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SECTION 230500 - COMMON WORK RESULTS FOR HVAC
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. PART 1 - GENERAL

SECTION REQUIREMENTS

Summary: General requirements for motors, hangers and supports, vibration isolation and

'seismic restraints, and meters and gages.

Submittals: Product Data for materials and equipment spéciﬁed in this Section.

PART 2 - PRODUCTS

MOTORS

Motor Characteristics:

AW

Motors 1 HP and Larger: Three phase.

Motors Smaller Than 1 HP: Single phase.

Frequency Rating: 60 Hz. '

Voltage Rating: NEMA standard voltage selected to operate on nommal circuit voltage
to which motor is connected. _

Service Factor: 1.15 for open dripproof motors; 1.0 for totally enclosed motors.

Duty: Continuous duty at amblent temperature of 105 deg F and at altitude of 3300 feet

~ above sea level.

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 exceedlng nameplate ratings or considering
service factor.

Enclosure: Unless otherwise indicated, open dripproof. :

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

HANGERS AND SUPPORTS

* Hanger and Pipe Attachments: Factory fabricated with galvamzed coatings; nonmetallic coated
for hangers in direct contact with copper tubmg

Building Attachmenits: Powder—actuated—type, drive-pin attachments with pullout and shear
capacities appropriate for supported loads and building materials.

Mechanical-Expansion Anchors: Insert wedge-type attachments w1th pullout " and shear
capacities appropriate for supported loads and building materials.

Common Work Results for HVAC . 230500 - 1
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23  VIBRATION ISOLATIONKAND SEISMIC CONTROL DEVICES

A.  Vibration Supports:

1. Pads: Arranged in single or multiple layers of oil- and water-resistant neoprene of

' sufficient stiffness for uniform loading over pad area, molded with a nonslip pattern and

galvanized-steel baseplates, and factory cut to sizes that match requirements of supported
equipment. v '

2. Mounts: Double-deflection type, with molded, oil-resistant fiberglass, rubber or
neoprene isolator elements with factory-drilled, encapsulated top plate for bolting to
equipment and baseplate for bolting to structure. Provide isolator with minimum 0.5-inch
static deflection.

3. Spring Isolators: Freestanding, laterally stable, open-spring isolators. Provide isolator
with minimum 1-inch static deflection. :

'B.  Vibration Hangers:

1. Elastomeric Hangers: Double-deflection type, with molded, oil-resistant rubber or
neoprene isolator elements bonded to steel housings with threaded connections for hanger
rods. Provide isolator with minimum 0.5-inch static deflection.

2. Spring Hangers: Combination coil-spring and elastomeric-insert hanger with spring and
insert in compression. Provide isolator with minimum 1-inch static deflection.

C. Seismic Restraints:

1.  Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant
. neoprene, with a flat washer face. .

2. Channel Support System: MFMA-3, shop- or field-fabricated support assembly made of
slotted steel channels with accessories for attachment to braced component at one end
and to. building structure at the other end and other matching components and with
corrosion-resistant coating; and rated in tension, compression, and torsion forces.

3. Restraining Cables: Stainless-steel cables with end connections made of steel assemblies

_ that swivel to final installation angle and utilize two clamping bolts for cable
engagement. : .

4. Mechanical Anchor Bolts: Seismic-rated, drill-in, and stud-wedge or female-wedge type.
Provide anchor bolts and hardware with zinc-coated steel for interior applications and
stainless steel for exterior applications. Select anchor bolts with strength required for
anchor and as tested according to ASTM E 488. »

5. Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing polyvinyl or
urethane methacrylate-based resin and accelerator, or injected polymer or hybrid mortar
adhesive. Provide anchor bolts and hardware with zinc-coated steel for interior
applications and stainless steel for exterior applications. Select anchor bolts with strength
required for anchor and as tested according to ASTM E 488.

2.4 PRESSURE GAGES AND TEST PLUGS
A.  Pressure Gages: Direct-mounting, indicating-dial type complying with ASME B40.100. Dry

metal case, minimum 2-1/2-inch diameter with red pointer on white face, and plastic window. ‘ v
Minimum accuracy 3 percent of middle half of range. Range two times operating pressure. b

Common Work Results for HVAC » 230500 -2
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B.

Test Plug: Corrosion-resistant brass or stainless-steel body with two self-sealing rubber core
inserts and gasketed and threaded cap, with extended stem for units to be installed i in insulated
piping. Minimum pressure and temperature rating 500 p51g at 200 deg F.

PART 3 - EXECUTION

3.1

AL

32

33

'MOTOR INSTALLATION

Anchor motor assembly to base, adjustable rails, or other support, arranged and sized according
to manufacturer's written instructions.

GENERAL PIPING INSTALLATIONS
Install piping free of sags-and bends.
Install fittings for changes in direction and branch connections

Install sleeves for pipes passmg through concrete and masonry walls, gypsum board partmons
and concrete ﬂoor and roof slabs.

Exterior Wall, Plpe Penetrations: Mechanical sleeve seals installed in steel or cast-iron pipes .
for wall sleeves.

Comply with requirements in Division 07 Section "Penetratlon Firestopping" for sealing pipe
penetrations in fire-rated construction. .

Install unions at final connection to each piece of equipment.

Install dielectric unions -and ﬂanges to-connect piping materials of dissimilar metals in gas
piping.

Install dielectric coupling and nipple fittings to connect piping materials of d1ssxm11ar metals in
water piping.
GENERAL EQUIPMENT INSTALLATIONS

Install equipment to allow maximum possible headroom unless specific mountmg heights are
not indicated. -

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

Install mechanical 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 allow right of way for piping installed at required slope.

Common Work Results for HVAC - | o 230500 - 3
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3.5

CONCRETE BASES

Anchor equipmen’c to concrete base according to equipment manufacturer's written instructions
and according to seismic codes at Project.

Construct concrete bases of dimensions indiqated, but not less than 6 inches larger in both
directions than supported unit. ‘

Install dowel rods on 18-inch centers around the full perimeter of the base to connect concrete
base to concrete floor. ' '

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

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 bolts to elevations required for proper attachment to supported equipment.

Use 3000-psi, 28-day compressive-strength concrete and reinforcement as specified in
Division 03 Section "Cast-in-Place Concrete." o

HANGERS AND SUPPORTS

Comply with MSS'SP-69 and MSS SP-89. Install building attachments within concrete or to
structural steel. ‘ : o

Install hangers and supports to. allow controlled thermal and seismic movement of piping
systems.

Install powder-actuated drive-pin fasteners in concrete -after concrete is cured. Do not use in
lightweight concrete or in slabs less than 4 inches thick.

‘Install mechanical-expansion anchors in concrete after concrete is cured. Do not use in

lightweight concrete or in slabs less than 4 in¢hes thick.

Comply with requirements in Division 07 Section "Penetration Firestopping" for sealing pipe
penetrations in fire-rated construction. :

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

@

Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in
piping system Specification Sections, install the following types:

1. Adjustable Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or
, insulated stationary pipes, NPS 1/2 to NPS 30. ' ,
2. Pipe Hangers (MSS Type 5): For suspension of pipes, NPS 1/2 to NPS 4, to allow off-
" center closure for hanger installation before pipe erection.

Common Work Results for HVAC K : o v 230500 -4

o /w
/

—_—




SUNY Orange —Middletown Campus
George Shepard Student Center Chiller Replacement — OCCC Project # OCCC 2021-25
FE Project # 20-357

3.6

3.

4.

5.

Adjustable Steel Band Hangers (MSS Type 7). For suspensmn of noninsulated stationary
pipes, NPS 1/2 to NPS 8.

Adjustable Band Hangers (MSS Type9): For suspension of noninsulated stationary
pipes, NPS 1/2 to NPS 8.

Adjustable Swivel-Ring Band Hangers (MSS Type 10): For suspension of noninsulated
stationary pipes, NPS 1/2 to NPS 2.

Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system

L.

2.

-Specification Sectlons install the followmg types:

Extension PlpC_OI‘ Riser Clamps (MSS Type 8): For support of pipe risers, NPS 3/4 to
NPS 20. . , :
Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers,

- NPS 3/4 to NPS 20, if longer ends are required for riser ¢clamps.

VIBRATION ISOLATION AND SEISMIC CONTROL DEVICE INSTALLATION

- Adjust vibration isolators to allow free movement of equipment limited by restraints.

Install resilient bolt isolation washers and bushings on equipment anchor bolts.

Install cables so they do not. bend across sharp edges of adjacent equlpment or building
structure.

" END OF SECTION

Common Work Results for HVAC: . : 230500 -5
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23 0513 COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

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

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

following: /an
N

1.  Motor controllers. o i

2. Torque, speed, and horsepower requirements of the load. e

3. - Ratings and characteristics of supply circuit and required control sequence.

4. Ambient and environmental conditions of installation location.

PART 2 - PRODUCTS

2.1 GENERAL MOTOR REQUIREMENTS

~A.  Comply with reqﬁirements in this Section except when stricter requirements are specified in
HVAC equipment schedules or Sections. ’ K

B.  Comply with NEMA MG 1 unless otherwise indicated.
C. Comply with IEEE 841 for severe-duty motors.

D.  Motor selected for Unit Ventilators shall be an electrically commutated motor.

2.2 MOTOR CHARACTERISTICS

A. Duty: Continuous duty at ambient temperature of 40 deg C (104°F) and at altitude of 3300 feet
(1000 m) above sea level. :

Common Motor Requirements for HVAC Systems 230513 -1
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Capacity and Torque Characteristics: Sufficient to stari accelerate, and operate connected loads

" at designated speeds, at installed altitude and environment, with indicated. operatmg sequence,

and without exceeding nameplate ratings or consxdenng service factor.

'POLYPHASE MOTORS

Description: NEMA MG 1, Design B, medium induction motor.
Efﬁciency: Energy efficient, as defined in NEMA MG 1. |
Service Factor: 1.15.

Multispeed Motors: Varial)le torque.

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

Multispeed Motors: Separate winding for each speed.

Rotor: Random-wound, squirrel cage.

‘Bearings: Regreasable, shielded, antifriction ball bearings suitable forradial and thrust loading.

Temperature Rise: Match insulation rating.

Insulation: Class F.

" Code Letter Designation:

1. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic.

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

POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS

Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection
requirements for controller with required motor leads. Prov1de terminals in motor terminal box
suited to control method.

Motors Used with Variable Frequency Controllers: Ratings, charactenstlcs 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 frequenmes and short time rise pulses produced by
pulse-width modulated inverters.

Energy- and Premium-Efficient Motors: Class B temperature rise; Class F 1nsulat1on
Inverter-Duty Motors: Class F temperature rise; Class H insulation.

LN
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4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected
motors. ' .

C.. VSevere—Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor.

25  SINGLE-PHASE MOTORS

A. Motors larger than 1120 hp shall be one of the following, to suit starting torque and
requirements of specific motor application:

Permanent-split capacitor.
Split phase.

Capacitor start, inductor run.
Capacitor start, capacitor run.

el e e

B. Multisp,eed Motors: Variable-torque, pérfnanent—split—capacitor type.

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

D. 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 USED)

END OF SECTION

Common Motor Requirements for HVAC Systems i o 23 0513-3
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SECTION 230516 - EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING

PART 1 - GENERAL

1.1

AL

1.2

1.3

1.4

4

- RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary .
Conditions and Division 01 Spe01ﬁcat10n Sections, apply to this Section.

SUMMARY

Section Includes:

1.  Flexible, ball-joint, packed expansion joints.

2. . Slip-joint packed expansion joints. '

3. Expansion-compensator packless expansion joints.
4.  Flexible-hose packless expansion joints:

5.  Metal-bellows packless expansion joints.

6.  Rubber packless expansion joints.

7. Grooved-joint expansion joints.

8. Pipe loops and swing connections. "

9. '

Alignment guides and anchors.

PERFORMANCE REQUIREMENTS

Compatibility: Products shall be suitable for p1p1ng service fluids, materials, workmg pressures,

“and temperatures

Capability: Products to absorb 200 percent of maximum axial movement between anchors.

SUBMITTALS
Product Data: For each type of product indicated. v

Delegated-Design Submittal: For each anchor and alignment guide indicated to comply with

~ performance requlrements and design criteria, including analysis data signed and sealed by the

qualified professional engineer responsible for their preparation.

1. Design Calculations: - Calculate requirements for thermal expansion of piping systems
and for selecting and designing expansion joints, loops, and swing connections.
2. Anchor Details: Detail fabrication of ‘each anchor indicated. Show dtmensmns and
~ methods of assembly and attachment to building structure. '

3. Alignment Guide Details: Detail field assembly and attachment to bu1ld1ng structure.

4, Schedule: Indicate type, manufacturer's number, size, matenal pressure rating, end
connections, and location for each expansion joint. :

Expansion Fitti-ngs and Loops for HVAC Piping | 230516 - 1
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C. Welding certificates.

D. - Product Certificates: For each fype of expansion joint, from manufacturer.

E.  Maintenance Data: For expansion joints to include in maintenance manuals. -

1.5 QUALITY ASSURANCE
‘A. Welding Qualifications: Qualify procedures and pefsonnel according to the followihg:
1. AWS DI.1/D1.1M, "Structural Welding Code - Steel."
2.. . ASME Boiler and Pressure Vessel Code: Section IX.

PART 2 - PRODUCTS

2.1 PACKED EXPANSION JOINTS
A.  Flexible, Ball-Joint, Packed Expansion Joints:

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

v following:
2. Basis-of-Design Product: Subject to comphance with requirements, provide product

indicated on Drawings or comparable product by one of the following:

a. Advanced Thermal Systeins Inc.

"~ b Hyspan Precision Products, Inc
c. Vibro Acoust1cs

3. - Standards: ASME Boiler and Pressure Vessel Code: Section II, "Materials"; and
ASME B31.9, "Building Setvices Piping," for materials and design of pressure-
containing parts and bolting.

Material: Carbon-steel assembly with asbestos-free composmon packmg

" Design: For 360-degree rotation and angular deflection. -
Minimum Pressure Rating: 250 psig at 400 deg F (1725 kPa at 204 deg C)
Angular Deflection for NPS 6 (DN 150) and Smaller: 30 degree minimum.
Angular Deflection for NPS 8 (DN 200) and Larger: 15 degree minimum.
End Connections for NPS 2 (DN 50) and Smaller: Threaded.

0. . End Connections for NPS 2-1/2 (DN 65) and Larger: Flanged.

20 e N LA

B.  Slip-Joint Packed Expansion Joints:

1. Manufacturers: Subject to compliance with requlrements provide products by one of the
‘ following:
2." Basis-of-Design Product Subject to compliance with requirements, pr0v1de product

mdlcated on Drawmgs or comparable product by one of the following: -

a. Adsco Manufacturing LLC.

Expansion Fittings and Loops for HVAC Piping S 1230516 -2
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b. Advanced Thermal Systems, Inc.
c.  Hyspan Precisiqn Products, Inc.

Standard: ASTM F 1007. .

Material: Carbon steel with asbestos-free PTFE packing. -

Design: With internal guide and 1nJect10n device for repacking under pressure Include
drip connection if used for steam piping.

Configuration: double joint with base class(es) unless otherwise indicated.

End Connections: Flanged or weld ends to match piping system.-

2.2 PACKLESS EXPANSION JOINTS

A.  Metal, Expansion-Compensator Packless Expansion Joints:

1.

2.

M e fo ot

C.

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

following: :
Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

Adsco Manufacturing LLC.
Flexicraft Industries.

Flex Pression Ltd.

Flex-Weld, Inc.

Hyspan Precision Products, Inc.
Metraflex, Inc.

Senior Flexonics Pathway'
Unaflex.

Unisource Manufacturing, Inc.

Minimum Pressure Rating: 175 psig (1200 kPa) unless otherwise indicated.
Configuration for Copper Tubing: Two—ply, phosphor-bronze bellows with copper pipe
ends.

a.  End Connections for Copper Tubing NPS 2 (DN 50) and Smaller: Threaded

b End Connections for Copper Tubing NPS 2-1/2'to NPS 4 (DN 65 to DN 100):

Threaded.

Configuration for Steel Piping: Two-ply, stainless-steel bellows; steel-pipe end

connections; and carbon-steel shroud.

a. End Connections for Steel Pipe NPS 2 (DN 50) and Smaller: Threaded.
b. End Connections for Steel Pipe NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Flanged

B.  Rubber, Expansion-Compensator Packless Expansion Joints:

1.

