IOWA DEPARTMENT OF NATURAL RESOURCES ADDENDUM No. 2
LAND & WATERS BUREAU
WALLACE STATE OFFICE BUILDING

LAKE WAPELLO STATE PARK
OFFICE AND STORAGE BUILDING
DAVIS COUNTY, IOWA

PROJECT NUMBER: 23-05-26-01

April 11, 2023

This Addendum is issued to modify, explain or correct the original Drawings and Specifications, and is hereby made a
part of the Contract Documents. Please attach this Addendum to the Project Manual in your possession. Insert the
number and issue date of this Addendum in the blank space provided on the Proposal Form.

Modifications/Clarifications:
1. USG DX-DXL ceiling suspension system and USG Mars SLT acoustic panels are approved for this project.
2. Enercept SIP Panels are approved for this project in accordance with section 06121.

Project Manual:
3. Specification sections has been added for sections 15000 — 16000 inclusive, please see the attachment for
added specifications (see attachment).



SECTION 15058
COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

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

1.3 COORDINATION

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

1. Motor controllers.

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

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

PART 2 - PRODUCTS
2.1 GENERAL MOTOR REQUIREMENTS

A.  Comply with NEMA MG 1 unless otherwise indicated.
2.2 MOTOR CHARACTERISTICS

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

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

2.3 SINGLE-PHASE MOTORS

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

1. Permanent-split capacitor.

2 Split phase.

3. Capacitor start, inductor run.
4 Capacitor start, capacitor run.
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B.  Multispeed Motors: Variable-torque, permanent-split-capacitor type.

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

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

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

PART 3 - EXECUTION (Not Applicable)

END OF SECTION 15058
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SECTION 15061

HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

1.2

1.3

1.4

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. Thermal-hanger shield inserts.

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

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

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

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

PART 2 - PRODUCTS

2.1 METAL PIPE HANGERS AND SUPPORTS
A.  Carbon-Steel Pipe Hangers and Supports:
L. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
2 Galvanized Metallic Coatings: Pregalvanized or hot dipped.
3. Nonmetallic Coatings: Plastic coating, jacket, or liner.
4 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.
B. Copper Pipe Hangers:
1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated
components.
2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.
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2.2 THERMAL-HANGER SHIELD INSERTS

A.

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

Carpenter & Paterson, Inc.

Clement Support Services.

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.

VoA kDD

Insulation-Insert Material for Cold Piping: ASTM C 552, Type II cellular glass with 100-
psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum
compressive strength and vapor barrier.

Insulation-Insert Material for Hot Piping: ASTM C 552, Type II cellular glass with 100-psig
or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive
strength.

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

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

Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient
air temperature.

2.3  MISCELLANEOUS MATERIALS

A.

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

Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and
nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.

2. Design Mix: 5000-psi, 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.

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

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

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

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

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

H.  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.

L Insulated Piping:
1. Attach clamps and spacers to piping.
a. Piping Operating above Ambient Air Temperature: Clamp may project through
insulation.
b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield
insert with clamp sized to match OD of insert.
c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services
piping.
2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is
indicated. Fill interior voids with insulation that matches adjoining insulation.
a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.
3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.
Shields shall span an arc of 180 degrees.
a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.
4, Shield Dimensions for Pipe: Not less than the following:
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
b. NPS 4: 12 inches long and 0.06 inch thick.
5. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.

3.2  ADJUSTING

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

B.  Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.
3.3 HANGER AND SUPPORT SCHEDULE

A.  Specific hanger and support requirements are in Sections specifying piping systems and
equipment.
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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 and attachments for general service applications.

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

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

Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified

in piping system Sections, install the following types:

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

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F, pipes
NPS 4 to NPS 24, requiring up to 4 inches of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of
pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation.

4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 to
NPS 24 if little or no insulation is required.

5. 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.

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of
noninsulated, stationary pipes NPS 3/4 to NPS 8.

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

8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, stationary
pipes NPS 1/2 to NPS 8.

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of
noninsulated, stationary pipes NPS 1/2 to NPS 8.

10.  Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For suspension
of noninsulated, stationary pipes NPS 3/8 to NPS 8.

11.  Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension of
noninsulated, stationary pipes NPS 3/8 to NPS 3.

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

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

14.  Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with
steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate.

15.  Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, with
steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and
with U-bolt to retain pipe.
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16.

17.

18.

19.

20.

21.

Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for
pipes NPS 2-1/2 to NPS 36 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, 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, 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 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 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 if vertical and lateral adjustment during installation might be required in
addition to expansion and contraction.

J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:
1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to
NPS 24.
2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers
NPS 3/4 to NPS 24 if longer ends are required for riser clamps.
K.  Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:
1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.
3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings.
4 Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of
building attachments.
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.
L. Building Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:
1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend
pipe hangers from concrete ceiling.
2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist
construction, to attach to top flange of structural shape.
3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of
beams, channels, or angles.
4, Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of
beams.
5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads
are considerable and rod sizes are large.
6. C-Clamps (MSS Type 23): For structural shapes.
7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent
to flange edge.
8. Side-Beam Clamps (MSS Type 27): For bottom of steel [-beams.
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10.

11.

12.

13.
14.

15.

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

Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel
I-beams for heavy loads, with link extensions.

Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to
structural steel.

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

a. Light (MSS Type 31): 750 1b.

b. Medium (MSS Type 32): 1500 Ib.

c. Heavy (MSS Type 33): 3000 Ib.

Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.

Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is
required.

Horizontal Travelers (MSS Type 58): For supporting piping systems subject to linear
horizontal movement where headroom is limited.

Saddles and Shields: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1.

2.

3.

Steel-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.

END OF SECTION 15061
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SECTION 15076

IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A.

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

1.2 SUMMARY

A.

Section Includes:
1. Equipment labels.
2. Pipe labels.

1.3 COORDINATION

A.

B.

C.

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

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

Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS

A.  Metal Labels for Equipment:

1. Material and Thickness: Brass, 0.032-inch or anodized aluminum, 0.032-inch
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.

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

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 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.

5. Minimum Label Size: Length and width vary for required label content, but not less
than 2-1/2 by 3/4 inch.
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6. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger
lettering for greater viewing distances. Include secondary lettering two-thirds to three-
fourths the size of principal lettering.

7. Fasteners: Stainless-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.

2.2 PIPE LABELS

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

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

C.  Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
D. Pipe Label Contents: Include identification of piping service using same designations or
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.
1. Flow-Direction Arrows: Integral with piping system service lettering to accommodate
both directions, or as separate unit on each pipe label to indicate flow direction.
2. Lettering Size: At least 1-1/2 inches high.
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 incompatible primers, paints, and
encapsulants.
3.2  EQUIPMENT LABEL INSTALLATION
A. Install or permanently fasten labels on each major item of mechanical equipment.
B.  Locate equipment labels where accessible and visible.
3.3 PIPE LABEL INSTALLATION
A.  Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces;

machine rooms; accessible maintenance spaces such as plenums; and exterior exposed
locations as follows:

1. Near each valve and control device.
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.
Where flow pattern is not obvious, mark each pipe at branch.
3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.
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4. At access doors, manholes, and similar access points that permit view of concealed

piping.

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

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

7. On piping above removable acoustical ceilings. Omit intermediately spaced labels.

B.  Pipe Label Color Schedule:
1. Domestic Water Piping:
a. Background Color: White.
b. Letter Color: Black.
2. Sanitary Waste Piping:
a. Background Color: White.
b. Letter Color: Black.

END OF SECTION 15076
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SECTION 15077

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1.

Equipment labels.

1.3 ACTION SUBMITTALS

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

B. Samples: For color, letter style, and graphic representation required for each identification
material and device.

C.  Equipment Label Schedule: Include a listing of all equipment to be labeled with the
proposed content for each label.

1.4 COORDINATION

A.  Coordinate installation of identifying devices with completion of covering and painting 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 and similar concealment.

PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS

A.  Metal Labels for Equipment:

L.

2.

3.

Material and Thickness: Brass, 0.032-inch or anodized aluminum, 0.032-inch
minimum thickness, and having predrilled or stamped holes for attachment hardware.
Minimum Label Size: Length and width vary for required label content, but not less
than 2-1/2 by 3/4 inch.

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

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

Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
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B.  Plastic Labels for Equipment:

1.

nhwDN

7.
8.

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical
engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.

Letter Color: Black.

Background Color: White.

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

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

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

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

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 §-1/2-by-11-inch
bond paper. Tabulate equipment identification number and identify Drawing numbers where
equipment is indicated (plans, details, and schedules), plus the Specification Section number
and title where equipment is specified. Equipment schedule shall be included in operation
and maintenance data.

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 incompatible primers, paints, and
encapsulants.

3.2  EQUIPMENT LABEL INSTALLATION

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

B.  Locate equipment labels where accessible and visible.

END OF SECTION 15077
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SECTION 15085

PLUMBING PIPING INSULATION

PART 1 - GENERAL

1.1  RELATED DOCUMENTS
A.  Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section includes insulating the following plumbing piping services:
1. Domestic cold-water piping.
2. Domestic hot-water and hot-water recirculation piping.
3. Supplies and drains for handicap-accessible lavatories and sinks.
1.3 QUALITY ASSURANCE

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

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

2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed
index of 150 or less.

B. Comply with the following applicable standards and other requirements specified for
miscellaneous components:

1. Supply and Drain Protective Shielding Guards: ICC A117.1.
1.4 DELIVERY, STORAGE, AND HANDLING

A.  Packaging: Insulation material containers shall be marked by manufacturer with appropriate

ASTM standard designation, type and grade, and maximum use temperature.
1.5 COORDINATION

A.  Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 15061 "Hangers and Supports for Plumbing Piping and Equipment."

B.  Coordinate clearance requirements with piping Installer for piping insulation application.
Establish and maintain clearance requirements for installation of insulation and field-applied
jackets and finishes and for space required for maintenance.
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1.6 SCHEDULING
A.  Schedule insulation application after pressure testing systems and, where required, after
installing and testing heat tracing. Insulation application may begin on segments that have

satisfactory test results.

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

PART 2 - PRODUCTS
2.1 INSULATION MATERIALS

A. Comply with requirements in "Piping Insulation Schedule, General" and "Indoor Piping
Insulation Schedule" articles for where insulating materials shall be applied.

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

C. Products that come in contact with stainless steel shall have a leachable chloride content of
less than 50 ppm when tested according to ASTM C 871.

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable

according to ASTM C 795.

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

F. Mineral-Fiber, Preformed Pipe Insulation:
1. Products: Subject to compliance with requirements, provide one of the following:

a. Fibrex Insulations Inc.; Coreplus 1200.

b. Johns Manville; Micro-Lok.

c. Knauf Insulation; 1000-Degree Pipe Insulation.
d. Manson Insulation Inc.; Alley-K.

e. Owens Corning; Fiberglas Pipe Insulation.

2. Type I, 850 Deg F Materials: Mineral or glass fibers bonded with a thermosetting
resin. Comply with ASTM C 547, Typel, Grade A, with factory-applied ASIJ.
Factory-applied jacket requirements are specified in "Factory-Applied Jackets"
Article.

2.2 INSULATING CEMENTS
A.  Mineral-Fiber Insulating Cement: Comply with ASTM C 195.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Ramco Insulation, Inc.; Super-Stik.

B.  Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with

ASTM C 449.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote.
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2.3  ADHESIVES

A.

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

Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-127.
b. Eagle Bridges - Marathon Industries; 225.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-60/85-70.
d. Mon-Eco Industries, Inc.; 22-25.

ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for
bonding insulation jacket lap seams and joints.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-82.
b. Eagle Bridges - Marathon Industries; 225.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-20.
d. Mon-Eco Industries, Inc.; 22-25.

PVC Jacket Adhesive: Compatible with PVC jacket.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Dow Corning Corporation; 739, Dow Silicone.
b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive.
c. P.I.C. Plastics, Inc.; Welding Adhesive.
d. Speedline Corporation; Polyco VP Adhesive.

2.4  MASTICS

A.  Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type II.
B.  Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation; 749.
2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry
film thickness.
3. Service Temperature Range: Minus 20 to plus 180 deg F.
4. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.
5. Color: White.
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C.  Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below-ambient services.

1.

nbkwb

Products: Subject to compliance with requirements, available products that may be

incorporated into the Work include, but are not limited to, the following:

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

b. Eagle Bridges - Marathon Industries; 501.

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

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

Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 35-mil dry film thickness.

Service Temperature Range: 0 to 180 deg F.

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

Color: White.

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

1.

Nk v

2.5 SEALANTS

Products: Subject to compliance with requirements, available products that may be

incorporated into the Work include, but are not limited to, the following:

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

b. Eagle Bridges - Marathon Industries; 550.

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

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

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

Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.

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

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

Color: White.

A.  ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:

L.

N wD

Products: Subject to compliance with requirements, available products that may be

incorporated into the Work include, but are not limited to, the following:

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

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

Fire- and water-resistant, flexible, elastomeric sealant.

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

Color: White.

2.6 FACTORY-APPLIED JACKETS

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

1.

2.

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

ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered
by a removable protective strip; complying with ASTM C 1136, Type L.
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3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type 11

2.7  FIELD-APPLIED FABRIC-REINFORCING MESH
A.  Woven Glass-Fiber Fabric: Approximately 2 0z./sq. yd. with a thread count of 10 strands by
10 strands/sq. in. for covering pipe and pipe fittings.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Chil-Glas Number 10.
2.8 FIELD-APPLIED CLOTHS
A.  Woven Glass-Fiber Fabric: Comply with MIL-C-20079H, Type I, plain weave, and presized
a minimum of 8 o0z./sq. yd..
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Alpha Associates, Inc.; Alpha-Maritex 84215 and 84217/9485RW, Luben 59.
29 TAPES
A.  ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C 1136.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. ABI, Ideal Tape Division; 428 AWF AS]J.
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.
c. Compac Corporation; 104 and 105.
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.
2. Width: 3 inches.
3. Thickness: 11.5 mils.
4. Adhesion: 90 ounces force/inch in width.
5. Elongation: 2 percent.
6. Tensile Strength: 40 Ibf/inch in width.
7. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.
B.  PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic
adhesive; suitable for indoor and outdoor applications.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. ABI, Ideal Tape Division; 370 White PVC tape.
b. Compac Corporation; 130.
c. Venture Tape; 1506 CW NS.
2. Width: 2 inches.
3. Thickness: 6 mils.
4. Adhesion: 64 ounces force/inch in width.
5. Elongation: 500 percent.
6. Tensile Strength: 18 Ibf/inch in width.
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2.10 PROTECTIVE SHIELDING GUARDS

A.

B.

Protective Shielding Pipe Covers:

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

a. Engineered Brass Company.
b. Insul-Tect Products Co.; a subsidiary of MVG Molded Products.
c. McGuire Manufacturing.
d. Plumberex.
e. Truebro; a brand of I[PS Corporation.
f. Zurn Industries, LLC; Tubular Brass Plumbing Products Operation.
2. Description: Manufactured plastic wraps for covering plumbing fixture hot- and cold-
water supplies and trap and drain piping. Comply with Americans with Disabilities
Act (ADA) requirements.

Protective Shielding Piping Enclosures:

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

a. Truebro; a brand of IPS Corporation.
b. Zurn Industries, LLC; Tubular Brass Plumbing Products Operation.

2. Description: Manufactured plastic enclosure for covering plumbing fixture hot- and
cold-water supplies and trap and drain piping. Comply with ADA requirements.

PART 3 - EXECUTION

3.1 EXAMINATION

A.

B.

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

L. Verify that systems to be insulated have been tested and are free of defects.

2. Verify that surfaces to be insulated are clean and dry.

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A.

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

3.3  GENERAL INSTALLATION REQUIREMENTS

A.

Install insulation materials, accessories, and finishes with smooth, straight, and even
surfaces; free of voids throughout the length of piping including fittings, valves, and
specialties.

Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses
required for each item of pipe system as specified in insulation system schedules.
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C. Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet
or dry state.

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

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

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

G.  Keep insulation materials dry during application and finishing.

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

L Install insulation with least number of joints practical.

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

1. Install insulation continuously through hangers and around anchor attachments.

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

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

4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields
over jacket, arranged to protect jacket from tear or puncture by hanger, support, and
shield.

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

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

1. Draw jacket tight and smooth.

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

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

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

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

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

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its
nominal thickness.
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Finish installation with systems at operating conditions. Repair joint separations and
cracking due to thermal movement.

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

For above-ambient services, do not install insulation to the following:
1. Vibration-control devices.

2. Testing agency labels and stamps.

3. Nameplates and data plates.

4. Cleanouts.

3.4 PENETRATIONS

A.

Insulation Installation at Roof Penetrations: Install insulation continuously through roof

penetrations.
1. Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation above roof

surface and seal with joint sealant.
3. Seal jacket to roof flashing with flashing sealant.

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

Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation

continuously through penetrations of fire-rated walls and partitions.

1. Comply with requirements in Section 07841 "Through-Penetration Firestop Systems"
for firestopping and fire-resistive joint sealers.

Insulation Installation at Floor Penetrations:

1. Pipe: Install insulation continuously through floor penetrations.

2. Seal penetrations through fire-rated assemblies. Comply with requirements in
Section 07841 "Through-Penetration Firestop Systems."

3.5 GENERAL PIPE INSULATION INSTALLATION

A.  Requirements in this article generally apply to all insulation materials except where more
specific requirements are specified in various pipe insulation material installation articles.
B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:

1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties
with continuous thermal and vapor-retarder integrity unless otherwise indicated.

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from
same material and density as adjacent pipe insulation. Each piece shall be butted
tightly against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and
irregular surfaces with insulating cement finished to a smooth, hard, and uniform
contour that is uniform with adjoining pipe insulation.

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of
same material and thickness as used for adjacent pipe. Cut sectional pipe insulation to
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fit. Butt each section closely to the next and hold in place with tie wire. Bond pieces
with adhesive.

Insulate valves using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
insulation by not less than two times the thickness of pipe insulation, or one pipe
diameter, whichever is thicker. For valves, insulate up to and including the bonnets,
valve stuffing-box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with
insulating cement.

Insulate strainers using preformed fitting insulation or sectional pipe insulation of
same material, density, and thickness as used for adjacent pipe. Overlap adjoining
pipe insulation by not less than two times the thickness of pipe insulation, or one pipe
diameter, whichever is thicker. Fill joints, seams, and irregular surfaces with
insulating cement. Insulate strainers so strainer basket flange or plug can be easily
removed and replaced without damaging the insulation and jacket. Provide a
removable reusable insulation cover. For below-ambient services, provide a design
that maintains vapor barrier.

Insulate flanges and unions using a section of oversized preformed pipe insulation.
Overlap adjoining pipe insulation by not less than two times the thickness of pipe
insulation, or one pipe diameter, whichever is thicker.

Cover segmented insulated surfaces with a layer of finishing cement and coat with a
mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic
for above-ambient services. Reinforce the mastic with fabric-reinforcing mesh.
Trowel the mastic to a smooth and well-shaped contour.

For services not specified to receive a field-applied jacket except for flexible
elastomeric and polyolefin, install fitted PVC cover over elbows, tees, strainers,
valves, flanges, and unions. Terminate ends with PVC end caps. Tape PVC covers to
adjoining insulation facing using PVC tape.

Stencil or label the outside insulation jacket of each union with the word "union."
Match size and color of pipe labels.

Insulate instrument connections for thermometers, pressure gages, pressure temperature taps,
test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape
insulation at these connections by tapering it to and around the connection with insulating
cement and finish with finishing cement, mastic, and flashing sealant.

Install removable insulation covers at locations indicated. Installation shall conform to the
following:

1.

Make removable flange and union insulation from sectional pipe insulation of same
thickness as that on adjoining pipe. Install same insulation jacket as adjoining pipe
insulation.

When flange and union covers are made from sectional pipe insulation, extend
insulation from flanges or union long at least two times the insulation thickness over
adjacent pipe insulation on each side of flange or union. Secure flange cover in place
with stainless-steel or aluminum bands. Select band material compatible with
insulation and jacket.

Construct removable valve insulation covers in same manner as for flanges, except
divide the two-part section on the vertical center line of valve body.

When covers are made from block insulation, make two halves, each consisting of
mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its attached
insulation, to flanges with tie wire. Extend insulation at least 2 inches over adjacent
pipe insulation on each side of valve. Fill space between flange or union cover and
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pipe insulation with insulating cement. Finish cover assembly with insulating cement
applied in two coats. After first coat is dry, apply and trowel second coat to a smooth
finish.

Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed
surfaces with a metal jacket.

3.6 INSTALLATION OF MINERAL-FIBER INSULATION
A.  Insulation Installation on Straight Pipes and Tubes:

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten
bands without deforming insulation materials.

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and
protrusions with vapor-barrier mastic and joint sealant.

3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps
with outward clinched staples at 6 inches o.c.

4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple
longitudinal tabs. Instead, secure tabs with additional adhesive as recommended by
insulation material manufacturer and seal with vapor-barrier mastic and flashing
sealant.

B.  Insulation Installation on Pipe Flanges:

1. Install preformed pipe insulation to outer diameter of pipe flange.

2. Make width of insulation section same as overall width of flange and bolts, plus twice
the thickness of pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference
of adjacent straight pipe segments with mineral-fiber blanket insulation.

4, Install jacket material with manufacturer's recommended adhesive, overlap seams at
least 1 inch, and seal joints with flashing sealant.

C.  Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as straight segments of pipe insulation
when available.

2. When preformed insulation elbows and fittings are not available, install mitered
sections of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure
insulation materials with wire or bands.

D. Insulation Installation on Valves and Pipe Specialties:

1. Install preformed sections of same material as straight segments of pipe insulation
when available.

2. When preformed sections are not available, install mitered sections of pipe insulation
to valve body.

3. Arrange insulation to permit access to packing and to allow valve operation without
disturbing insulation.

4, Install insulation to flanges as specified for flange insulation application.

3.7 FINISHES
A.  Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint
system identified below and as specified in Section 09911 "Exterior Painting” and

Section 09912 "Interior Painting."
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B.

Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.

3.8  PIPING INSULATION SCHEDULE, GENERAL

A.

Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for
each piping system and pipe size range. If more than one material is listed for a piping
system, selection from materials listed is Contractor's option.

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

1. Drainage piping located in crawl spaces.
2. Underground piping.
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.

3.9 INDOOR PIPING INSULATION SCHEDULE

A.

Domestic Cold Water:
1. NPS 1 and Smaller: Insulation shall be the following:
a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1/2 inch thick.

Domestic Hot Water and Recirculating Hot Water:
1. NPS 1 and Smaller: Insulation shall be the following:
a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick.

Exposed Sanitary Drains, Domestic Water, Domestic Hot Water, and Stops for Plumbing
Fixtures for People with Disabilities:
1. All Pipe Sizes: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1/2 inch thick.

