment
supports with roof Installer.

PART 2 - PRODUCTS

21

A.

MANUFACTURERS

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

Cambridge Engineering, Inc.

Captive-Air Systems, Inc.

Greenheck.

Hastings Industries; Division of Eric, Inc.

Modine Mfg. Co.; Commercial HYAC&R Division.

Reznor-Thomas & Betts Corporation; Mechanical Products Division.
Rupp Air Management Systems.

Sterling Gas; Mestek, Inc.

NGO WNE
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2.2

2.3

24

PACKAGED UNITS

Factory-assembled, prewired, self-contained unit consisting of cabinet, supply fan, controls,
filters, and direct-fired gas furnace to be installed outside the building.

CABINET

Cabinet: Single-wall gavanized-steel panels, formed to ensure rigidity and supported by
galvanized-steel channels or structura channel supports with lifting lugs. Cabinet shall be fully
wesatherized for outside installation.

Access Panels; Lift-out for furnace and fan motor assemblies on both sides of unit.

Internal Insulation: Fibrous-glass duct lining, comply with ASTM C 1071, Typell, applied on
complete unit.

1 Thickness: 1inch.

2. Insulation Adhesive: Comply with ASTM C 916, Typel.

3 Mechanical Fasteners: Galvanized steel suitable for adhesive attachment, mechanical
attachment, or welding attachment to casing without damaging liner when applied as
recommended by manufacturer and without causing air leakage.

Finish: Heat-resistant, baked enamel.

Discharge: Vertical-pattern, galvanized-steel assembly with diffusers incorporating
individually adjustable vanes.

Roof Curb: Full-perimeter curb of sheet metal, minimum 12 inches high, with wood nailer,
neoprene sealing strip, and welded Z-bar flashing.

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

SUPPLY-AIR FAN

Fan Type: Centrifugal, rated according to AMCA 210; statically and dynamically balanced,
galvanized steel; mounted on solid-steel shaft with heavy-duty, pillow-block bearings rated for
L 50 or 200,000 hours with external grease fittings.

Motor: Open dripproof, single-speed motor.

Drive: V-belt drive with matching fan pulley and adjustable motor sheaves and belt assembly.

Mounting: Fan wheel, motor, and drives shall be mounted in fan casing with spring isolators.

OUTDOOR, DIRECT GAS-FIRED HEATING AND VENTILATING UNITS
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2.5

2.6

2.7

2.8

OUTDOOR-AIR INTAKE

Outdoor-Air Hood:  Galvanized steel with rain baffles, bird screen complying with
ASHRAE 62.1, and finish to match cabinet; and sized to supply maximum 100 percent outdoor
air.

AIRFILTERS

Comply with NFPA 90A.

Disposable Panel Filters: 1-inch thick, factory-fabricated, flat-panel-type, disposable air filters
with holding frames, with a minimum efficiency report value of 6 according to ASHRAE 52.2
and 90 percent average arrestance according to ASHRAE 52.1.

1. Frame: Galvanized stedl.

DAMPERS

Outdoor-Air and Return-Air Damper: Galvanized-steel, opposed-blade dampers with vinyl
blade seals and stainless-steel jamb seals, having a maximum leakage of 10 cfm/sg. ft. of
damper area, at differential pressure of 2-inch wg.

Damper Operator: Direct coupled, electronic with spring return or fully modulating as required
by the control sequence.

DIRECT-FIRED GAS FURNACE

Description: Factory assembled, piped, and wired; and complying with ANSI Z83.4, "Direct
Gas-Fired Make-Up Air Heaters'; ANSI Z83.18, "Direct Gas-Fired Industrial Air Heaters"; and
NFPA 54, "National Fuel Gas Code."

Outside Unit External Housing: Weatherproof steel cabinet with integral support inserts.

1 External Casing and Cabinet Finish: Baked enamel over corrosion-resistant-treated
surface in color to match fan section.

Burners. Cast-iron burner with stainless-steel mixing plates.

1 Control Vave: Modulating with minimum turndown ratio of 25:1.

2. Fuel: Natura gas.

3. Pilot: Electrically ignited by hot-surface ceramic igniter.

Safety Controls:

1 Gas Manifold: Safety switches and controls to comply with ANSI standards.

OUTDOOR, DIRECT GAS-FIRED HEATING AND VENTILATING UNITS
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2.9

2.1

A.

B.

C.

0

A.