Manufacturers: Subject to comphance with requlrements provide products by one of the \
following:

Expansion Fittings and Loops for HVAC Piping 2305 16-3
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 Basis-of-Design Product: Subject to compliance with requirements, provide product

indicated on Drawings or comparable product by one of the following:

Amber/Booth Company, Inc.; a div. of Vibration Isolation Products of Texas, Inc.
Flex-Hose Co., Inc.

Flexicraft Industries.

General Rubber Corporation.

Mason Industries, Inc.; Mercer Rubber Co.

Proco Products, Inc.

Tozen Corporation.

Unaflex. . '

Unisource Manufacturing, Inc.

Material: Twin reinforced-rubber spheres with external restraining cables.
Minimum Pressure Rating: 150 psig at 170 ‘deg F (1035 kPa at 77 deg C) unless
otherwise indicated. .

End Connections for NPS 2 (DN 50) and Smaller: Threaded.

C.  Flexible-Hose Packless Expansion Joints:

1.

2.

o0 o

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

following: v :
Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

Flex-Hose Co., Inc.
Flexicraft Industries.
~ Flex Pression Ltd.
Metraflex, Inc.
Unisource Manufacturing, Inc. .

Description: Manufactured assembly with inlet and outlet elbow fittings and two
flexible-metal-hose legs joined by long-radius, 180-degree return bend or center section
of flexible hose. ~ :
Flexible Hose: Corrugated-metal inner hoses and braided outer sheaths.

Expansion Joints for Copper Tubing NPS 2 (DN 50) and Smaller: Copper-alloy fittings
with solder-joint end connections. : '

a. Bronze hoses and single-braid bronze sheaths with 450 psig at 70 deg F (3100 kPa
at 21 deg C) and 340 psig at 450 deg F (2340 kPa at 232 deg C) ratings.

b.  Bronze hoses and double-braid bronze sheaths with 700 psig at 70. deg F (4830 kPa

" at 21 deg C) and 500 psig at 450 deg F (3450 kPa at 232 deg C) ratings.

Expansion Joints for Copper Tubing NPS 2- 1/2 to NPS 4 (DN 65 to DN 100): Copper- .

alloy fittings with threaded end connections. '

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 300 psig at 70
deg F (2070 kPa at 21 deg C) and 225 psig at 450 deg F (1550 kPa at 232 deg C)
ratings. ' ,

Expansion Fittings and Loops for HVAC Piping 230516 -4
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b. Stainless-steel hoses and double-braid, stamless steel sheaths with 420 psig at 70
deg F (2890 kPa at 21 deg C) and 315 psig at 450 deg F (2170 kPa at 232 deg C)
ratings.

Expansion J oints for Steel Piping NPS 2 (DN 50) and Smaller: Carbon-steel fittings with

~ threaded end connections.

a. Stainless-steel hoses and single-braid, stainless-steel éheaths with 450 psig at 70
deg F (3100 kPa at 21 deg C) and 325 psig at 600 deg F (2250 kPa at 315 deg )]
ratings.

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 700 psig at 70
deg F (4830 kPa at 21 deg C) and 515 psig at 600 deg F (3550 kPa at 315 deg C)
ratings.

Expansion Joints for Steel’Piping‘NPS 2-1/2 to NPS 6 (DN 65 to DN 150): Carbon—steel
fittings with flanged end connections.

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 200 psig at 70
deg F (1380 kPa at 21 deg C) and 145 psig at 600 deg F (1000 kPa at 315 deg C)
ratings.

b. Stainless-steel hoses and double-braid, stainless- steel sheaths with 275 psig at 70
deg F (1900 kPa at 21 deg C) and 200 psig at 600 deg F (1380 kPa at 315 deg C)
ratings.

Expansion Joints for Steel Piping NPS 8 to NPS 12 (DN 200 to DN 300): Carbon-steel
fittings with flanged end connections.

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 125 psig at 70
deg F. (860 kPa at 21 deg C) and 90 psig at 600 deg F (625 kPa at 315 deg C)

. ratings.

b. Stainless-steel hoses and double-braid, stainless-steel sheaths with 165 psig at 70

' deg F (1130 kPa at 21 deg C) and 120 p51g at 600 deg F (830 kPa at 315 deg C)
ratings.

Expansmn Joints for Steel Piping NPS 14 (DN 350) and Larger Carbon-steel fittings
with flanged end connectlons '

a. - Stainless-steel hoses and double-braid, stainless-steel sheaths with 165 psig at 70
deg F (1130 kPa at 21 deg C) and 120 psig at 600 deg F (830 kPa at 315 deg C)
ratings.

D.  Metal-Bellows Packless Expansion Joints:

1.

2.

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

* Basis-of-Design Product: Subject to comphance with requlrements, prov1de product

indicated on Drawings or comparable product by one of the following:

Coa Adsco Manufacturing LLC.

b. American BOA, Inc.

Expansion Fittings and Loops for HVAC Piping _ ~ 230516 -5
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Badger Industries, Inc.
Expansion Joint Systems, Inc.
Flex-Hose Co., Inc.
Flexicraft Industries.
Flex Pression Ltd.
Flex-Weld, Inc.
Flo Fab inc.
Hyspan Precision Products, Inc
Metraflex, Inc.
- Proco Products, Inc.
Senior Flexonics Pathway.
Tozen Corporation.
Unaflex.
Unisource Manufacturing, Inc.
‘Universal Metal Hose; a sub51d1ary of Hyspan Precision Products, Inc.
U.S. Bellows, Inc.
WahlcoMetroflex.

PHaTOBETFT @ MO AL

3. Standards: ASTM F 1120 and EJMA's "Standards of the Expansion Joint Manufacturers
Association, Inc."

. Type: Circular, corrugated bellows with external tie rods.
Minimum Pressure Rating: 175 psig (1200 kPa) unless otherwise indicated.
Configuration: Double joint with base class(es) unless otherwise indicated.
Expansion Joints for Copper Tubing: Multi-ply phosphor-bronze bellows, copper pipe
ends, and brass shrouds.

Non e

a. End Connections for Copper Tubing NPS 2 (DN 50) and Smaller: Threaded.

b. End Connections for Copper Tubing NPS 2-1/2 to NPS 4 (DN 65 to DN 100)

Threaded.
“c. . End Connections for Copper Tubing NPS 5 (DN 125) and Larger: Flanged. -

8.  Expansion Joints for Steel Piping: Multi-ply stainless-steel bellows, steel pipe ends, and
carbon-steel shroud. :

a. End Connections for Steel Pipe NPS 2 (DN 50) and Smaller: Threaded.
b. End Connections for Steel Pipe NPS 2-1/2 (DN 65) and Larger: Flanged

E. Rubber Packless Expansion Joints: .

1. ~ Manufacturers: Subject to compliance with requirements, provide products by one of the
following: A
2. Basis-of-Design Product: Subject to compliance with requirements, provide product

indicated on Drawings or comparable product by one of the following:

Amber/Booth Company, Inc.; a div. of Vibration Isolation Products of Texas, Inc. .
Flex-Hose Co., Inc.

Flexicraft Industries.

Flex-Weld, Inc.

Garlock Sealing Technologies.

General Rubber Corporation.

o Qo o

~ Expansion Fittings and Loops for HVAC Piping 230516 -6
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Mason Industries, Inc.; Mercer Rubber Co.
Metraflex, Inc.

Proco Products, Inc.

Red Valve Company, Inc.

Tozen Corporation.

Unaflex.

m.  Unisource Manufacturing, Inc.

e

W

Standards: ASTMF 1123 and FSA's "Technical Handbook: Non-Metallic Expans1on
Joints and Flexible Pipe Connectors."
Material: Fabric-reinforced rubber complying with FSA-NMEJ-703.
Arch Type: Multiple arches with external control rods.
- Spherical Type: Multiple spheres with external control rods.
Minimum Pressure Rating for NPS 1- 1/2 to NPS 4 (DN 40 to DN 100): 150 psig (1035
kPa) at 220 deg F (104 deg C). . ‘
Minimum Pressure Rating for NPS 5 and NPS 6 (DN 125 and DN 150) 140 psig (966
: kPa) at 200 deg F (93 deg C). ,
9. Minimum Pressure Rating for NPS 8 to NPS 12 (DN 200 to DN 300): 140 psig (966
kPa) at 180 deg F (82 deg C).
10.  Material for Fluids Containing Acids, Alkalies, or Chemicals: BUNA-N.
11.. Material for Fluids Containing Gas, Hydrocafbons or Oil: CR.
12.  Material for Water: EPDM. ,
13. " End Connections: Full-faced, integral steel flanges with steel retaining rings.

N s

o

23 GROOVED-J OINT EXPANSION JOINTS

1. Manufacmrers Subject to comphance with reqmrements prov1de products by one of the
following:
2.  Basis-of-Design Product: = Subject to compliance with requirements, provide product

indicated on Drawings or comparable product by one of the followmg
3. Anvil Internatlonal Inc.
4. Shurjoint Piping Products.
5 Victaulic Company.

B.  Description: Factory-assembled expansion joint made of several grooved-end plpe mpples
couplings, and grooved joints.

C. Standard' AWWA C606 for grooved joints.

D. N1pples Galvanlzed ASTM A 53/A 53M, Schedule 40, Type E or S, steel pipe with grooved
, ends

E.  Couplings: Seven ﬂexiblev type for steel-pipe dimensions. Include ferrous housing sections,

Buna-N gasket suitable for diluted ac1d alkaline fluids, and cold and hot water, and bolts and
nuts.

Expansion Fittings and Loops for HVAC Piping v : : 230516-7
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2.4

A.

ALIGNMENT GUIDES AND ANCHORS

Alignment Guides:

1.

2.

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

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

Adsco Manufacturing LLC.
Advanced Thermal Systems, Inc.
Flex-Hose Co., Inc. '
Flexicraft Industries.

Flex-Weld, Inc.

Hyspan Precision Products, Inc.
Metraflex, Inc.

Senior Flexonics Pathway.
Unisource Manufacturing, Inc.
U.S. Bellows, Inc.

TErE@ e a0 O

Description: Steel, factory-fabricated alignment guide, with bolted two-section outer
cylinder and base for attaching to structure; with two-section guiding spider for bolting to

“pipe. :

Anchor Materials:

b e

Steel Shapes and Plates: ASTM A 36/A 36M.

Bolts and Nuts: ASME B18.10 or ASTM A 183, steel hex head.

Washers: ASTM F 844, steel, plain, flat washers. . :

Mechanical Fasteners: Insert-wedge-type stud with expansion plug anchor for use in
hardened portland cement concrete, with tension and shear capacities appropriate for
application. -

a. Stud: Threaded, zinc-coatéd carbon steel.
b. Expansion Plug: Zinc-coated steel.
c. Washer and Nut: Zinc-coated steel.

Chemical Fasteners: Insert:type-stud, bonding-system anchor for use with hardened
portland cement concrete, with tension and shear capacities appropriate for application. -

a. Bonding Material: ASTMC 881/C 881M, Type IV, Grade 3, two-component
epoxy resin suitable for surface temperature of hardened concrete where fastener is
-to be installed. '

- b. Stud: ASTM A 307, zinc-coated carbon steel with continuous thread on stud

unless otherwise indicated.: :
c. Washer and Nut: Zinc-coated steel.

Expansion Fittings and Loops for HVAC Piping - ' 230516 - 8
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PART 3 - EXECUTION

3.1

3.2

33

EXPANSION-JOINT INSTALLATION
Install expansion joinfs of sizes matching sizes of piping in which they are installed.
Install packed-type expansion joints with packing suitable for ﬂuid service,

Install metal-bellows expansion joints according to EIMA's "Standards of the Expansion Joint
Manufacturers Association, Inc."

Install rubber packless expansion joints aécording to FSA-NMEJ-702. -

. 'Install grooved-joint expansion joints to grooved-end steel piping

PIPE LOOP AND SWING CONNECTION INSTALLATION

Install pipe loops cold-sprung in tension or compression as required to partly absorb tension or -
compression produced during anticipated change in temperature.

Connect risers and branch connections to mains with at least-five plpe fittings including tee in
main.

Connect risers and branch connections to terminal units with at least four p1pe fittings mcludmg
tee in riser. :

Connect mains and branch connections to terminal units with at least four pipe fittings including
tee in main. : :

ALIGNMENT-GUIDE AND ANCHOR INSTALLATION
Install alignment guides to guide expansion and to avoid end-loading and torsional stress.

Install one gulde(s) on each side of pipe expansion ﬁttmgs and loops. Install guldes nearest to
expansion joint not more than four pipe diameters from expansion joint.

Attach guides to pipe and secure guides to building structure.

Install anchors at locations to prevent stresses from exceeding those permitted by ASME B31.9
and to prevent transfer of loading and stresses to connected equipment.

Anchor Attachments:

1

1. Anchor Attachment to Steel Pipe Attach by welding.' Comply with ASME B31.9 and
ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing
Qualifications."

2. Anchor Attachment to Copper Tubing: - Attach with pipe hangers Use MSS SP-69,

Type 24, U-bolts bolted to anchor.

Expansion Fittings and Loops for HVAC Piping ' : 230516-9
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F.  Fabricate and install steel anchors by welding steel shapes, plates, and bars. Comply with
ASME B31.9 and AWS D1.1/D1.1M.

1. Anchor Attachment to Steel Structural Members: Attach by welding.
2. Anchor Attachment to Concrete Structural Members: Attach by fasteners. Follow
fastener manufacturer's written instructions.

G.  Use grout to form flat bearing surfaces for guides and anchors attached to concrete.

END OF SECTION

Expansion Fittings and Loops for HVAC Piping ' 230516 - 10
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SECTION 23 0519 - THERMOMETERS AND GAGES FOR HVAC PIPING

PART 1 - GENERAL

1.1

1.2

1.3

A.

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1>. Bimetallic-actuated thermometers.
2.~ Thermowells.

3. Dial-type pressure gages.

4. - Gage attachments.

5. Test plugs.

6. Test-plug kits.

SUBMITTALS

Product Data: For each type of product indicated.
Product Certificates: For each type of thermometer and gage, from manufacturer.

Operation and Maintenance Data: For thermometers and gages to include in operation and
maintenance manuals. o

PART 2 - PRODUCTS

2.1

A.

w

BIMETALLIC-ACTUATED THERMOMETERS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work lnclude but are not limited to, the following:
Marsh Bellofram. :

Trerice, H. O. Co.

Watts Regulator Co.; a div. of Watts Water Technologies, Inc.
* Weiss Instruments, Inc.

Weksler Glass The'miometer Corp.

Approved Equal '

SN WD~

Standard: ASME B40.200.

Thermometers and Gauges | 230519 -1
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C.

S O

Z-d

22

Case: Liquid-filled non-mercury and sealed type(s); Type 304 stainlessb steel, nominal face
diameter as follows:

1.
2.
3.

Installation in piping: 3 inch diameter. o -
Installations in tanks and similar equipment: 5 inch diameter.
Installation in air-side systems: 5 inch diameter.

Dial: Nonreflective aluminum with permanently etched scale markings and scales in deg F
(deg ©). ‘

Connector Type(s): Union joint, adjustable angle rigid, back and rigid, bottom, with unified-
inch}screw threads,

Connector Size: 1/2 inch (13 mm), with ASME B1.1 screw threads.

Stem: 0.25 or 0.375 inch (6.4 or 9.4 mm) in diameter; stainless steel.

Window: Laminated safety glass.

Ring: Stainless steel.

Element: Bimetal coil.

Pointer: Dark-colored metal.

-Accuraéy: Plus or minus 1 percent of scale range.

THERMOWELLS

Thermowells:

1.  Standard: ASME B40.200.

2. Description: Pressure-tight, socket-type fitting made for insertion into piping tee fitting:

3. Material for Use with Copper Tubing: CNR or CUNL ' :

4,  Material for Use with Steel Piping: CRES.