Floor Drains, Traps, and Sanitary Drain Piping within 10 Feet of Drain Receiving
Condensate and Equipment Drain Water below 60 Deg F:
1. All Pipe Sizes: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1/2 inch thick.

END OF SECTION 15085
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SECTION 15086

DUCT INSULATION

PART 1 - GENERAL

1.1

1.2

1.3

1.4

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 insulating the following duct services:
1. Indoor, concealed supply.
2. Indoor, concealed exhaust between isolation damper and penetration of building
exterior.

COORDINATION

A.  Coordinate clearance requirements with duct Installer for duct insulation application.
Establish and maintain clearance requirements for installation of insulation finishes and for
space required for maintenance.

SCHEDULING

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

PART 2 - PRODUCTS

2.1 INSULATION MATERIALS

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

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

C.  Products that come in contact with stainless steel shall have a leachable chloride content of
less than 50 ppm when tested according to ASTM C 871.

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

E. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 553, Type Il and ASTM C 1290, Type III with factory-applied FSK
jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets"
Article.

Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
03/21/2023 DUCT INSULATION
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CertainTeed Corp.; SoftTouch Duct Wrap.

Johns Manville; Microlite.

Knauf Insulation; Friendly Feel Duct Wrap.
Manson Insulation Inc.; Alley Wrap.

Owens Corning; SOFTR All-Service Duct Wrap.

opo o

2.2 ADHESIVES

A.  Materials shall be compatible with insulation materials, jackets, and substrates and for
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
B. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-127.Eagle Bridges - Marathon Industries; 225.
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-60/85-70.Mon-Eco Industries, Inc.; 22-25.
C.  ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for
bonding insulation jacket lap seams and joints.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-82.
b. Eagle Bridges - Marathon Industries; 225.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-50.Mon-Eco Industries, Inc.; 22-25.
2.3 MASTICS
A.  Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type 1.
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
B.  Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation; 749.
2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry
film thickness.
3. Service Temperature Range: Minus 20 to plus 180 deg F.
4, Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.
5. Color: White.
C. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient
services.
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1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-10.
b. Eagle Bridges - Marathon Industries; 550.
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 46-50.
d. Mon-Eco Industries, Inc.; 55-50.
e. Vimasco Corporation; WC 1/WC-5.
2. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
3. Service Temperature Range: Minus 20 to plus 180 deg F.
4. Solids Content: 60 percent by volume and 66 percent by weight.
5. Color: White.
24 SEALANTS
A.  FSK and Metal Jacket Flashing Sealants:
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.Eagle Bridges - Marathon Industries; 405.
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 95-44.
c. Mon-Eco Industries, Inc.; 44-05.
2. Materials shall be compatible w1th insulation materials, jackets, and substrates.
3. Fire- and water-resistant, flexible, elastomeric sealant.
4. Service Temperature Range: Minus 40 to plus 250 deg F.
5. Color: Aluminum.
2.5 FACTORY-APPLIED JACKETS
A. Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:
1. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type 1L
2.6  FIELD-APPLIED FABRIC-REINFORCING MESH
A.  Woven Glass-Fiber Fabric: Approximately 6 0z./sq. yd. with a thread count of 5 strands by 5
strands/sq. in. for covering ducts.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Chil-Glas No. 5.
2.7  FIELD-APPLIED CLOTHS
A.  Woven Glass-Fiber Fabric: Comply with MIL-C-20079H, Type I, plain weave, and presized
a minimum of 8 0z./sq. yd..
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
03/21/2023 DUCT INSULATION

15086-3


http://www.specagent.com/LookUp/?ulid=3076&mf=04&mf=95&src=wd&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825892&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825892&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825893&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825894&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825894&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825895&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825896&mf=95&src=wd
http://www.specagent.com/LookUp/?ulid=3078&mf=04&mf=95&src=wd&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825902&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825902&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825903&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825904&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825904&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825905&mf=95&src=wd
http://www.specagent.com/LookUp/?ulid=3080&mf=04&mf=95&src=wd&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825907&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825907&mf=95&src=wd
http://www.specagent.com/LookUp/?ulid=3082&mf=04&mf=95&src=wd&mf=95&src=wd

a. Alpha Associates, Inc.; Alpha-Maritex 84215 and 84217/9485RW, Luben 59.

2.8 FIELD-APPLIED JACKETS

A.

B.

Field-applied jackets shall comply with ASTM C 921, Type [, unless otherwise indicated.

FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

2.9 TAPES

A.

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

1.

Nowunbkwh

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

a. ABI, Ideal Tape Division; 491 AWF FSK.

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

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

Width: 3 inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

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

2.10  SECUREMENTS

A. Bands:

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. ITW Insulation Systems; Gerrard Strapping and Seals.

b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015

inch thick, 3/4 inch wide with wing seal.
B.  Insulation Pins and Hangers:

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

a. Products: Subject to compliance with requirements, available products that may
be incorporated into the Work include, but are not limited to, the following:
1) AGM Industries, Inc.; CWP-1.
2)  GEMCO; CD.
3) Midwest Fasteners, Inc.; CD.
4) Nelson Stud Welding; TPA, TPC, and TPS.

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

be incorporated into the Work include, but are not limited to, the following:
1) AGM Industries, Inc.; CHP-1.
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2)  GEMCO; Cupped Head Weld Pin.
3) Midwest Fasteners, Inc.; Cupped Head.
4)  Nelson Stud Welding; CHP.

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate welded to
projecting spindle that is capable of holding insulation, of thickness indicated,
securely in position indicated when self-locking washer is in place. Comply with the
following requirements:

a. Products: Subject to compliance with requirements, available products that may
be incorporated into the Work include, but are not limited to, the following:

1)  AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers.
2) GEMCO; Perforated Base.
3) Midwest Fasteners, Inc.; Spindle.

b. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2
inches square.

c. Spindle: Stainless steel, fully annealed, 0.106-inch- diameter shank, length to
suit depth of insulation indicated.

d. Adhesive: Recommended by hanger manufacturer. Product with demonstrated
capability to bond insulation hanger securely to substrates indicated without
damaging insulation, hangers, and substrates.

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

a. Products: Subject to compliance with requirements, available products that may
be incorporated into the Work include, but are not limited to, the following:

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

2)  GEMCO; R-150.

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

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

C. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or
Monel.

D.  Wire: 0.062-inch soft-annealed, stainless steel 0.062-inch soft-annealed, galvanized steel.

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

a. C & F Wire.
2.11 CORNER ANGLES

A.  Stainless-Steel Corner Angles: 0.024 inch thick, minimum 1 by 1 inch, stainless steel
according to ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316.

PART 3 - EXECUTION
3.1 EXAMINATION

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

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

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2  PREPARATION

A.

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

3.3  GENERAL INSTALLATION REQUIREMENTS

A.

Install insulation materials, accessories, and finishes with smooth, straight, and even
surfaces; free of voids throughout the length of ducts and fittings.

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

Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet
or dry state.

Install insulation with longitudinal seams at top and bottom of horizontal runs.
Install multiple layers of insulation with longitudinal and end seams staggered.
Keep insulation materials dry during application and finishing.

Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

Install insulation with least number of joints practical.

Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,

supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.

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

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

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

Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.
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3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to
receive self-sealing lap. Staple laps with outward clinching staples along edge at 2

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

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

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints

and at ends adjacent to duct flanges and fittings.

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

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

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

3.4 PENETRATIONS

A.

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation

continuously through wall penetrations.

1. Seal penetrations with flashing sealant.

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

3. Seal jacket to wall flashing with flashing sealant.

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

Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at

fire damper sleeves for fire-rated wall and partition penetrations. Externally insulate damper

sleeves to match adjacent insulation and overlap duct insulation at least 2 inches.

1. Comply with requirements in Section 07841 "Through-Penetration Firestop Systems"
for firestopping and fire-resistive joint sealers.

3.5 INSTALLATION OF MINERAL-FIBER INSULATION

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

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

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

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

a. On duct sides with dimensions 18 inches and smaller, place pins along
longitudinal centerline of duct. Space 3 inches maximum from insulation end
joints, and 16 inches o.c.
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b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c.
each way, and 3 inches maximum from insulation joints. Install additional pins
to hold insulation tightly against surface at cross bracing.

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

d. Do not overcompress insulation during installation.

e. Impale insulation over pins and attach speed washers.

f. Cut excess portion of pins extending beyond speed washers or bend parallel

with insulation surface. Cover exposed pins and washers with tape matching

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

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-

foot intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-
shaped pattern over insulation face, along butt end of insulation, and over the
surface. Cover insulation face and surface to be insulated a width equal to two
times the insulation thickness, but not less than 3 inches.
Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end
joints. At end joints, secure with steel bands spaced a maximum of 18 inches o.c.
Install insulation on rectangular duct elbows and transitions with a full insulation
section for each surface. Install insulation on round and flat-oval duct elbows with
individually mitered gores cut to fit the elbow.
Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface
with 6-inch- wide strips of same material used to insulate duct. Secure on alternating
sides of stiffener, hanger, and flange with pins spaced 6 inches o.c.

3.6 FIELD-APPLIED JACKET INSTALLATION

A.

Where FSK jackets are indicated, install as follows:

el s

Draw jacket material smooth and tight.

Install lap or joint strips with same material as jacket.

Secure jacket to insulation with manufacturer's recommended adhesive.

Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint strips at
end joints.

Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation
with vapor-barrier mastic.

Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end
joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof
sealant recommended by insulation manufacturer. Secure jacket with stainless-steel bands 12
inches o.c. and at end joints.

3.7 DUCT INSULATION SCHEDULE, GENERAL

A.

Plenums and Ducts Requiring Insulation:

03/21/2023

DUCT INSULATION
15086-8



1. Indoor, concealed supply.
2. Indoor, concealed exhaust between isolation damper and penetration of building
exterior.

B.  Items Not Insulated:
1. Fibrous-glass ducts.
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and
ASHRAE/IESNA 90.1.
Factory-insulated flexible ducts.
Factory-insulated plenums and casings.
Flexible connectors.
Vibration-control devices.
Factory-insulated access panels and doors.

NNk w

3.8 INDOOR DUCT AND PLENUM INSULATION SCHEDULE

A.  Concealed, round, supply-air duct insulation shall be the following:
1. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-lb/cu. ft. nominal density.

B. Concealed, round, exhaust-air duct insulation between isolation damper and exterior
building penetration:

1. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-lb/cu. ft. nominal density.

C. Concealed, rectangular, supply-air duct insulation shall be the following:
1. Mineral-Fiber Blanket: 1-1/2 inches thick and 1.5-1b/cu. ft. nominal density.

END OF SECTION 15086
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SECTION 15092
SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Sleeves.
2. Sleeve-seal systems.
3. Sleeve-seal fittings.
4. Grout.

1.3 ACTION SUBMITTALS

A.  Product Data: For each type of product indicated.
PART 2 - PRODUCTS
2.1 SLEEVES

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

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

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

D.  PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.
L. Only use PVC if allowed by AHJ.

E. Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with
welded longitudinal joint.

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

nailing flange for attaching to wooden forms.
1. Only use PE or PP if allowed by AHJ.

G.  Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.
1. Only use PVC if allowed by AHJ.

03/21/2023 SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING
15092-1



2.2 SLEEVE-SEAL SYSTEMS

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. Advance Products & Systems, Inc.

CALPICO, Inc.

Metraflex Company (The).

Pipeline Seal and Insulator, Inc.

Proco Products, Inc.

nhkwb

Description: Modular sealing-element unit, designed for field assembly, for filling annular

space between piping and sleeve.

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

2. Pressure Plates: Stainless steel.

3. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates
to sealing elements.

2.3 SLEEVE-SEAL FITTINGS

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. Presealed Systems.

B.  Description: Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in
concrete slab or wall. Unit has plastic or rubber waterstop collar with center opening to
match piping OD.

24 GROUT

A.  Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

B.  Characteristics: Nonshrink; recommended for interior and exterior applications.

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

D.  Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1 SLEEVE INSTALLATION

A.  Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
B.  For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to
provide 1-inch annular clear space between piping and concrete slabs and walls.
1. Sleeves are not required for core-drilled holes.
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Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and
walls are constructed.

1. Permanent sleeves are not required for holes in slabs formed by molded-PE or -PP
sleeves.
2. Cut sleeves to length for mounting flush with both surfaces.
a. Exception: Extend sleeves installed in floors of mechanical equipment areas or
other wet areas 2 inches above finished floor level.
3. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal
system.

Install sleeves for pipes passing through interior partitions.

1. Cut sleeves to length for mounting flush with both surfaces.

2. Seal annular space between sleeve and piping or piping insulation; use joint sealants
appropriate for size, depth, and location of joint. Comply with requirements for
sealants specified in Section 07920 "Joint Sealants."

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and
floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with
requirements for firestopping specified in Section 07841 "Through-Penetration Firestop
Systems."

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

A.

Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service
piping entries into building.

Select type, size, and number of sealing elements required for piping material and size and
for sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration,
assemble sleeve-seal system components, and install in annular space between piping and
sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make
a watertight seal.

3.3  SLEEVE-SEAL-FITTING INSTALLATION

A.

B.

C.

D.

Install sleeve-seal fittings in new walls and slabs as they are constructed.

Assemble fitting components of length to be flush with both surfaces of concrete slabs and
walls. Position waterstop flange to be centered in concrete slab or wall.

Secure nailing flanges to concrete forms.

Using grout, seal the space around outside of sleeve-seal fittings.

3.4 SLEEVE AND SLEEVE-SEAL SCHEDULE

A.  Use sleeves and sleeve seals for the following piping-penetration applications:
1. Concrete Slabs-on-Grade:
a. Piping Smaller Than NPS 6: Cast-iron wall sleeves with sleeve-seal system.
1) Select sleeve size to allow for 1-inch annular clear space between piping
and sleeve for installing sleeve-seal system.
2. Interior Partitions:
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a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves or PVC-pipe
sleeves.

END OF SECTION 15092
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SECTION 15113

BALL VALVES FOR PLUMBING PIPING

PART 1 - GENERAL

1.1

1.2

1.3

1.4

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. Brass ball valves.

2. Bronze ball valves.
DEFINITIONS
A.  CWP: Cold working pressure.
DELIVERY, STORAGE, AND HANDLING

A.  Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, and soldered ends.
3. Set ball valves open to minimize exposure of functional surfaces.
B.  Use the following precautions during storage:
1. Maintain valve end protection.
2. Store valves indoors and maintain at higher-than-ambient-dew-point temperature. If

outdoor storage is necessary, store valves off the ground in watertight enclosures.

PART 2 - PRODUCTS

2.1  GENERAL REQUIREMENTS FOR VALVES
A.  Source Limitations for Valves: Obtain each type of valve from single source from single
manufacturer.
B.  ASME Compliance:
1. ASME B1.20.1 for threads for threaded end valves.
2. ASME B16.18 for solder-joint connections.
3. ASME B31.9 for building services piping valves.
C.  NSF Compliance: NSF 61 and NSF 372 for valve materials for potable-water service.
D.  Bronze valves shall be made with dezincification-resistant materials. Bronze valves made
with copper alloy (brass) containing more than 15 percent zinc are not permitted.
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Valve Pressure-Temperature Ratings: Not less than indicated and as required for system
pressures and temperatures.

Valve Sizes: Same as upstream piping unless otherwise indicated.

Valve Actuator Types:

1. Handlever: For quarter-turn valves smaller than NPS 4.

Valves in Insulated Piping:

1. Include 2-inch stem extensions.

2. Extended operating handles of nonthermal-conductive material and protective sleeves
that allow operation of valves without breaking vapor seals or disturbing insulation.

3. Memory stops that are fully adjustable after insulation is applied.

2.2 BRASS BALL VALVES

A. Two-Piece, Brass Ball Valves with Full Port and Stainless-Steel Trim:

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

a. Kitz Corporation.
b. Marwin Valve; a division of Richards Industries.
c. Milwaukee Valve Company.
2. Description:

a. Standard: MSS SP-110.
b. CWP Rating: 600 psig.
c. Body Design: Two piece.
d. Body Material: Forged brass.
e. Ends: Threaded and soldered.
f. Seats: PTFE.
g. Stem: Stainless steel.
h. Ball: Stainless steel, vented.
1. Port: Full.

B. Three-Piece, Brass Ball Valves with Full Port and Stainless-Steel Trim:

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

a. Marwin Valve; a division of Richards Industries.

2. Description:

a. Standard: MSS SP-110.
b. CWP Rating: 600 psig.
c. Body Design: Three piece.
d. Body Material: Forged brass.
e. Ends: Threaded and soldered.
f. Seats: PTFE.
g. Stem: Stainless steel.
h. Ball: Stainless steel, vented.
1. Port: Full.
03/21/2023 BALL VALVES FOR PLUMBING PIPING
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2.3 BRONZE BALL VALVES

A.

B.

PART 3 - EXECUTION

3.1 EXAMINATION

Two-Piece, Bronze Ball Valves with Full Port and Stainless-Steel Trim:

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.
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Conbraco Industries, Inc.; Apollo Valves.

Crane Co.; Crane Valve Group; Crane Valves.

Hammond Valve.

Lance Valves; a division of Advanced Thermal Systems, Inc.
Milwaukee Valve Company.

NIBCO INC.

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

escription:

Standard: MSS SP-110.
CWP Rating: 600 psig.
Body Design: Two piece.
Body Material: Bronze.
Ends: Threaded or soldered.
Seats: PTFE.

Stem: Stainless steel.

Ball: Stainless steel, vented.
Port: Full.

Three-Piece, Bronze Ball Valves with Full Port and Stainless-Steel Trim:

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:

L.
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Conbraco Industries, Inc.; Apollo Valves.

Hammond Valve.

Milwaukee Valve Company.

NIBCO INC.

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

escription:

Standard: MSS SP-110.
CWP Rating: 600 psig.
Body Design: Three piece.
Body Material: Bronze.
Ends: Threaded.

Seats: PTFE.

Stem: Stainless steel.

Ball: Stainless steel, vented.
Port: Full.

A.  Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove
special packing materials, such as blocks, used to prevent disc movement during shipping
and handling.
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B.  Operate valves in positions from fully open to fully closed. Examine guides and seats made
accessible by such operations.

C.  Examine threads on valve and mating pipe for form and cleanliness.

D.  Examine mating flange faces for conditions that might cause leakage. Check bolting for
proper size, length, and material. Verify that gasket is of proper size, that its material
composition is suitable for service, and that it is free from defects and damage.

E. Do not attempt to repair defective valves; replace with new valves.

3.2  VALVE INSTALLATION

A.  Install valves with unions or flanges at each piece of equipment arranged to allow service,
maintenance, and equipment removal without system shutdown.

B.  Locate valves for easy access and provide separate support where necessary.

C.  [Install valves in horizontal piping with stem at or above center of pipe.

D.  [Install valves in position to allow full stem movement.

E. Install valve tags. Comply with requirements in Section 15076 "Identification for Plumbing

Piping and Equipment" for valve tags and schedules.
3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

A.  If valves with specified CWP ratings are unavailable, the same types of valves with higher
CWP ratings may be substituted.

B. Select valves with the following end connections:
1. For Copper Tubing, NPS 1 and Smaller: Threaded ends except where solder-joint
valve-end option is indicated in valve schedules below.

34 DOMESTIC HOT- AND COLD-WATER VALVE SCHEDULE

A.  Pipe NPS 1 and Smaller:
L. Bronze and Brass Valves: May be provided with solder-joint ends instead of threaded
ends.
Two-piece, brass ball valves with full port and stainless-steel trim.
Two-piece, bronze ball valves with full port and stainless-steel trim.
Three-piece, brass ball valves with full port and stainless-steel trim.
Three-piece, bronze ball valves with full port and stainless-steel trim.

wnhkw

END OF SECTION 15113
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SECTION 15115

CHECK VALVES FOR PLUMBING PIPING

PART 1 - GENERAL

1.1

1.2

1.3

1.4

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. Bronze swing check valves.

DEFINITIONS

A.  CWP: Cold working pressure.

B.  EPDM: Ethylene propylene-diene terpolymer rubber.

C. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
DELIVERY, STORAGE, AND HANDLING

A.  Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, grooves, and weld ends.
3. Set check valves in either closed or open position.
B.  Use the following precautions during storage:
1. Maintain valve end protection.
2. Store valves indoors and maintain at higher-than-ambient-dew-point temperature. If

outdoor storage is necessary, store valves off the ground in watertight enclosures.

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS FOR VALVES
A.  Source Limitations for Valves: Obtain each type of valve from single source from single
manufacturer.
B.  ASME Compliance:
I. ASME B1.20.1 for threads for threaded end valves.
2. ASME B16.18 for solder joint.
3. ASME B31.9 for building services piping valves.
C. AWWA Compliance: Comply with AWWA C606 for grooved-end connections.
D.  NSF Compliance: NSF 61 and NSF 372 for valve materials for potable-water service.
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G.

H.

Bronze valves shall be made with dezincification-resistant materials. Bronze valves made
with copper alloy (brass) containing more than 15 percent zinc are not permitted.

Valve Pressure-Temperature Ratings: Not less than indicated and as required for system
pressures and temperatures.

Valve Sizes: Same as upstream piping unless otherwise indicated.

Valve Bypass and Drain Connections: MSS SP-45.

2.2 BRONZE SWING CHECK VALVES

A.

Class 125, Bronze, Swing Check Valves with Bronze Disc:

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

American Valve, Inc.

Crane Co.; Crane Valve Group; Crane Valves.

Crane Co.; Crane Valve Group; Jenkins Valves.

Crane Co.; Crane Valve Group; Stockham Valves.

Hammond Valve.

Kitz Corporation.

The Macomb Groups.

Milwaukee Valve Company.

NIBCO INC.

Powell Valves.

Red-White Valve Corporation.

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

2. Description:

Standard: MSS SP-80, Type 3.

CWP Rating: 200 psig.

Body Design: Horizontal flow.

Body Material: ASTM B 62, bronze.

Ends: Threaded or soldered. See valve schedule articles.

Disc: Bronze.

R ER M A0 O
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PART 3 - EXECUTION

3.1 EXAMINATION

A.

Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove
special packing materials, such as blocks, used to prevent disc movement during shipping
and handling.

Operate valves in positions from fully open to fully closed. Examine guides and seats made
accessible by such operations.

Examine threads on valve and mating pipe for form and cleanliness.
Examine mating flange faces for conditions that might cause leakage. Check bolting for

proper size, length, and material. Verify that gasket is of proper size, that its material
composition is suitable for service, and that it is free from defects and damage.
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3.2

33

34

3.5

E.

Do not attempt to repair defective valves; replace with new valves.

VALVE INSTALLATION

A.

Install valves with unions or flanges at each piece of equipment arranged to allow service,
maintenance, and equipment removal without system shutdown.