2. Purge-Period Timer: Automatically delays burner ignition and bypasses low-limit
control.

3. Airflow Proving Switch: Dual pressure switch senses correct airflow before energizing
pilot and requires airflow to be maintained within minimum and maximum pressure
settings across burner.

4, Manual-Reset, High-Limit Control Device: Stops burner and closes main gas valve if
high-limit temperature is exceeded.

5. Gas Train: Redundant, automatic main gas valves, electric pilot valve, electronic-
modulating temperature control valve, main and pilot gas regulators, main and pilot
manual shutoff valves, main and pilot pressure taps, and high-low gas pressure switches.

6. Safety Lockout Switch: Locks out ignition sequence if burner fails to light after three
tries. Controls are reset manually by turning the unit off and on.

7. Control Transformer: Integrally mounted 24-V ac.

CONTROLS

Factory-wired, fuse-protected control transformer, connection for power supply and field-wired
unit to remote control panel.

Control Panel: Surface-mounted remote panel, with engraved plastic cover, and the following
lights and switches:

On-off-auto switch.

Summer-winter switch.

Supply-fan operation indicating light.
Heating operation indicating light.
Thermostat.

Safety-lockout indicating light.

oukwdpE

Refer to Section 230900 "Instrumentation and Control for HVAC" for control equipment and
sequence of operation.

MOTORS

Comply with requirements in Section 230513 "Common Motor Requirements for HVAC
Equipment.”

PART 3 - EXECUTION

31

A.

EXAMINATION

Examine substrates, areas, and conditions, with Instaler present, for compliance with
regquirements for install ation tolerances and other conditions affecting installation of direct-fired
H&V units.

OUTDOOR, DIRECT GAS-FIRED HEATING AND VENTILATING UNITS
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3.2

3.3

34

Examine roughing-in for piping, ducts, and electrical systems to verify actual locations of
connections before equipment installation.

Examine roof curbs and equipment supports for suitable conditions where rooftop replacement-
air unitswill beinstalled.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install gas-fired units according to NFPA 54, "National Fuel Gas Code."

Install roof curb on roof structure, according to ARI Guideline B. Install and secure direct-fired
H&V units on curbs, and coordinate roof penetrations and flashing with roof construction.

Install controls and equipment shipped by manufacturer for field installation with direct-fired
H&V units.
CONNECTIONS

Piping Connections; Drawings indicate general arrangement of piping, fittings, and specialties.
Install piping adjacent to machine to alow service and maintenance.

1 Gas Piping: Comply with requirements in Section 231123 "Facility Natural-Gas Piping."
Connect gas piping with shutoff valve and union and with sufficient clearance for burner
removal and service. Provide AGA-approved flexible connectors.

Duct Connections: Duct installation requirements are specified in Section 233113 "Metal
Ducts." Drawings indicate the general arrangement of ducts. Connect supply and return ducts
to direct-fired H& V units with flexible duct connectors. Flexible duct connectors are specified
in Section 233300 "Air Duct Accessories.”

Ground equipment according to Section 260526 "Grounding and Bonding for Electrica
Systems."

Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."

STARTUP SERVICE

Engage a factory-authorized service representative to perform startup service.

OUTDOOR, DIRECT GAS-FIRED HEATING AND VENTILATING UNITS
237339-6



BALDWIN FILTERS

MAIN DISTRIBUTION CENTER
PRICING PACKAGE
KEARNEY, NEBRASKA

35

Complete installation and startup checks according to manufacturer's written instructions and
perform the following:

ONOARrWNE

11.
12.
13.
14.

15.
16.
17.
18.

19.
20.

21.

Inspect for visible damage to furnace combustion chamber.

Inspect casing insulation for integrity, moisture content, and adhesion.

Verify that clearances have been provided for servicing.

Verify that controls are connected and operable.

Verify that filters are installed.

Purge gasline.

Verify bearing lubrication.

Inspect fan-wheel rotation for movement in correct direction without vibration and
binding.

Adjust fan belts to proper alignment and tension.

Start unit according to manufacturer's written instructions.

Complete startup sheets and attach copy with Contractor's startup report.

Inspect and record performance of interlocks and protective devices; verify sequences.
Operate unit for run-in period recommended by manufacturer.

Perform the following operations for both minimum and maximum firing and adjust
burner for peak efficiency:

a Measure gas pressure on manifold.

b. M easure combustion-air temperature at inlet to combustion chamber.

C. Measure supply-air temperature and volume when burner is at maximum firing
rate and when burner is off. Calculate useful heat to supply air.