5. Type: Stepped shank. A ‘ ‘ .

6. External Threads: NPS 1/2, NPS3/4, or NPS1, (DN 15, DN 20, or NPS 25,)
ASME B1.20.1 pipe threads. '

7. . Internal Threads: 1/2, 3/4, and 1 inch (13, 19, and 25 mm), with ASME B1.1 screw
threads: '

8.  Bore: Diameter required to match thermometer bulb or stem.

9.  Insertion Length: Length required to match thermometer bulb or stem.

10.  Lagging Extension: Include on thermowells for insulated piping and tubing.

11. Bushings: For converting size of thermowell's internal screw thread to size of

thermometer connection.

Heat-Transfer Medium: Mixture of graphite and glycerin.

Thermometers and Gauges : ' 23 0519-2
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2.3

2.4

25

N e

. FE PrOJect # 20-357

- PRESSURE GAGES

Direet-Mounted, Metal-Case, Dial-Type Pressure Geges:

1. Manufacturers: = Subject to compliance with requirements, available manufacturers

offering products that may be incorporated into the Work 1nc1ude but are not limited to,
the following:

a, Ashcroft Inc.

b. Marsh Bellofram.

c. Trerice, H. O. Co.

d. Watts Regulator Co.; a div. of Watts Water Technologles Inc.

e.  Weiss Instruments, Tnc.

f. Weksler Glass Thermometer Corp

Approved Equal

03

2. Standard: ASME B40.100.

3. Case: Liquid-filled non-mercury type; stainless' steel or cast alumlnurn 4- 1/2-1nch (114-
mm) nominal diameter. :

4. Pressure-Element Assembly: Bourdon tube unless otherw15e indicated.

5 Pressure Connection: Brass, with NPS 1/4 or NPS 1/2 (DN 8 or DN 15), ASME B1 20 1
pipe threads and bottom-outlet type unless back-outlet type is indicated.

6. Movement: Mechanical, with link to pressure element and connection to pointer.
7. Dial: Nonreflective alummum with perrnanently etched scale rnarkmgs graduated in psi
(kPa). '

8. - Pointer: Dark-colored metal.

9.  Window: Laminated safety glass.

10. - Ring: Stainless steel. v

11.  Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.

GAGE ATTACHMENTS

* Snubbers: ASME B40.100, brass; with NPS 1/4 or NPS 1/2 (DN 8 or DN 15), ASME B1.20.1

pipe threads and porous-metal-type surge-dampemng device. Include extension for use on
insulated piping.

Valves: Brass or stainless-steel needle, with NPS 1/4 or NPS 12 (DN 8 or DN 15),
ASME B1.20.1 pipe threads.

TEST PLUGS

Manufacturers:  Subject to compliance with requirements, available manufacturers offering
products-that may be incorporated into the Work include, but are not hmlted to, the following:
Peterson Equipment Co., Inc.

Trerice, H. O. Co.

Watts Regulator Co.; a div. of Watts Water Technologles Inc.

Weiss Instruments, Inc

Weksler Glass Thermometer Corp.

Approved Equal :
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B.
C.

2.6

F.

R N

S

st

Description: Test-station fitting made for insérti_on into piping tee fitting.

Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include
extended stem on units to be installed in insulated piping. ’ ’ '

Thread Size: NPS 1/4 (DN 8) or NPS 1/2 (DN 15), ASME B1.20.1 pipe thread.
Minimum Pressure and Témperature Rating: 500 psig at 200 deg F (3450 kPa at 93 deg C).

Core Inserts: Neoprene self-sealing rubber. , .

TEST-PLUG KITS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:
Peterson Equipment Co., Inc. ' ‘
Trerice, H. O. Co.

Watts Regulator Co.; a div. of Watts Water Technologies, Inc.

Weiss Instruments, Inc. i '

Weksler Glass Thermometer Corp.

Approved Equal -

Furnish two test-plug kit(s) containing one thermometer(s), one pressure gage and adapter, and
carrying case. Thermometer sensing elements, pressure gage, and adapter probes shall be of
diameter to fit test plugs and of length to project into piping.

Low-Range Thermometer: Small, bimetallic insertion type with 1- to 2-inch- (25- to 51-mm-)
diameter dial and tapered-end sensing element. Dial range shall be at least 25 to 125 degF
(minus 4 to plus 52 deg C). o .

High-Range Thermometer: Small, bimetallic insertion type with 1- to 2-inch- (25- to 5 1-mm-)
diameter dial and tapered-end sensing element. Dial range shall be at least 0 to 220 degF
(minus 18 to plus 104 deg C). ' : ' -

Pressure Gage: Small, Bourdon-tube insertion type with 2- to 3-inch- (51- to 76-mm-) diameter
dial and probe. Dial range shall be at least 0 to 200 psig (0 to 1380 kPa).

Carrying Case: Metal or plastic, with formed instrument padding.

PART 3 - EXECUTION

3.1

A.

INSTALLATION

Install thermowells with socket extending [a minimum of one-third of pipe diameter and in
vertical position in piping tees. ‘

Install thermowells of sizes required to match thermometer connectors. Include bushings if b
required to match sizes.

Thermometers and Gauges ' ' ‘ ' - 230519-4
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C.  Install thermowells with extension on insulated piping.
Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.

D
E.  Install duct-thermometer mounting'brackets in walls of ducts. Attach to duct with screws.
F

Install direct-mounted pressure gages in p1p1ng tees with pressure gage located on pipe at the
most readable position.

Install valve and snubber in piping for each pressure gage for fluids (except steam).

H. Install test plugs in piping tees.

I Install thermometers in the following locations: :
1. Asindicated on plans, details and schematic diagrams.
2. Inlet and outlet of each hydronic zone.
3. Inlet and outlet of each hydronic boiler.
‘4. Two inlets and two outlets of each chiller. :
5. Inlet and outlet of each hydronic coil in air-handling units.
6.  Two inlets and two outlets of each hydronic heat exchanger
7. ‘Outside-, return-, and supply-air ducts.
- J.  Install pressure gages in the following locations: :
\ 1. As indicated on plans, details and schematic diagrams.
2. Discharge of each pressure-reducing valve.
3. Inlet and outlet of each chiller chilled-water and condenser-water connection.
4. Suction and discharge of each pump.
5. Inlet and outlet of each hydronic zone.
6. Inletand outlet of each hydronic boiler. -
7. Inlet and outlet of each hydronic coil in air-handling units.
32 CONNECTIONS
A.  Install thermometers and gages adjacent to mé,chines and equipment to allow service and
maintenance of therrno_meters, gages, machines, and equipment.
33 ADJUSTING
A.  After installation, calibrate meters accerding to manufacturer's wﬁﬁen instructions.
B.  Adjust faces of meters and gages to proper angle for best visibility.
34 THERMOMETER SCHEDULE'
A. Thermometers at inlet and outlet of each hydromc zone shall be the following:
\__ 1.~ Test plug‘ with neoprene self-sealing rubber inserts.

Thermometers and Gauges ‘ : ' 230519 -5
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B.  Thermometers at inlet and outlet of each hydronic boiler shall be the following:
1. Liquid-filled, non-mercury, bimetallic-actuated type.
C.  Thermometers at inlets and outlets of each chiller shall be the following:

1. Liquid-filled, non-mercury, bimetallic-actuated type.

- D. Therrnometérs at inlet and outlet of each hydronic coil in air-handling units and built—up central
systems shall be the following:

1. Liquid-filled, non-mércury, bimetallic-actuated type.

E.  Thermometers at inlet and outlet of each hydronic coil in unit ventilators and fan coil units shall
be the following: '

‘1. Test plug with neoprene self-sealing rubber inserts.
F. Thermometers at outside-, return-, and supply-air ducts shall be the following: -
1. L1qu1d-ﬁlled non-mercury, bimetallic-actuated type

G. Thermometer stems shall be of length to match thermowell insertion length. : N

3.5 . THERMOMETER SCALE-RANGE SCHEDULE .
A.  Scale Range for Heating, Hot-Water Piping: 20 to 240 deg F (0 to 150 deg C).

Scale Range for Air Ducts: Minus 40 to plué 160 deg F (Minus 40 to plus 100 deg C).

3.6  PRESSURE-GAGE SCHEDULE
A.  Pressure gages at discharge of each pressure-reducing valve shall be the foll.owing:‘
1. Liquid-ﬁlled, non-mercury, direét-mopnted, metal case.
B. - Pressure gages at suction and discharge of each pump shall be fhe following:

1 Liquid-filled, non-mercury, direct-mounted, metal case.

3.7 PRESSURE-GAGE SCALE-RANGE SCHEDULE

A.  Scale Range for Heating, Hot-Water Piping: 0 to 100 psi (0 to 600 kPa).

END OF SECTION

Thermometers and Gauges ' : 23 0519-6
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SECTION 23‘ 0523 - GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1 - GENERAL (NOT USED)

2.1

A.

D.

" PART 2 - PRODUCTS

GENERAL-DUTY VALVES

End Connections: Threads shall comply with ANSI B1.20.1. " Flanges shall comply with
ANSIBI16.1 for cast-iron valves and with ANSIB16.24 for bronze valves. Solder-joint

-connections shall comply with ANSI Bl6.18.

One-Piece, Copper-Alloy Ball Valves: Brass or bronze body with chrorhe-plated‘ bronze ball,
PTFE or TFE seats, and 400-psig (2760-kPa) minimum CWP rating.

Two-Piece, Copper-Alloy Ball Valves: Brass or bronze body with full regular port, chrome-
plated bronze ball; PTFE or TFE seats; and 600-psig (4140-kPa) minimum CWP rating and
blowout-proof stem.- , .

Bronze, Swing Check Valves: Class 125, bronze body with bronze disc and seat. - -

PART 3 - EXECUTION

3.1

"o o w »

o

INSTALLATION
Use ball valves for shutoff duty; globe and ball for throttling duty,

Locate valves for casy access and provide separate support where necessary.

- Install valves for each fixture and item of equipment.

Install three-valve bypass around each pressure-reducing valve using throttling-type valves.
Install valves in horizontal piping with stem at or above center of pipe. :
Install valves in a position to allow full stem movement.

Install check valves for proper direction of flow in horizontal position with hinge pin level.

END OF SECTION

General-Duty Valves for HVAC Piping ~ ' | 230523 -1
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SECTION 23 0529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

12

13

1.4

1.5

RELATED DOCUMENTS

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

SUMMARY

A. Section Includes:
1. Metal pipe hangers and supports.
2. Trapeze pipe hangers. :
3. Metal framing systems.
4. Fiberglass strut systems.
5. Thermal-hanger shield inserts..
6. ‘Fastener systems.
7. Pipe stands. ‘
8. Equipment supports.

DEFINITIONS

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

PERFORMANCE REQUIR_EMENTS

A. Delegated Design: Design trapeze pipe hangers and equipment supports, including.

comprehensive engineering analysis by a qualified professional engineer, using
performance requirements and design criteria indicated.

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

1. Design suppbrts 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.

SUBMITTALS

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

Hangers and Supports : _ 230529 -1
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B.

‘Shop Drawings: Show fabricatidn and installation details and include calculations for the
following; include Product Data for components:

1. Trapeze pipé hangers.
2. Metal framing systems.
3. Pipe stands. _

4. Equipment supports.

3 Welding certificates.

1.6 QUALITY ASSURANCE

A.

Structural Steel Welding Qualifications: Quélify 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 METAL PIPE HANGERS AND SUPPORTS

A.

Carbon-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 carbon steel.

el

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 .

22 THERMAL-HANGER SHIELD INSERTS'

A

Manufacturers: ~ Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following: :

1. Carpenter & Paterson, Inc.
2. -Clement Support Services.

Hangers and Supports . ‘ 230529 -2
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2.3

2.4

2.5

ERICO International Corporation.

National Pipe Hanger Corporation.

PHS Industries, Inc. .

Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc.
Piping Technology & Products, Inc.

Rilco Manufacturing Co., Inc.

Value Engineered Products, Inc.

0. Approved Equal

=090 O L AW

B. Insulation-Insert Material for Cold Piping: ASTM C 552, Type II cellular glass with
100-psig (688-kPa) minimum compressive strength and vapor barrier.

C. ' Insulation-Insert Material for Hot Piping: ASTM C 552, Type 1I cellular glass with 100-
psig (688-kPa) minimum compressive strength.

D. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of
pipe- o

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

F. Insert Length: Extend 2 inches (50 mm) beyond sheet metal shield for piping operating

below ambient air temperature.

)

' FASTENER SYSTEMS

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

B. Mechanical-Expansion Anchors: Inéert—wedgthype, 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
A. Description: Welded, shop- of field-fabricated equipment support made from structural
carbon-steel shapes.
MISCELLANEOUS MATERIALS

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

B. Grou‘t: ASTM C 1107, factory-mixed and —packaged, dry, hydraulic—cement, nonshrink
: and nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Non-staining; noncorrosive, and nongaseous.

Hangers and Supports ' : 23 0529 -3
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2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.

" PART 3 - EXECUTION

3.1

HANGER AND SUPPORT INSTALLATION

A.

Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install
hangers, supports, clamps, and attachments as required to properly support piping from
the building structure.

Therr_nal—Hahger Shield Installatidn: Install in pipe hanger or shield for insulated piping.

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. : '

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

_ Equlpment.Support Installation: Fabncate from welded-structural-steel shapes.

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

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

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 (DN 65) and larger and at changes in direction of piping. Install concrete
inserts before concrete is placed; fasten inserts to forms and install reinforcing bars
through openings at top of inserts.

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.

Insulated Piping:
L. Attach clamps and spacers to piping.
a. Piping Operating above Amblent Air Temperature Clamp may prOJect '

through msulatlon

Hangers and Supports ' _ 230529 -4
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- 3.2

3.3

3.5

3.6

b. | Piping Operatmg below Ambient Air Temperature: Use thermal-hanger
shield insert with clamp sized to match OD of insert.
c. Do not exceed pipe stress limits allowed by ASME B31.9 for bu11d1ng
services piping.
2. Shield Dimensions for Pipe: Not less than the following:
a. NPS 1/4 to NPS 3-1/2 (DN 8 to DN 90): 12 inches (305 mm) long and
0.048 inch (1.22 mm) thick.
b.- NPS4 (DN 100): 12 inches (305 mm) long and 0.06 inch (1.52 mm)
thick. : A
3. Thermal-Hanger Shields: Install with insulation same thickness as piping -
insulation.
EQUIPMENT SUPPORTS
A. Fabricate structural-steel stands to suspend equipment from structure overhead or to

support equipment above floor.

B. Grouting: Place grout under supports for equipment and make bearing surface smooth.
C. Provide lateral bracing, to prevent swaying, for equipment supports.
ADJUSTING
A. Hanger Adjustmehts: Adjust .hangers to distribute loads equally on attachments and to
achieve indicated slope of pipe.
B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches (40 mm)
PAINTING :
A. Touchup: Clean field welds and abraded areas of shop pamt 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

' (0.05 mm).

B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply

7 galvanizing-repair paint to comply with ASTM A 780.

HANGER AND SUPPORT SCHEDULE

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

equipment.

Hangers and Supports ' - . ~230529-5
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B.

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‘carbon-steel 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-pldted pipe hangers and copper or stainless-steel attachments for copper
piping and tubing. ‘

Use padded hangers for piping that is subjéct to scratching.
Use thermal-hanger shield inserts for insulated piping and tubing.

Hdrizontal-Piping Hangers and Supports: Unless otherwise indicated and except as

specified in piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated
' or insulated, stationary pipes NPS 1/2 to NPS 30 (DN 15 to DN 750).
2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F
(566 deg C),pipes NPS 4 to NPS 24 (DN 100 to DN 600), requiring up to 4
inches (100 mm) of insulation. ’
3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3):  For
suspension of pipes NPS 3/4 to NPS 36 (DN 20 to DN 900), requiring clamp
_ flexibility and up to 4 inches (100 mm) of insulation. ‘
4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2
. to NPS 24 (DN 15 to DN 600) if little or no insulation is required. ,
5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4 (DN 15 -
to DN 100), to- allow off-center closure for hanger installation before pipe
. erection:’ ' :
6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension
of noninsulated, stationary pipes NPS 3/4 to NPS 8 (DN 20 to DN 200). _
7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated,
, stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200).
8. Adjustable Band Hangers (MSS Type9): For suspension of noninsulated, -
stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200).
9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10):  For suspension of
~ noninsulated, stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200).
10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11):  For
suspension of noninsulated, stationary pipes NPS 3/8 to NPS8 (DN 10 to .
DN 200). : : '

'Hangers and Supports ‘ 230529-6
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11.