B.  Locate valves for easy access and provide separate support where necessary.

C.  Install valves in horizontal piping with stem at or above center of pipe.

D.  Install valves in position to allow full stem movement.

E. Install check valves for proper direction of flow and as follows:
1. Swing Check Valves: In horizontal position with hinge pin level.

F. Install valve tags. Comply with requirements in Section 15076 "Identification for Plumbing
Piping and Equipment" for valve tags and schedules.

ADJUSTING

A.  Adjust or replace valve packing after piping systems have been tested and put into service

but before final adjusting and balancing. Replace valves if persistent leaking occurs.

GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

A.

If valves with specified CWP ratings are unavailable, the same types of valves with higher
CWP ratings may be substituted.

End Connections:
1. For Copper Tubing, NPS 2 and Smaller: Threaded or soldered.

DOMESTIC HOT- AND COLD-WATER VALVE SCHEDULE

A.

Pipe NPS 2 and Smaller: Bronze swing check valves, Class 125, bronze disc with soldered
or threaded end connections.

END OF SECTION 15115

03/21/2023

CHECK VALVES FOR PLUMBING PIPING
15115-3



SECTION 15126

METERS AND GAGES FOR PLUMBING PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A.

1.2 SUMMARY

A.

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

Section Includes:

1.
2.
3.

Liquid-in-glass thermometers.
Thermowells.
Test plugs.

PART 2 - PRODUCTS

2.1 LIQUID-IN-GLASS THERMOMETERS

A.

Metal-Case, Compact-Style, Liquid-in-Glass Thermometers:

1.
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9.
10.

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

a. Trerice, H. O. Co.

Standard: ASME B40.200.

Case: Cast aluminum; 6-inch nominal size.

Case Form: Back angle unless otherwise indicated.

Tube: Glass with magnifying lens and blue or red organic liquid.

Tube Background: Nonreflective aluminum with permanently etched scale markings
graduated in deg F.

Window: Glass or plastic.

Stem: Aluminum or brass and of length to suit installation.

a. Design for Thermowell Installation: Bare stem.

Connector: 3/4 inch, with ASME B1.1 screw threads.

Accuracy: Plus or minus 1 percent of scale range or one scale division, to a maximum
of 1.5 percent of scale range.

2.2 THERMOWELLS

A.  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.
4. Material for Use with Steel Piping: CRES.
5. Type: Stepped shank unless straight or tapered shank is indicated.
6. External Threads: NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads.
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B.

7. Internal Threads: 1/2, 3/4, and 1 inch, 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.

2.3 TEST PLUGS

A.

E.

F.

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. Flow Design, Inc.

Miljoco Corporation.

National Meter, Inc.

Peterson Equipment Co., Inc.

Sisco Manufacturing Company, Inc.

Trerice, H. O. Co.

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

Weiss Instruments, Inc.

PN R WD

Description: Test-station fitting made for insertion 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 or NPS 1/2, ASME B1.20.1 pipe thread.
Minimum Pressure and Temperature Rating: 500 psig at 200 deg F.

Core Inserts: Chlorosulfonated polyethylene synthetic self-sealing rubber.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install thermowells with socket extending to center of pipe and in vertical position in piping
tees.

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

C.  Install thermowells with extension on insulated piping.

D.  Fill thermowells with heat-transfer medium.

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.

F. Install test plugs in piping tees.
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32

3.3

34

3.5

G.  Install thermometers in the following locations:
1. Outlet of each water heater.

CONNECTIONS

A. Install meters and gages adjacent to machines and equipment to allow service and
maintenance of meters, gages, machines, and equipment.

ADJUSTING
A.  Adjust faces of meters and gages to proper angle for best visibility.
THERMOMETER SCHEDULE

A.  Thermometers at inlet and outlet of each domestic water heater shall be the following:
1. Liquid-filled, bimetallic-actuated type.

THERMOMETER SCALE-RANGE SCHEDULE

A.  Scale Range for Domestic Hot-Water Piping: 30 to 240 deg F.

END OF SECTION 15126
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SECTION 15140
DOMESTIC WATER PIPING
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Under-building-slab and aboveground domestic water pipes, tubes, and fittings inside
buildings.

1.3 FIELD CONDITIONS

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

1. Notify Owner no fewer than two days in advance of proposed interruption of water
service.
2. Do not interrupt water service without Owner's written permission.

PART 2 - PRODUCTS
2.1  PIPING MATERIALS

A.  Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting
materials, and joining methods for specific services, service locations, and pipe sizes.

B.  Potable-water piping and components shall comply with NSF 14 and NSF 61.
2.2 COPPER TUBE AND FITTINGS
A.  Hard Copper Tube: ASTM B 88, Type L water tube, drawn temper.
B Soft Copper Tube: ASTM B 88, Type K water tube, annealed temper.
C.  Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings.
D

Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends.

E. Copper Unions:
1. MSS SP-123.
2 Cast-copper-alloy, hexagonal-stock body.
3. Ball-and-socket, metal-to-metal seating surfaces.
4 Solder-joint or threaded ends.
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2.3 PIPING JOINING MATERIALS

A.

Solder Filler Metals: ASTM B 32, lead-free alloys.

2.4 TRANSITION FITTINGS

A.

General Requirements:

1. Same size as pipes to be joined.
2. Pressure rating at least equal to pipes to be joined.
3. End connections compatible with pipes to be joined.

Fitting-Type Transition Couplings: Manufactured piping coupling or specified piping system
fitting.

Sleeve-Type Transition Coupling: AWWA C219.

1. 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:

Cascade Waterworks Manufacturing.

Dresser, Inc.; Piping Specialties Products.

Ford Meter Box Company, Inc. (The).

JCM Industries.

Romac Industries, Inc.

Smith-Blair, Inc.; a Sensus company.

g. Viking Johnson.

SN NS

2.5 DIELECTRIC FITTINGS

A.  General Requirements: Assembly of copper alloy and ferrous materials with separating
nonconductive insulating material. Include end connections compatible with pipes to be
joined.

B. Dielectric Unions:

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

a. Capitol Manufacturing Company; member of the Phoenix Forge Group.
b. Central Plastics Company.

c. Hart Industries International, Inc.

d. Jomar International.

e. Matco-Norca.

f. McDonald, A. Y. Mfg. Co.

g. Watts; a division of Watts Water Technologies, Inc.

h. Wilkins; a Zurn company.

2. Standard: ASSE 1079.

3. Pressure Rating: 125 psig minimum at 180 deg F.

4, End Connections: Solder-joint copper alloy and threaded ferrous.

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

a. Elster Perfection Corporation.

b. Grinnell Mechanical Products; Tyco Fire Products LP.
c. Matco-Norca.

d. Precision Plumbing Products, Inc.

e Victaulic Company.

Standard: IAPMO PS 66.

Electroplated steel nipple complying with ASTM F 1545.
Pressure Rating and Temperature: 300 psig at 225 deg F.
End Connections: Male threaded or grooved.

Lining: Inert and noncorrosive, propylene.

SATNANE ol el N

PART 3 - EXECUTION

3.1 EARTHWORK

A.

Comply with requirements in Section 02300 "Earthwork" for excavating, trenching, and
backfilling.

3.2 PIPING INSTALLATION

A.

Drawing plans, schematics, and diagrams indicate general location and arrangement of
domestic water piping. Indicated locations and arrangements are used to size pipe and
calculate friction loss, expansion, and other design considerations. Install piping as indicated
unless deviations to layout are approved on coordination drawings.

Install copper tubing under building slab according to CDA's "Copper Tube Handbook."

Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve
inside the building at each domestic water-service entrance. Comply with requirements for
pressure gages in Section 15126 "Meters and Gages for Plumbing Piping" and with
requirements for drain valves and strainers in Section 15145 "Domestic Water Piping
Specialties."

Install shutoff valve immediately upstream of each dielectric fitting.

Install underground copper tube in PE encasement according to ASTM A 674 or AWWA
C105/A21.5.

Install piping concealed from view and protected from physical contact by building
occupants unless otherwise indicated and except in equipment rooms and service areas.

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 above accessible ceilings to allow sufficient space for ceiling panel removal,
and coordinate with other services occupying that space.
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Q.

Install piping to permit valve servicing.

Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher
than the system pressure rating used in applications below unless otherwise indicated.

Install piping free of sags and bends.
Install fittings for changes in direction and branch connections.

Install unions in copper tubing at final connection to each piece of equipment, machine, and
specialty.

Install thermometers on outlet piping from each water heater. Comply with requirements for
thermometers in Section 15126 "Meters and Gages for Plumbing Piping."

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with
requirements for sleeves specified in Section 15092 "Sleeves and Sleeve Seals for Plumbing
Piping."

Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 15092 "Sleeves and Sleeve Seals for

Plumbing Piping."

Install escutcheons for piping penetrations of walls, ceilings, and floors.

3.3 JOINT CONSTRUCTION

A.

B.

Ream ends of pipes and tubes and remove burrs.

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

Soldered Joints for Copper Tubing: Apply ASTM B 813, water-flushable flux to end of tube.
Join copper tube and fittings according to ASTM B 828 or CDA's "Copper Tube Handbook."

Joints for Dissimilar-Material Piping: Make joints using adapters compatible with materials
of both piping systems.

3.4 TRANSITION FITTING INSTALLATION

A.

B.

Install transition couplings at joints of dissimilar piping.

Transition Fittings in Underground Domestic Water Piping:
1. Fittings for NPS 1-1/2 and Smaller: Fitting-type coupling.

3.5 DIELECTRIC FITTING INSTALLATION

A.  Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
B.  Dielectric Fittings for NPS 2 and Smaller: Use dielectric couplings, nipples or unions.
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3.6 HANGER AND SUPPORT INSTALLATION

A.

Comply with requirements for pipe hanger, support products, and installation in
Section 15061 "Hangers and Supports for Plumbing Piping and Equipment."
1. Vertical Piping: MSS Type 8 or 42, clamps.
2. Individual, Straight, Horizontal Piping Runs:
a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers.
b. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers.
c. Longer Than 100 Feet if Indicated: MSS Type 49, spring cushion rolls.
3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44, pipe
rolls. Support pipe rolls on trapeze.
4. Base of Vertical Piping: MSS Type 52, spring hangers.

Support vertical piping and tubing at base and at each floor.

Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch.
Install hangers for copper tubing with the following maximum horizontal spacing and
minimum rod diameters:

1. NPS 3/4 and Smaller: 60 inches with 3/8-inch rod.

2. NPS 1 and NPS 1-1/4: 72 inches with 3/8-inch rod.

Install supports for vertical copper tubing every 10 feet.

Support piping and tubing not listed in this article according to MSS SP-69 and
manufacturer's written instructions.

3.7 CONNECTIONS

A.

B.

Drawings indicate general arrangement of piping, fittings, and specialties.

When installing piping adjacent to equipment and machines, allow space for service and
maintenance.

Connect domestic water piping to exterior water-service piping. Use transition fitting to join
dissimilar piping materials.

Connect domestic water piping to water-service piping with shutoff valve; extend and

connect to the following:

1. Water Heaters: Cold-water inlet and hot-water outlet piping in sizes indicated, but not
smaller than sizes of water heater connections.

2. Plumbing Fixtures: Cold- and hot-water-supply piping in sizes indicated, but not
smaller than that required by plumbing code.

3.8 IDENTIFICATION

A.  Identify system components. Comply with requirements for identification materials and
installation in Section 15076 "Identification for Plumbing Piping and Equipment."
B.  Label pressure piping with system operating pressure.
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3.9 FIELD QUALITY CONTROL

A.

B.

C.

Perform the following tests and inspections:

1.

Piping Inspections:

a. Do not enclose, cover, or put piping into operation until it has been inspected
and approved by authorities having jurisdiction.
b. During installation, notify authorities having jurisdiction at least one day before

inspection must be made. Perform tests specified below in presence of

authorities having jurisdiction:

1) Roughing-in Inspection: Arrange for inspection of piping before
concealing or closing in after roughing in and before setting fixtures.

2) Final Inspection: Arrange for authorities having jurisdiction to observe
tests specified in "Piping Tests" Subparagraph below and to ensure
compliance with requirements.

c. Reinspection: If authorities having jurisdiction find that piping will not pass
tests or inspections, make required corrections and arrange for reinspection.

d. Reports: Prepare inspection reports and have them signed by authorities having
jurisdiction.

Piping Tests:

a. Fill domestic water piping. Check components to determine that they are not air

bound and that piping is full of water.

b. Test for leaks and defects in new piping and parts of existing piping that have
been altered, extended, or repaired. If testing is performed in segments, submit
a separate report for each test, complete with diagram of portion of piping
tested.

c. Leave new, altered, extended, or replaced domestic water piping uncovered and
unconcealed until it has been tested and approved. Expose work that was
covered or concealed before it was tested.

d. Cap and subject piping to static water pressure of 50 psig above operating
pressure, without exceeding pressure rating of piping system materials. Isolate
test source and allow it to stand for four hours. Leaks and loss in test pressure
constitute defects that must be repaired.

e. Repair leaks and defects with new materials, and retest piping or portion thereof
until satisfactory results are obtained.
f. Prepare reports for tests and for corrective action required.

Domestic water piping will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

3.10 ADJUSTING

A.  Perform the following adjustments before operation:

1. Close drain valves, hydrants, and hose bibbs.

2. Open shutoff valves to fully open position.

3. Remove plugs used during testing of piping and for temporary sealing of piping
during installation.

4, Remove and clean strainer screens. Close drain valves and replace drain plugs.

5. Remove filter cartridges from housings and verify that cartridges are as specified for
application where used and are clean and ready for use.

6. Check plumbing specialties and verify proper settings, adjustments, and operation.
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3.11 CLEANING

A.

B.

C.

Clean and disinfect potable domestic water piping as follows:

Purge new piping and parts of existing piping that have been altered, extended, or
repaired before using.

Use purging and disinfecting procedures prescribed by authorities having jurisdiction;
if methods are not prescribed, use procedures described in either AWWA C651 or
AWWA C652 or follow procedures described below:

1.

2.

a.

b.

C.

d.

c.

Flush piping system with clean, potable water until dirty water does not appear

at outlets.

Fill and isolate system according to either of the following:

1) Fill system or part thereof with water/chlorine solution with at least
50 ppm of chlorine. Isolate with valves and allow to stand for 24 hours.

2)  Fill system or part thereof with water/chlorine solution with at least
200 ppm of chlorine. Isolate and allow to stand for three hours.

Flush system with clean, potable water until no chlorine is in water coming

from system after the standing time.

Repeat procedures if biological examination shows contamination.

Submit water samples in sterile bottles to authorities having jurisdiction.

Prepare and submit reports of purging and disinfecting activities. Include copies of water-
sample approvals from authorities having jurisdiction.

Clean interior of domestic water piping system. Remove dirt and debris as work progresses.

3.12 PIPING SCHEDULE

A.

Transition and special fittings with pressure ratings at least equal to piping rating may be

used in applications below unless otherwise indicated.

Flanges and unions may be used for aboveground piping joints unless otherwise indicated.

Under-building-slab, domestic water, building-service piping, NPS 1 and smaller, shall be

the following:

1.

Soft copper tube, ASTM B 88, Type K; wrought-copper, solder-joint fittings; and
brazed joints.

Aboveground domestic water piping, NPS 1 and smaller, shall be the following:

L.

Hard copper tube, ASTM B 88, Type L; wrought-copper, solder-joint fittings; and
soldered joints.

3.13 VALVE SCHEDULE

A.  Drawings indicate valve types to be used. Where specific valve types are not indicated, the
following requirements apply:
1. Shutoff Duty: Use ball valves for piping NPS 2 and smaller.
2. Throttling Duty: Use ball valves for piping NPS 2 and smaller.
3. Drain Duty: Hose-end drain valves.
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B. Use check valves to maintain correct direction of domestic water flow to and from
equipment.

END OF SECTION 15140
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SECTION 15145
DOMESTIC WATER PIPING SPECIALTIES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Vacuum breakers.
2. Balancing valves.
3. Strainers.
4. Wall Hydrants.
5. Drain valves.
6. Water-hammer arresters.
7. Air Vents.

B.  Related Requirements:
I. Section 15126 "Meters and Gages for Plumbing Piping" for thermometers, pressure
gages, and flow meters in domestic water piping.
1.3 ACTION SUBMITTALS
A.  Product Data: For each type of product.
1.4 INFORMATIONAL SUBMITTALS
A.  Field quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For domestic water piping specialties to include in
emergency, operation, and maintenance manuals.

PART 2 - PRODUCTS
2.1 GENERAL REQUIREMENTS FOR PIPING SPECIALTIES

A.  Potable-water piping and components shall comply with NSF 61.
2.2 PERFORMANCE REQUIREMENTS

A.  Minimum Working Pressure for Domestic Water Piping Specialties: 125 psig unless otherwise
indicated.
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2.3 VACUUM BREAKERS

A.  Pipe-Applied, Atmospheric-Type Vacuum Breakers:

1.

ATl el

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

Ames Fire & Waterworks; a division of Watts Water Technologies, Inc.

Cash Acme; a division of Reliance Worldwide Corporation.

Conbraco Industries, Inc.

FEBCO; a division of Watts Water Technologies, Inc.

Rain Bird Corporation.

Toro Company (The); Irrigation Div.

Watts; a division of Watts Water Technologies, Inc.; Watts Regulator Company.
h. Zurn Industries, LLC; Plumbing Products Group; Wilkins Water Control Products.
Standard: ASSE 1001.

Size: NPS 1/4 to NPS 3, as required to match connected piping.

Body: Bronze.

Inlet and Outlet Connections: Threaded.

Finish: Rough bronze.

e s o

2.1 BALANCING VALVES

A.  Copper-Alloy Calibrated Balancing Valves:

3.
4.
5.

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

a. Armstrong International, Inc.

b. Flo Fab inc.

c. ITT Corporation.

d. NIBCO INC.

e. TACO Incorporated.

f. Watts; a Watts Water Technologies company.

Type: Ball or Y-pattern globe valve with two readout ports and memory-setting
indicator.

Body: Brass or bronze.

Size: Same as connected piping, but not larger than NPS 2.

Accessories: Meter hoses, fittings, valves, differential pressure meter, and carrying case.

2.2 STRAINERS FOR DOMESTIC WATER PIPING

A. Y -Pattern Strainers:

1. Pressure Rating: 125 psig minimum unless otherwise indicated.
2. Body: Bronze for NPS 2 and smaller.
3. End Connections: Threaded for NPS 2 and smaller.
4. Screen: Stainless steel with round perforations unless otherwise indicated.
5. Perforation Size:
a. Strainers NPS 2 and Smaller: 0.020 inch.
6. Drain: Pipe plug.
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2.3 WALL HYDRANTS

A.  Nonfreeze Wall Hydrants:

1.

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

Josam Company.

MIFAB, Inc.

Prier Products, Inc.

Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.

Tyler Pipe; Wade Div.

Watts Drainage Products.

Woodford Manufacturing Company; a division of WCM Industries, Inc.

Zurn Industries, LLC; Plumbing Products Group; Light Commercial Products.
Zurn Industries, LLC; Plumbing Products Group; Specification Drainage Products.

SRR MO AL o

2.4 DRAIN VALVES

A.  Ball-Valve-Type, Hose-End Drain Valves:

1.

A PR AT AP

Standard: MSS SP-110 for standard-port, two-piece ball valves.

Pressure Rating: 400-psig minimum CWP.

Size: NPS 3/4.

Body: Copper alloy.

Ball: Chrome-plated brass.

Seats and Seals: Replaceable.

Handle: Vinyl-covered steel.

Inlet: Threaded or solder joint.

Outlet: Threaded, short nipple with garden-hose thread complying with ASME B1.20.7
and cap with brass chain.

2.5 WATER-HAMMER ARRESTERS

A. Water-Hammer Arresters:

1.

2.
3.
4.

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

following:

a. AMTROL, Inc.

b. Josam Company.

c. MIFAB, Inc.

d. Precision Plumbing Products, Inc.

e. Sioux Chief Manufacturing Company, Inc.

f. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
g. Tyler Pipe; Wade Div.

h. Watts Drainage Products.

1. Zurn Industries, LLC; Plumbing Products Group; Specification Drainage Products.
Standard: ASSE 1010 or PDI-WH 201.

Type: Copper tube with piston.

Size: ASSE 1010, Sizes AA and A through F, or PDI-WH 201, Sizes A through F.

2.6 AIR VENTS

A. Bolted-Construction Automatic Air Vents:

L.

Body: Bronze.
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Pressure Rating and Temperature: 125-psig minimum pressure rating at 140 deg F.
Float: Replaceable, corrosion-resistant metal.

Mechanism and Seat: Stainless steel.

Size: NPS 1/2 minimum inlet.

Inlet and Vent Outlet End Connections: Threaded.

ANl

PART 3 - EXECUTION

3.1 INSTALLATION

A.  Install Y-pattern strainers for water on supply side of each solenoid valve.
B.  Install balancing valves in locations where they can easily be adjusted.

C.  Install water-hammer arresters in water piping according to PDI-WH 201.
D.  Install air vents at high points of water piping.

E. Set field-adjustable flow set points of balancing valves.

3.2 CONNECTIONS
A.  Comply with requirements for ground equipment in Section 16060 "Grounding and Bonding."

B.  Fire-retardant-treated-wood blocking is specified in Section 16120 "Conductors and Cables" for
electrical connections.

3.3 LABELING AND IDENTIFYING

A. Distinguish among multiple units, inform operator of operational requirements, indicate safety
and emergency precautions, and warn of hazards and improper operations, in addition to
identifying unit. Nameplates and signs are specified in Section 15076 "Identification for
Plumbing Piping and Equipment."

3.4 FIELD QUALITY CONTROL

A.  Domestic water piping specialties will be considered defective if they do not pass tests and
inspections.

B.  Prepare test and inspection reports.

END OF SECTION 15145
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SECTION 15150
SANITARY WASTE AND VENT PIPING
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A.  Section Includes:
1. Pipe, tube, and fittings.
2. Specialty pipe fittings.
1.3 PERFORMANCE REQUIREMENTS
A.  Components and installation shall be capable of withstanding the following minimum
working pressure unless otherwise indicated:
1. Soil, Waste, and Vent Piping: 10-foot head of water.
1.4 INFORMATIONAL SUBMITTALS
A.  Field quality-control reports.
1.5 QUALITY ASSURANCE
A.  Piping materials shall bear label, stamp, or other markings of specified testing agency.
PART 2 - PRODUCTS
2.1 PIPING MATERIALS

A.  Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting
materials, and joining methods for specific services, service locations, and pipe sizes.

2.2 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS
A.  Pipe and Fittings: ASTM A 74, Service and Extra Heavy class(es).
B. Gaskets: ASTM C 564, rubber.
C. Calking Materials: ASTM B 29, pure lead and oakum or hemp fiber.
2.3 HUBLESS, CAST-IRON SOIL PIPE AND FITTINGS
A.  Pipe and Fittings: ASTM A 888 or CISPI 301.