Calibrate thermostats.

Adjust and inspect high-temperature limits.

Inspect dampers, if any, for proper stroke and interlock with return-air dampers.

Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, and
normal and emergency shutdown.

Measure and record airflow. Plot fan volumes on fan curve.

Verify operation of remote panel, including pilot-operation and failure modes. Inspect
the following:

a High-limit heat.
b. Alarms.

After startup and performance testing, change filters, verify bearing lubrication, and
adjust belt tension.

Remove and replace malfunctioning components that do not pass tests and inspections and
retest as specified above.

Prepare written report of the results of startup services.

ADJUSTING

Adjust initial temperature set points.

OUTDOOR, DIRECT GAS-FIRED HEATING AND VENTILATING UNITS
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B. Setfield-adjustable switches and circuit-breaker trip ranges as indicated.

C.  Occupancy Adjustments: When requested within 12 months of date of Substantial Completion,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to
two visits to Project during other-than-normal occupancy hours for this purpose.

3.6 DEMONSTRATION
A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to

adjust, operate, and maintain direct-fired H&V units. Refer to Section 017700 "Closeout
Procedures.”

END OF SECTION 237339
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SECTION 237413 - PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS

PART 1- GENERAL

11

A.

12

13

RELATED DOCUMENTS

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

SUMMARY

This Section includes packaged, outdoor, central-station air-handling units (rooftop units) with
the following components and accessories:

Direct-expansion cooling.

Gas furnace.

Economizer outdoor- and return-air damper section.
Roof curbs.

rpPODPE

Related Sectionsinclude the following:

1 Section 237339 "Outdoor, Direct Gas-Fired Heating and Ventilating Units"' for outdoor
units providing 100 percent tempered outdoor air without heat exchangers.

DEFINITIONS
DDC: Direct-digital controls.
ECM: Electrically commutated motor.

Outdoor-Air Refrigerant Coil: Refrigerant coil in the outdoor-air stream to reject heat during
cooling operations and to absorb heat during heating operations. "Outdoor air” is defined as the
air outside the building or taken from outdoors and not previoudly circulated through the
system.

Outdoor-Air Refrigerant-Coil Fan: The outdoor-air refrigerant-coil fan in RTUs. "Outdoor air"
is defined as the air outside the building or taken from outdoors and not previoudly circulated
through the system.

RTU: Rooftop unit. As used in this Section, this abbreviation means packaged, outdoor,
central-station air-handling units. This abbreviation is used regardless of whether the unit is
mounted on the roof or on a concrete base on ground.

Supply-Air Fan: The fan providing supply air to conditioned space. "Supply air" is defined as
the air entering a space from air-conditioning, heating, or ventilating apparatus.

PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS
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14

15

16

1.7

Supply-Air Refrigerant Coil: Refrigerant cail in the supply-air stream to absorb heat (provide
cooling) during cooling operations and to reject heat (provide heating) during heating
operations. "Supply air" is defined as the air entering a space from air-conditioning, heating, or
ventilating apparatus.

VVT: Variable-air volume and temperature.

ACTION SUBMITTALS

Product Data: Include manufacturer's technical data for each RTU, including rated capacities,
dimensions, required clearances, characteristics, furnished specialties, and accessories.

Shop Drawings. Detail equipment assemblies and indicate dimensions, weights, |oads, required
clearances, method of field assembly, components, and location and size of each field
connection.

1 Wiring Diagrams. Power, signal, and control wiring.

INFORMATIONAL SUBMITTALS

Coordination Drawings. Plans and other details, drawn to scale, on which the following items
are shown and coordinated with each other, using input from installers of the itemsinvolved:

1. Structural members to which RTUs will be attached.
2. Roof openings

3. Raoof curbs and flashing.

Field quality-control test reports.

Warranty: Special warranty specified in this Section.

CLOSEOUT SUBMITTALS

Operation and Maintenance Datac For RTUs to include in emergency, operation, and
mai ntenance manuals.

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with |abels describing contents.

1. Fan Belts: One set for each belt-driven fan.
2. Filters: One set of filters for each unit.

PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS
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19

QUALITY ASSURANCE
ARI Compliance:

1 Comply with ARI 210/240 and ARI 340/360 for testing and rating energy efficiencies for
RTUs.
2. Comply with ARI 270 for testing and rating sound performance for RTUs.