12.
. 13.

14,
15.
16.
17.
18,
19.

| 2. -

21.

Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12):  For
suspension of noninsulated, stationary pipes NPS3/8 to NPS3 (DN 10 to
DN 80).

U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30 (DN 15
to DN 750). : 4 -

Clips (MSS Type 26): For support of insulated pipes not subject to expansion or
contraction. ' : ‘

Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36
(DN 100 to DN 900), with steel-pipe base stanchion support and cast-iron floor
flange or carbon-steel plate. '
Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36
(DN 100 to DN 900), with steel-pipe base stanchion support and cast-iron floor
flange or carbon-steel plate, and with U-bolt to retain pipe.

" Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for

pipes NPS 2-1/2 to NPS 36 (DN 65 to DN 900) if vertical adjustment is required,
with steel-pipe base stanchion support and cast-iron floor flange.

Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30
(DN 25 to DN 750), from two rods if longitudinal movement caused by
expansion and contraction might occur. '

Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2
to NPS 24 (DN 65 to DN 600), from single rod if horizontal movement caused by
expansion and contraction might occur. :

Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42
(DN 50 to DN 1050) if longitudinal movement caused by expansion and
contraction might occur but vertical adjustment is not necessary.

Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24
(DN 50 to DN 600) if small horizontal movement caused by expansion and
contraction might occur and vertical adjustment is not necessary.

Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes
NPS 2 to NPS 30 (DN 50 to DN 750) if vertical and lateral adjustment during
installation might be required in addition to expansion and contraction.

K.  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 (DN 24 to DN 600).

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe riseré
NPS 3/4 to NPS 24 (DN 20 to DN 600) if longer ends are required for riser
clamps.. ’
L. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping

system Sections, install the following types:

1.
2.

3.

Hangers and Supports

Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches (150 mm) for

"heavy loads.

Steel Clevises (MSS Type 14): For 120 to 450 deg F (49 to 232 deg C) piping
installations. ‘ -

Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe
rings.

230529-7
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5.

Malleable-Iron Sockets (MSS Type 16): For attachmg ‘hanger rods to vanous '
types of building attachments,

Steel Weldless Eye Nuts (MSS Type 17): - For 120 to 450 degF (49 to 232
deg C) piping installations.

M.v Building Aftachments: Unless otherwise indicated and" except as spemﬁed in piping
" system Sectlons install the following types: :

1.

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 attachmg to center of bottom ﬂange
of beams.
- 5. Welded Beam Attachments (MSS Type 22): For attachmg 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 reqmred
tangent to flange edge.
- 8. Side-Beam Clamps (MSS Type 27) For bottom of steel I-beams.
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of
steel I-beams for heavy loads.
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attachmg to bottom of
steel I-beams for heavy loads, with link extensions.
11. Malleable-Beam Clamps with Extenswn Pieces (MSS Type 30): 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 followmg for indicated loads:
a. Light (MSS Type 31): 750 Ib (340 kg).
b. Medium (MSS Type 32): 1500 Ib (680 kg).
. Heavy (MSS Type 33): 3000 1b (1360 kg).
13. . Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is
required. _
15. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to
linear horlzontal movement where headroom is limited.
N. Saddles and Shields: Unless otherwise indicated and except as specified in piping system

_ Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to

suspend pipe hangers from concrete ceiling. -

Sections, install the following types:

1
- 2.

3.

Hangers and Supports

" Steei—Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids

with insulation that matches adjoining insulation.

Protection Shields (MSS Type 40): Of length recommended in writing by
manufacturer to prevent crushing insulation.

Thermal-Hanger Shield Inserts: For supporting insulated pipe.

230529 -8
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0. Comply with MFMA-103 for metal framing system selections and applications that are
not specified in piping system Sections. ‘

Use Mechanical — Expansion Anchors instead of bulldmg attachments where requlred in
concrete construction.

END OF SECTION

Hangers and Supports 230529 -9
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SECTION 23 0548 - VIBRATION CONTROLS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

1.2

14

1.5

RELATED DOCUMENTS

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

SUMMARY
A.  This Section includes the following:
1. Isolation pads.
2. Isolation mounts.
3. Elastomeric hangers. -
4. - Spring hangers.
5. Restraining braces and cables.
6. Steel and inertia, vibration isolation equipment bases.

DEFINITIONS
A. - IBC: International Building Code.
B. ICC-ES: ICC-Evaluation Service.

C. OSHPD: Office of Statewide Health Planning and Development for the State of v

California. , '
SUBMITTALS ’
A, Product Data: For the following:
L. Include rated load, rated deflection, and overload capacity for each vibration

isolation device.

B. Coordination Drawings: Show coordination of bracing for HVAC piping and equipment

with other systems and equipment in the vicinity, including other supports and restraints.

C. - Welding certificates.

QUALITY ASSURANCE

A. . Welding: Qualify procedures-and personnel according to AWS D1.1/D1.1M, “Structural
Welding Code — S’geel.”. , ) ’

Vibration Controls for HVAC Equipment K : 230548 -1
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PART 2 - PRODUCTS

2.1 VIBRATION ISOLATORS

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

1. Ace Mountings Co., Inc.
2. Amber/Booth Company, Inc.
3. California Dynamics Corporation.
4. [solation Technology, Inc.
5. Kinetics Noise Control.

6. Mason Industries. .
7. Vibration Eliminator Co., Inc.

-8 Vibration Isolation.

9. Vibration Mountings & Controls, Inc.

B. Mounts: Double-deflection type, with molded, oil-resistant rubber, hermetically sealed
' compressed fiberglass, -or neoprene isolator elements with factory-drilled, encapsulated
top plate for bolting to equipment and with baseplate for bolting to structure. Color-code

or otherwise identify to indicate capacity range. :

. Materials: Cast-ductile-iron or welded steel housing containing two separate and
opposing, oil-resistant rubber or neoprene -elements that prevent central threaded
element and attachment hardware from contacting the housing during normal

operation. o :

2. Neoprene: Shock-absorbing materials compounded according to the standard for
bridge-bearing neoprene as defined by AASHTO.

3. Minimum Static Deflection of 0.35”.

4. Basis of Design: Mason Industries Type ND.

. C. Spring Hangers: Combination coil-spring and elastomeric-insert hanger with spring and
‘ insert in compression.

1. Frame: Steel, fabricated for.connection to threaded hanger rods and to allow for
a-maximum of 30 degrees of angular hanger-rod misalignment without binding
or reducing isolation efficiency. ' '

2. Outside 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: , o _

6. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-
reinforced cup to support spring and bushing projecting through bottom of frame.

7. Self-centering hanger rod cap to ensure concentricity between hanger rod and
support spring coil. ’ :

8. Basis of Design: Mason Industries Type 30N.

Vibration Controls for HVAC Equipment ' ~230548-2
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D.

22 VIBRATION ISOLATION EQUIPMENT BASES

Steel Base: Factory-fabricated, welded, structural-steel bases and rails.

1. . Design Requirements: Lowest possible mounting height with not less than 1-
inch (25-mm) clearance above the floor. Include equipment anchor bolts and
auxiliary motor slide bases or rails.

Y Include supports for suction and discharge elbows for pumps.

S 2 Structural  Steel: Steel shapes, plates, and bars complying with
ASTM A 36/A 36M. Bases shall have shape to accommodate supported
equipment. v

3. Support Brackets: Factory-welded steel brackets on frame for outrigger isolation

mountings and to provide for anchor bolts and equipment support.

2.3 FACTORY FINISHES

A.

B.

Finish: Manufacturer’s stanidard prime-coat finish ready for field painting.

Finish: ~Manufacturer’s standard paint applied to factory-assembled and —tested
equipment before shipping.

1. Powder coating on springs and housings.

2. All hardware shall be galvanized. Hot-dip galvanize metal componerits for
" exterior use.

3. Baked enamel or powder coat for metal components on isolators for 1nter1or use.

4. Color-code or otherwise mark vibration isolation and and wind-control devices to

indicate capacity range.

PART 3 - EXECUTION

3.1 EXAMINATION

A

Examine areas and equipment to receive vibration isolation -control “devices for -
compliance with requirements for installation tolerances and other cond1t1ons affecting
performance

Examine roughing-in of reinforcement and cast-in-place anchors to vérify ‘actual

locations before installation.
: AY

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 APPLICATIONS

A.

Multiple Pipe Supports: Secure pipes to trapeze member with clamps appréved for
application by OSHPD.

Vibration Controls for HVAC Equipment : : 230548 -3
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B. Hanger Rod Stiffeners: Install hanger rod stiffeners where indicated or scheduled on
Drawings to receive them and where required to prevent buckling of hanger rods due to
seismic forces.

C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes
of components so strength will be adequate to carry present and future static and seismic .
loads within specified loading limits.

D. Spring Hangers shall be used for all piping in equipment rooms or adjacenf to noise-
sensitive areas. .
33 VIBRATION-CONTROL DEVICE INSTALLATION
A. Equipment Restraints: |

1. Install seismic snubbers on HVAC equipment mounted on vibration isolators.
- Locate snubbers as close as possible to vibration isolators and bolt to equipment
base and supporting structure. '
2. Install resilient bolt isolation washers on equipment anchor bolts where clearance
between anchor and adjacent surface exceeds 0.125 inch (3.2 mm).

B. Piping Restraints:

1. Comply with requirements in MSS SP-127. :

2. Space lateral supports a maximum of 40 feet (12m) o.c., and longitudinal
supports a maximum of 80 feet (24 m)] o.c. B

3. Brace a change of direction longer than 12 feet (3.7 m).

C. Install cables so they do not bend across edges of adjacent equipment or building
’ structure. :

D. Install bushing assemblies for anchor bolts for floor-mounted. equipment, arranged to
provide resilient media between anchor bolt and mounting hole in concrete base.

E. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to
provide resilient media where equipment or equipment-mounting channels are attached to
wall. :

F. Attachment to Structure: If specific attachment is not indicated, anchor bracing to

structure at flanges of beams, at upper truss chords of bar joists, or at concrete members.
G.  Dirilled-in Anchors:

L. Identify position of reinforcing steel and other embedded items prior to drilling
holes for anchors. ‘Do not damage existing reinforcing or embedded items during
coring or drilling. Notify the structural engineer if reinforcing steel or other
embedded items are encountered during drilling. Locate and avoid prestressed
tendons, electrical and telecommunications conduit, and gas lines. .

Vibration Controls for HVAC Equipment - -  230548-4
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2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has
achieved full design strength. '
3. Wedge Anchors: Protect threads from damage durmg anchor 1nstallat10n

Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in the
structural element to which anchor is to be fastened.
4. Adhesive Anchors: Clean holes to remove loose material and» drilling dust prior
’ to installation of adhesive. Place adhesive in holes proceeding from the bottom
of the hole and progressing toward the surface in such a manner as to avoid
introduction of air pockets in the adhesive.
Set anchors to manufacturer's recommended torque, using a torque wrench.
Install zinc-coated steel anchors for interior and stainless-steel anchors for
exterior applications. ' :

S

3.4 FIELD QUALITY CONTROL

A. Perform tests and iﬁspections.
B. Tests and Inspections:
1. Provide evidence of recent calibration of test equipment by a testmg agency

.acceptable to authorities havmg jurisdiction.
Test at least four of each type and size of installed anchors and fasteners selected
by Architect.

_ Measure isolator restraint clearance.

- Measure isolator deflection.
Verify snubber minimum clearances. .
If a device fails test, modify all installations of same type and retest until
satisfactory results are achieved.

N

AR

C. Remove and replace malfunctioning units and retest as specified above.

D. Prepare test and inspection reports.

35  ADJUSTING
A. Adjust isolators after piping system is at operating weight.
B. Adjﬁst limit stops on restrained sprmg isolators to mount equipment at normal operating
: height. After equipment installation is complete, adjust limit stops so they are out of
contact during normal operation.

Adjust active height of spring isolators.

D. Adjust restraints to permit free movement of equipment within normal mode of
operation.

Vibration Controls for HVAC Equipment *  230548-5
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s

3.6 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance
personnel to adjust, operate, and maintain air-mounting systems. Refer to Division 01

Section "Demonstration And Training."

3.7 HVAC VIBRATION-CONTROL DEVICE SCHEDULE

A. Supported or Suspended Equipment: Refer to Drawing Plans.

END OF SECTION
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SECTION 23 0553 IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

1.2

1.4

RELATED DOCUMENTS

Al

‘Drawings and general provisions of the Contract, including General and Supplementary

Conditions and Division 01 Specification Sections, apply to this Section.

-SUMMARY

A. Section Includes:
1. Equipment labels.
2. Warning signs and labels.
3. Pipe labels.
4, Duct labels.
- 5. Valve tags.
6. Warning tags.
SUBMITTALS
A. Product Data: For each type of product indicated.
B. Samples:  For color, letter style, and graphic representation requlred for -each
identification material and device. :
C. Equipment Label Schedule: Include a hstlng of all equlpment to be labeled with the
proposed content for each label. .
D. Valve numbering scheme.
E. Valve Schedules: For each piping system to include in maintenance manuals.
COORDINATION
A.  Coordinate installation of identifying dev1ces with cornpletlon of covering and pamtmg of
. surfaces where devices are to be applied.
B. - Coordinate installation of identifying devices with locations of access panels and doors.
C. Install identifying devices before installing acoustical ceilings,émd similar concealment.

Identification for HVAC Piping and Equiptnent : 23 0553 -1
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PART 2 - PRODUCTS

2.1  EQUIPMENT LABELS
A.  Metal Labels for Equipment:
1. Material and Thickness: Brass,. 0.032-inch (0.8-mm) Stainless steel, 0.025-inch

(0.64-mm) Aluminum, 0.032-inch (0.8-mm) or anodized aluminum, 0.032-inch
(0.8-mm) minimum thickness, and having predrilled or stamped holes for

attachment hardware.

2. Minimum Label Size: Length and width vary for required label content, but not
less than 2-1/2 by 3/4 inch (64 by 19 mm). ~

3. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is

less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72
inches (1830 mm), and proportionately larger lettering for greater viewing
distances. Include secondary lettering two-thirds to three-fourths the size of
principal lettering. ' .

4. Fasteners: Stainless-steel rivets or self-tapping screws.
5. Adhesive: Contact-type permanent adhesive, compatible with label and with -
* substrate. : :

- B. Plastic Labels for Equipment:

1. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical
engraving, 1/8 inch (3.2 mm) thick, and having predrilled holes for attachment
hardware. ‘ ‘ '

2. Letter Color: Black. '

3. Background Color: White. ‘

4. Maximum Temperature: Able to withstand temperatures up to 160 deg F (71
deg O). Co '

5. Minimum Label Size: Length and width vary for required label content, but not
less than 2-1/2 by 3/4 inch (64 by 19 mm). :

6. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is

less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72
inches (1830 mm), and proportionately larger lettering for greater viewing
distances. Include secondary lettering two-thirds to three-fourths the size of
principal lettering. '

7. Fasteners: Stainless-steel rivets or self-tapping SCrews. ,
8 Adhesive: Contact-type permanent adhesive, compatible with label and with
substrate.
C. Label Content: Include equipment's Drawing designation or unique equipment number,

Drawing numbers where equipment is indicated (plans, details, and schedules), plus the '
Specification Section number and title where equipment is specified.

- D. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11- -

inch (A4) bond paper. Tabulate equipment identification number and identify Drawing
numbers where equipment is indicated (plans, details, and schedules), plus  the

Identification for HVAC Piping and Equipment ' ' 23 0553 -2
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2.2

2.3

Specification Section number and title where equipment is specified. Equipment
schedule shall be included in operation and maintenance data.

1

WARNING SIGNS AND LABELS

A.

m U 0w

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/8 inch (3.2 mm) thick, and having predrilled holes»_for attachment hardware.

Letter Color: Black.
Background Color: Yellow.
Maximum Temperature: Able to withstand temperatures up to 160 deg F (7 1 deg C).

Minimum Label Size: Length and width vary for reqmred label content, but not less than
2-1/2 by 3/4 inch (64 by 19 mm).

Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is less
than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830
mm), and proportionately larger lettering for greater viewing distances. Include
secondary lettering two-thirds to three-fourths the size of principal lettering.

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

Adheswe Contact- -type permanent adheswe compatible with label and with substrate.

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

PIPE LABELS

A.