B. CISPI, Hubless-Piping Couplings:
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C.

D.

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

ANACO-Husky.

Dallas Specialty & Mfg. Co.

Fernco Inc.

Matco-Norca, Inc.

MIFAB, Inc.

Mission Rubber Company; a division of MCP Industries, Inc.

Stant.
h. Tyler Pipe.

2. Standards: ASTM C 1277 and CISPI 310.

3. Description: Stainless-steel corrugated shield with stainless-steel bands and tightening
devices; and ASTM C 564, rubber sleeve with integral, center pipe stop.

e o o

Heavy-Duty, Hubless-Piping Couplings:
1. Manufacturers: Subject to compliance with requirements, provide products by one of
the following:

a. ANACO-Husky.
b. Clamp-All Corp.
c. Dallas Specialty & Mfg. Co.
d. MIFAB, Inc.
e. Mission Rubber Company; a division of MCP Industries, Inc.
f. Stant.
g. Tyler Pipe.
2. Standards: ASTM C 1277 and ASTM C 1540.
3. Description: Stainless-steel shield with stainless-steel bands and tightening devices;

and ASTM C 564, rubber sleeve with integral, center pipe stop.

Cast-Iron, Hubless-Piping Couplings:

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

a. MG Piping Products Company.

2. Standard: ASTM C 1277.

3. Description: Two-piece ASTM A 48/A 48M, cast-iron housing; stainless-steel bolts
and nuts; and ASTM C 564, rubber sleeve with integral, center pipe stop.

2.4  COPPER TUBE AND FITTINGS

A.

B.

C.

D.

Copper DWV Tube: ASTM B 306, drainage tube, drawn temper.

Copper Drainage Fittings: ASME B16.23, cast copper or ASME B16.29, wrought copper,
solder-joint fittings.

Hard Copper Tube: ASTM B 88, Type L and Type M, water tube, drawn temper.

Solder: ASTM B 32, lead free with ASTM B 813, water-flushable flux.

2.5 PVCPIPE AND FITTINGS

A.

Solid-Wall PVC Pipe: ASTM D 2665, drain, waste, and vent.
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C.

D.

PVC Socket Fittings: ASTM D 2665, made to ASTM D 3311, drain, waste, and vent
patterns and to fit Schedule 40 pipe.

Adhesive Primer: ASTM F 656.

Solvent Cement: ASTM D 2564.

2.6 SPECIALTY PIPE FITTINGS

A.  Transition Couplings:

1. General Requirements: Fitting or device for joining piping with small differences in
OD's or of different materials. Include end connections same size as and compatible
with pipes to be joined.

2. Fitting-Type Transition Couplings: Manufactured piping coupling or specified piping
system fitting.

3. Shielded, Nonpressure Transition Couplings:

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) Cascade Waterworks Mfg. Co.
2) Mission Rubber Company; a division of MCP Industries, Inc.

b. Standard: ASTM C 1460.

c. Description: Elastomeric or rubber sleeve with full-length, corrosion-resistant
outer shield and corrosion-resistant-metal tension band and tightening
mechanism on each end.

B.  Dielectric Fittings:

1. General Requirements: Assembly of copper alloy and ferrous materials with
separating nonconductive insulating material. Include end connections compatible
with pipes to be joined.

2. Dielectric Unions:

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

1) Capitol Manufacturing Company.
2) Central Plastics Company.
3) Hart Industries International, Inc.
4) Jomar International Ltd.
5) Matco-Norca, Inc.
6)  McDonald, A. Y. Mfg. Co.
7) Watts Regulator Co.; a division of Watts Water Technologies, Inc.
8) Wilkins; a Zurn company.
b. Description:
1) Standard: ASSE 1079.
2) Pressure Rating: 125 psig minimum at 180 deg F.
3) End Connections: Solder-joint copper alloy and threaded ferrous.

3. Dielectric Flanges:

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

1) Capitol Manufacturing Company.
2) Central Plastics Company.
3) Matco-Norca, Inc.
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4) Watts Regulator Co.; a division of Watts Water Technologies, Inc.
5) Wilkins; a Zurn company.

b. Description:
1) Standard: ASSE 1079.
2) Factory-fabricated, bolted, companion-flange assembly.
3)  Pressure Rating: 125 psig minimum at 180 deg F.
4) End Connections: Solder-joint copper alloy and threaded ferrous;

threaded solder-joint copper alloy and threaded ferrous.
4. Dielectric Nipples:

a. Manufacturers: Subject to compliance with requirements, provide products by
one of the following:
1) Elster Perfection.
2)  Grinnell Mechanical Products.
3) Matco-Norca, Inc.
4) Precision Plumbing Products, Inc.
5) Victaulic Company.

b. Description:
1) Standard: IAPMO PS 66
2) Electroplated steel nipple.
3) Pressure Rating: 300 psig at 225 deg F.
4) End Connections: Male threaded or grooved.
5) Lining: Inert and noncorrosive, propylene.

PART 3 - EXECUTION

3.1 EARTH MOVING

A.

Comply with requirements for excavating, trenching, and backfilling specified in
Section 02300 "Earthwork."

3.2 PIPING INSTALLATION

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

B. Install piping in concealed locations unless otherwise indicated and except in equipment
rooms and service areas.

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

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

E. Install piping to permit valve servicing.

F. Install piping at indicated slopes.

G. Install piping free of sags and bends.
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Install fittings for changes in direction and branch connections.
Install piping to allow application of insulation.

Make changes in direction for soil and waste drainage and vent piping using appropriate
branches, bends, and long-sweep bends. Sanitary tees and short-sweep 1/4 bends may be
used on vertical stacks if change in direction of flow is from horizontal to vertical. Use long-
turn, double Y-branch and 1/8-bend fittings if two fixtures are installed back to back or side
by side with common drain pipe. Straight tees, elbows, and crosses may be used on vent
lines. Do not change direction of flow more than 90 degrees. Use proper size of standard
increasers and reducers if pipes of different sizes are connected. Reducing size of drainage
piping in direction of flow is prohibited.

Lay buried building drainage piping beginning at low point of each system. Install true to
grades and alignment indicated, with unbroken continuity of invert. Place hub ends of piping
upstream. Install required gaskets according to manufacturer's written instructions for use of
lubricants, cements, and other installation requirements. Maintain swab in piping and pull
past each joint as completed.

Install soil and waste drainage and vent piping at the following minimum slopes unless

otherwise indicated:

1. Building Sanitary Drain: 2 percent downward in direction of flow for piping NPS 3
and smaller; 2 percent downward in direction of flow for piping NPS 4 and larger.

2. Horizontal Sanitary Drainage Piping: 2 percent downward in direction of flow.

3. Vent Piping: 1 percent down toward vertical fixture vent or toward vent stack.

Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings
Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."

Install aboveground copper tubing according to CDA's "Copper Tube Handbook."
Install underground PVC piping according to ASTM D 2321.

Plumbing Specialties:

1. Install cleanouts at grade and extend to where building sanitary drains connect to
building sanitary sewers in sanitary drainage gravity-flow piping. Install cleanout
fitting with closure plug inside the building in sanitary drainage force-main piping.
Comply with requirements for cleanouts specified in Section 15155 "Sanitary Waste
Piping Specialties."

2. Install drains in sanitary drainage gravity-flow piping. Comply with requirements for
drains specified in Section 15155 "Sanitary Waste Piping Specialties."

Do not enclose, cover, or put piping into operation until it is inspected and approved by
authorities having jurisdiction.

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with
requirements for sleeves specified in Section 15092 "Sleeves and Sleeve Seals for Plumbing
Piping."
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S. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 15097 "Escutcheons for Plumbing

Piping."
3.3 JOINT CONSTRUCTION

A.  Join hub-and-spigot, cast-iron soil piping with gasket joints according to CISPI's "Cast Iron
Soil Pipe and Fittings Handbook" for compression joints.

B.  Join hub-and-spigot, cast-iron soil piping with calked joints according to CISPI's "Cast Iron
Soil Pipe and Fittings Handbook" for lead-and-oakum calked joints.

C.  Join hubless, cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil Pipe
and Fittings Handbook" for hubless-piping coupling joints.

D. Join copper tube and fittings with soldered joints according to ASTM B 828. Use
ASTM B 813, water-flushable, lead-free flux and ASTM B 32, lead-free-alloy solder.

E. Grooved Joints: Cut groove ends of pipe according to AWWA C606. Lubricate and install
gasket over ends of pipes or pipe and fitting. Install coupling housing sections, over gasket,
with keys seated in piping grooves. Install and tighten housing bolts.

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

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent
cements.
2. PVC Piping: Join according to ASTM D 2855 and ASTM D 2665 Appendixes.
3.4 SPECIALTY PIPE FITTING INSTALLATION
A.  Transition Couplings:
1. Install transition couplings at joints of piping with small differences in OD's.
2. In Drainage Piping: Shielded, nonpressure transition couplings.

B.  Dielectric Fittings:

1. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
2. Dielectric Fittings for NPS 2 and Smaller: Use dielectric nipples.
3. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges.

3.5 HANGER AND SUPPORT INSTALLATION

A.  Comply with requirements for pipe hanger and support devices and installation specified in
Section 15061 "Hangers and Supports for Plumbing Piping and Equipment."

1. Install carbon-steel pipe hangers for horizontal piping in noncorrosive environments.

2. Install stainless-steel pipe hangers for horizontal piping in corrosive environments.

3. Install carbon-steel pipe support clamps for vertical piping in noncorrosive
environments.

4. Install stainless-steel pipe support clamps for vertical piping in corrosive
environments.

5. Vertical Piping: MSS Type 8 or Type 42, clamps.

6. Install individual, straight, horizontal piping runs:
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a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers.
b. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers.
c. Longer Than 100 Feet if Indicated: MSS Type 49, spring cushion rolls.
7. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44, pipe
rolls. Support pipe rolls on trapeze.
8. Base of Vertical Piping: MSS Type 52, spring hangers.

Support horizontal piping and tubing within 12 inches of each fitting and coupling.
Support vertical piping and tubing at base and at each floor.
Rod diameter may be reduced one size for double-rod hangers, with 3/8-inch minimum rods.

Install hangers for cast-iron soil piping with the following maximum horizontal spacing and

minimum rod diameters:

1. NPS 1-1/2 and NPS 2: 60 inches with 3/8-inch rod.

2. NPS 3: 60 inches with 1/2-inch rod.

3. NPS 4 and NPS 5: 60 inches with 5/8-inch rod.

4 Spacing for 10-foot lengths may be increased to 10 feet. Spacing for fittings is limited
to 60 inches.

Install supports for vertical cast-iron soil piping every 15 feet.

Install hangers for copper tubing with the following maximum horizontal spacing and
minimum rod diameters:

1. NPS 1-1/4: 72 inches with 3/8-inch rod.

2. NPS 1-1/2 and NPS 2: 96 inches with 3/8-inch rod.

3. NPS 2-1/2: 108 inches with 1/2-inch rod.

4 NPS 3 and NPS 5: 10 feet with 1/2-inch rod.

Install supports for vertical copper tubing every 10 feet.

Install hangers for PVC piping with the following maximum horizontal spacing and
minimum rod diameters:

L. NPS 1-1/2 and NPS 2: 48 inches with 3/8-inch rod.

2. NPS 3: 48 inches with 1/2-inch rod.

3. NPS 4 and NPS 5: 48 inches with 5/8-inch rod.

Install supports for vertical PVC piping every 48 inches.

Support piping and tubing not listed above according to MSS SP-69 and manufacturer's
written instructions.

3.6 CONNECTIONS

A.  Drawings indicate general arrangement of piping, fittings, and specialties.
B.  Connect soil and waste piping to exterior sanitary sewerage piping. Use transition fitting to
join dissimilar piping materials.
C.  Connect drainage and vent piping to the following:
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1. Plumbing Fixtures: Connect drainage piping in sizes indicated, but not smaller than
required by plumbing code.

2. Plumbing Fixtures and Equipment: Connect atmospheric vent piping in sizes
indicated, but not smaller than required by authorities having jurisdiction.

3. Plumbing Specialties: Connect drainage and vent piping in sizes indicated, but not
smaller than required by plumbing code.

4. Install test tees (wall cleanouts) in conductors near floor and floor cleanouts with
cover flush with floor.

5. Comply with requirements for cleanouts and drains specified in Section 15155
"Sanitary Waste Piping Specialties."

6. Equipment: Connect drainage piping as indicated. Provide shutoff valve if indicated

and union for each connection. Use flanges instead of unions for connections NPS 2-
1/2 and larger.

Where installing piping adjacent to equipment, allow space for service and maintenance of
equipment.

Make connections according to the following unless otherwise indicated:

1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final
connection to each piece of equipment.

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

3.7 IDENTIFICATION

A.

Identify exposed sanitary waste and vent piping. Comply with requirements for
identification specified in Section 15076 "lIdentification for Plumbing Piping and
Equipment."

3.8 FIELD QUALITY CONTROL

A.  During installation, notify authorities having jurisdiction at least 24 hours before inspection
must be made. Perform tests specified below in presence of authorities having jurisdiction.

1. Roughing-in Inspection: Arrange for inspection of piping before concealing or
closing-in after roughing-in and before setting fixtures.

2. Final Inspection: Arrange for final inspection by authorities having jurisdiction to
observe tests specified below and to ensure compliance with requirements.

B.  Reinspection: If authorities having jurisdiction find that piping will not pass test or
inspection, make required corrections and arrange for reinspection.

C.  Reports: Prepare inspection reports and have them signed by authorities having jurisdiction.

D.  Test sanitary drainage and vent piping according to procedures of authorities having
jurisdiction or, in absence of published procedures, as follows:

1. Test for leaks and defects in new piping and parts of existing piping that have been
altered, extended, or repaired. If testing is performed in segments, submit separate
report for each test, complete with diagram of portion of piping tested.

2. Leave uncovered and unconcealed new, altered, extended, or replaced drainage and
vent piping until it has been tested and approved. Expose work that was covered or
concealed before it was tested.
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3. Roughing-in Plumbing Test Procedure: Test drainage and vent piping except outside
leaders on completion of roughing-in. Close openings in piping system and fill with
water to point of overflow, but not less than 10-foot head of water. From 15 minutes
before inspection starts to completion of inspection, water level must not drop. Inspect
joints for leaks.

4. Finished Plumbing Test Procedure: After plumbing fixtures have been set and traps
filled with water, test connections and prove they are gastight and watertight. Plug
vent-stack openings on roof and building drains where they leave building. Introduce
air into piping system equal to pressure of 1-inch wg. Use U-tube or manometer
inserted in trap of water closet to measure this pressure. Air pressure must remain
constant without introducing additional air throughout period of inspection. Inspect
plumbing fixture connections for gas and water leaks.

5. Repair leaks and defects with new materials and retest piping, or portion thereof, until
satisfactory results are obtained.
6. Prepare reports for tests and required corrective action.

3.9 CLEANING AND PROTECTION

A.

B.

C.

Clean interior of piping. Remove dirt and debris as work progresses.

Protect drains during remainder of construction period to avoid clogging with dirt and debris
and to prevent damage from traffic and construction work.

Place plugs in ends of uncompleted piping at end of day and when work stops.

3.10 PIPING SCHEDULE

A.

B.

Flanges and unions may be used on aboveground pressure piping unless otherwise indicated.

Aboveground, soil and waste piping NPS 4 and smaller shall be any of the following:

L. Service class, cast-iron soil pipe and fittings; gaskets; and gasketed joints.

2. Hubless, cast-iron soil pipe and fittings; CISPI hubless-piping couplings; and coupled
joints.

3. Copper DWYV tube, copper drainage fittings, and soldered joints.

4. Dissimilar Pipe-Material Couplings: Shielded, nonpressure transition couplings.

Aboveground, vent piping NPS 4 and smaller shall be any of the following:

1. Service class, cast-iron soil pipe and fittings; gaskets; and gasketed joints.
2. Hubless, cast-iron soil pipe and fittings; CISPI hubless-piping couplings; and coupled
joints.

3. Copper DWYV tube, copper drainage fittings, and soldered joints.
a. Option for Vent Piping, NPS 2-1/2 and NPS 3-1/2: Hard copper tube, Type M;
copper pressure fittings; and soldered joints.
4. Dissimilar Pipe-Material Couplings: Shielded, nonpressure transition couplings.

Underground, soil, waste, and vent piping NPS 4 and smaller shall be any of the following:

1. Service class, cast-iron soil piping; gaskets; and gasketed joints.
2. Solid wall PVC pipe, PVC socket fittings, and solvent-cemented joints.
3. Dissimilar Pipe-Material Couplings: Shielded, nonpressure transition couplings.

END OF SECTION 15150
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SECTION 15155

SANITARY WASTE PIPING SPECIALTIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2  SUMMARY
A. Section Includes:
1. Cleanouts.
2. Floor drains.
3. Trench drains.
4. Oil interceptors.
1.3 DEFINITIONS
ABS: Acrylonitrile-butadiene-styrene plastic.
HDPE: High-density polyethylene plastic.

PE: Polyethylene plastic.

c o w »

PP: Polypropylene plastic.
E. PVC: Polyvinyl chloride plastic.

1.4 ACTION SUBMITTALS

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

characteristics, and accessories for the following:

1. Floor Drains.
2. Trench Drains.
3. Oil interceptors.

1.5 INFORMATIONAL SUBMITTALS
A.  Field quality-control reports.

1.6 CLOSEOUT SUBMITTALS

Include rated capacities, operating

A.  Operation and Maintenance Data: For drainage piping specialties to include in emergency,

operation, and maintenance manuals.
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1.7 QUALITY ASSURANCE

A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing
agency.

B.  Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic sanitary
piping specialty components.

1.8 COORDINATION

A.  Coordinate size and location of roof penetrations.
PART 2 - PRODUCTS
2.1 CLEANOUTS

A.  Metal Floor Cleanouts:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
Josam Company.
MIFAB, Inc.
Smith, Jay R. Mfg. Co.
Tyler Pipe; a subsidiary of McWane Inc.
Watts; a Watts Water Technologies company.
Zurn Industries, LLC.

o a0 o

2.2 FLOOR DRAINS

A.  Cast-Iron Floor Drains:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
Commercial Enameling Co.
Josam Company; Josam Div.
MIFAB, Inc.
Prier Products, Inc.
Smith, Jay R. Mfg. Co.
Tyler Pipe; Wade Div.
Watts Drainage Products.
Zurn Plumbing Products Group; Specification Drainage Operation.

FRmo a0 o

2.3 TRENCH DRAINS

A.  Pre-manufactured trench forming system with traffic rated grate:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

a. Josam Company.
b. MIFAB, Inc.
C. Smith, Jay R. Mfg. Co.
d. Tyler Pipe; a subsidiary of McWane Inc.
e. Watts; a Watts Water Technologies company.
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f.

Zurn Industries, LLC

24 OIL SEPARATORS

A.  Steel oil interceptors:

L.

mo a0 o

g.

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

Josam Company.

MIFAB, Inc.

Rockford Sanitary Systems, Inc.

Smith, Jay R. Mfg. Co.

Tyler Pipe; a subsidiary of McWane Inc.

Watts; a Watts Water Technologies company.

Zurn Industries, LLC;

PART 3 - EXECUTION

3.1 INSTALLATION

A.  Install cleanouts in aboveground piping and building drain piping according to the following,
unless otherwise indicated:

L. Size same as drainage piping up to NPS 4. Use NPS 4 for larger drainage piping
unless larger cleanout is indicated.
2. Locate at each change in direction of piping greater than 45 degrees.
3. Locate at minimum intervals of 50 feet for piping NPS 4 and smaller and 100 feet for
larger piping.
4. Locate at base of each vertical soil and waste stack.
B.  For floor cleanouts for piping below floors, install cleanout deck plates with top flush with
finished floor.
C.  For cleanouts located in concealed piping, install cleanout wall access covers, of types

indicated, with frame and cover flush with finished wall.

D. Install floor drains at low points of surface areas to be drained. Set grates of drains flush with
finished floor, unless otherwise indicated.

1.
2.

Position floor drains for easy access and maintenance.

Set floor drains below elevation of surrounding finished floor to allow floor drainage.

Set with grates depressed according to the following drainage area radii:

a. Radius, 30 Inches or Less: Equivalent to 1 percent slope, but not less than 1/4-
inch total depression.

b. Radius, 30 to 60 Inches: Equivalent to 1 percent slope.

c. Radius, 60 Inches or Larger: Equivalent to 1 percent slope, but not greater than
1-inch total depression.

Install floor-drain flashing collar or flange so no leakage occurs between drain and

adjoining flooring. Maintain integrity of waterproof membranes where penetrated.

Install individual traps for floor drains connected to sanitary building drain, unless

otherwise indicated.

E. Install trench drains at low points of surface areas to be drained. Set grates of drains flush with
finished surface, unless otherwise indicated.
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F. Assemble plastic channel drainage system components according to manufacturer's written
instructions. Install on support devices so that top will be flush with adjacent surface.

G. Install deep-seal traps on floor drains and other waste outlets, if indicated.

H. Install air-gap fittings on draining-type backflow preventers and on indirect-waste piping
discharge into sanitary drainage system.

L. Install traps on plumbing specialty drain outlets. Omit traps on indirect wastes unless trap is
indicated.
J. Install oil interceptors, including trapping, venting, and flow-control fitting, according to

authorities having jurisdiction and with clear space for servicing.
3.2 CONNECTIONS

A.  Comply with requirements in Section 15150 "Sanitary Waste and Vent Piping" for piping
installation requirements. Drawings indicate general arrangement of piping, fittings, and

specialties.
B.  Install piping adjacent to equipment to allow service and maintenance.
C.  Oil Interceptors: Connect inlet, outlet, vent, and gravity drawoff piping to unit; flow-control

fitting and vent to unit inlet piping; and gravity drawoff and suction piping to oil storage tank.
3.3 LABELING AND IDENTIFYING

A.  Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplate or
sign on or near each of the following:

1. Oil interceptors.

B.  Distinguish among multiple units, inform operator of operational requirements, indicate safety
and emergency precautions, and warn of hazards and improper operations, in addition to
identifying unit. Nameplates and signs are specified in Section 15076 "Identification for
Plumbing Piping and Equipment."

3.4 PROTECTION

A.  Protect drains during remainder of construction period to avoid clogging with dirt or debris and
to prevent damage from traffic or construction work.

B.  Place plugs in ends of uncompleted piping at end of each day or when work stops.

END OF SECTION 15155
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SECTION 15183

REFRIGERANT PIPING

PART 1 - GENERAL

1.1

1.2

1.3

1.4

1.5

1.6

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.  This Section includes refrigerant piping used for air-conditioning applications.
PERFORMANCE REQUIREMENTS
A.  Line Test Pressure for Refrigerant R-410A:
1. Suction Lines for Air-Conditioning Applications: 300 psig.
2. Hot-Gas and Liquid Lines: 535 psig.
CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For refrigerant valves and piping specialties to include in
maintenance manuals.