ASHRAE Compliance:

1 Comply with ASHRAE 15 for refrigeration system safety.

2. Comply with ASHRAE 33 for methods of testing cooling and heating cails.

3 Comply with applicable requirements in ASHRAE 62.1, Section5 - "Systems and
Equipment" and Section 7 - "Construction and Startup.”

ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1,
Section 6 - "Heating, Ventilating, and Air-Conditioning."

NFPA Compliance: Comply with NFPA 90A and NFPA 90B.
UL Compliance: Comply with UL 1995.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to replace
components of RTUs that fail in materials or workmanship within specified warranty period.

1 Warranty Period for Compressors. Manufacturer's standard, but not less than five years
from date of Substantial Completion.

2. Warranty Period for Gas Furnace Heat Exchangers. Manufacturer's standard, but not less
than five years from date of Substantial Completion.

3. Warranty Period for Solid-State Ignition Modules: Manufacturer's standard, but not less
than three years from date of Substantial Completion.

4. Warranty Period for Control Boards: Manufacturer's standard, but not less than three
years from date of Substantial Completion.

PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS
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PART 2 - PRODUCTS

21

22

A.

MANUFACTURERS

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

1. AAON, Inc.

2. Carrier Corporation.

3. McQuay International.

4, Trane; American Standard Companies, Inc.
CASING

General Fabrication Regquirements for Casings: Formed and reinforced double-wall insulated
panels, fabricated to allow remova for access to internal parts and components, with joints
between sections sealed.

Exterior Casing Material: Galvanized stedl with factory-painted finish, with pitched roof panels
and knockouts with grommet seals for electrical and piping connections and lifting lugs.

1 Exterior Casing Thickness: 0.0626 inch thick.

Inner Casing Fabrication Requirements:

1 Inside Casing: Galvanized steel, 0.034 thick.

Casing Insulation and Adhesive: Comply with NFPA 90A or NFPA 90B.

1. Materiadls:. ASTM C 1071, Typel.

2. Thickness: 1inch.

3 Liner materials shall have air-stream surface coated with an erosion- and temperature-
resistant coating or faced with aplain or coated fibrous mat or fabric.

4, Liner Adhesive: Comply with ASTM C 916, Typel.

Condensate Drain Pans: Formed sections of galvanized-steel sheet, a minimum of 2 inches
deep, and complying with ASHRAE 62.1.

1 Drain Connections: Threaded nipple both sides of drain pan.

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

PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS
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24

25

FANS

Belt-Driven Supply-Air Fans: Double width, forward curved, centrifugal; with permanently
lubricated, single-speed motor installed on an adjustable fan base resiliently mounted in the
casing. Aluminum or painted-steel wheels, and galvanized- or painted-steel fan scrolls.

Condenser-Coil Fan: Propeller, mounted on shaft of permanently lubricated motor.
Relief-Air Fan: Forward curved, shaft mounted on permanently lubricated motor.

Fan Motor: Comply with requirements in Section 230513 "Common Motor Requirements for
HVAC Equipment.”

COILS
Supply-Air Refrigerant Coil:

1 Aluminum-plate fin and seamlessinternally grooved copper tube in steel casing with
equalizing-type vertical distributor.

2. Polymer strip shall prevent al copper coil from contacting steel coil frame or condensate
pan.

3. Cail Split: Interlaced.

4, Condensate Drain Pan: Galvanized steel with corrosion-resistant coating formed with
pitch and drain connections complying with ASHRAE 62.1.

Outdoor-Air Refrigerant Coil:

1 Aluminum-plate fin and seamlessinternally grooved copper tube in steel casing with
equalizing-type vertical distributor.

2. Polymer strip shall prevent all copper coil from contacting steel coil frame or condensate
pan.

REFRIGERANT CIRCUIT COMPONENTS

Compressor:  Variable speed, hermetic, scroll, mounted on vibration isolators; with internal
overcurrent and high-temperature protection, internal pressure relief.

Refrigeration Specialties:

Refrigerant: R-410A.

Expansion valve with replaceable thermostatic element.
Refrigerant filter/dryer.

Manual-reset high-pressure safety switch.
Automatic-reset low-pressure safety switch.

Minimum off-time relay.

Automatic-reset compressor motor thermal overload.

Nogok,rwdpE
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2.6

2.7

2.8

8. Brass service valvesinstalled in compressor suction and liquid lines.
9. L ow-ambient kit high-pressure sensor.
AIRFILTRATION

Minimum arrestance according to ASHRAE 52.1, and a minimum efficiency reporting value
(MERV) according to ASHRAE 52.2.