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

Pretensioned Pipe . Labels:  Precoiled, semirigivd 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.

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

2. Lettering Size: At least 1-1/2 inches (38 mm) high.

Identification for HVAC Piping and Equipment : 23 0553 -3
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2.4°  DUCT LABELS - NOT USED

2.5 VALVE TAGS

A. Valve Tags: Stamped or engraved with 1/4-inch (6.4-mm) letters for piping system
abbreviation and 1/2-inch (13-mm) numbers.

1. Tag Material: Brass, 0.032-inch (0.8-mm) Stainless steel, 0.025-inch (0.64-mm)

R Aluminum, 0.032-inch (0.8-mm) or anodized aluminum, 0.032-inch (0.8-mm)
minimum thickness, and having predrilled or stamped holes for attachment
hardware.

2. Fasteners Brass wire-link or beaded chain; or S- hook

B. ©  Valve Schedules: For each piping system on 8-1/2-by-11-inch (A4) bond paper.
Tabulate valve number, piping system, system abbreviation (as shown on valve tag),
location of valve (room or space), normal-operating position (open, closed, or
modulating), and variations for identification. Mark valves for emergency shutoff and
similar special uses.

1. Valve-tag schedule shall be included in operation and maintenance data.

2.6, WARNING TAGS .

A. . Warning Tags: Preprinted or partially prepnnted accident-prevention tags of plasticized
' card stock w1th matte finish suitable for writing.

1. Size: Approxunately 4 by 7 inches (100 by 178 mm).
2. Fasteners: Brass grommet and wire.
3 Nomenclature: Large-size primary caption such as “DANGER » “CAUTION,”

or “DO NOT OPERATE.”
4, Color: Yellow background with black lettering.

PART 3 - EXECUTION

3.1 - PREPARATION

A. Clean piping and equipment surfaces of substances that could impair bond of
identification devices, including dirt, oil, grease, release agents, and 1ncornpat1ble
primers, palnts and encapsulants. :

\

32  EQUIPMENT LABEL INSTALLATION
A.  Install or permanently fasten labels on each major item of mechanical equipment.

B. Locate equipment labels where accessible and visible.

Identification for HVAC Piping and Equipment 230553 -4
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3.3

3.4

3.5

3.6

PIPE LABEL INSTALLATION

A.

Locate ‘pipe labels where piping is exposed or above acce531ble celhngs in finished
spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and

L
2.

. plenums; and exterior exposed locations as follows:

Near each valve and control device.

Near each branch connection, excluding short takeoffs for fixtures and terrmnal
units. Where flow patternis not obvious, mark each pipe at branch.

Near penetrations through walls, floors, Ceilings? and inaccessible enclosures.

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

Near major equ1prnent items and other points of origination and termination.
Spaced at maximum intervals of 50 feet (15 m) along each run. Reduce intervals
to 25 feet (7.6 m) in areas of congested piping and equipment. ‘

On piping above removable acoustical ceilings. Omit intermediately spaced -

- labels.

DUCT LABEL INSTALLATION - NOT USED

VALVE-TAG INSTALLATION

A.

Install tags on valves and control devices in piping systems, except check valves; valves
within factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-
watering hose connections; and HVAC terminal devices and similar roughlng -in -
connections on end-use fixtures and units. List tagged valves in schedule.

Valve- Tag Application Schedule

1.
2.

3.

Valve-Tag Size and Shape: 1-1/2 inches (38mm), round

Valve-Tag Color: Natural

Letter Color: Black

WARNING-TAG INSTALLATION

A

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

END OF SECTION

-Identification for HVAC Pip‘ing and Equipment R 230553 -5
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HV AC-

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

w9 0w p

K

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.  Balancing Air Systems: Not Used
2. Baléncing Hydronic Piping Systems:
a. Constaﬁt—ﬂow hydronic sys{ems.

b. Variable-flow hydronic systems.
c. Primary-secondary hydronic systems.

DEFINITIONS

AABC: Associated Air Balance Council.

NEBB: National Environmental Balancing Bureau.

 TAB: Testing, adjusting, and balancing. ‘
TABB: Testing, Adjusting, and Balancing Bureau.

- TAB Specialist: An entity engaged to p'erfomi TAB Work.

SUBMITTALS

LEED Submittal:

1. Air-Balance Report for LEED Prerequisite EQ 1: Documentation of work performed for

" ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing."

Qualification Data: Within 15 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.

Testing, Adjusting and Balancing for HVAC | 230593 -1
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C.

D.

1.5

",/'\\‘

Contract Documents Examination Report: Within 15 days of Contractor's Notice to Proceed,
submit the Contract Documents review report as specified in Part 3.

Strategies and Procedures Plan: Within 30 days of Contractor's Notice to Proceed, submit TAB

strategies and step-by-step procedures as specified in "Preparation” Article.
Certified TAB reports.
Sample report forms.

Instrument calibration reports, to include the following:

1. Instrument type and make.
2. Serial number,

3.  Application.

4, Dates of use.

5. Dates of calibration.
QUALITY ASSURANCE

TAB Contractor Qualifications: Engage a TAB entity certified by AABC, NEBB or TABB.

1. TAB Field Supervisor: Employee of the TAB contractor and certified by AABC, NEBB
or TABB.

2. TAB Technician: Employee of the TAB contractor and who is certified by AABC,
NEBB, or TABB as a TAB technician.

TAB Conference: Meet with Engineer, College Staff, and Construction Manager 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.

o o

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.

TAB Report Forms: Use standard TAB contractor's forms approved by the A/E and college.

Testing, Adjusting and Balancing for HVAC ' 230593 - 2
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E.

1.6

A.

B.

1.7

A.

B.

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

PROJECT CONDITIONS

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

operations.

Partial Owner Occupancy: Owner may occupy completed areas of building before Substantial
Completion. Cooperate with Owner during TAB operations to minimize conflicts with Owner's

operations.

COORDINATION

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

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

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

3.2

TAB SPECIALISTS — NOT USED

EXAMINATION

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

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

Examine the approved submittals for HVAC 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 equipmént performance data including fan and pump curves.

Testing, Adjusting and Balancing for HVAC | 230593 -3
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1. Relate perfonnance data to Project conditions and requirements, including system effects
- that can create undesired or unpredicted conditions that cause reduced capacities in all or
part of a system.

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

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

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

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

L Examine strainers. Verify that startup screens are replaced by permanent screens with indicated
perforations.
J. Examine three-way valves for proper installation for their intended function of diverting or
( mlxmg fluid flows. .
) " K.  Examine heat-transfer coils for correct piping connections and for clean and straight fins.

L.  Examine system pumps to ensure ebsence of entrained air in the suction piping.
‘M. - Examine operating safety interlocks and controls on HVAC equipment.

N.  Report deficiencies discovered before and during performance of TAB procedures. Observe -

and record system reactions to changes in conditions. Record default set points if different from
indicated values.

3.3 PREPARATION
" A.  Prepare a TAB plan that includes strategies and step-by-step procedures.
B.  Complete system-readiness checks and prepare reports. Verify the following:

Permanent electrical-power wiring is complete.
Hydronic systems are filled, clean, and free of air.
Automatic temperature-control systems are operational.
Equipment and duct access doors are securely closed.
Balance, smoke, and fire dampers are open.
- Isolating and balancing valves are open and control valves are operational.
Ceilings are installed in critical areas where air-pattern adjustments are required and
access to balancing devices is provided.
Windows and doors can be closed so indicated conditions for system operations can be
met.

N kLN~

1
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3.4

A.

3.5

3.6

3.7

3.8

3.9

3.10

3.11

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

GENERAL PROCEDURES FOR TESTING AND BALANCING

rocedures on each system according to the procedures contained
BB's

Perf testing and balancin

n

and in this

Séc’uon.
1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing."

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

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

2. After testing and balancing, install test ports and duct access doors that comply with
requirements in Division 23 Section "Air Duct Accessories." '

3. Install and join new insulation that matches removed materials. Restore insulation,
coverings, vapor barrier, and finish according to Division 23 Section "HVAC Insulation."

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

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS — NOT USED
PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS —NOT USED

PROCEDURES FOR DUAL-DUCT SYSTEMS —NOT USED

PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS — NQT USED

PROCEDURES FOR MULTIZONE SYSTEMS -~ NOT USED

PROCEDURES FOR INDUCTION—UNIT SYSTEMS —NOT USED

GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

Prepare test reports with pertinent design data, and number in sequence starting at pump to end

of system. Check the sum of branch-circuit flows against the approved pump flow rate. Correct
variations that exceed plus or minus 5 percent.

Testing, Adjusting and Balancing for HVAC : 230593 -5
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B.

C.

3.12

Prepare schematic diagrams of systems' "ae-buil " piping layouts.

Prepare hydronic systems for testing and balancing according to the following, in addition to the
general preparation procedures specified above: :

SNhAWN -

Na

Open all manual valves for maximum flow.

Check liquid level in expansion tank.

Check makeup water-station pressure gage for adequate pressure for highest vent.

Check flow-control valves for specified sequence of operation, and set at indicated flow.
Set differential-pressure control valves at the specified differential pressure. Do not set at
fully closed position when pump is positive- dlsplacement typé unless several terminal
valves are kept open.

Set system controls so automatic valves are wide open to heat exchangers.

Check pump-motor load. If motor is overloaded, throttle main flow-balancing device so
motor nameplate rating is not exceeded.

Check air vents for a forceful liquid flow exiting from vents when manually operated.

PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS

Measure water flow at pumps. Use the following procedures except for positive-displacement
pumps:

1.

4,

Verify impeller size by operating the pump with the discharge valve closed. Read
pressure differential across the pump. Convert pressure to head and correct for
differences in gage heights. Note the point on manufacturer's pump curve at zero flow
and verify that the pump has the intended impeller size.

a. If nnpeller sizes must be adjusted to achieve pump performance, obtain approval
from the A/E and Owner and comply with requirements in Division 23 Section
"Hydronic Pumps."

Check system resistance. With all valves open, read pressure differential across the
pump and mark pump manufacturer's head-capacity curve. Adjust pump dlscharge valve
until indicated water flow is achieved.

a. Monitor motor performance during procedures and do not operate motors in
overload conditions.

Verify pump-motor brake horsepower. Calculate the intended brake horsepower for the
system based on pump manufacturer's performance data. Compare calculated brake
horsepower with nameplate data on the pump motor. Report conditions where actual
amperage exceeds motor nameplate amperage.

Report flow rates that are not within plus or minus 10 percent of design.

Measure flow at all automatic flow control valves to verify that valves are functioning as
designed.

Measure flow at all pressure-independent characterized control valves, with valves in fully open '
position, to verify that valves are functioning as designed. '

Testing, Adjusting and Balancing for HVAC 230593 -6
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D.

E.

3.13

3.14

3.15
3.16

3.17

Set calibrated balancing valves, if installed, at calculated presettings.
Measure flow at all stations and adjust, where necessary, to obtain first balance.

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop
relationship may be used as a flow-indicating device.

Measure flow at main balancing station and set main balancing device to achieve flow that is 5
percent greater than indicated flow. '

Adjust balancing stations to within specified tolerances of indicated flow rate as follows:

1. Determine the balancing station with the highest percentage over indicated flow.

2. Adjust each station in turn, beginning with the station with the highest percentage over
indicated flow and proceeding to the station with the lowest percentage over indicated
flow.

3. Record settings and mark balancing devices.

Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump '
heads, and systems' pressures and temperatures including outdoor-air temperature.

Measure the differential-pressure-control-valve settings existing at the conclusion of balancing. ( N
/,’

Check settings and operation of each safety valve. Record settings.

PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS

Balance systems with automatic two- and three-way control valves by setting systems at
maximum flow through heat-exchange terminals and proceed as specified above for hydronic
systems.

PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS

Balance the primary circuit flow first and then balance the secondary circuits.
PROCEDURES FOR STEAM SYSTEMS —NOT USED
PROCEDURES FOR HEAT EXCHANGERS —NOT USED

PROCEDURES FOR MOTORS

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

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

3. Motor rpm.

Testing, Adjusting and Balancing for HVAC v 230593 -7
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3.18

3.19

RN

4 Efficiency rating.

5 Nameplate and measured voltage, each phase.
6. Nameplate and measured amperage, each phase.
7 Starter thermal-protection-element rating.

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

PROCEDURES FOR CHILLERS

Balance water flow through each evaporator and condenser to within spec1ﬁed tolerances of
indicated flow with all pumps operating. With only one chiller operating in a multiple chiller
installation, do not exceed the flow for the maximum tube velocity recommended by the chiller
manufacturer. Measure and record the following data with each chiller operating at design
conditions:

1."  Evaporator-water entering and leaving temperatures, pressure drop, and water flow.

2. For water-cooled chillers, condenser-water entering and leaving temperatures, pressure
drop, and water flow. .

3. . Evaporator and condenser refrigerant temperatures and pressures, using instruments

furnished by chiller manufacturer.

Power factor if factory-installed instrumentation is furnished for measuring kilowatts.
Kilowatt input if factory-installed instrumentation is furnished for measuring kilowatts.
Capacity: Calculate in tons of cooling.

For air-cooled chillers, verify condenser-fan rotation and record fan and motor data
including number of fans and entering- and leaving-air temperatures.

PROCEDURES FOR COOLING TOWERS

Shut off makeup water for the duration of the test, and verify that makeup and blowdown
systems are fully operational after tests and before leaving the equipment. Perform the
following tests and record the results:

Measure condenser-water flow to each cell of the cooling tower.

Measure entering- and leaving-water temperatures.

Measure wet- and dry-bulb temperatures of entering air.

Measure wet- and dry-bulb temperatures of leaving air.

Measure condenser-water flow rate recirculating through the cooling tower.
Measure cooling-tower spray pump discharge pressure.

Adjust water level and feed rate of makeup water system.

Measure flow through bypass.

ol R S al el S e
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3.20

3.21

3.22

3.23

XA W

PROCEDURES FOR CONDENSING UNITS —NOT USED

PROCEDURES FOR BOILERS —NOT USED

- PROCEDURES FOR HEAT-TRANSFER COILS — NOT USED

PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS

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

1. Measure and record the operating speed, airflow, and static pressure of each fan.
2. Measure motor voltage and amperage. Compare the values to motor nameplate
~ information.
Check the refrigerant charge.
Check the condition of filters.
Check the condition of coils.
Check the operation of the drain pan and condensate-drain trap.
Check bearings and other lubricated parts for proper lubrication.
Report on the operating condition of the equipment and the results of the measurements

taken. Report deficiencies.

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

New filters are installed.

Coils are clean and fins combed.

Drain pans are clean.

Fans are clean. _

Bearings and other parts are properly lubticated.
Deficiencies noted in the preconstruction report are corrected.

S

Perform testing and balancing of existing systems to the extent that existing systems are
affected by the renovation work.

1. Compare the indicated airflow of the renovated work to the measured fan airflows, and
determine the new fan speed and the face velocity of filters and coils.

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

3. If calculations increase or decrease the air flow rates and water flow rates by more than 5

percent, make equipment adjustments to achieve the calculated rates. If increase or
decrease is 5 percent or less, equipment adjustments are not required. ‘
4..  Balance each air outlet. :

Testing, Adjusting and Balancing for HVAC 230593 -9
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3.24

A.

3.25

DAL=

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: Not Used
2 Air Outlets and Inlets: Not Used

3. Heating-Water Flow Rate: Plus or minus 10 percent.

4 Cooling-Water Flow Rate: Plus or minus 10 percent.

REPORTING

Initial Construction-Phase Report: Based on examination of the ‘Contract Documents as
spec1fied 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. .

Status Reports: Prepare progress reports to describe completed procedures, procedures in
progress, and scheduled procedures. Include a list of deficiencies and problems found in
systems being tested and balanced. Prepare a separate report for each system and each building
floor for systems serving multlple floors.

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 a list of instruments used for procedures, along with proof of calibration. -

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

Pump curves.

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. '

General Report Data: In addition to form titles andventries, include the following data:

1. Title page.

2. Name and address of the TAB contractor.
3. Project name.

4,  Project location.

5. Architect's name and address.

Testing, Adjusting and Balancing for HVAC ' 230593 - 10
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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.

11. Summary of contents including the following:

=10 0 o

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

Documents.