QUALITY ASSURANCE

A.  Welding: Qualify procedures and personnel according to ASME Boiler and Pressure Vessel
Code: Section IX, "Welding and Brazing Qualifications."

B. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems."
C.  Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components."
PRODUCT STORAGE AND HANDLING

A.  Store piping in a clean and protected area with end caps in place to ensure that piping
interior and exterior are clean when installed.

PART 2 - PRODUCTS

2.1 COPPER TUBE AND FITTINGS
A.  Copper Tube: ASTM B 280, Type ACR.
B.  Wrought-Copper Fittings: ASME B16.22.
C.  Wrought-Copper Unions: ASME B16.22.
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D.  Solder Filler Metals: ASTM B 32. Use 95-5 tin antimony or alloy HB solder to join copper
socket fittings on copper pipe.

E.  Brazing Filler Metals: AWS A5.8.

F. Flexible Connectors:
1. Body: Tin-bronze bellows with woven, flexible, tinned-bronze-wire-reinforced
protective jacket.
2. End Connections: Socket ends.
3. Offset Performance: Capable of minimum 3/4-inch misalignment in minimum 7-inch-
long assembly.
4. Pressure Rating: Factory test at minimum 500 psig.

5. Maximum Operating Temperature: 250 deg F.
2.2 VALVES AND SPECIALTIES

A.  Diaphragm Packless Valves:
1. Body and Bonnet: Forged brass or cast bronze; globe design with straight-through or
angle pattern.
Diaphragm: Phosphor bronze and stainless steel with stainless-steel spring.
Operator: Rising stem and hand wheel.
Seat: Nylon.
End Connections: Socket, union, or flanged.
Working Pressure Rating: 500 psig.
Maximum Operating Temperature: 275 deg F.

Nounbkwbd

Check Valves:

1 Body: Ductile iron, forged brass, or cast bronze; globe pattern.

2 Bonnet: Bolted ductile iron, forged brass, or cast bronze; or brass hex plug.
3. Piston: Removable polytetrafluoroethylene seat.

4. Closing Spring: Stainless steel.

5 End Connections: Socket, union, threaded, or flanged.

6 Maximum Opening Pressure: 0.50 psig.

7 Working Pressure Rating: 500 psig.

8 Maximum Operating Temperature: 275 deg F.

C. Service Valves:

1. Body: Forged brass with brass cap including key end to remove core.
2. Core: Removable ball-type check valve with stainless-steel spring.
3. Seat: Polytetrafluoroethylene.
4. End Connections: Copper spring.
5. Working Pressure Rating: 500 psig.
D.  Safety Relief Valves: Comply with ASME Boiler and Pressure Vessel Code; listed and

labeled by an NRTL.
1. Body and Bonnet: Ductile iron and steel, with neoprene O-ring seal.
2. Piston, Closing Spring, and Seat Insert: Stainless steel.
3. Seat Disc: Polytetrafluoroethylene.
4. End Connections: Threaded.
5. Working Pressure Rating: 400 psig.
6. Maximum Operating Temperature: 240 deg F.
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Thermostatic Expansion Valves: Comply with ARI 750.

AR SRR e

Body, Bonnet, and Seal Cap: Forged brass or steel.

Diaphragm, Piston, Closing Spring, and Seat Insert: Stainless steel.
Packing and Gaskets: Non-asbestos.

Capillary and Bulb: Copper tubing filled with refrigerant charge.
Suction Temperature: 40 deg F.

Superheat: Adjustable.

Reverse-flow option (for heat-pump applications).

End Connections: Socket, flare, or threaded union.

Working Pressure Rating: 700 psig.

Straight-Type Strainers:

kW=

Body: Welded steel with corrosion-resistant coating.
Screen: 100-mesh stainless steel.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg F.

Angle-Type Strainers:

ANl o e

Body: Forged brass or cast bronze.

Drain Plug: Brass hex plug.

Screen: 100-mesh monel.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig.
Maximum Operating Temperature: 275 deg F.

Moisture/Liquid Indicators:

1.
2.

NN kW

Body: Forged brass.

Window: Replaceable, clear, fused glass window with indicating element protected by
filter screen.

Indicator: Color coded to show moisture content in ppm.

Minimum Moisture Indicator Sensitivity: Indicate moisture above 60 ppm.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 240 deg F.

Replaceable-Core Filter Dryers: Comply with ARI 730.

L.
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7.
8.

Body and Cover: Painted-steel shell with ductile-iron cover, stainless-steel screws,
and neoprene gaskets.

Filter Media: 10 micron, pleated with integral end rings; stainless-steel support.
Desiccant Media: Activated alumina.

End Connections: Socket.

Access Ports: NPS 1/4 connections at entering and leaving sides for pressure
differential measurement.

Maximum Pressure Loss: 2 psig.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 240 deg F.

Permanent Filter Dryers: Comply with ARI 730.

1.
2.

Body and Cover: Painted-steel shell.
Filter Media: 10 micron, pleated with integral end rings; stainless-steel support.
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3. Desiccant Media: Activated alumina.

4. End Connections: Socket.

5. Access Ports: NPS 1/4 connections at entering and leaving sides for pressure
differential measurement.

6. Maximum Pressure Loss: 2 psig.

7. Working Pressure Rating: 500 psig.
8. Maximum Operating Temperature: 240 deg F.

2.3 REFRIGERANTS

A.

B.

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. Atofina Chemicals, Inc.

2. DuPont Company; Fluorochemicals Div.
3. Honeywell, Inc.; Genetron Refrigerants.
4. INEOS Fluor Americas LLC.

ASHRAE 34, R-410A: Pentafluoroethane/Difluoromethane.

PART 3 - EXECUTION

3.1  PIPING APPLICATIONS FOR REFRIGERANT R-410A

A.

Suction Lines NPS 1-1/2 and Smaller for Conventional Air-Conditioning Applications:
Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed or
soldered joints.

Hot-Gas and Liquid Lines: Copper, Type ACR, drawn-temper tubing and wrought-copper
fittings with soldered joints.

Safety-Relief-Valve Discharge Piping: Copper, Type ACR, annealed- or drawn-temper
tubing and wrought-copper fittings with brazed or soldered joints.

3.2  VALVE AND SPECIALTY APPLICATIONS

A.  Install diaphragm packless valves in suction and discharge lines of compressor.
B. Install service valves for gage taps at inlet and outlet of hot-gas bypass valves and strainers if
they are not an integral part of valves and strainers.
C.  Install a check valve at the compressor discharge and a liquid accumulator at the compressor
suction connection.
D.  Except as otherwise indicated, install diaphragm packless valves on inlet and outlet side of
filter dryers.
E. Install thermostatic expansion valves as close as possible to distributors on evaporators.
1. Install valve so diaphragm case is warmer than bulb.
2. Secure bulb to clean, straight, horizontal section of suction line using two bulb straps.
Do not mount bulb in a trap or at bottom of the line.
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3. If external equalizer lines are required, make connection where it will reflect suction-
line pressure at bulb location.

Install safety relief valves where required by ASME Boiler and Pressure Vessel Code. Pipe
safety-relief-valve discharge line to outside according to ASHRAE 15.

Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion
valve or at the inlet of the evaporator coil capillary tube.

Install strainers upstream from and adjacent to the following unless they are furnished as an
integral assembly for device being protected:

1. Thermostatic expansion valves.

2. Compressor.

Install filter dryers in liquid line between compressor and thermostatic expansion valve.

3.3 PIPING INSTALLATION

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

B.  Install refrigerant piping according to ASHRAE 15.

C. Install piping in concealed locations unless otherwise indicated and except in equipment
rooms and service areas.

D. 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.

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

F. Install piping adjacent to machines to allow service and maintenance.

G.  Install piping free of sags and bends.

H. Install fittings for changes in direction and branch connections.

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

J. Install piping as short and direct as possible, with a minimum number of joints, elbows, and
fittings.

K.  Arrange piping to allow inspection and service of refrigeration equipment. Install valves and
specialties in accessible locations to allow for service and inspection. Install access doors or
panels as specified in Section 08311 "Access Doors and Frames" if valves or equipment
requiring maintenance is concealed behind finished surfaces.
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Q.
R.

Install refrigerant piping in protective conduit where installed belowground.

Install refrigerant piping in rigid or flexible conduit in locations where exposed to
mechanical injury.

Slope refrigerant piping as follows:

1. Install horizontal hot-gas discharge piping with a uniform slope downward away from
COMPIessor.
2. Install horizontal suction lines with a uniform slope downward to compressor.

3. Liquid lines may be installed level.
When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve
stems, seats, and packing, and accessible internal parts of refrigerant specialties. Do not

apply heat near expansion-valve bulb.

Install piping with adequate clearance between pipe and adjacent walls and hangers or
between pipes for insulation installation.

Install sleeves for piping penetrations of walls, ceilings, and floors.

Install escutcheons for piping penetrations of walls, ceilings, and floors.

3.4 PIPE JOINT CONSTRUCTION

A.

B.

Ream ends of pipes and tubes and remove burrs.

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

Soldered Joints: Construct joints according to ASTM B 828 or CDA's "Copper Tube
Handbook."

Brazed Joints: Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and

Tube."

L. Use Type BcuP, copper-phosphorus alloy for joining copper socket fittings with
copper pipe.

2. Use Type BAg, cadmium-free silver alloy for joining copper with bronze or steel.

3.5 HANGERS AND SUPPORTS

A.  Hanger, support, and anchor products are specified in Section 15062 "Hangers and Supports
for HVAC Piping and Equipment."
B.  Install the following pipe attachments:
1. Adjustable steel clevis hangers for individual horizontal runs less than 20 feet long.
2. Roller hangers and spring hangers for individual horizontal runs 20 feet or longer.
3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer,
supported on a trapeze.
4. Spring hangers to support vertical runs.
5. Copper-clad hangers and supports for hangers and supports in direct contact with
copper pipe.
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C.  Install hangers for copper tubing with the following maximum spacing and minimum rod

sizes:

1. NPS 1/2: Maximum span, 60 inches; minimum rod size, 1/4 inch.
2. NPS 5/8: Maximum span, 60 inches; minimum rod size, 1/4 inch.
3. NPS 1: Maximum span, 72 inches; minimum rod size, 1/4 inch.

4, NPS 1-1/4: Maximum span, 96 inches; minimum rod size, 3/8 inch.
5. NPS 1-1/2: Maximum span, 96 inches; minimum rod size, 3/8 inch.

D.  Support multifloor vertical runs at least at each floor.
3.6 FIELD QUALITY CONTROL

A.  Perform tests and inspections and prepare test reports.

B.  Tests and Inspections:

1. Comply with ASME B31.5, Chapter VI.

2. Test refrigerant piping, specialties, and receivers. Isolate compressor, condenser,
evaporator, and safety devices from test pressure if they are not rated above the test
pressure.

3. Test high- and low-pressure side piping of each system separately at not less than the
pressures indicated in Part 1 "Performance Requirements" Article.

a. Fill system with nitrogen to the required test pressure.

b. System shall maintain test pressure at the manifold gage throughout duration of
test.

c. Test joints and fittings with electronic leak detector or by brushing a small
amount of soap and glycerin solution over joints.

d. Remake leaking joints using new materials, and retest until satisfactory results

are achieved.
3.7 SYSTEM CHARGING

A.  Charge system using the following procedures:

1. Install core in filter dryers after leak test but before evacuation.

2. Evacuate entire refrigerant system with a vacuum pump to 500 micrometers. If
vacuum holds for 12 hours, system is ready for charging.

3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psig.

4. Charge system with a new filter-dryer core in charging line.

3.8 ADJUSTING
A.  Adjust thermostatic expansion valve to obtain proper evaporator superheat.

B.  Adjust high- and low-pressure switch settings to avoid short cycling in response to
fluctuating suction pressure.

C.  Adjust set-point temperature of air-conditioning controllers to the system design
temperature.

D.  Perform the following adjustments before operating the refrigeration system, according to
manufacturer's written instructions:
1. Open shutoff valves in condenser water circuit.
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2. Verify that compressor oil level is correct.
3. Open compressor suction and discharge valves.
4. Open refrigerant valves except bypass valves that are used for other purposes.
5. Check open compressor-motor alignment and verify lubrication for motors and
bearings.
E. Replace core of replaceable filter dryer after system has been adjusted and after design flow

rates and pressures are established.

END OF SECTION 15183
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SECTION 15196
FACILITY LIQUEFIED-PETROLEUM GAS PIPING
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A.  Section Includes:
1. Pipes, tubes, and fittings.
2 Piping specialties.
3. Piping and tubing joining materials.
4 Valves.

1.3 DEFINITIONS

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

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

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

D. LPG: Liquefied-petroleum gas.
1.4 PERFORMANCE REQUIREMENTS
A.  Minimum Operating-Pressure Ratings:
1. For Piping Containing Only Vapor:
a. Piping and Valves: 125 psig unless otherwise indicated.
B.  LPG System Pressure within Buildings: One pressure range. 0.5 psig or less.
1.5 ACTION SUBMITTALS
A.  Product Data: For each type of the following:
1. Piping specialties.
2. Valves. Include pressure rating, capacity, settings, and electrical connection data of
selected models.

1.6 INFORMATIONAL SUBMITTALS

A.  Welding certificates.
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B.  Field quality-control reports.
1.7 DELIVERY, STORAGE, AND HANDLING

A. Handling Flammable Liquids: Remove and dispose of liquids from existing LPG piping
according to requirements of authorities having jurisdiction.

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

C.  Store pipes and tubes with protective PE coating to avoid damaging coating and protect from
direct sunlight.

D.  Protect stored PE pipes and valves from direct sunlight.
PART 2 - PRODUCTS
2.1 PIPES, TUBES, AND FITTINGS

A. Steel Pipe: ASTM A 53/A 53M, black steel, Schedules 40, Type E or S, Grade B.
1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern.
2. Wrought-Steel Welding Fittings: ASTM A 234/A 234M for butt welding and socket
welding.
3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint,
and threaded ends.
4. Forged-Steel Flanges and Flanged Fittings: ASME B16.5, minimum Class 150, including
bolts, nuts, and gaskets of the following material group, end connections, and facings:
a. Material Group: 1.1.
b. End Connections: Threaded or butt welding to match pipe.
c. Lapped Face: Not permitted underground.
d Gasket Materials: ASME B16.20, metallic, flat, asbestos free, aluminum o-
rings, and spiral-wound metal gaskets.
e. Bolts and Nuts: ASME B18.2.1, carbon steel aboveground, and stainless steel
underground.

2.2 JOINING MATERIALS
A.  Joint Compound and Tape: Suitable for LPG.

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

2.3 MANUAL GAS SHUTOFF VALVES

A.  See "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas
Shutoff Valve Schedule" Articles for where each valve type is applied in various services.

B.  General Requirements for Metallic Valves, NPS 2 and Smaller for Vapor Service: Comply with
ASME B16.33.
1. CWP Rating: 125 psig.
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2. Threaded Ends: Comply with ASME B1.20.1.

3. Dryseal Threads on Flare Ends: Comply with ASME B1.20.3.

4. Tamperproof Feature: Locking feature for valves indicated in "Underground Manual Gas
Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule"
Articles.

5. Listing: Listed and labeled by an NRTL acceptable to authorities having jurisdiction for
valves 1 inch and smaller.

6. Service Mark: Valves 1-1/4 inch to NPS 2 shall have initials "WOG" permanently
marked on valve body.

C. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: MSS SP-110.

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

a. BrassCraft Manufacturing Company; a Masco company.
b. Conbraco Industries, Inc.; Apollo Div.
c. Lyall, R. W. & Company, Inc.
d. McDonald, A. Y. Mfg. Co.
e. Perfection Corporation; a subsidiary of American Meter Company.
Body: Bronze, complying with ASTM B 584.
Ball: Chrome-plated bronze.
Stem: Bronze; blowout proof.
Seats: Reinforced TFE; blowout proof.
Packing: Threaded-body packnut design with adjustable-stem packing.
Ends: Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff
Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
CWP Rating: 600 psig.
9. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.
10.  Service: Suitable for LPG service with "WOG" indicated on valve body.

Nownhkwbd
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2.4  DIELECTRIC FITTINGS

A.  General Requirements: Assembly of copper alloy and ferrous materials with separating
nonconductive insulating material. Include end connections compatible with pipes to be joined.

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

a. Capitol Manufacturing Company.
Central Plastics Company.
Hart Industries International, Inc.
Jomar International Ltd.
Matco-Norca, Inc.
McDonald, A. Y. Mfg. Co.
Watts Regulator Co.; a division of Watts Water Technologies, Inc.
Wilkins; a Zurn company.
2. Description:
a. Standard: ASSE 1079.
b. Pressure Rating: 125 psig minimum at 180 deg F.
c. End Connections: Solder-joint copper alloy and threaded ferrous.

SR Mo a0 o
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2.5 LABELING AND IDENTIFYING

A.  Detectable Warning Tape: Acid- and alkali-resistant PE film warning tape manufactured for
marking and identifying underground utilities, a minimum of 6 inches wide and 4 mils thick,
continuously inscribed with a description of utility, with metallic core encased in a protective
jacket for corrosion protection, detectable by metal detector when tape is buried up to 30 inches
deep; colored yellow.

PART 3 - EXECUTION
3.1 EXAMINATION

A.  Examine roughing-in for LPG piping system to verify actual locations of piping connections
before equipment installation.

B.  Proceed with installation only after unsatisfactory conditions have been corrected.
3.2  EARTHWORK

A.  Comply with requirements in Section 02300 "Earthwork" for excavating, trenching, and
backfilling.

3.3 PREPARATION
A.  Close equipment shutoff valves before turning off LPG to premises or piping section.

B.  Inspect LPG piping according to NFPA 58 and NFPA 54 the International Fuel Gas Code to
determine that LPG utilization devices are turned off in piping section affected.

C. Comply with NFPA 58 and NFPA 54 the International Fuel Gas Code requirements for
prevention of accidental ignition.

3.4 OUTDOOR PIPING INSTALLATION

A. Comply with NFPA 58 and NFPA 54 the International Fuel Gas Code requirements for
installation and purging of LPG piping.

B.  Install underground, LPG piping buried at least 36 inches below finished grade. Comply with
requirements in Section 02300 "Earthwork" for excavating, trenching, and backfilling.
1. If LPG piping is installed less than 36 inches below finished grade, install it in
containment conduit.

C.  Install fittings for changes in direction and branch connections.
3.5 INDOOR PIPING INSTALLATION

A.  Comply with NFPA 54 the International Fuel Gas Code for installation and purging of LPG
piping.

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

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

D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms
and service areas.

E. 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.

F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

G.  Locate valves for easy access.

H. Install piping free of sags and bends.

L. Install fittings for changes in direction and branch connections.
J. Verify final equipment locations for roughing-in.

K. Comply with requirements in Sections specifying gas-fired appliances and equipment for
roughing-in requirements.

L.  Drips and Sediment Traps: Install drips at points where condensate may collect, including
service-meter outlets. Locate where readily accessible to permit cleaning and emptying. Do not
install where condensate is subject to freezing.

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped.
Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches long and
same size as connected pipe. Install with space below bottom of drip to remove plug or
cap.

M. Extend relief vent connections for service regulators, line regulators, and overpressure
protection devices to outdoors and terminate with weatherproof vent cap.

N.  Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or
floors, and in floor channels unless indicated to be exposed to view.

O.  Concealed Location Installations: Except as specified below, install concealed LPG piping and
piping installed under the building in containment conduit constructed of steel pipe with welded
joints as described in Part 2. Install a vent pipe from containment conduit to outdoors and
terminate with weatherproof vent cap.

1. Above Accessible Ceilings: LPG piping, fittings, valves, and regulators may be installed
in accessible spaces without containment conduit.

2. In Floors: Install LPG piping with welded or brazed joints and protective coating in cast-
in-place concrete floors. Cover piping to be cast in concrete slabs with minimum of 1-1/2
inches of concrete. Piping may not be in physical contact with other metallic structures
such as reinforcing rods or electrically neutral conductors. Do not embed piping in
concrete slabs containing quick-set additives or cinder aggregate.
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3. In Walls or Partitions: Protect tubing installed inside partitions or hollow walls from
physical damage using steel striker barriers at rigid supports.

a. Exception: Tubing passing through partitions or walls does not require striker
barriers.
4. Prohibited Locations:
a. Do not install LPG piping in or through circulating air ducts, clothes or trash

chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or
elevator shafts.
b. Do not install LPG piping in solid walls or partitions.

P.  Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side
down.

Q.  Connect branch piping from top or side of horizontal piping.

R.  Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each
piece of equipment. Unions are not required at flanged connections.

S. Do not use LPG piping as grounding electrode.

T. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated
valve.

U. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 15093 "Sleeves and Sleeve Seals for HVAC
Piping."

V.  Install escutcheons for piping penetrations of walls, ceilings, and floors.
3.6 VALVE INSTALLATION

A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel
tubing, aluminum, or copper connector.

3.7 PIPING JOINT CONSTRUCTION
A.  Ream ends of pipes and tubes and remove burrs.

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

C.  Threaded Joints:

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.

2 Cut threads full and clean using sharp dies.

3. Ream threaded pipe ends to remove burrs and restore full ID of pipe.

4 Apply appropriate tape or thread compound to external pipe threads unless dryseal
threading is specified.

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

D. Welded Joints:
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1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and
welding operators.

2. Bevel plain ends of steel pipe.

3. Patch factory-applied protective coating as recommended by manufacturer at field welds
and where damage to coating occurs during construction.

E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," Ch. 22, "Pipe and
Tube."

3.8 HANGER AND SUPPORT INSTALLATION

A.  Comply with requirements for pipe hangers and supports specified in Section 15062 "Hangers
and Supports for HVAC Piping and Equipment."

B.  Install hangers for horizontal steel piping with the following maximum spacing and minimum
rod sizes:
1. NPS 1 and Smaller: Maximum span, 96 inches; minimum rod size, 3/8 inch.
2. NPS 1-1/4: Maximum span, 108 inches; minimum rod size, 3/8 inch.
3.9 CONNECTIONS

A.  Connect to utility's gas main according to utility's procedures and requirements.

B.  Install LPG piping electrically continuous, and bonded to gas appliance equipment grounding
conductor of the circuit powering the appliance according to NFPA 70.

C. Install piping adjacent to appliances to allow service and maintenance of appliances.
D.  Connect piping to appliances using manual gas shutoff valves and unions. Install valve within
72 inches of each gas-fired appliances and equipment. Install union between valve and

appliances or equipment.

E. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as
practical to inlet of each appliance.