1. Pleated: Minimum 90 percent arrestance, and MERV 7.

GAS FURNACE

Description:  Factory assembled, piped, and wired; complying with ANSI Z21.47 and
NFPA 54.

1 CSA Approva: Designed and certified by and bearing label of CSA.
Burners: Stainless steel.

1 Fuel: Natura gas.
2. Ignition: Electronically controlled electric spark or hot-surface igniter with flame sensor.

Heat-Exchanger and Drain Pan: Stainless steel.

Power Vent: Integral, motorized centrifugal fan interlocked with gas valve.
Safety Controls:

1 Gas Control Valve: Maodulating.

2. Gas Train: Single-body, regulated, redundant, 24-V ac gas valve assembly containing
pilot solenoid valve, pilot filter, pressure regulator, pilot shutoff, and manual shutoff.

DAMPERS

Outdoor- and Return-Air Mixing Dampers. Parallel- or opposed-blade galvanized-steel
dampers mechanically fastened to cadmium plated for galvanized-steel operating rod in
reinforced cabinet. Connect operating rods with common linkage and interconnect linkages so
dampers operate simultaneously.

1 Damper Motor: Modulating with adjustable minimum position.
2. Relief-Air  Damper: Gravity actuated or motorized, as required by
ASHRAE/IESNA 90.1, with bird screen and hood.

PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS
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2.9

2.10

211

212

ELECTRICAL POWER CONNECTION

Provide for single connection of power to unit with unit-mounted disconnect switch accessible
from outside unit and control-circuit transformer with built-in overcurrent protection.
CONTROLS

Control equipment and sequence of operation are specified in Section 230900 "I nstrumentation
and Control for HVAC."

Interface Requirements for HV AC Instrumentation and Control System:

1 Provide BACnet compatible interface for central HVAC control workstation for the

following:

a Adjusting set points.

b. Monitoring supply fan start, stop, and operation.

C. Inquiring data to include outdoor-air damper position, supply- and room-air

temperature and humidity.

Monitoring occupied and unoccupied operations.

Monitoring constant and variable motor loads.

Monitoring variable-frequency drive operation.

Monitoring cooling load.

Monitoring economizer cycles.

Monitoring air-distribution static pressure and ventilation air volume.

ST

ACCESSORIES

Duplex, 115-V, ground-fault-interrupter outlet with 15-A overcurrent protection. Include
transformer if required. Outlet shall be energized even if the unit main disconnect is open.

Filter differential pressure switch with sensor tubing on either side of filter. Set for final filter
pressure | oss.

Coil guards of painted, galvanized-steel wire.

ROOF CURBS

Materials: Galvanized steel with corrosion-protection coating, watertight gaskets, and factory-
installed wood nailer; complying with NRCA standards.

1 Curb Insulation and Adhesive: Comply with NFPA 90A or NFPA 90B.

a Materials: ASTM C 1071, Typel or Il.
b. Thickness: 1-1/2 inches.

PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS
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B.

2. Application: Factory applied with adhesive and mechanical fasteners to the internal
surface of curb.

a Liner Adhesive: Comply with ASTM C 916, Typel.

b. Mechanical Fasteners. Galvanized steel, suitable for adhesive attachment,
mechanical attachment, or welding attachment to duct without damaging liner
when applied as recommended by manufacturer and without causing leakage in
cabinet.

C. Liner materials applied in this location shall have air-stream surface coated with a
temperature-resistant coating or faced with a plain or coated fibrous mat or fabric
depending on service air velocity.

d. Liner Adhesive: Comply with ASTM C 916, Typel.

Curb Height: 14 inches.

PART 3 - EXECUTION

31

A.

B.

C.

D.

3.2

A.

3.3

A.

B.

EXAMINATION

Examine substrates, areas, and conditions, with Instaler present, for compliance with
requirements for installation tolerances and other conditions affecting performance of RTUs.

Examine roughing-in for RTUs to verify actual locations of piping and duct connections before
equipment installation.

Examine roofsfor suitable conditions where RTUs will be installed.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Roof Curb: Install on roof structure or concrete base, level and secure, according to
ARI GuidelineB. Install RTUs on curbs and coordinate roof penetrations and flashing with
roof construction specified in Section 077200 "Roof Accessories." Secure RTUs to upper curb
rail, and secure curb base to roof framing or concrete base with anchor bolts.

CONNECTIONS

Install condensate drain, minimum connection size, with trap.

Install piping adjacent to RTUsto allow service and maintenance.