12. Nomenclature sheets for each item of equipment.

13.  Data for terminal units, including manufacturer's name, type, size, and fittings.

14. Notes to explain why certain final data in the body of reports vary from indicated values.
15. Test conditions for fans and pump performance forms including the following:

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

Conditions of filters. '

Cooling coil, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch diameter.
Inlet vane settings for variable-air-volume systems.

Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

VRN
i \

PQ@orth e 0 o

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

Quantities of outdoor, supply, return, and exhaust airflows.
Water and steam flow rates.

Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Terminal units.

Balancing stations.

Position of balancing devices.

NN =

E.  Air-Handling-Unit Test Reports: Not Used
Apparatus-Coil Test Reports: Not Used

G.  Gas- and Oil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory startup
equipment reports, include the following: Not Used

H.  Electric-Coil Test Reports: For electric furnaces, duct coils, and electric coils installed in
central-station air-handling units, include the following: Not Used

L Fan Test Reports: For supply, return, and exhaust fans, include the following: Not Used

Testing, Adjusting and Balancing for HVAC ‘ 230593 - 11
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J.  Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a grid
representing the duct cross-section and record the following: Not Used

K. Air-Terminal-Device Reports: Not Used

V L. System-Coil Reports: For reheat coils and water coﬂs of terminal units, include the following:
Not Used ‘

M. IPump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and
include the following:

1. Unit Data:

a.  Unit identification.

b. Location.

c. Service.

d.  Make and size.

e. Model number and serial number.

f..  Water flow rate in gpm .

g. Water pressure differential in feet of head or psig.

h. Required net positive suction head in feet of head or psig.
[ ©oL Pump rpm.
\ j. ~ Impeller diameter in inches.
k. Motor make and frame size.

1. Motor horsepower and rpm.

m.  Voltage at each connection.

n. Amperage for each phase.

o.  Full-load amperage and service factor.

p.  Seal type.

- 2. Test Data (Indicated and Actual Values):

a. Static head in feet of head or psig.

b. Pump shutoff pressure in feet of head or psig.

c. Actual impeller size in inches.

d.  Full-open flow rate in gpm.

e Full-open pressure in feet of head or psig.

-f.© Final discharge pressure in feet of head or psig.

g. Final suction pressure in feet of head or psig.

h.  Final total pressure in feet of head or psig.

i. Final water flow rate in gpm.

j. Voltage at each connection.

k. Amperage for each phase.

N.  Instrument Calibration Reports;
1. Report Data:

‘L/ a. Instrument type and make.
b.  Serial number.

Testing, Adjusting and Balancing for HVAC 230593 - 12
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. Application.
d. Dates of use.
e. Dates of calibration.

3.27 INSPECTIONS
A.  Initial Inspection:

L. 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.

2. Check the following for each system:

a. Measure water flow of at least 5 percent of terminals.

b.  Verify that balancing devices are marked with final balance posmon

c. 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 a final inspection be made by A/E, Owner, and. Construction Manager. l

2. The TAB contractor's test and balance engineer shall conduct the inspection in the
presence of A/E, Owner and Construction Manager.

3. A/E 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.

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

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

C. TAB Work will be considered defectwe 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.

2. If the second final inspection also falls Owner may contract the services of another TAB

contractor to complete TAB Work according to the Contract Documents and deduct the
cost of the serv1ces from the original TAB contractor's final payment.

D.  Prepare test and inspection reports.

Testing, Adjusting and Balancing for HVAC | v 230593 - 13
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3.28 ADDITIONAL TESTS

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

B.  Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and

winter conditions, perform additional TAB during near-peak summer and winter conditions.

END OF SECTION
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SECTION 230700 - HVAC INSULATION

PART 1 - GENERAL

1.1

A.

B.

SECTION REQUIREMENTS
Submittals: Product Data for each type of HVAC insulation material.

Quality Assurance: Labeled with maximum flame-spread index of 25 and maximum smoke-
developed index of 50 according to ASTM E 84.

PART 2 - PRODUCTS

2.1

A.

B.

C.

D.

E.

F.

H.

L

INSULATION MATERIALS

Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply with
ASTM C 534, Type I for tubular materials and Type II for sheet materials.

Mineral-Fiber Blanket Insulation: Comply with ASTM C 553, Type II and ASTM C 1290,
Type L :

Mineral-Fiber Board Insulation: Comply with ASTM C 612, Type IA or TypeIB. For
equipment applications, provide insulation with factory-applied FSK jacket.

Mineral-Fiber, Preformed Pipe Insulation: Comply with ASTM C 547, Type I, Grade A, with
factory-applied ASJ.

Mineral-Fiber, Pipe and Tank Insulation: Complying with ASTM C 1393, Type II or Type IIIA
Category 2, or with properties similar to ASTM C 612, Type IB; and havmg factory-applied
~ FSK jacket.

L. Nominal Density: 2.5 Ib/cu. ft. (40 kg/cu. m) or more.

2. Thermal Conductivity (k-value) at 100 Deg F ((55 Deg C):) 0.29 Btu x in/h x sq. ft. x -

deg F (0.042 W/m x K) or less.

Polyolefin Insulation:  Unicellular, polyethylene thermal plastic insulation. Comply with -

ASTM C 534 or ASTM C 1427, TypeI Grade 1, for tubular materials and Type II, Grade 1 for
sheet materials.

Flexible Elastomeric and Polyolefin Adhesive: Comply with MIL-A-24179A, Type I, Class L.
Mineral-Fiber Adhesive: Comply with MIL-A-33 16C, Class 2, Grade A.

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

HVAC Insulation 230700 - 1
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I

K.

L.

Factory-Applied Jackets: When factory-applied jackets are indicated, comply with the
following: :

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C 1136, Type 1.

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

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

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

PART 3 - EXECUTION

3.1

A.

E.

INSULATION INSTALLATION
Comply with requirements of the Midwest Insulation Contractors Association's "National
Commercial & Industrial Insulation Standards" for insulation installation on pipes and

equipment.

Insulation Installation at Interior Wall and Partition P.enetrations (That Are Not Fire Rated):

‘Install insulation continuously through walls.and partitions.

Insulation Installation at Fire-Rated Wall, Partition, and Floor Penetrations: Install insulation
continuously through penetrations. Seal penetrations. Comply with requirements in

Division 07 Section "Penetration Firestopping."

Flexible Elastomeric Insulation Installation:

1. Seal longitudinal seams and end joints with adhesive to eliminate openings in insulation
that allow passage of air to surface being insulated.
2.  Insulation Installation on Pipe Fittings and Elbows: Install mitered sections of pipe

insulation. Secure insulation materials and seal seams with adhesive to eliminate
openings in insulation that allow passage of air to surface being insulated.

Mineral—Fiber Insulation Installation:

1. Insulation Installation on Straight Pipes and Tubes: Where vapor barriers are indicated,

“seal longitudinal seams, end joints, and protrusmns with vapor-barrier mastic and JOlIlt
sealant.

2. For insulation with factory-applied jackets on above ambient surfaces, secure laps with
outward clinched staples at 6 inches (150 mm) o.c.

3. For insulation with factory-applied jackets on below ambient surfaces, do not staple

longitudinal tabs but secure tabs with additional adhesive as recommended by insulation
material manufacturer and seal with vapor-barrier mastic and flashing sealant.

HVAC Insulation 230700 -2
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3.2

33

4.

5.

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

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. '

Polyolefin Insulation Installation:

1. -

2.

Seal split-tube longitudinal seams and end joints with adhesive to eliminate openings in
insulation that allow passage of air to surface being insulated.

Insulation Installation on Pipe Fittings and Elbows: Install mitered sections of polyolefin
pipe insulation. Secure insulation materials and seal seams with adhesive to eliminate
openings in insulation that allow passage of air to surface being insulated.

Plenums and Ducts Requiring Insulation:

1.

3.

Concealed and exposed supply and outdoor air.

Concealed and exposed return air located in nonconditioned space.

Concealed and exposed exhaust between isolation damper and penetration of building
exterior.

Plenums and Ducts Not Insulated:

SUE SN SR

L.
2.
3.

Metal ducts with duct liner.
Factory-insulated plenums and casings.
Flexible connectors.

Vibration-control devices.
Factory-insulated access panels and doors.

Piping Not Insulated: Unless otherwise indicated, do not install insulation on the following:

Drainage piping located in crawlspaces.
Underground piping.
Chrome-plated pipes and fittings unless there is a potential for personnel injury.

DUCT AND PLENUM INSULATION SCHEDULE —-NOT USED

HVAC PIPING INSULATION SCHEDULE

Refrigerant Suction and Hot-Gas Piping: Insulation shall be the following:

1

Flexible Elastomeric: 1 inch thick.

END OF SECTION
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SECTION 232113 - HYDRONIC PIPING

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

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

SUMMARY

This -Section includes pipe and fitting materials, joining methods, special-duty valves, and
specialties for the following:

1. Chilled-water piping.
2. Glycol cooling-water piping.
3. ' Makeup-water piping.

Related Sections include the following:

1.  Division 23 Section "Hydronic Pumps" for pumps, motors, and accessories for hydronic
piping.

'PERFORMANCE REQUIREMENTS

Hydromc piping components and installation shall be capable of Wlthstandmg the following
minimum working pressure and temperature:

1. Makeup-Water Piping: 80 psig (552 kPa) at 150 deg F (66 deg C).

SUBMITTALS
Product Data: For each type of the following:

Plastic pipe and fittings with solvent cement.

RTRP and RTRF with adhesive.

Pressure-seal fittings.

Valves. Include flow and pressure drop curves based on manufacturer's testing for
calibrated-orifice balancing valves and automatic flow-control valves.

5. Hydronic specialties.

AL

LEED Submittal:

1. Product Data for Credit EQ 4.1: For solvent cements and adhesive primers, including
printed statement of VOC content.

Hydronic Piping 232113 - 1
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C.

o " ® U

1.5

| Shop Drawings: Detail, at 1/4 (1:50) scale, the piping layout, fabrication of pipe anchors,

hangers, supports for multiple pipes, alignment guides, expansion joints and loops, and '
attachments of the same to the building structure. Detail location of anchors, alignment guides,
and expansion joints and loops. : .

Welding certificates.
Qualification Data: For Installer.
Field quality-control test reports.

Operation and Maintenance Data: For air control devices, hydronic specialties, and special-duty
valves to include in emergency, operation, and maintenance manuals.

Water Analysis: Submit a copy of the water analysis to illustrate water quality available at
Project site.

QUALITY ASSURANCE
Installer Qualifications:

1. Installers of Pressure-Sealed Joints: Installers shall be certified by the pressure-seal joint
manufacturer as having been trained and qualified to join piping with pressure-seal pipe
couplings and fittings.

Steel Support Welding: Qualify processes and operators according to AWS D1.1/DL.1M,
"Structural Welding Code - Steel."

Welding: Qualify processes and operators according to ASME Boiler and Pressure Vessel
Code: Section IX.

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

ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for materials,
products, and installation. Safety valves and pressure vessels shall bear the appropriate ASME
label. Fabricate and stamp air separators and expansion tanks to comply with ASME Boiler and
Pressure Vessel Code: Section VIII, Division 01.

PART 2 - PRODUCTS

2.1

A.

STEEL PIPE AND FITTINGS

Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall thickness as
indicated in Part 3 "Piping Applications" Article.

Hydronic Piping . , 232113 -2
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B.

Cast-Iron Threaded Fittings: ASME B16.4; Classes 125 and 250 as indicated in Part 3"'Piping
Applications" Article.

Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated ih Part 3
"Piping Applications" Article. .

Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3
"Piping Applications" Article.

Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; raised
ground face, and bolt holes spot faced as indicated in Part 3 "Piping Applications" Article.

Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.

Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, including bolts,
nuts, and gaskets of the following material group, end connections, and facings:

1. Material Group: 1.1.
2. End Connections: Butt welding.
3. Facings: Raised face.

Grooved Mechanical-Joint Fittings and Couplings:

1.  Available Manufacturers: Subject to compliance with requirements, manufacturers

offering products that may be incorporated into the Work include, but are not limited to,
the following: '

a. Anvil International, Inc.

b. Central Sprinkler Company; a division of Tyco Fire & Bulldlng Products.

c. National Fittings, Inc.

d. S. P. Fittings; a division of Star Pipe Products.

e. Victaulic Company of America.

2. Joint Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47/A 47TM,
Grade 32510 malleable iron; ASTM A 53/A 53M, TypeF, E, or S, Grade B fabricated
steel; or ASTM A 106, Grade B steel fittings with grooves or shoulders constructed to
accept grooved-end couplings; with nuts, bolts, locking pin, locking toggle, or lugs to
secure grooved pipe and fittings.

3. Couplings: Ductile- or malleable-iron housing and synthetic rubber gasket of central
cavity pressure-responsive design; with nuts, bolts, locking pin, locking toggle, or lugs to
secure grooved pipe and fittings.

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

the following: -

a. Victaulic Company of America.
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2.2

2.3

Housing: Steel.
O-Rings and Pipe Stop: EPDM.
Tools: Manufacturer's special tool.
“Minimum 300-psig (2070-kPa) working-pressure rating at 230 deg F (110 deg C).

new

Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as pipe in
which they are installed.

PLASTIC PIPE AND FITTINGS

CPVC Plastic Pipe: ASTMF 441/F 441M, Schedules 40 and 80, plain ends as indicated in
Part 3 "Piping Applications" Article.

CPVC Plastic Pipe Fittings: Socket-type pipe fittings, ASTM F 438 for Schedule 40 pipe;
ASTM F 439 for Schedule 80 pipe. '

PVC Plastic Pipe: ASTM D 1785, Schedules 40 and 80, plain ends as indicated in Part 3
"Piping Applications" Article.

PVC Plastic Pipe Fittings: Socket-type pipe fittings, ASTM D 2466 for Schedule 40 pipe;
ASTM D 2467 for Schedule 80 pipe. ,

" JOINING MATERIALS

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

contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum thickness
unless thickness or specific material is indicated.

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

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 alloys. Include water-flushable flux according to
ASTM B 813.

Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper
with copper; or BAg-1, silver alloy for joining copper with bronze or steel.

Welding Filler Metals: Comply with AWS D10.12/D10.12M for weldmg materials approprlate
for wall thickness and chemical analysis of steel pipe being welded.

Solvent Cements for Joining Plastic Piping:

Hydronic Piping ’ 232113 -4
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2.4

2.5

1. CPVC Piping: ASTM F 493.

a. Use CPVC solvent cement that has a VOC content of 490 g/L or less when
“calculated according to 40 CFR 59, Subpart D (EPA Method 24).

b. Use adhesive primer that has a VOC content of 550 g/L or less when calculated
according to 40 CFR 59, Subpart D (EPA Method 24).

2. PVCPiping: ASTM D 2564. Include primer aécording to ASTM F 656.
a. Use PVC solvent cement that has a VOC content of 510 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24). . ‘
b. Use adhesive primer that has a VOC content of 550 g/L or less when calculated
according to 40 CFR 59, Subpart D (EPA Method 24). '
Gasket Material: Thickness, materlal and type suitable for fluid to be handled and working
temperatures and pressures

TRANSITION FITTINGS

Plastic-to-Metal Transition Fittings:

1. CPVC and PVC one-piece fitting with one threaded brass or copper insert and one

Schedule 80 solvent-cement-joint end.

Plastic-to-Metal Transition Unions:

1. MSS SP-107, CPVC and PVC union. Include brass or copper end, Schedule 80 solvent-
cement-joint end, rubber gasket, and threaded union.

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.

1. Factory-fabricated union assembly, for 250-psig (1725-kPa) minimum working pressure
at 180 deg F (82 deg C).

Dielectric Flanges:

L. Factory-fabricated companion-flange assembly, for 150- or 300-psig (1035- or 2070-kPa)
minimum working pressure as required to suit system pressures.

Dielectric-Flange Kits:
1. 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.
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2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig (1035-
or 2070-kPa) minimum working pressure where required to suit system pressures.

E.  Dielectric Couplings:

1. Galvanized-steel coupling with inert and noncorrosive thermoplastic lining; threaded
ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).

F.  Dielectric Nipples:

1. Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain,
threaded, or grooved ends; and 300-psig (2070-kPa) minimum worklng pressure at 225
deg F (107 deg C).

2.6 VALVES

A.  Gate, Globe, Check, Ball, and Butterﬂy Valves: Comply with requirements specified in
Division 23 Section "General-Duty Valves for HVAC Piping."