3.10 LABELING AND IDENTIFYING

A. Install detectable warning tape directly above gas piping, 12 inches below finished grade,
except 6 inches below subgrade under pavements and slabs.

3.11 PAINTING

A.  All LP gas piping (inside and outside) shall be painted. Coordinate Color with Architect/Owner.
3.12 FIELD QUALITY CONTROL

A.  Perform tests and inspections.

B.  Tests and Inspections:

1. Test, inspect, and purge LPG according to NFPA 58 and NFPA 54 the International Fuel
Gas Code and requirements of authorities having jurisdiction.
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C.  LPG piping will be considered defective if it does not pass tests and inspections.
D.  Prepare test and inspection reports.

3.13 OUTDOOR PIPING SCHEDULE
A.  Underground LPG vapor piping shall be the following:

1. Schedule 40, steel pipe with wrought-steel fittings and welded joints, or mechanical
couplings. Coat pipe and fittings with protective coating for steel piping.

B.  Aboveground LPG vapor piping shall be one of the following:

1. Schedule 40, steel pipe with malleable-iron fittings and threaded joints.
2. Schedule 40, steel pipe with wrought-steel fittings and welded joints, or mechanical
couplings.

3.14 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES LESS THAN 0.5 PSIG

A.  Aboveground, branch piping NPS 1 1/2 and smaller shall be one of the following:
1. Schedule 40, steel pipe with malleable-iron fittings and threaded joints.

B.  Aboveground, distribution piping shall be one of the following:
1. Schedule 40, steel pipe with malleable-iron fittings and threaded joints.
2. Schedule 40, steel pipe with wrought-steel fittings and welded joints.

C.  Containment Conduit: Schedule 40, steel pipe with wrought-steel fittings and welded joints.
Coat pipe and fittings with protective coating for steel piping.

D.  Containment Conduit Vent Piping: Schedule 40, steel pipe with malleable-iron fittings and
threaded or wrought-steel fittings with welded joints. Coat underground pipe and fittings with
protective coating for steel piping.

3.15 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE

A.  Distribution piping valves for pipe NPS 2 and smaller shall be the following:
1. Two-piece, full-port, bronze ball valves with bronze trim.

B.  Valves in branch piping for single appliance shall be the following:
1. Two-piece, full-port, bronze ball valves with bronze trim.

END OF SECTION 15196
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SECTION 15414
COMMERCIAL PLUMBING FIXTURES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Water closets.

1.3 ACTION SUBMITTALS

A.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes for lavatories.
2. Include rated capacities, operating characteristics, electrical characteristics, and

furnished specialties and accessories.
1.4 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For plumbing fixtures and faucets to include in
emergency, operation, and operation and maintenance manuals.

PART 2 - PRODUCTS

2.1  WATER CLOSETS

A.  Water Closets: Floor mounted, floor outlet, close coupled (gravity tank), vitreous china.

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

American Standard America.

Briggs Plumbing Products, Inc.

Crane Plumbing, L.L.C.

Ferguson Enterprises, Inc.; ProFlo Brand.

Gerber Plumbing Fixtures LLC.

Kohler Co.

Mansfield Plumbing Products LLC.

Peerless Pottery Sales, Inc.

St. Thomas Creations.

TOTO USA, INC.

Zurn Industries, LLC; Commercial Brass and Fixtures.

FTS PR ™Mo a0 o
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PART 3 - EXECUTION

3.1 EXAMINATION

A.

B.

C.

Examine roughing-in of water-supply and sanitary drainage and vent piping systems to
verify actual locations of piping connections before plumbing-fixture installation.

Examine walls and floors for suitable conditions where fixtures will be installed.

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A.

B.

Install plumbing fixtures level and plumb according to roughing-in drawings.
Install floor-mounted water closets on closet flange attachments to drainage piping.
Install water-supply piping with stop on each supply to each fixture to be connected to water

distribution piping. Attach supplies to supports or substrate within pipe spaces behind
fixtures. Install stops in locations where they can be easily reached for operation.

1. Exception: Use ball or gate valves if supply stops are not specified with fixture.
Comply with valve requirements specified in Section 15113 "Ball Valves for
Plumbing Piping".

Install tanks for accessible, tank-type water closets with lever handle mounted on wide side
of compartment.

Install toilet seats on water closets.
Install traps on fixture outlets.
1. Exception: Omit trap on fixtures with integral traps.

2. Exception: Omit trap on indirect wastes unless otherwise indicated.

Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations.
Use deep-pattern escutcheons if required to conceal protruding fittings.

Seal joints between plumbing fixtures, counters, floors, and walls using sanitary-type, one-
part, mildew-resistant silicone sealant. Match sealant color to fixture color.

3.3 CONNECTIONS

A.

Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent
piping. Use size fittings required to match fixtures.

Comply with water piping requirements specified in Section 15140 "Domestic Water
Piping."

Comply with soil and waste piping requirements specified in Section 15150 "Sanitary Waste
and Vent Piping."
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3.4 ADJUSTING

A.

Operate and adjust plumbing fixtures and controls. Replace damaged and malfunctioning
fixtures, fittings, and controls.

3.5 CLEANING AND PROTECTION

A.

B.

C.

D.

After completing installation of plumbing fixtures, inspect and repair damaged finishes.
Clean plumbing fixtures with manufacturers' recommended cleaning methods and materials.
Provide protective covering for installed plumbing fixtures and fittings.

Do not allow use of plumbing fixtures for temporary facilities unless approved in writing by
Owner.

END OF SECTION 15414
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SECTION 15421
COMMERCIAL LAVATORIES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Faucets.

1.3 ACTION SUBMITTALS

A.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes for lavatories.
2. Include rated capacities, operating characteristics, electrical characteristics, and

furnished specialties and accessories.
1.4 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For lavatories and faucets to include in operation and
maintenance manuals.

PART 2 - PRODUCTS
2.1  SOLID-BRASS, MANUALLY OPERATED FAUCETS

A.  NSF Standard: Comply with NSF/ANSI 61, "Drinking Water System Components - Health
Effects," for faucet materials that will be in contact with potable water.
1. Basis-of-Design Product: Subject to compliance with requirements, provide product

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

a American Standard America.

b Bradley Corporation.

c Chicago Faucets.

d Delta Faucet Company.

e Elkay Manufacturing Co.

f. Just Manufacturing.

g. Kohler Co.

h Moen Incorporated.

1. Speakman Company.

J- T & S Brass and Bronze Works, Inc.

k. Zurn Industries, LLC; Commercial Brass and Fixtures.

S

2. tandard: ASME A112.18.1/CSA B125.1.
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3. General: Include cold and hot-water indicator; coordinate faucet inlets with supplies
and fixture hole punchings; coordinate outlet with spout and fixture receptor.

2.2 SUPPLY FITTINGS

A.  NSF Standard: Comply with NSF/ANSI 61, "Drinking Water System Components - Health
Effects," for supply-fitting materials that will be in contact with potable water.

B. Standard: ASME A112.18.1/CSA B125.1.

C.  Supply Piping: Chrome-plated-brass pipe or chrome-plated copper tube matching water-
supply piping size. Include chrome-plated-brass or stainless-steel wall flange.

D.  Supply Stops: Chrome-plated-brass, one-quarter-turn, ball-type or compression valve with
inlet connection matching supply piping.

E. Operation: Loose key.
F. Risers:
1. NPS 3/8.
2. Chrome-plated, rigid-copper-pipe and brass straight or offset tailpieces and
ASME A112.18.6, braided- or corrugated-stainless-steel, flexible hose riser.
2.3 WASTE FITTINGS
A.  Standard: ASME A112.18.2/CSA B125.2.

B.  Drain: Grid type with NPS 1-1/4 offset and straight tailpiece.

C.  Trap:
1. Size: NPS 1-1/2 by NPS 1-1/4.
2. Material: Chrome-plated, two-piece, cast-brass trap and swivel elbow with 0.032-

inch- thick brass tube to wall; and chrome-plated, brass or steel wall flange.
PART 3 - EXECUTION
3.1 EXAMINATION

A.  Examine roughing-in of water supply and sanitary drainage and vent piping systems to
verify actual locations of piping connections before lavatory installation.

B.  Examine walls for suitable conditions where lavatories will be installed.

C.  Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION

A.  Install lavatories level and plumb according to roughing-in drawings.

B.  Install supports, affixed to building substrate, for wall-mounted lavatories.
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Install accessible wall-mounted lavatories at handicapped/elderly mounting height for people
with disabilities or the elderly, according to ICC/ANSI A117.1.

Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations.
Use deep-pattern escutcheons if required to conceal protruding fittings.

Seal joints between lavatories, counters, and walls using sanitary-type, one-part, mildew-
resistant silicone sealant. Match sealant color to fixture color.

Install protective shielding pipe covers and enclosures on exposed supplies and waste piping
of accessible lavatories. Comply with requirements in Section 15085 "Plumbing Piping
Insulation."

3.3 CONNECTIONS

A.

Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent
piping. Use size fittings required to match fixtures.

Comply with water piping requirements specified in Section 15140 "Domestic Water
Piping."

Comply with soil and waste piping requirements specified in Section 15150 "Sanitary Waste
and Vent Piping."

3.4 ADJUSTING

A.

B.

Operate and adjust lavatories and controls. Replace damaged and malfunctioning lavatories,
fittings, and controls.

Adjust water pressure at faucets to produce proper flow.

3.5 CLEANING AND PROTECTION

A.

B.

C.

D.

After completing installation of lavatories, inspect and repair damaged finishes.

Clean lavatories, faucets, and other fittings with manufacturers' recommended cleaning
methods and materials.

Provide protective covering for installed lavatories and fittings.

Do not allow use of lavatories for temporary facilities unless approved in writing by Owner.

END OF SECTION 15421
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SECTION 15422
COMMERCIAL SINKS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Utility sinks.

2. Service sinks.
3. Sink faucets.

4, Supply fittings.
5.

Waste fittings.
1.3 ACTION SUBMITTALS

A.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes for sinks.

2. Include rated capacities, operating characteristics and furnished specialties and
accessories.

1.4 CLOSEOUT SUBMITTALS

A.  Maintenance Data: For sinks to include in maintenance manuals.
PART 2 - PRODUCTS
2.1 UTILITY SINKS

A. Utility Sinks: Stainless steel, counter mounted.
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
Advance Tabco.
Eagle Group; Foodservice Equipment Division.
Elkay Manufacturing Co.
Griffin Products, Inc.
Just Manufacturing.
2. Fixture:
Standard: ASME A112.19.3/CSA B45.4.
Type: Ledge back.

oppe ow
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2.2 SERVICE SINKS

A.  Service Sinks: Molded stone, laundry tub.
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

opoos

2.3  SINK FAUCETS

Advance Tabco.

American Standard America.
Gerber Plumbing Fixtures LLC.
Kohler Co.

Zurn Industries, LLC;

A.  NSF Standard: Comply with NSF/ANSI 61, "Drinking Water System Components - Health
Effects," for faucet-spout materials that will be in contact with potable water.

B.  Sink Faucets: Manual type, single-control mixing valve.
1. Commercial, Solid-Brass Faucets.
a. Basis-of-Design Product: Subject to compliance with requirements, provide
product indicated on Drawings or comparable product by one of the following:

1)  American Standard America.
2) Bradley Corporation.
3) Chicago Faucets.
4) Delta Faucet Company.
5) Elkay Manufacturing Co.
6) Just Manufacturing.
7)  Kohler Co.
8)  Moen Incorporated.
9) Speakman Company.
10) T & S Brass and Bronze Works, Inc.
11)  Zurn Plumbing Products Group.

2. Standard: ASME A112.18.1/CSA B125.1.
3. General: Include hot- and cold-water indicators; coordinate faucet inlets with supplies
and fixture hole punchings; coordinate outlet with spout and sink receptor.

C.  Sink Faucets: Manual type, two-lever handle mixing valve.
1. Commercial, Solid-Brass Faucets.
a. Basis-of-Design Product: Subject to compliance with requirements, provide
product indicated on Drawings or comparable product by one of the following:

1) American Standard America.
2) Bradley Corporation.
3) Chicago Faucets.
4) Delta Faucet Company.
5) Elkay Manufacturing Co.
6)  Just Manufacturing.
7)  Kohler Co.
8) Moen Incorporated.
9) Speakman Company.
10) T & S Brass and Bronze Works, Inc.
11)  Zurn Plumbing Products Group.

2. Standard: ASME A112.18.1/CSA B125.1.
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3. General: Include hot- and cold-water indicators; coordinate faucet inlets with supplies
and fixture hole punchings; coordinate outlet with spout and sink receptor.

2.4 SUPPLY FITTINGS

A.  NSF Standard: Comply with NSF/ANSI 61, "Drinking Water System Components - Health
Effects," for supply-fitting materials that will be in contact with potable water.

B. Standard: ASME A112.18.1/CSA B125.1.

C.  Supply Piping: Chrome-plated brass pipe or chrome-plated copper tube matching water-supply
piping size. Include chrome-plated brass or stainless-steel wall flange.

D.  Supply Stops: Chrome-plated brass, one-quarter-turn, ball-type or compression valve with inlet
connection matching supply piping.

E. Operation: Loose key.
F. Risers:
1. NPS 3/8
2. Chrome-plated, rigid-copper pipe or ASME A112.18.6, braided or corrugated
stainless-steel flexible hose.
2.5 WASTE FITTINGS
A.  Standard: ASME A112.18.2/CSA B125.2.

B.  Drain: Grid type with NPS 1-1/2 offset and straight tailpiece.

C.  Trap:
1. Size: NPS 1-1/2.
2. Material: Chrome-plated, two-piece, cast-brass trap and swivel elbow with 0.032-
inch- thick brass tube to wall; and chrome-plated brass or steel wall flange.
2.6  GROUT

A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

B.  Characteristics: Nonshrink; recommended for interior and exterior applications.
C.  Design Mix: 5000-psi, 28-day compressive strength.
D.  Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify
actual locations of piping connections before sink installation.
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B. Examine walls, floors, and counters for suitable conditions where sinks will be installed.
C.  Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION
A. Install sinks level and plumb according to roughing-in drawings.
B.  Install water-supply piping with stop on each supply to each sink faucet.
1. Exception: Use ball or gate valves if supply stops are not specified with sink. Comply
with valve requirements specified in Section 15113 "Ball Valves for Plumbing
Piping".
2. Install stops in locations where they can be easily reached for operation.

C. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations.
Use deep-pattern escutcheons if required to conceal protruding fittings.

D.  Seal joints between sinks and counters, floors, and walls using sanitary-type, one-part, mildew-
resistant silicone sealant. Match sealant color to fixture color. Comply with sealant requirements

specified in Section 07920 "Joint Sealants."

E. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of
accessible sinks. Comply with requirements in Section 15085 "Plumbing Piping Insulation."

3.3 CONNECTIONS

A.  Connect sinks with water supplies, stops, and risers, and with traps, soil, waste, and vent piping.
Use size fittings required to match fixtures.

B.  Comply with water piping requirements specified in Section 15140 "Domestic Water Piping."

C.  Comply with soil and waste piping requirements specified in Section 15150 "Sanitary Waste
and Vent Piping."

34 ADJUSTING

A.  Operate and adjust sinks and controls. Replace damaged and malfunctioning sinks, fittings, and
controls.

B.  Adjust water pressure at faucets to produce proper flow.
3.5 CLEANING AND PROTECTION
A.  After completing installation of sinks, inspect and repair damaged finishes.

B. Clean sinks, faucets, and other fittings with manufacturers' recommended cleaning methods and
materials.

C.  Provide protective covering for installed sinks and fittings.

D. Do not allow use of sinks for temporary facilities unless approved in writing by Owner.
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END OF SECTION 15422
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SECTION 15423
COMMERCIAL SHOWERS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Individual shower receptors.
2. Shower faucets.
3. Shower basins.
4, Grout.

1.3 ACTION SUBMITTALS

A.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes for showers and basins.

2. Include rated capacities, operating characteristics, and furnished specialties and
accessories.

1.4 CLOSEOUT SUBMITTALS

A.  Maintenance Data: For shower faucets to include in maintenance manuals.
PART 2 - PRODUCTS
2.1 INDIVIDUAL SHOWERS

A.  Individual PMMA Showers:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
Aqua Bath Company, Inc.
Aqua Glass Corporation.
Aquatic Industries, Inc.
Crane Plumbing, L.L.C.
Jacuzzi Inc.
Kohler Co.
g. LASCO Bathware.
2. Standard: ANSI Z124.1.2.
3. Bathing Surface: Slip resistant according to ASTM F 462.

Mo Ao TR
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2.2 SHOWER FAUCETS

A. NSF Standard: Comply with NSF 61, "Drinking Water System Components - Health
Effects," for shower materials that will be in contact with potable water.
B. Shower Faucets:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
a American Standard America.
b Chicago Faucets.
c Kohler Co.
d Lawler Manufacturing Co., Inc.
€. Leonard Valve Company.
f. Moen Incorporated.
g Powers; a division of Watts Water Technologies, Inc.
h Speakman Company.
1. Zurn Industries, LLC; AquaSpec Commercial Faucet Products.
2. Standards: ASME A112.18.1/CSA B125.1 and ASSE 1016.
2.3  GROUT
A.  Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.
B.  Characteristics: Nonshrink; recommended for interior and exterior applications.
C.  Design Mix: 5000-psi, 28-day compressive strength.
D.  Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1 EXAMINATION

A.

B.

C.

Examine roughing-in of water-supply and sanitary drainage and vent piping systems to
verify actual locations of piping connections before shower installation.

Examine walls and floors for suitable conditions where showers will be installed.

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A.  Assemble shower components according to manufacturers' written instructions.
B.  Coordinate shower “Pit Installation” with floor prior to pouring slab.
C.  Install showers level and plumb according to roughing-in drawings.
D.  Install water-supply piping with stop on each supply to each shower faucet.
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1. Exception: Use ball or gate valves if supply stops are not specified with shower.
Comply with valve requirements specified in Section 15113 "Ball Valves for
Plumbing Piping".

2. Install stops in locations where they can be easily reached for operation.

Install shower flow-control fittings with specified maximum flow rates in shower arms.
Set shower receptors in leveling bed of cement grout.

Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations.
Use deep-pattern escutcheons if required to conceal protruding fittings.

Seal joints between showers and floors and walls using sanitary-type, one-part, mildew-
resistant silicone sealant. Match sealant color to fixture color. Comply with sealant
requirements specified in Section 07920 "Joint Sealants."

3.3 CONNECTIONS

A.

Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent
piping. Use size fittings required to match fixtures.

Comply with water piping requirements specified in Section 15140 "Domestic Water
Piping."

Comply with traps and soil and waste piping requirements specified in Section 15150
"Sanitary Waste and Vent Piping."

3.4 ADJUSTING

A.

B.

Operate and adjust showers and controls. Replace damaged and malfunctioning showers,
fittings, and controls.

Adjust water pressure at faucets to produce proper flow.

3.5 CLEANING AND PROTECTION

A.

B.

C.

D.

After completing installation of showers, inspect and repair damaged finishes.

Clean showers, faucets, and other fittings with manufacturers' recommended cleaning
methods and materials.

Provide protective covering for installed fixtures and fittings.

Do not allow use of showers for temporary facilities unless approved in writing by Owner.

END OF SECTION 15423
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SECTION 15441
DOMESTIC WATER PUMPS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. In-line, sealless centrifugal pumps.

1.3 DEFINITIONS

A.  Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V
or for remote-control, signaling power-limited circuits.

1.4 ACTION SUBMITTALS
A.  Product Data: For each type of product indicated. Include materials of construction, rated
capacities, certified performance curves with operating points plotted on curves, operating
characteristics, electrical characteristics, and furnished specialties and accessories.

1.5 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For domestic water pumps to include in operation and
maintenance manuals.

1.6 QUALITY ASSURANCE

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

B. UL Compliance: Comply with UL 778 for motor-operated water pumps.

1.7 DELIVERY, STORAGE, AND HANDLING
A.  Retain shipping flange protective covers and protective coatings during storage.
B.  Protect bearings and couplings against damage.

PART 2 - PRODUCTS

2.1 IN-LINE, SEALLESS CENTRIFUGAL PUMPS

A.  Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
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I. Armstrong Pumps, Inc.
2. Bell & Gossett; a Xylem brand.
3. Grundfos Pumps Corp.
4. TACO Incorporated.
B. Description: Factory-assembled and -tested, in-line, close-coupled, canned-motor, sealless,

overhung-impeller centrifugal pumps.

C.  Pump Construction:
1. Pump and Motor Assembly: Hermetically sealed, replaceable-cartridge type with
motor and impeller on common shaft and designed for installation with pump and
motor shaft horizontal.

2. Casing: Bronze, with threaded or companion-flange connections.
3. Impeller: Plastic.
4. Motor: Single speed, unless otherwise indicated.

D.  Capacities and Characteristics: As scheduled on drawings.
2.2 MOTORS

A.  Comply with NEMA designation, temperature rating, service factor, enclosure type, and
efficiency requirements for motors specified in Section 15058 "Common Motor
Requirements for HVAC Equipment."

1. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
will not require motor to operate in service factor range above 1.0.

2.3 CONTROLS

A.  Timers: Electric, for control of hot-water circulation pump.

Type: Programmable, seven-day clock with manual override on-off switch.

Enclosure: NEMA 250, Type 1, suitable for wall mounting.

Operation of Pump: On or off.

Transformer: Provide if required.

Power Requirement: 120-V ac.

Programmable Sequence of Operation: Up to two on-off cycles each day for seven
days.

AN o

PART 3 - EXECUTION
3.1 EXAMINATION

A.  Examine roughing-in of domestic-water-piping system to verify actual locations of
connections before pump installation.

3.2  PUMP INSTALLATION
A.  Comply with HI 1.4.
B.  Install in-line, sealless centrifugal pumps with shaft horizontal unless otherwise indicated.

C. Install thermostats in hot-water return piping.
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D.

Install timers on wall in mechanical room.

3.3 CONNECTIONS

A.

E.

Comply with requirements for piping specified in Section 15140 "Domestic Water Piping."
Drawings indicate general arrangement of piping, fittings, and specialties.

Install piping adjacent to pumps to allow service and maintenance.

Connect domestic water piping to pumps. Install suction and discharge piping equal to or
greater than size of pump nozzles.

Install shutoff valve on suction side of each pump, and check, shutoff valve on discharge
side of each pump. Install valves same size as connected piping. Comply with requirements
for valves specified in Section 15113 "Ball Valves for Plumbing Piping," and Section 15115
"Check Valves for Plumbing Piping”.

Connect timers to pumps that they control.

3.4 IDENTIFICATION

A.

Comply with requirements for identification specified in Section 15076 "Identification for
Plumbing Piping and Equipment" for identification of pumps.

3.5 STARTUP SERVICE

A.

Perform startup service.