1 Gas Piping: Comply with applicable requirements in Section 231123 "Facility Natural-

Gas Piping." Connect gas piping to burner, full size of gas train inlet, and connect with
union and shutoff valve with sufficient clearance for burner remova and service.
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34

35

Duct installation requirements are specified in other HVAC Sections. Drawings indicate the
general arrangement of ducts. The following are specific connection requirements:

1
2.

3.

4.

Install ductsto termination at top of roof curb.

Remove roof decking only as required for passage of ducts. Do not cut out decking
under entire roof curb.

Connect supply ducts to RTUs with flexible duct connectors specified in Section 233300
"Air Duct Accessories.”

Install return-air duct continuously through roof structure.

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.
Report resultsin writing.

Tests and Inspections:

1
2.
3.

4.

After ingtalling RTUs and after electrical circuitry has been energized, test units for
compliance with requirements.

Inspect for and remove shipping bolts, blocks, and tie-down straps.

Operational Test: After electrical circuitry has been energized, start units to confirm
proper motor rotation and unit operation.

Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

Remove and replace malfunctioning units and retest as specified above.

STARTUP SERVICE

Engage a factory-authorized service representative to perform startup service.

Complete installation and startup checks according to manufacturer's written instructions and do
the following:

RRBoOoOoNoOk~wNE

= o

Inspect for visible damage to unit casing.

Inspect for visible damage to furnace combustion chamber.
Inspect for visible damage to compressor, coils, and fans.
Inspect internal insulation.

Verify that labels are clearly visible.

Verify that clearances have been provided for servicing.
Verify that controls are connected and operable.

Verify that filters are installed.

Clean condenser coil and inspect for construction debris.
Clean furnace flue and inspect for construction debris.
Connect and purge gasline.
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12.
13.
14.
15.

16.
17.

18.
19.
20.

21.
22.
23.
24.

25.

26.

Remove packing from vibration isolators.

Inspect operation of barometric relief dampers.

Verify lubrication on fan and motor bearings.

Inspect fan-wheel rotation for movement in correct direction without vibration and
binding.

Adjust fan belts to proper alignment and tension.

Start unit according to manufacturer's written instructions.

a Start refrigeration system.
b. Do not operate below recommended |ow-ambient temperature.
C. Compl ete startup sheets and attach copy with Contractor's startup report.

Inspect and record performance of interlocks and protective devices; verify sequences.
Operate unit for an initial period as recommended or required by manufacturer.

Perform the following operations for both minimum and maximum firing. Adjust burner
for peak efficiency.

Measure gas pressure on manifold.

Inspect operation of power vents.

Measure combustion-air temperature at inlet to combustion chamber.

Measure flue-gas temperature at furnace discharge.

Perform flue-gas analysis. Measure and record flue-gas carbon dioxide and
oxygen concentration.

Measure supply-air temperature and volume when burner is at maximum firing
rate and when burner is off. Calculate useful heat to supply air.

Poo T
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Calibrate thermostats.

Adjust and inspect high-temperature limits.

Inspect outdoor-air dampers for proper stroke and interlock with return-air dampers.

Start refrigeration system and measure and record the following when ambient is a
minimum of 15 deg F above return-air temperature:

Cail leaving-air, dry- and wet-bulb temperatures.
Coil entering-air, dry- and wet-bulb temperatures.
Outdoor-air, dry-bulb temperature.

Outdoor-air-coil, discharge-air, dry-bulb temperature.

cooTw

Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, and
normal and emergency shutdown.

Measure and record the following minimum and maximum airflows. Plot fan volumes on
fan curve.

Supply-air volume.
Return-air volume.
Relief-air volume.
Outdoor-air intake volume.

coow
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27.  Simulate maximum cooling demand and inspect the following:
a Compressor refrigerant suction and hot-gas pressures.
b. Short circuiting of air through condenser coil or from condenser fans to outdoor-air
intake.
28. After startup and performance testing and prior to Substantial Completion, replace
existing filters with new filters.
3.6 CLEANING AND ADJUSTING
A.  Occupancy Adjustments: When requested within 12 months of date of Substantial Completion,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to
two visits to site during other-than-normal occupancy hours for this purpose.
B. After completing system installation and testing, adjusting, and balancing RTU and air-
distribution systems, clean filter housings and install new filters.
3.7 DEMONSTRATION
A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to

adjust, operate, and maintain RTUs. Refer to Section 017900 "Demonstration and Training."

END OF SECTION 237413
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