B. = Automatic Temperature-Control Valves, Actuators, and Sensors: Comply with requirements
specified in Division 23 Section "Instrumentation and Control for HVAC."

- C. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves:

1. Body: Cast-iron or steel body, ball, plug, or globe pattern with cahbrated orifice or
venturi. v

Ball: Brass or stainless steel.

Stem Seals: EPDM O-rings.

Disc: Glass and carbon-filled PTFE.

Seat: PTFE. _

End Connections: Flanged or grooved.

Pressure Gage Connections: Integral seals for portable differential pressure meter.

Handle Style: Lever, with memory stop to retain set position.

CWP Rating: Minimum 125 psig (860 kPa).

0. Maximum Operating Temperature: 250 deg F (121 deg C).

SO E BN

D.  Automatic Flow-Control Valves:

Body: Brass or ferrous metal.

Piston and Spring Assembly: [Stainless steel] [Corrosion resistant], tamper proof, self
cleaning, and removable.

Combination Assemblies: Include bonze or brass-alloy ball valve.

Identification Tag: Marked with zone identification, valve number, and flow rate.

Size: Same as pipe in which installed.

Performance: Maintain constant flow, plus or minus 5 percent over system pressure
fluctuations.

Minimum CWP Rating: 175 psig (1207 kPa).

Maximum Operating Temperature: 250 deg F (121 deg C).

N —

S S
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2.7

A.

TNV

HYDRONIC PIPING SPECIALTIES
Stainless-Steel Bellow, Flexible ConnectorS'

1. Body Stainless- steel bellows w1th woven, flexible, bronze, wire- remforcmg protective
jacket.

End Connections: Threaded or flanged to match equipment connected

Performance: Capable of 3/4-inch (20-mm) misalignment.

CWP Rating: 150 psig (1035 kPa).

Maximum Operating Temperature: 250 deg F (121 deg C).

Expansion fittings are spemﬁed in Division 23 Section "Expansion Fittings and Loops for
HVAC Piping." -

PART 3 - EXECUTION

3.1

A.

3.2

PIPING APPLICATIONS

Glycol cooling-water piping, aboveground, NPS 2 (DN 50) and smaller, shall be any of the
following: .

1. Schedule 40 steel pipe; Class 125, cast-iron fittings; cast-lron flanges and ﬂange fittings;
and threaded joints.

Glycol cooling-water piping, aboveground, NPS 2-1/2 (DN 65) and larger, shall be any of the

following:

1. Schedule 40 steel pipe; grooved, mechanical joint coupling and ﬁttmgs and grooved
mechanical joints.

-Makeup-water piping installed aboveground shall be either of the following:

1. Schedule 40 steel pipe; Class 125, cast-iron fittings; cast-iron flanges and flange fittings;

and threaded joints.

‘Makeup-Water Piping Installed Belowground and within Slabs: Type K (A), annealed-temper

copper tubing, wrought-copper fittings, and soldered joints. Use the fewest possible joints.

VALVE APPLICATIONS

Install shut-off-duty valves at each branch connection to supply mains, and at supply connection
to each piece of equipment.

Install calibrated-orifice, balancing valves at each branch connection to return main.
Install calibrated-orifice, balancing valves in the return pipe of each héating or cooling terminal.

Install check valves at each pump discharge and elsewhere as required to control flow direction.
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E. Install safety valves at hot-water generators and elsewhere as required by ASME Boiler and
Pressure Vessel Code. Install drip-pan elbow on safety-valve outlet and pipe without valves to
the outdoors; and pipe drain to nearest floor drain or as indicated on Drawings. Comply with
ASME Boiler and Pressure Vessel . Code:  Section VIII, Division 1, for installation
requirements.

F.  Install pressure-reducing valves at makeup-water connection to regulate system fill pressure.

3.3 PIPING INSTALLATIONS

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
© systems. . ‘

B. Install piping indicated to be exposed and piping in equipment rooms and service areas at right
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated
otherwise.

Install piping to permit valve servicing.

Install piping at indicated slopes.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

o m m g oo

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

H. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing
of valves.

I.  Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) ball valve, and short NPS 3/4
(DN 20) threaded nipple with cap, at low points in piping system mains and elsewhere as
required for system drainage. :

R Install piping at a uniform grade of 0.2 percent upward in direction of flow.

K. Install branch connections to mains using mechanically formed tee fittings in main pipe, with
the branch connected to the bottom of the main pipe. For up-feed risers, connect the branch to
the top of the main pipe.

L. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping."

M. Install unions in piping, NPS 2 (DN 50) and smaller, adjacent to valves, at final connections of
equipment, and elsewhere as indicated.

N.  Install flanges in piping, NPS 2-1/2 (DN 65) and larger, at final connections of equ1pment and
elsewhere as indicated.
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3.4

0.

Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid valve, in-
line pump, and elsewhere as indicated. Install NPS 3/4 (DN 20) nipple and ball valve in
blowdown connection of strainers NPS 2 (DN 50) and larger. Match size of strainer blowoff
connection for strainers smaller than NPS 2 (DN 50).

Install expansion loops, expansion joints, anchors, and pipe alignment guides as specified in
Division 23 Section "Expansion Fittings and Loops for HVAC Piping."

Identify piping as specified in Division 23 Section "Identification for HVAC Piping and
Equipment."

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requiremeﬁts
for sleeves specified in Division 23 Section "Sleeves and Sleeve Seals for HVAC Piping."

‘Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with

requirements for sleeve seals specified in Division 23 Section "Sleeves and Sleeve Seals for
HVAC Piping." '

HANGERS AND SUPPORTS
Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and

Supports for HVAC Piping and Equipment." Comply with the followmg requirements for
maximum spacing of supports

. Seismic restraints are spec1ﬁed in DlVlSlOﬂ 23 SCCUOII "Vibration and Seismic Controls for

HVAC Piping and Equipment."
Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet (6 m)
long.

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet
(6 m) or longer.

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6 m) or longer,
supported on a trapeze.

4, Spring hangers to support vertical runs.

5. Provide copper-clad hangers and supports for hangers and supports in direct contact with
copper pipe.

6. On plastic plpe install pads or cushions on bearing surfaces to prevent hanger from
scratching pipe. -

Install hangers for steel piping with the following maximum spacing and minimum rod sizes:

1. NPS 3/4 (DN 20): Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).
. NPS 1 (DN 25): Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).
3. NPS 1-1/2 (DN 40): Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10
mm).
4. NPS 2 (DN 50): Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).
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3.5

NPS 2-1/2 (DN 65): Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch (10
mm).

6 NPS 3 (DN 80): Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 mm).

7. NPS 4 (DN 100): Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 mm).
8. NPS 6 (DN 150): Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch (13 mm).
9 .

1

W

NPS 8 (DN 200): Maximum span, 19 feet (5.8 m); minimum rod size, 5/8 inch (16 mm).

0. NPS 10 (DN 250): Maximum span, 20 feet (6.1 m); minimum rod size, 3/4 inch (19

mm).

11. NPS 12 (DN 300); Maximum span, 23 feet (7 m); minimum rod size, 7/8 inch (22 mm).

12. NPS 14 (DN 350): Maximum span, 25 feet (7.6 m); minimum rod size, 1 inch (25 mm).

13. NPS 16 (DN 400): Maximum span, 27 feet (8.2 m); minimum rod size; 1 inch (25 mm).

14, NPS 18 (DN 450): Maximum span, 28 feet (8.5 m); minimum rod size, 1-1/4 inches (32
mim).

15. NPS 20 (DN 500) Maximum span, 30 feet (9.1 m); minimum rod size, 1-1/4 inches (32
mm). ’

Install hangers for drawn-temper copper piping with the following maximum spacing and
minimum rod sizes: :

1. NPS 3/4 (DN 20): Maximum span, 5 feet (1.5 m); minimum rod size, 1/4 inch (6.4 mm).

2. NPS 1 (DN 25): Maximum span, 6 feet (1.8 m); minimum rod size, 1/4 inch (6.4 mm).

3 NPS 1-1/2 (DN 40): Maximum span, 8 feet (2 4 m); minimum rod size, 3/8 inch (10
mm).

4, NPS 2 (DN 50):  Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (10 mm).

5. NPS 2-1/2 (DN 65): Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10
mm).

6. NPS 3 (DN 80): Max1mum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).

Support vertical runs at roof, at each floor, and at 10-foot (3-m) intervals between floors.

PIPE 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. :

Hydronic Piping o 232113 - 10
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3.6

F.

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

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

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

Welded Joints: Construct joints according to AWS D10.12/D10.12M, using qualified pfocesses
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-Cemented Joints: Clean and dry joining surfaces. Join pipe and fittings
according to the following: '

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent
cements.
2. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.
3. PVC Pressure Piping: Join ASTM D 1785 schedule number, PVC pipe and PVC socket
fittings according to ASTM D 2672. Join other-than-schedule number PVC pipe and
. socket fittings according to ASTM D 2855.
4, PVC Nonpressure Piping: Join according to ASTM D 2855.

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

Grooved Joints: Assemble joints with coupling and gasket, lubricant, and bolts. Cut or roll
grooves in ends of pipe based on pipe and coupling manufacturer's written instructions for pipe
wall thickness. Use grooved-end fittings and rigid, grooved-end-pipe couplings.

Mechanically Formed, Copper—Tube-Ouﬂet Joints: Use manufacturer-recommended tool and
procedure, and brazed joints.

Pressure-Sealed Joints: Use manufacturer-recommended tool and procedure. Leave insertion

_ marks on pipe after assembly.

HYDRONIC SPECIALTIES INSTALLATION

- Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required

for system air venting.

Install automatic air vents at high points of system piping in mechanical equipment rooms only.
Manual vents at heat-transfer coils and elsewhere as required for air venting.
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3.7 FIELD QUALITY CONTROL

A.  Prepare hydronic piping according to ASME B31.9 and as follows:

1.

- Leave joints, including welds, uninsulated and exposed for examination during test.

Provide temporary restraints for expansion joints that cannot sustain reactions due to test
pressure. If temporary restraints are impractical, isolate expansion joints from testing.
Flush hydronic piping systems with clean water; then remove and clean or replace
strainer screens.

Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be
capable of sealing against test pressure without damage to valve. Install blinds in flanged
joints to isolate equipment.

Install safety valve, set at a pressure no more than one-third higher than test pressure, to
protect against damage by expanding liquid or other source of overpressure during test.

B.  Perform the following tests on hydronic piping:

1.

5.

Use ambient temperature water as a testing medium unless there is risk of damage due to
freezing. Another liquid that is safe for workers and compatible with piping may be
used.

While filling system, use vents installed at high points of system to release air. Use
drains installed at low points for complete draining of test liquid.

Subject piping system to hydrostatic test pressure that is not less than 1.5 times the
system's working pressure. Test pressure shall not exceed maximum pressure for any
component in system under test. Isolate equipment prior to testing.

After hydrostatic test pressure has been applied for at least 10 minutes, examine piping,
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing
components, and repeat hydrostatic test until there are no leaks.

Prepare written report of testing.

C.  Perform the following before operating the system:

b

AN

Open manual valves fully.

Inspect pumps for proper rotation.

Set makeup pressure-reducing valves for required system pressure.

Inspect air vents at high points of system and determine if all are installed and operating
freely (automatic type), or bleed air completely (manual type). '

Set temperature controls so all coils are calling for full flow.

Inspect and set operating temperatures of hydromc equipment, such as boilers, chillers,
cooling towers, to specified values.

Verify lubrication of motors and bearings.

END OF SECTION
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SECTION 236416 — CENTRIFUGAL WATER CHILLERS

PART 1 - GENERAL

1.1

A.

12

1.3

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. Packaged, water-cooled centrifugal chillers

Related Sections:

1.  Division 3 Section "Miscellaneous Cast-In-Place Concrete" :
2. Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment.”
3. - Division 23 Section “Hydronic Piping.”

DEFINITIONS

COP: Coefficient of performance. The ratio of the rate of heat removal to the rate of energy
input using consistent units for any given set of rating conditions.

EER: Energy-efﬁcienéy ratio. The ratio of the cooling capacity given in terms of Btu/h to the
total power input given in terms of watts at any given set of rating conditions.

IPLV: Integrated part-load value. A single number part-load efficiency figure of merit
calculated per the method defined by AHRI 550/590 “Performance Rating of Water-Chilling
and Heat Pump Water-Heating Packages Using the Vapor Compression Cycle” and referenced
to ARI standard rating conditions.

kW/Ton: The ratio of total power input of the chiller in kilowatts to the net refrigerating
capacity in tons at any given set of rating conditions.

NPLV: Nonstandard part-load value. A single number part-load efficiency figure of merit
calculated per the method defined by AHRI 550/590 “Performance Rating of Water-Chilling
and Heat Pump Water-Heating Packages Using the Vapor Compression Cycle” and intended for
operating conditions other than the ARI standard rating conditions.

Centrifugal Water Chillers 236416 - 1
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1.4

A.

1.5

PERFORMANCE REQUIREMENTS

Seismic Performance: Packed water chillers shall withstand the effects of earthquake motions
determined according to SEI/ASCE 7.

1. The term "withstand" means "the unit will remain in place without separation of any parts -

from the device when subjected to the seismic forces specified."

SUBMITTALS

Product Data: Include refrigerant, rated capacities, operating characteristics, furnished
specialties, and accessories.

1. Performance at AHRI standard conditions and at conditions indicated.

. Part load cooling efficiencies of water chiller.
3. Performance at varying capacity with constant-design entering evaporator-water

temperature. Repeat performance at varying capacity for different entering evaporator-
water temperatures from design to minimum in 5 deg F increments.

4. Performance at varying capacity with constant-design entering condenser-water
temperature. Repeat performance at varying capacity for different entering condenser-
water temperatures from design to minimum in 5 deg F increments.

5 Minimum evaporator flow rate.

6.  Minimum condenser flow rate

7. Fluid capacity of evaporator.

8 Fluid capacity of condenser.

9.  Entering and leaving evaporator water temperatures.

10.  Entering and leaving condenser water temperatures.

11.  Refrigerant capacity of water chiller.

12.  Characteristics of safety relief valves.

13.  Electrical requirements of water chiller.

‘Shop Drawings: Complete set of manufacturer's prints of water chiller assemblies, control

panels, sections and elevations, and unit isolation. Include the following:

Assembled unit dimensions.

Weight and load distributions.

Required clearances for maintenance and operation.
Sizes and locations of piping and wiring connections.
Wiring Diagrams: For power, signal, and control wiring.

Rl el S e

Coordination Drawings: Floor plans, drawn to scale, on which the following.items are shown
and coordinated with each other, using input from installers of the items involved:

Structural supports.

Piping roughing-in requirements.

Wiring roughing-in requirements, including spaces reserved for electrical equipment.
Access requirements, including working clearances for mechanical controls and electrical
equipment, and tube pull and service clearances.

ke
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1.6

1.7

1.8

D.

E.

A.

Certificates: For certification required in "Quality Assurance" Article.

Seismic Qualification Certificates: For water chillers, accessories, and components, from
manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equlpment Unit: Identify center of gravity and locate

and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based
and their installation requirements.

Source quality-control test reports.

Startup service reports.

Operation and Maintenance Data: For each water chiller to include in emergency, operation,
and maintenance manuals.

Warranty: Sample of épecial warranty.

QUALITY ASSURANCE
AHRI Certification: Certify chiller according to ARI 590 certification program.
AHRI Rating: Rate water chiller performance according to requirements in AHRI 550/590,

"Performance Rating of Water-Chilling and Heat Pump Water-Heatmg Packages Using the
Vapor Compression Cycle."

. ASHRAE Compliance: ASHRAE 15 for safety code for mechanical refrigeration.

ASHRAE/IESNA 90.1-2019 Compliance: AApphcable requirements in ASHRAE/IESNA 90.1-
2019, Section 6 - "Heating, Ventilating, and A1r~C0nd1t10n1ng "

ASME Compliance: Fabricate and stamp water chiller heat exchangers to comply with ASME
Boiler and Pressure Vessel Code.

Comply with NFPA 70.

DELIVERY, STORAGE, AND HANDLING

~ Ship water chillers from the factory fully charged with refrigerant and ship on skids with a

water—reswtant cover

COORDINATION

Coordinate sizes and locations of concrete bases with actual equipment provided.
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B.