1. Complete installation and startup checks according to manufacturer's written
instructions.

2. Check piping connections for tightness.

3. Set timers for automatic starting and stopping operation of pumps.

4, Perform the following startup checks for each pump before starting:
a. Verify bearing lubrication.

b. Verify that pump is free to rotate by hand and that pump for handling hot liquid
is free to rotate with pump hot and cold. If pump is bound or drags, do not
operate until cause of trouble is determined and corrected.

c. Verify that pump is rotating in the correct direction.

5. Prime pump by opening suction valves and closing drains, and prepare pump for
operation.

6. Start motor.

7. Open discharge valve slowly.

8. Adjust timer settings.

3.6  ADJUSTING

A.  Adjust domestic water pumps to function smoothly, and lubricate as recommended by
manufacturer.
B.  Adjust initial temperature set points.
C.  Set field-adjustable switches and circuit-breaker trip ranges as indicated.
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SECTION 15485
ELECTRIC WATER HEATERS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Residential, electric, storage, domestic-water heaters.
2. Domestic-water heater accessories.

1.3 ACTION SUBMITTALS

A.  Product Data: For each type and size of domestic-water heater indicated. Include rated
capacities, operating characteristics, electrical characteristics, and furnished specialties and
accessories.

B.  Shop Drawings:
1. Wiring Diagrams: For power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS

A. Product Certificates: For each type of residential, electric, domestic-water heater, from
manufacturer.
B.  Source quality-control reports.

C.  Field quality-control reports.
D.  Warranty: Sample of special warranty.
1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For electric, domestic-water heaters to include in
emergency, operation, and maintenance manuals.

1.6 QUALITY ASSURANCE

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

B.  ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1.
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ASME Compliance: Where ASME-code construction is indicated, fabricate and label
commercial, domestic-water heater storage tanks to comply with ASME Boiler and Pressure
Vessel Code: Section VIII, Division 1.

NSF Compliance: Fabricate and label equipment components that will be in contact with
potable water to comply with NSF 61, "Drinking Water System Components - Health
Effects."

1.7 COORDINATION

A.

Coordinate sizes and locations of concrete bases with actual equipment provided.

1.8  WARRANTY

A.

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace components of electric, domestic-water heaters that fail in materials or workmanship
within specified warranty period.

1. Failures include, but are not limited to, the following:

a. Structural failures including storage tank and supports.

b. Faulty operation of controls.

c. Deterioration of metals, metal finishes, and other materials beyond normal use.
2. Warranty Periods: From date of Substantial Completion.

a. Residential, Electric, Storage, Domestic-Water Heaters:

1) Storage Tank: Five years.
2) Controls and Other Components: Two years.
b. Compression Tanks: Five years.

PART 2 - PRODUCTS

2.1 RESIDENTIAL, ELECTRIC, DOMESTIC-WATER HEATERS

A.

B.

Residential, Electric, Storage, Domestic-Water Heaters:

Basis-of-Design Product: Subject to compliance with requirements, provide product

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

1. Bradford White Corporation.

Lochinvar, LLC.

Rheem Manufacturing Company.

Smith, A. O. Corporation.

State Industries.

a. Tappings: ASME B1.20.1 pipe thread.

b. Pressure Rating: 150 psig.

c. Interior Finish: Comply with NSF 61 barrier materials for potable-water tank
linings, including extending lining material into tappings.

6. Factory-Installed Storage-Tank Appurtenances:
a. Anode Rod: Replaceable magnesium.

Dip Tube: Required unless cold-water inlet is near bottom of tank.

Drain Valve: ASSE 1005.

Insulation: Comply with ASHRAE 90.2.

Jacket: Steel, cylindrical, with enameled finish.

N wDN
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C.

f. Heating FElements: Two; electric, screw-in immersion type; wired for
nonsimultaneous operation unless otherwise indicated. Limited to 12 kW total.

g. Temperature Control: Adjustable thermostat.
h. Safety Control: High-temperature-limit cutoff device or system.
1. Relief Valve: ASME rated and stamped for combination temperature-and-

pressure relief valves. Include relieving capacity at least as great as heat input,
and include pressure setting less than domestic-water heater working-pressure
rating. Select relief valve with sensing element that extends into storage tank.

Capacity and Characteristics: As scheduled on drawings.

2.2 DOMESTIC-WATER HEATER ACCESSORIES

A.

D.

Domestic-Water Compression Tanks:

1.

Basis-of-Design Product: Subject to compliance with requirements, provide product

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

a. AMTROL, Inc.

b. Smith, A. O. Corporation.

c. State Industries.

d. Taco, Inc.

Description: Steel pressure-rated tank constructed with welded joints and factory-

installed butyl-rubber diaphragm. Include air precharge to minimum system-operating

pressure at tank.

Construction:

a. Tappings: Factory-fabricated steel, welded to tank before testing and labeling.
Include ASME B1.20.1 pipe thread.

b. Interior Finish: Comply with NSF 61 barrier materials for potable-water tank
linings, including extending finish into and through tank fittings and outlets.

c. Air-Charging Valve: Factory installed.

Capacity and Characteristics:

a. Working-Pressure Rating: 150 psig.

b. Capacity Acceptable: 4 gal. minimum.

Combination Temperature-and-Pressure Relief Valves: ASME rated and stamped. Include
relieving capacity at least as great as heat input, and include pressure setting less than
domestic-water heater working-pressure rating. Select relief valves with sensing element that
extends into storage tank.

Pressure Relief Valves: ASME rated and stamped. Include pressure setting less than
domestic-water heater working-pressure rating.

Vacuum Relief Valves: ANSI Z21.22/CSA 4 .4.

PART 3 - EXECUTION

3.1 DOMESTIC-WATER HEATER INSTALLATION

A. Residential, Electric, Domestic-Water Heater Mounting: Install residential, electric,
domestic-water heaters on floor.
1. Maintain manufacturer's recommended clearances.
2. Arrange units so controls and devices that require servicing are accessible.
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H.

I

3. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to supported
equipment.
5. Anchor domestic-water heaters to substrate.

Install electric, domestic-water heaters level and plumb, according to layout drawings,

original design, and referenced standards. Maintain manufacturer's recommended clearances.

Arrange units so controls and devices needing service are accessible.

1. Install shutoff valves on domestic-water-supply piping to domestic-water heaters and
on domestic-hot-water outlet piping. Comply with requirements for shutoff valves
specified in Section 15113 "Ball Valves for Plumbing Piping”.

Install combination temperature-and-pressure relief valves in top portion of storage tanks.
Use relief valves with sensing elements that extend into tanks. Extend commercial-water-
heater relief-valve outlet, with drain piping same as domestic-water piping in continuous
downward pitch, and discharge by positive air gap onto closest floor drain.

Install water-heater drain piping as indirect waste to spill by positive air gap into open drains
or over floor drains. Install hose-end drain valves at low points in water piping for electric,
domestic-water heaters that do not have tank drains. Comply with requirements for hose-end
drain valves specified in Section 15145 "Domestic Water Piping Specialties."

Install thermometers on outlet piping of electric, domestic-water heaters. Comply with
requirements for thermometers specified in Section 15126 "Meters and Gages for Plumbing
Piping."

Install piping-type heat traps on inlet and outlet piping of electric, domestic-water heater
storage tanks without integral or fitting-type heat traps.

Fill electric, domestic-water heaters with water.
Charge domestic-water compression tanks with air.

Adjust balancing valves in circulation system to achieve an even heating system flow.

3.2 CONNECTIONS

A.

Comply with requirements for piping specified in Section 15140 "Domestic Water Piping."
Drawings indicate general arrangement of piping, fittings, and specialties.

Where installing piping adjacent to electric, domestic-water heaters, allow space for service
and maintenance of water heaters. Arrange piping for easy removal of domestic-water
heaters.

3.3 IDENTIFICATION

A. Identify system components. Comply with requirements for identification specified in
Section 15076 "Identification for Plumbing Piping and Equipment."
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3.4 FIELD QUALITY CONTROL

A.

C.

Perform tests and inspections.

1. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest
until no leaks exist.

2. Operational Test: After electrical circuitry has been energized, start units to confirm
proper operation.

3. Test and adjust controls and safeties. Replace damaged and malfunctioning controls

and equipment.

Electric, domestic-water heaters will be considered defective if they do not pass tests and
inspections. Comply with requirements in Section 01400 "Quality Requirements" for
retesting and reinspecting requirements and Section 01700 "Execution Requirements" for
requirements for correcting the Work.

Prepare test and inspection reports.

3.5 DEMONSTRATION

A.

Train Owner's maintenance personnel to adjust, operate, and maintain, electric, domestic-
water heaters.

END OF SECTION 15485

03/21/2023

ELECTRIC WATER HEATERS
15485-5



SECTION 15530
FURNACES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A.  This Section includes the following:

1. Gas-fired, condensing furnaces and accessories complete with controls.
2. Air filters.
3. Refrigeration components.

1.3 ACTION SUBMITTALS

A.  Product Data: Include rated capacities, operating characteristics, furnished specialties, and
accessories for each of the following:
1. Furnace.
2. Thermostat.
3. Air filter.
4. Refrigeration components.

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

1. Wiring Diagrams: Power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS
A.  Warranty: Special warranty specified in this Section.
1.5 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For each furnace to include in emergency, operation, and
maintenance manuals for each of the following:

1. Furnace and accessories complete with controls.
2. Air filter.
3. Refrigeration components.

1.6 QUALITY ASSURANCE

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and
marked for intended use.
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B.  ASHRAE/IESNA 90.1 Compliance: Applicable requirements in ASHRAE/IESNA 90.1,
Section 6 - "Heating, Ventilating, and Air-Conditioning."

C.  Comply with NFPA 70.
1.7 COORDINATION

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

1.8  WARRANTY

A.  Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace the following components of furnaces that fail in materials or workmanship within
specified warranty period:

1. Warranty Period, Commencing on Date of Substantial Completion:
a. Furnace Heat Exchanger: 10 years.
b. Integrated Ignition and Blower Control Circuit Board: Five years.

PART 2 - PRODUCTS
2.1  GAS-FIRED FURNACES, CONDENSING

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

1. Carrier Corporation; Div. of United Technologies Corp.
2. Lennox Industries Inc.
3. Rheem Manufacturing Company; Air Conditioning Division.
4. Ruud Air Conditioning Division.
5. Trane.
6. York International Corp.; a division of Unitary Products Group.
B.  General Requirements for Gas-Fired, Condensing Furnaces: Factory assembled, piped,
wired, and tested; complying with ANSI Z21.47/CSA 2.3, "Gas-Fired Central Furnaces,"
and with NFPA 54.
C.  Cabinet: Steel.
1. Cabinet interior around heat exchanger shall be factory-installed insulation.
2. Lift-out panels shall expose burners and all other items requiring access for
maintenance.
3. Factory paint external cabinets in manufacturer's standard color.

D. Fan: Centrifugal, factory balanced, resilient mounted, direct drive.
1. Special Motor Features: Electronically controlled motor (ECM) controlled by
integrated furnace/blower control.

E. Type of Gas: Propane.

F. Heat Exchanger:
1. Primary: Aluminized steel.
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2. Secondary: Stainless steel.

G.  Burmer:

1. Gas Valve: 100 percent safety two-stage main gas valve, main shutoff valve, pressure
regulator, safety pilot with electronic flame sensor, limit control, transformer, and
combination ignition/fan timer control board.

2. Ignition: Electric pilot ignition, with hot-surface igniter or electric spark ignition.

H.  Gas-Burner Safety Controls:

1. Electronic Flame Sensor: Prevents gas valve from opening until pilot flame is proven;
stops gas flow on ignition failure.

2. Flame Rollout Switch: Installed on burner box; prevents burner operation.

3. Limit Control: Fixed stop at maximum permissible setting; de-energizes burner on

excessive bonnet temperature; automatic reset.

L Combustion-Air Inducer: Centrifugal fan with thermally protected motor and sleeve bearings
prepurges heat exchanger and vents combustion products; pressure switch prevents furnace
operation if combustion-air inlet or flue outlet is blocked.

J. Furnace Controls: Solid-state board integrates ignition, heat, cooling, and fan speeds;
adjustable fan-on and fan-off timing; terminals for connection to accessories.

K.  Accessories:
1. Combination Combustion-Air Intake and Vent: PVC plastic fitting to combine
combustion-air inlet and vent through roof.
2. PVC Plastic Vent Materials:
a. PVC Plastic Pipe: Schedule 40, complying with ASTM D 1785.
b. PVC Plastic Fittings: Schedule 40, complying with ASTM D 2466, socket type.
c. PVC Solvent Cement: ASTM D 2564.

2.2 THERMOSTATS

A.  Controls shall comply with requirements in ASHRAE/IESNA 90.1, "Controls."

B.  Solid-State Thermostat: Wall-mounting, programmable, microprocessor-based unit with
automatic switching from heating to cooling, preferential rate control, seven-day
programmability with minimum of four temperature presets per day, vacation mode, and
battery backup protection against power failure for program settings.

C.  Control Wiring: Unshielded twisted-pair cabling.

1. No. 24 AWG, 100 ohm, four pair.
2. Cable Jacket Color: Blue.
2.3 AIR FILTERS
A. Disposable Filters: 1-inch- thick fiberglass media in sheet metal frame.
2.4 REFRIGERATION COMPONENTS

A.  General Refrigeration Component Requirements:
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F.

1. Energy Efficiency: Equal to or greater than prescribed by ASHRAE/IESNA 90.1,
"Energy Standard for Buildings except Low-Rise Residential Buildings."

Refrigerant Coil: Copper tubes mechanically expanded into aluminum fins. Comply with

ARI 210/240, "Unitary Air-Conditioning and Air-Source Heat Pump Equipment." Match

size with furnace. Include condensate drain pan with accessible drain outlet.

1. Refrigerant Coil Enclosure: Steel, matching furnace and evaporator coil, with access
panel and flanges for integral mounting at or on furnace cabinet and galvanized sheet
metal drain pan coated with black asphaltic base paint.

Refrigerant Line Kits: Annealed-copper suction and liquid lines factory cleaned, dried,
pressurized with nitrogen, sealed, and with suction line insulated. Provide in standard lengths
for installation without joints, except at equipment connections.

1. Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply
with ASTM C 534, Type I, 1 1/2 inch thick (or as required by International Energy
Code 2009).

Refrigerant Piping: Comply with requirements in Section 15183 "Refrigerant Piping."

Air-Cooled, Compressor-Condenser Unit:

1. Casing: Steel, finished with baked enamel, with removable panels for access to
controls, weep holes for water drainage, and mounting holes in base. Provide brass
service valves, fittings, and gage ports on exterior of casing.

2. Compressor: Hermetically sealed reciprocating or scroll type.
a. Crankcase heater.
b. Vibration isolation mounts for compressor.
c. Compressor motor shall have thermal- and current-sensitive overload devices,
start capacitor, relay, and contactor.
d. Two-speed compressor motors shall have manual-reset high-pressure switch

and automatic-reset low-pressure switch.

e. Refrigerant Charge: R-410A.

f. Refrigerant: R-410A.
3. Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins, complying
with ARI 210/240, and with liquid subcooler.
Fan: Aluminum-propeller type, directly connected to motor.
Motor: Permanently lubricated, with integral thermal-overload protection.
Low Ambient Kit: Permits operation down to 30 deg F.
Mounting Base: 4” thick Concrete pad.

Nownke

Capacities and Characteristics: As scheduled on the Drawings.

PART 3 - EXECUTION

3.1  EXAMINATION

A.  Examine areas and conditions, with Installer present, for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.
B.  Examine factory-installed insulation before furnace installation. Reject units that are wet,
moisture damaged, or mold damaged.
03/21/2023 FURNACES

15530-4



C.

D.

Examine roughing-in for gas and refrigerant piping systems to verify actual locations of
piping connections before equipment installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A.

Install gas-fired furnaces and associated fuel and vent features and systems according to
NFPA 54.

Base-Mounted Units: Secure units to substrate. Provide optional bottom closure base if
required by installation conditions.

Controls: Install thermostats at mounting height of 60 inches above floor.

Wiring Method: Install control wiring in accessible ceiling spaces and in gypsum board
partitions where unenclosed wiring method may be used. Conceal control wiring except in
unfinished spaces.

Install ground-mounted, compressor-condenser components on 4-inch- thick, reinforced
concrete base; 4 inches larger on each side than unit. Coordinate anchor installation with
concrete base.

3.3 CONNECTIONS

A.

Gas piping installation requirements are specified in Section 15196 "Facility Liquefied-
Petroleum Gas Piping." Drawings indicate general arrangement of piping, fittings, and
specialties. Connect gas piping with union or flange and appliance connector valve.

Install piping adjacent to equipment to allow service and maintenance.

Vent and Outside-Air Connection, Condensing, Gas-Fired Furnaces: Connect plastic piping
vent material to furnace connections and extend outdoors. Terminate vent outdoors with a
cap and in an arrangement that will protect against entry of birds, insects, and dirt.
1. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.
3. Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and
fittings according to the following:
a. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and
solvent cements.
b. PVC Pressure Piping: Join schedule number ASTM D 1785, 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. Slope pipe vent back to furnace or to outside terminal.

Connect ducts to furnace with flexible connector. Comply with requirements in
Section 15820 "Duct Accessories."

Connect refrigerant tubing kits to refrigerant coil in furnace and to air-cooled, compressor-
condenser unit.
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F.

1.

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.

Comply with requirements in Section 15183 "Refrigerant Piping" for installation and joint
construction of refrigerant piping.

3.4 FIELD QUALITY CONTROL

A.

B.

Perform the following field tests and inspections and prepare test reports:

1.
2.

3.

Perform electrical test and visual and mechanical inspection.

Leak Test: After installation, charge systems with refrigerant and oil and test for leaks.
Repair leaks, replace lost refrigerant and oil, and retest until no leaks exist.
Operational Test: After electrical circuitry has been energized, start units to confirm
proper operation, product capability, and compliance with requirements.

Verify that fan wheel is rotating in the correct direction and is not vibrating or
binding.

Test and adjust controls and safeties. Replace damaged and malfunctioning controls
and equipment.

Verify that vibration isolation and flexible connections properly dampen vibration
transmission to structure.

3.5 STARTUP SERVICE

A.

D.

E.

Complete installation and startup checks according to manufacturer's written instructions and
perform the following:

1.

AT ol i N

Inspect for physical damage to unit casings.

Verify that access doors move freely and are weathertight.
Clean units and inspect for construction debris.

Verify that all bolts and screws are tight.

Adjust vibration isolation and flexible connections.
Verify that controls are connected and operational.

Start unit according to manufacturer's written instructions and complete manufacturer's
operational checklist.

Measure and record airflows.

Verify proper operation of capacity control device.

After startup and performance test, lubricate bearings.

3.6 ADJUSTING/BALANCING

A.  Adjust initial temperature set points.
B.  Set Furnace system's air flow rates to within the following tolerances of what is indicated on
the drawings:
1. Supply Fans and Equipment with Fans: Plus or minus 10 percent.
2. Air Outlets and Inlets: Plus or minus 10 percent.
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3. If airflow rates are set outside of the above tolerances consult engineer before final
adjustments.

C.  Set controls, burner, and other adjustments for optimum heating performance and efficiency.
Adjust heat-distribution features, including shutters, dampers, and relays, to provide
optimum heating performance and system efficiency.

3.7 CLEANING

A.  After completing installation, clean furnaces internally according to manufacturer's written
instructions.

B.  Install new filters in each furnace within 14 days after Substantial Completion.
3.8 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain condensing units.
Refer to Section 01820 "Demonstration and Training."

END OF SECTION 15530
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SECTION 15544

GAS-FIRED UNIT HEATERS

PART 1 - GENERAL

1.1

1.2

1.3

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 propane gas-fired unit heaters.
ACTION SUBMITTALS

A.  Product Data: For each type of gas-fired unit heater.
1. Include rated capacities, operating characteristics, and accessories.

CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For gas-fired unit heaters to include in emergency,
operation, and maintenance manuals.

WARRANTY

A.  Special Warranty: Manufacturer agrees to repair or replace heat exchanger of gas-fired unit
heater that fails in materials or workmanship within specified warranty period.
1. Warranty Period: Five years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1  MANUFACTURERS
A.  Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
1. Lennox International, Inc.
2. Modine Manufacturing Company.
3. Reznor/Thomas & Betts Corporation.
4. Sterling HVAC Products; Div. of Mestek Technology Inc.
5. Trane; a brand of Ingersoll Rand.
2.2 PERFORMANCE REQUIREMENTS
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and application.
B. Capacities and Characteristics: As scheduled on Drawings.
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2.3 MANUFACTURED UNITS

A.  Description: Factory assembled, piped, and wired, and complying with

ANSI Z83.8/CSA 2.6.

B. Gas Type: Design burner for propane gas having characteristics same as those of gas
available at Project site.

C.  Type of Venting: Indoor, separated combustion, power vented.

D.  Housing: Steel, with integral draft hood and inserts for suspension mounting rods.

1. External Casings and Cabinets: Powder coating over corrosion-resistant-treated
surface.

2. Discharge Louvers: Independently adjustable, horizontal blades.

E. Accessories:

1. Four-point suspension kit.

2. Power Venter: Centrifugal aluminized-steel fan, with stainless-steel shaft; 120-V ac
motor.

3. Concentric, Terminal Vent Assembly: Combined combustion-air inlet and power-vent
outlet with wall or roof caps. Include adapter assembly for connection to inlet and
outlet pipes, and flashing for wall or roof penetration.

F. Heat Exchanger: Stainless steel.
G.  Burner Material: Aluminized steel with stainless-steel inserts or Stainless steel.
H.  Propeller Unit Fan:

1. Formed-steel or Aluminum propeller blades riveted to heavy-gage steel spider bolted
to cast-iron hub, dynamically balanced, and resiliently mounted.

2. Fan-Blade Guard: Galvanized steel, complying with OSHA specifications, removable
for maintenance.

L Motors:

1. Comply with NEMA designation, temperature rating, service factor, and efficiency
requirements for motors specified in Section 15058 "Common Motor Requirements
for HVAC Equipment."

J. Controls: Regulated redundant gas valve containing pilot solenoid valve, electric gas valve,
pilot filter, pressure regulator, pilot shutoff, and manual shutoff all in one body.

1. Gas Control Valve: Single stage.

2. Ignition: Electronically controlled electric spark with flame sensor.

3. Fan Thermal Switch: Operates fan on heat-exchanger temperature.

4. Vent Flow Verification: Differential pressure switch to verify open vent.

5. Control transformer.

6. High Limit: Thermal switch or fuse to stop burner.

7. Wall-Mounted Thermostat:

a. Single stage.
b. Fan on-off-automatic switch.
c. 24-V ac.
d 50 to 90 deg F operating range.
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K.  Electrical Connection: Factory wire motors and controls for a single electrical connection.