C.

1.9

A,

Coordinate sizes, locations, and anchoring attachments of structural-steel support structures.

Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with
actual equipment provided.

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace components of water chillers that fail in materials or workmanship within specified

warranty period.

1. Compressor Warranty Period: Five years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

A.

B.

D.

E.

PACKAGED CENTRIFIGUAL WATER CHILLERS

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

1. Daikin

Basis-of-Design Product: Subject to compliance with requirements, provide the product
indicated on Drawings (Daikin; Magnitude Magnetic Bearing Centrifugal Chiller) or a
comparable product by one of the following:

1. Trane.
2. Carrier.
3. York.

Description:  Factory-assembled and run-tested magnetic bearing centrifugal water chiller
complete with compressor(s), compressor motors and motor controllers, evaporator, condenser

‘where indicated, electrical power, controls, and indicated accessories.

Fabricate water chiller mounting base with reinforcement strong enough to resist water chiller

movement during a seismic event when water chiller is anchored to field support structure.

Compressors:

1. Description: Magnetic bearing, oil-free, semi-hermetic centrifugal compressors.

2. Motors: Semi-hermetic type, liquid refrigerant cooled, and designed for Variable
Frequency Drive (VFD) operation. .

3. Operating Speed: Variable.

4, Capacity Control: The chiller shall be provxded with an integrated VFD to automatlcally
regulate compressor speed in response to a load change and compressor lift requirement.
Compressor shall be capable of operating at part-load conditions without increased
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1A
E:

wvibration over normal vibration at full-load operation and shall be capable of continuous"
operation at its lowest step of unloading.
5. Vibration Isolation: Mount individual compressors on either neoprene or spring isolators.

F. Refrigeration:

1. Refrigerant: R-134a.

Refrigerant Compatibility: Parts exposed to refrigerants shall be fully compatible with
refrigerants, and pressure components shall be rated for refrigerant pressures.

3.  Refrigerant Circuit: Each circuit shall include an electronic expansion valve, refrigerant
charging connections, a hot-gas muffler, compressor suction and' discharge shutoff
valves, a liquid-line shutoff valve, a replaceable-core filter-dryer, a sight glass with
moisture indicator, a liquid-line solenoid valve, and an insulated suction line.

4. Refrigerant Isolation: Factory install positive shutoff isolation valves in the compressor
discharge line and the refrigerant liquid-line to allow the isolation and storage of the
refrigerant charge in the chiller condenser.

G.  Evaporator:

1. Shell-and-tube design, as indicated.
2. Shell and Tube:

< ; a. Description: Direct-expansion, shell-and-tube design with fluid bﬂowihg through
the shell and refrigerant flowing through the tubes within the shell.
b. Code Compliance: Tested and stamped according to ASME Boiler and Pressure .

Vessel Code.

c. Shell Material: Carbon steel.

d. Shell Heads: Removable carbon-steel heads with multipass baffles located at each
end of the tube bundle.

e. Shell Nozzles: Fluid nozzles located along the side of the shell and terminated

with mechanical-coupling end connections for connection to field piping. :
f. Tube Construction: Individually replaceable copper tubes with enhanced fin
design, expanded into tube sheets. -

"H.  Condenser:

1. Shell and tube design, as indicated.
2. . Shell and Tube:

a. Description: Shell-and-tube design with refrigerant flowing through the shell and
fluid flowing through the tubes within the shell.
b. Provides positive subcooling of liquid refrigerant.
C. Code Compliance: Tested and stamped according to ASME Boiler and Pressure
Vessel Code.
d.  Shell Material: Carbon steel.
e. Tube Construction: Individually replaceable copper tubes with enhanced fin
design, expanded into tube sheets.
{ v £ Provide each condenser with a pressure relief device, purge cock, and liquid-line
N shutoff valve.
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L. Electrical Power:

1.

D

SneEw

% N

11
12.

Factory-installed and -wired switches, motor controllers, transformers, and other
electrical devices necessary shall provide a single-point field power connection to water
chiller.

House in a unit-mounted, NEMA Type 1 enclosure with hinged access door with lock
and key or padlock and key. '
Wiring shall be numbered and color-coded to match wiring diagram.

Install factory wiring outside of an enclosure in a raceway.

Field power interface shall be to NEMA KS 1, heavy-duty, nonfused disconnect switch.
Provide branch power circuit to each motor and to controls with one of the following
disconnecting means:

a. NEMA KS 1, heavy -duty, fusible switch with rejection-type fuse clips rated for
fuses. Select and size fuses to provide Type 2 protectlon according to IEC 60947-
4-1.

b. NEMA KS 1, heavy-duty, nonfusible switch.

“C. NEMA AB 1, motor-circuit protector (circuit breaker) with field-adjustable, short-

circuit trip coordlnated with motor locked-rotor amperes.

Provide each motor with overcurrent protection.

Overload relay sized according to UL 1995, or an integral component of water chiller
control microprocessor.

Phase-Failure and Undervoltage: Solid-state sensing with adjustable settings.

Controls Transformer: Unit-mounted transformer with primary and secondary fuses and
sized with enough capacity to operate electrical load plus spare capacity. '
Control Relays: Auxiliary and adjustable time-delay relays.

Indicate the following for water chiller electrical power supply:

Current, phase to phase, for all three phases.

Voltage, phase to phase and phase to neutral for all three phases.
Three-phase real power (kilowatts).

Three-phase reactive power (kilovolt amperes reactive).

Power factor.

Running log of total power versus time (kilowatt hours).

Fault log, with time and date of each.

Mmoo op

02

J. . Controls:

L.

Stand-alone, microprocessor based.
Enclosure: Share enclosure with electrical power devices or provide a separate enclosure
of matching construction.

Operator Interface: Keypad or pressure-sensitive touch screen. Multiple—character,v

backlit, liquid-crystal display or light-emitting diodes. Display the following:

Date and time.
Operating or alarm status.
Operating hours.
" QOutside-air temperature if required for chilled-water reset.
Temperature and pressure of operating set points.

opoop
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Entering and leaving temperatures of chilled water.
Entering and leaving temperatures of condenser water.
Refrigerant pressures in evaporator and condenser.
Saturation temperature in evaporator and condenser.
No cooling load condition. y

Elapsed time meter (compressor run status).

Pump status.

Antirecycling timer status.

Percent of maximum motor amperage.

Current-limit set point.

Number of compressor starts.

4, ©  Control Functions:

op

o Ao

Manual or automatic startup and shutdown time schedule. :
Entering and leaving chilled-water temperatures, control set points, and motor load
limit. Chilled-water leaving temperature shall be reset based on space temperature.
Current limit and demand limit. '

Condenser-water temperature.

External water chiller emergency stop.

Antirecycling timer. :

Automatic lead-lag switching.

5.  Manual-Reset S'afety Controls: The following conditions shall shut down water chiller
and require manual reset:

B e Ao op

Low evaporator pressure or high condenser pressure.
Low chilled-water temperature.

Refrigerant high pressure.

High or low oil pressure.

High oil temperature.

Loss of chilled-water flow.

Loss of condenser-water flow.

Control device failure.

6.  Building Automation System Interface: Factory-installed hardware and software to
enable the existing building automation system to monitor, control, and display water
chiller status and alarms. ' ’

a.

Hardwiréd Points:

1)  Monitoring: Match existing points.
2)  Control: Match existing points.

ASHRAE 135 (BACnet) communication to interface with the existing building
automation system shall enable building automation system operator to control and
monitor the water chiller from a remote operator workstation, Control features and
monitoring points displayed locally at water chiller control panel shall be available
through building automation system.
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K. Insulation:

1. Material: ~ Closed-cell, flexible elastomeric, thermal insulation complying with
ASTM C 534, Type 1, for tubular materials and Type II, for sheet materials.

2. Thickness: 3/4 inch.

3 Factory-applied insulation over cold surfaces of water chiller components

a. Adhesive: As recommended by insulation manufacturer and applied to 100
percent of insulation contact surface. Seal seams and joints.

4. Apply protective coating to exposed surfaces of insulation.

L. Accessories:

1. Factory-furnished, chilied— and condenser- water flow switches for field installation.
2. Individual compressor suction and discharge pressure gages with shutoff valves.
3. Factory-furnished spring isolators for field installation.

M.  Capacities and Characteristics:

1. Capacity: 300 tons.
Full-Load Efficiency: ( N

a. COP: Not used.
b. EER: Not used.
c. Power Input/Cooling Output, kW/ton : 0.5491.

3. Part-Load Efficiency:

a. IPLV: Not used.
b. = NPLV: 0.3288 kW/ton.

Evaporator Type: Shell and tube.
Evaporator Pressure Rating: 150 psig.
Evaporator Fluid Type: Water,
- Design Evaporator Fluid Flow Rate: 360 gpm.
Minimum Evaporator Fluid Flow Rate: 230 gpm.
Evaporator Entering-Fluid Temperature: 64 deg F.
10.  Evaporator Leaving-Fluid Temperature: 44 degF.
11.  Evaporator Fluid Pressure Drop: 3.90 feet of head.
12.  Evaporator Fouling Factor: 0.0001 sq. ft. x h x deg F/Btu .
13.  Condenser Type: Shell and tube.
14.  Condenser Pressure Rating: 150 psig.
15.  Condenser Fluid Type: Water. .
16.  Condenser Fluid Flow Rate: 900 gpm.
17.  Condenser Entering-Fluid Temperature: 85 deg F.
18. - Condenser Leaving-Fluid Temperature: 95 deg F.
19.  Condenser Fluid Pressure Drop: 9.55 feet of head..
20.  Condenser Fouling Factor: 0.00025 sq. ft. x h x deg F/Btu.
21.  Number of Refrigeration Circuits: Two.

A S R I

-
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2.2

23

24

A.

B.

C.

D.

22. Compressor Rated Load Amperes: 246 A.
23..  Compressor Locked-Rotor Amperes: 135 A.
24. Controls Power Connection: Fed through integral transformer.

Controls Power Input: Not used.

Controls Minimum Circuit Ampacity: Not used.

Controls Maximum Overcurrent Protection Device: Not used.
Controls Electrical Characteristics: Not used.-

po oe

25.  Chiller Power Input: 164 kW.

26.  Chiller Minimum Circuit Ampacity: 277 A.

27.  Chiller Maximum Overcurrent Protection Device: 350 A.

28.  Chiller Electrical Characteristics: 480-V ac, three phase, 60 Hz. 4

29. Noise Rating: Measured according to AHRI 575 “Method of Measuring Machinery
Sound Within an Equipment Space.”

PACKAGED AIR-COOLED WATER CHILLERS —NOT USED
PACKAGED REFRIGERANT RECOVERY UNITS —NOT USED

SOURCE QUALITY CONTROL

Perform functional test of water chillers before shipping.

Factory performance test water chillers, before shipping, according to ARI 550/590;
"Performance Rating of Water-Chilling and Heat Pump Water-Heating Packages Using the

Vapor Compression Cycle." - : .

1. Allow Owner access to place where water chillers are being tested. Notify A/E 7 days in
advance of testing. '

Factory test and inspect evaporator and water-cooled condenser according to ASME Boiler and
Pressure Vessel Code: Section VIII, Division 1. Stamp with ASME label.

For water chillers located indoors, rate sound power level according to ARI 575 “Method of
Measuring Machinery Sound Within an Equipment Space” procedure. '

PART 3 - EXECUTION

3.1

A.

EXAMINATION

Before water chiller installation, examine roughing-in for equipment support, anchor-bolt sizes
and locations, piping, and electrical connections to verify actual locations, sizes, and other
conditions affecting water chiller performance, maintenance, and operations.
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3.2

1. Water chiller locations indicated on Drawings are approximate. Determine exact
locations before roughing-in for piping and electrical connections.

Proceed with installation only after unsatisfactory conditions have been corrected.

WATER CHILLER INSTALLATION
Install water chillers on support structure indicated.

Equipment Mounting: Install water chiller on concrete bases using neoprene vibration isolators.
Comply with requirements in Division 03 Section "Miscellaneous Cast-in-Place Concrete."
Comply with requirements for vibration isolation devices specified in Division 23 Section
"Vibration and Seismic Controls for HVAC Piping and Equipment."

1. Minimum Deflection: 1 inch.
Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated,
install dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete
base.

3. For supported equipment, install epoxy—coated anchor bolts that extend through concrete
base and anchor into structural concrete floor.

4, Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.

5. Install anchor bolts to elevations required for proper attachment to supported equipment.

Equipment Mounting: Install water chiller using neoprene vibration isolators. Comply with
requirements for vibration isolation devices specified in Division 23 Section "Vibration and
Seismic Controls for HVAC Piping and Equipment."

1. Minimum Deflection: 1 inch.

Equipment Mounting: Install water chiller on vibration isolation inertia bases. Comply with
requirements specified in Division 23 Section "Vibration and Seismic Controls for HVAC
Piping and Equipment."

Equipment Mounting: Install water chiller on concrete bases. Comply with requirements in
Division 03 Section "Miscellaneous Cast-in-Place Concrete."

1. 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 concrete base.

2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete
base and anchor into structural concrete floor.

3. Place and secure anchorage devices. Use setting drawings, temp]ates diagrams,

instructions, and directions furnished with items to be embedded.
4. Install anchor bolts to elevations required for proper attachment to supported equipment.

Maintain manufacturer's recommended clearances for service and maintenance.

Charge water chiller with refrigerant if not factory charged.
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33

34

H. Install separate devices furnished by manufacturer and not factory installed.

A.

CONNECTIONS

Comply with requirements in Division 23 Section "Hydronic Piping." Drawings indicate -
general arrangement of piping, fittings, and specialties.

Comply with requirements in Division 23 Section "Refrigerant Piping." Drawings indicate
general arrangement of piping, fittings, and specialties.

Install piping adjacent to chiller to allow service and maintenance.

Evaporator Fluid Connections: Connect to evaporator inlet with shutoff valve, strainer, digital
thermometer, pressure gauge, flow meter, motorized isolation valve (butterfly type), and drain
valve with hose bib. Connect to evaporator outlet with shutoff valve, balancing valve, flow
switch, digital thermometer, pressure gage, and drain valve with hose bib. Make connections to
water chiller with a union, flangé, or mechanical coupling per the manufacturer’s install
requirements. Refer to drawings for detailed piping schematic.

Condenser Fluid Connections: Connect to condenser inlet with shutoff valve, strainer, digital
thermometer, pressure gauge, flow meter, motorized isolation valve (butterfly type), and drain
valve with hose bib. Connect to condesner outlet with shutoff valve, balancing valve, flow
switch, digital thermometer, pressure gage, and drain valve with hose bib. Make connections to
water chiller with a union, flange, or mechanical coupling per the manufacturer’s install
requirements. Refer to drawings for detailed piping schematic. :

Refrigerant Pressure Relief Valve Connections: For water chillers installed indoors, extend
vent piping to the outside without valves or restrictions. Comply with ASHRAE 15. '

Connect each drain connection with a union and drain pipe, and extend pipe, full size of
connection, to floor drain. Provide a shutoff valve at each connection if required.

STARTUP SERVICE

Engage a factory-authorized service representative to perform startup service.

Inspect field-assembled components, equipment installation, and piping and electrical
connections for proper assemblies, installations, and connections.

Complete installation and startup checks according to manufacturer's written instructions and

. perform the following:

Verify that refrigerant charge is sufficient and water chiller has been leak tested.
Verify that pumps are installed and functional. '

Verify that thermometers and gages are installed.

Operate water chiller for run-in period.

Verify that refrigerant pressure relief for chillers installed indoors is vented outside.
Verify proper motor rotation.

S e

Centrifugal Water Chillers - 236416 - 11



SUNY Orange — Middletown Campus
George Shepard Student Center Chiller Replacement — OCCC Project # OCCC-2021-25
FE Project # 20-357 : ‘

7. Verify static deflection of vibration isolators, including deflection during water chiller

startup and shutdown.

8.  Verify and record performance of chilled- and condenser- water flow and low-
temperature interlocks.

9.  Verify and record performance of water chiller protection devices.

10.  Test and adjust controls and safeties. Replace damaged or malfunctioning controls and
equipment.

D.  Prepare a written startup report that records results of tests and inspections.

3.5 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain water chillers.

END OF SECTION

Centrifugal Water Chillers 236416 - 12