PART 3 - EXECUTION

3.1 INSTALLATION

A.  Install and connect gas-fired unit heaters and associated gas and vent features and systems
according to NFPA 54, applicable local codes and regulations, and manufacturer's written
instructions.

3.2  EQUIPMENT MOUNTING

A.  Suspended Units: Suspend from substrate using threaded rods, spring hangers, and building
attachments. Secure rods to unit hanger attachments. Adjust hangers so unit is level and
plumb.

3.3 CONNECTIONS

A.  Piping installation requirements are specified in other Sections. Drawings indicate general
arrangement of piping, fittings, and specialties.

B.  Where installing piping adjacent to gas-fired unit heater, allow space for service and
maintenance.

C. Gas Piping: Comply with Section 15196 "Facility Liquefied-Petroleum Gas Piping."
Connect gas piping to gas train inlet; provide union with enough clearance for burner
removal and service.

D.  Ground equipment according to Section 16060 "Grounding and Bonding."

E.  Connect wiring according to Section 16120 "Conductors and Cables."

3.4 FIELD QUALITY CONTROL
A.  Perform the following tests and inspections:
1. Test and adjust controls and safeties. Replace damaged and malfunctioning controls
and equipment.
2. Verify bearing lubrication.
3. Verify proper motor rotation.
B.  Gas-fired unit heater will be considered defective if it does not pass tests and inspections.
3.5 ADJUSTING
A.  Adjust initial temperature set points.
B.  Adjust burner and other unit components for optimum heating performance and efficiency.
3.6 DEMONSTRATION
A. Train Owner's maintenance personnel to adjust, operate, and maintain gas-fired unit heaters.
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END OF SECTION 15544
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SECTION 15815
METAL DUCTS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

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

B.  Related Sections:
1. Section 15820 "Duct Accessories" for dampers, sound-control devices, duct-mounting
access doors and panels, turning vanes, and flexible ducts.

1.3 ACTION SUBMITTALS

A.  Shop Drawings:
1. Fabrication, assembly, and installation, including plans, elevations, sections,
components, and attachments to other work.
Factory- and shop-fabricated ducts and fittings.
Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
Elevation of top of ducts.
Dimensions of main duct runs from building grid lines.
Fittings.
Reinforcement and spacing.
Seam and joint construction.
Penetrations through fire-rated and other partitions.
Equipment installation based on equipment being used on Project.
Locations for duct accessories, including dampers, turning vanes, and access doors
and panels.
Hangers and supports, including methods for duct and building attachment and
vibration isolation.
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PART 2 - PRODUCTS
2.1  SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS
A.  General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction

Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise
indicated.
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Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse
Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible."

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal
Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible."

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

2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS

A.

General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on
indicated static-pressure class unless otherwise indicated.

Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints,"
for static-pressure class, applicable sealing requirements, materials involved, duct-support
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible."

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal
Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible."

Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals,"
and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements,
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

2.3 SHEET METAL MATERIALS

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

B.  Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

L. Galvanized Coating Designation: G60.
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Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black
and galvanized.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-
inch minimum diameter for lengths longer than 36 inches.

2.4 SEALANT AND GASKETS

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

B.  Two-Part Tape Sealing System:

L. Tape: Woven cotton fiber impregnated with mineral gypsum and modified
acrylic/silicone activator to react exothermically with tape to form hard, durable,
airtight seal.

2. Tape Width: 4 inches.

3. Sealant: Modified styrene acrylic.

4. Water resistant.

5. Mold and mildew resistant.

6. Maximum Static-Pressure Class: 10-inch wg, positive and negative.

7. Service: Indoor and outdoor.

8. Service Temperature: Minus 40 to plus 200 deg F.

9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare),
stainless steel, or aluminum.

C.  Water-Based Joint and Seam Sealant:

1. Application Method: Brush on.

2. Solids Content: Minimum 65 percent.

3. Shore A Hardness: Minimum 20.

4. Water resistant.

5. Mold and mildew resistant.

6. VOC: Maximum 75 g/L (less water).

7. Maximum Static-Pressure Class: 10-inch wg, positive and negative.

8. Service: Indoor or outdoor.

9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare),
stainless steel, or aluminum sheets.

D.  Flanged Joint Sealant: Comply with ASTM C 920.

1. General: Single-component, acid-curing, silicone, elastomeric.

2. Type: S.

3. Grade: NS.

4. Class: 25.

5. Use: O.

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

F. Round Duct Joint O-Ring Seals:

1. Seal shall provide maximum leakage class of 3 ¢fim/100 sq. ft. at 1-inch wg and shall
be rated for 10-inch wg static-pressure class, positive or negative.

03/21/2023 METAL DUCTS

15815-3



2.5 HANGERS AND SUPPORTS

A.

B.

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

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

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

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

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

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

Trapeze and Riser Supports:
1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

PART 3 - EXECUTION

3.1 DUCT INSTALLATION

A.  Drawing plans, schematics, and diagrams indicate general location and arrangement of duct
system. Indicated duct locations, configurations, and arrangements were used to size ducts
and calculate friction loss for air-handling equipment sizing and for other design
considerations. Install duct systems as indicated unless deviations to layout are approved on
Shop Drawings and Coordination Drawings.

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

C. Install round ducts in maximum practical lengths.

D.  Install ducts with fewest possible joints.

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

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

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

H.  Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.
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Route ducts to avoid passing through transformer vaults and electrical equipment rooms and
enclosures.

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

Protect duct interiors from moisture, construction debris and dust, and other foreign
materials.

3.2 DUCT SEALING

A.

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

3.3  HANGER AND SUPPORT INSTALLATION

A.

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

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

Hangers Exposed to View: Threaded rod and angle or channel supports.

Support vertical ducts with steel angles or channel secured to the sides of the duct with
welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum
intervals of 16 feet.

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

34 CONNECTIONS

A.

Make connections to equipment with flexible connectors complying with Section 15820
"Duct Accessories."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
branch, outlet and inlet, and terminal unit connections.

3.5 PAINTING

A.

Paint interior of metal ducts that are visible through registers and grilles and that do not have
duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel
primer. Paint materials and application requirements are specified in Section 09911 "Exterior
Painting" and Section 09912 "Interior Painting."
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3.6 START UP

A.

Air Balance: Comply with requirements in Section 15530 "Furnaces."

3.7 DUCT SCHEDULE

A.  Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:
B. Supply Ducts:
1. Ducts Connected to Furnaces:
a. Pressure Class: Positive 2-inch wg.
b. Minimum SMACNA Seal Class: A.
c. SMACNA Leakage Class for Rectangular: 12.
d. SMACNA Leakage Class for Round: 12.
C. Return Ducts:
1. Ducts Connected to Furnaces:
a. Pressure Class: Positive or negative 1-inch wg.
b. Minimum SMACNA Seal Class: A.
c. SMACNA Leakage Class for Rectangular: 12.
d. SMACNA Leakage Class for Round: 12.
D.  Exhaust Ducts:
I. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:
a. Pressure Class: Positive 2-inch wg.
b. Minimum SMACNA Seal Class: A
c. SMACNA Leakage Class for Rectangular: 12.
d. SMACNA Leakage Class for Round: 6.
E.  Intermediate Reinforcement:
L. Galvanized-Steel Ducts: Galvanized steel.
F. Elbow Configuration:
1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-2, "Rectangular Elbows."
a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.
b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.
c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners," and Figure 4-4, "Vane Support in Elbows."
2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Figure 3-4, "Round Duct Elbows."
a. Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Table 3-1, "Mitered Elbows." Elbows with less than 90-degree change of
direction have proportionately fewer segments.
1) Radius-to Diameter Ratio: 1.5.
b. Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated.
G.  Branch Configuration:
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1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-6, "Branch Connection."
a. Rectangular Main to Rectangular Branch: 45-degree entry.
b. Rectangular Main to Round Branch: Spin in.

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

END OF SECTION 15815
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SECTION 15820

DUCT ACCESSORIES

PART 1 - GENERAL

1.1

1.2

1.3

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. Manual volume dampers.
2. Turning vanes.
3. Flexible connectors.
4. Flexible ducts.
CLOSEOUT SUBMITTALS

A.

Operation and Maintenance Data: For air duct accessories to include in operation and
maintenance manuals.

PART 2 - PRODUCTS

2.1 ASSEMBLY DESCRIPTION

A.  Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and
with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

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

2.2 MATERIALS

A.  Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

1. Galvanized Coating Designation: G60.
2. Exposed-Surface Finish: Mill phosphatized.

B.  Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on

galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
2.3  MANUAL VOLUME DAMPERS

A. Standard, Steel, Manual Volume Dampers:

1. Manufacturers: Subject to compliance with requirements, provide products by one of
the following:
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a. Air Balance Inc.; a division of Mestek, Inc.

b. American Warming and Ventilating; a division of Mestek, Inc.
c. McGill AirFlow LLC.

d. Nailor Industries Inc.

e. Pottorff.

f. Ruskin Company.

2. Standard leakage rating.
3. Suitable for horizontal or vertical applications.
4. Frames:
a. Frame: Hat-shaped, 0.094-inch- thick, galvanized sheet steel.
b. Mitered and welded corners.
C. Flanges for attaching to walls and flangeless frames for installing in ducts.
5. Blades:
a. Multiple or single blade.
b. Parallel- or opposed-blade design.
c. Stiffen damper blades for stability.
d. Galvanized-steel, 0.064 inch thick.
6. Blade Axles: Galvanized steel.
7. Bearings:
a. Oil-impregnated bronze.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
8. Tie Bars and Brackets: Galvanized steel.
Jackshaft:
1. Size: 0.5-inch diameter.
2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.
3. Length and Number of Mountings: As required to connect linkage of each damper in

multiple-damper assembly.

Damper Hardware:

L.

2.
3.

Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick zinc-plated
steel, and a 3/4-inch hexagon locking nut.

Include center hole to suit damper operating-rod size.

Include elevated platform for insulated duct mounting.

24 TURNING VANES

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. Ductmate Industries, Inc.
2. Duro Dyne Inc.
3. Elgen Manufacturing.
4. METALAIRE, Inc.
5. SEMCO Incorporated.
6. Ward Industries, Inc.; a division of Hart & Cooley, Inc.
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C.

General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in
Elbows."

Vane Construction: Single wall.

2.5 FLEXIBLE CONNECTORS

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. Ductmate Industries, Inc.

2. Duro Dyne Inc.

3. Elgen Manufacturing.

4, Ventfabrics, Inc.

5. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

Materials: Flame-retardant or noncombustible fabrics.
Coatings and Adhesives: Comply with UL 181, Class 1.

Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to
two strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet steel or 0.032-inch- thick
aluminum sheets. Provide metal compatible with connected ducts.

Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.
1. Minimum Weight: 26 o0z./sq. yd..

2. Tensile Strength: 480 1bf/inch in the warp and 360 Ibf/inch in the filling.

3. Service Temperature: Minus 40 to plus 200 deg F.

2.6 FLEXIBLE DUCTS

A.  Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Flexmaster U.S.A., Inc.
2. McGill AirFlow LLC.
3. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

B.  Noninsulated, Flexible Duct: UL 181, Class 1, 2-ply vinyl film supported by helically
wound, spring-steel wire.
1. Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.
2. Maximum Air Velocity: 4000 fpm.
3. Temperature Range: Minus 10 to plus 160 deg F.

C.  Insulated, Flexible Duct: UL 181, Class 1, 2-ply vinyl film supported by helically wound,
spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
1. Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.
2. Maximum Air Velocity: 4000 fpm.
3. Temperature Range: Minus 10 to plus 160 deg F.
4 Insulation R-value: Comply with ASHRAE/IESNA 90.1.
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D.

Flexible Duct Connectors:

1. Clamps: Stainless-steel band with cadmium-plated hex screw to tighten band with a
worm-gear action in sizes 3 through 18 inches, to suit duct size.
2. Non-Clamp Connectors: Adhesive plus sheet metal screws.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

H.

L

Install duct accessories according to applicable details in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116,
"Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.

Install duct accessories of materials suited to duct materials; use galvanized-steel accessories
in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts,
and aluminum accessories in aluminum ducts.

Install volume dampers at points on supply, return, and exhaust systems where branches
extend from larger ducts.

Set dampers to fully open position before testing, adjusting, and balancing.
Install test holes at fan inlets and outlets and elsewhere as indicated.
Install flexible connectors to connect ducts to equipment.

Connect diffusers or light troffer boots to ducts directly or with maximum 60-inch lengths of
flexible duct clamped or strapped in place.

Connect flexible ducts to metal ducts with adhesive plus sheet metal screws.

Install duct test holes where required for testing and balancing purposes.

3.2 FIELD QUALITY CONTROL

A.

Tests and Inspections:
1. Operate dampers to verify full range of movement.
2. Inspect turning vanes for proper and secure installation.

END OF SECTION 15820
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SECTION 15838
POWER VENTILATORS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2  SUMMARY
A.  Section Includes:
1. Ceiling-mounted ventilators.
2. Propeller fans.
1.3 ACTION SUBMITTALS

A.  Product Data: For each type of product indicated. Include rated capacities, operating
characteristics, and furnished specialties and accessories. Also include the following:

1. Certified fan performance curves with system operating conditions indicated.

2. Certified fan sound-power ratings.

3. Motor ratings and electrical characteristics, plus motor and electrical accessories.

4. Material thickness and finishes, including color charts.

5. Dampers, including housings, linkages, and operators.

6. Fan speed controllers.

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

2. Wiring Diagrams: For power, signal, and control wiring.

1.4 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For power ventilators to include in emergency, operation, and
maintenance manuals.

1.5 QUALITY ASSURANCE

A.  Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.
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PART 2 - PRODUCTS
2.1 PROPELLER FANS

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

1. Acme Engineering & Manufacturing Corp.
2. Carnes Company.
3. Greenheck
4. Loren Cook Company.
5. PennBarry.
6. Twin City Fans
B.  Housing: Galvanized-steel sheet with flanged edges and integral orifice ring with baked-enamel

finish coat applied after assembly.

C. Fan Wheel: Replaceable, cast-aluminum, airfoil blades fastened to cast-aluminum hub; factory
set pitch angle of blades.

D.  Fan Drive: Motor mounted in airstream, factory wired to disconnect switch located on outside
of fan housing.

E. Fan Drive:

1. Resiliently mounted to housing.

2. Statically and dynamically balanced.

Selected for continuous operation at maximum rated fan speed and motor horsepower,
with final alignment and belt adjustment made after installation.

Extend grease fitting to accessible location outside of unit.

Service Factor Based on Fan Motor Size: 1.4.

Fan Shaft: Turned, ground, and polished steel; keyed to wheel hub.

Shaft Bearings: Permanently lubricated, permanently sealed, self-aligning ball bearings.

W

Nownk

a. Ball-Bearing Rating Life: ABMA 9, L;, of 100,000 hours.

F. Accessories:

—

Motor operated damper: Low leak insulated.

Motor-Side Back Guard: Galvanized steel, complying with OSHA specifications,
removable for maintenance.

Wall Sleeve: Galvanized steel to match fan and accessory size.

Weathershield Hood: Galvanized steel to match fan and accessory size.

Weathershield Front Guard: Galvanized steel with expanded metal screen.
Variable-Speed Controller: Solid-state control to reduce speed from 100 to 80 percent.
Disconnect Switch: Nonfusible type, with thermal-overload protection mounted inside
fan housing, factory wired through an internal aluminum conduit.

0

NN kW

G.  Capacities and Characteristics: As scheduled on drawings.

1. Vibration Isolators:
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a. Type: Elastomeric hangers.
b. Static Deflection: 1 inch.

2. Spark Arrestance Class: A.
2.2 CEILING-MOUNTED VENTILATORS

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

1. Carnes Company.

2. Greenheck Fan Corporation.
3. Loren Cook Company.

4. PennBarry.

5. Twin City Fan.

PART 3 - EXECUTION
3.1 INSTALLATION
A.  Install power ventilators level and plumb.
B.  Ceiling Units: Suspend units from structure; use steel wire or metal straps.
C.  Install units with clearances for service and maintenance.
D.  Label unit according to schedule.
3.2 CONNECTIONS

A. Drawings indicate general arrangement of ducts and duct accessories. Make final duct
connections with flexible connectors.

B.  Install ducts adjacent to power ventilators to allow service and maintenance.
C.  Ground equipment according to Section 16060 "Grounding and Bonding."
D.  Connect wiring according to Section 16120 "Conductors and Cables."

END OF SECTION 15838
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SECTION 15855
DIFFUSERS, REGISTERS, AND GRILLES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section Includes:
1. Rectangular and square ceiling diffusers.
2. Perforated diffusers.
1.3 ACTION SUBMITTALS

A.  Product Data: For each type of product indicated, include the following:

1. Data Sheet: Indicate materials of construction, finish, and mounting details; and
performance data including throw and drop, static-pressure drop, and noise ratings.
2. Diffuser, Register, and Grille Schedule: Indicate drawing designation, room location,

quantity, model number, size, and accessories furnished.
PART 2 - PRODUCTS
2.1  CEILING DIFFUSERS

A.  Rectangular and Square Ceiling Diffusers:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
a. Carnes.
b. Krueger.
C. METALAIRE, Inc.
d. Nailor Industries Inc.
e. Price Industries.
f. Titus.
g. Tuttle & Bailey.
B.  Perforated Diffuser:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
a. Carnes.
b. Krueger.
C. METALAIRE, Inc.
d. Nailor Industries Inc.
e. Price Industries.
f. Titus.
g. Tuttle & Bailey.
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C.

Fixed Face Grille:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:
a. Carnes.
b. Krueger.
C. METALAIRE, Inc.
d. Nailor Industries Inc.
e. Price Industries.
f. Titus.

g. Tuttle & Bailey.

2.2 SOURCE QUALITY CONTROL

A.

Verification of Performance: Rate diffusers, registers, and grilles according to ASHRAE 70,
"Method of Testing for Rating the Performance of Air Outlets and Inlets."

PART 3 - EXECUTION

3.1 EXAMINATION

A.

B.

Examine areas where diffusers, registers, and grilles are to be installed for compliance with
requirements for installation tolerances and other conditions affecting performance of
equipment.

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A.

B.

Install diffusers, registers, and grilles level and plumb.

Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts,
fittings, and accessories. Air outlet and inlet locations have been indicated to achieve design
requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop. Make
final locations where indicated, as much as practical. For units installed in lay-in ceiling
panels, locate units in the center of panel. Where architectural features or other items conflict
with installation, notify Architect for a determination of final location.

Install diffusers, registers, and grilles with airtight connections to ducts and to allow service
and maintenance of dampers, air extractors, and fire dampers.

3.3 ADJUSTING

A.

After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as
directed, before starting air balancing.

END OF SECTION 15855
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SECTION 15906

GAS INSTRUMENTS

PART 1 - GENERAL

1.1

1.2

1.3

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.  Garage gas detection system:

1.

2.

Provide a complete installation of a toxic gas detection system including a main
control panel, sensors and audible/visual alarm devices.

The system shall include, but not be limited to, the following:

a. Display of toxic gas concentration

b Ability to modify alarm set points

c. Automatic and manual fan start/stop

d Display of alarm status

DEFINITIONS

A.  NDIR: Nondispersive infrared.

ACTION SUBMITTALS

A.  Product Data: For each type of product, including the following:

L.

Operating characteristics, electrical characteristics, and furnished accessories
indicating process operating range, accuracy over range, control signal over range,
default control signal with loss of power, calibration data specific to each unique
application, electrical power requirements, and limitations of ambient operating
environment, including temperature and humidity.

Installation instructions, including factor affecting performance.

Product description with complete technical data, performance curves, product
specification sheets.

B.  Shop Drawings:

1.
2.
3.

Include plans, elevations, sections, and details.

Include diagrams for power, signal, and control wiring.

Number-coded identification system for unique identification of wiring, cable, and
tubing ends.

CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For gas instruments to include in operation and
maintenance manuals.
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PART 2 - PRODUCTS

2.1 DETECTORS

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

1. Honeywell, E3 Point Model E3SM (surface-mount)
2. Engineer pre-approved equal

B.  Description:

1. NDIR technology or equivalent technology providing long-term stability and
reliability.
2. Two-wire, 4-20 mA output signal, linearized to concentration in ppm.

C. Construction:

1. House electronics in an ABS plastic enclosure. Provide equivalent of NEMA 250,
Type 1 enclosure for wall-mounted space applications.
2. Equip with digital display for continuous indication of carbon-dioxide concentration.

D.  Performance:

1. Measurement Range: Zero to 2000 ppm.

2. Accuracy: Within 2 percent of reading, plus or minus 30 ppm.

3. Repeatability: Within 1 percent of full scale.

4 Temperature Dependence: Within 0.05 percent of full scale over an operating range of
25t0 110 deg F.

5. Long-Term Stability: Within 5 percent of full scale after more than five years.

6. Response Time: Within 60 seconds.

7. Warm-up Time: Within five minutes.

E. Transmitter will be powered by the control panel power supply rated at 24 Vac. Fully
addressable gas transmitter must be capable of communicating digitally with controller
through an RS-485 communication port. Gas transmitters must be installed in a true daisy
chain with an end of the line resistor on the last transmitter. The gas transmitter will
incorporate an electrochemical cell for toxic gas monitoring and catalytic bead sensor for
combustible gases. Unit sensing cell must compensate for variations in relative humidity
and temperature to maintain high levels of accuracy.

F. When placed in a network configuration the transmitter will be capable of transmitting gas
concentrations through the controller. For local activation of fans or louvers (or other
equipment) an on-board DPDT relay 5 A, 30 Vdc or 250 Vac (resistive load) will be
activated at programmable set points (and programmable time delays) through the control
panel.

G.  Transmitter will be capable of operating within relative humidity ranges of 5-95% and
temperature ranges of -4° F to 104° F (-20° C to 40° C).

H.  Unit will be certified to ANSI/UL 61010-1 label and CAN/CSA-C22.2 No. 61010-1.
Transmitter must be manufactured in an ISO 9001-2000 production environment.

L The transmitter should have a plug-in capability for a gas cartridge with a smart sensor
capable of self-testing.
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J. For local activation of audible alarms, the transmitter shall have an on-board device able to
generate an audible output of 85 dBA @ 10 ft (3 m). An LCD display will provide gas
concentration readings.

K.  Provide calibration kit. Turn over to Owner at start of warranty period.

L. Detector alarm levels are to be activated and the unit is to be installed in accordance with the
following parameters:

M.

TOXIC GASES 1st ALARM 2nd ALARM 3¢ ALARM MOUNTING COVERAGE
SET POINT SET POINT SET POINT HEIGHT RADIUS
(TLV-TWA) (TLV-STEL)
Carbon Monoxide 25 PPM 200 PPM 225 PPM 5 ft (150 cm)above 50 ft (15 m)
(CO) finished floor
Nitrogen Dioxide 0.72 PPM 2.0 PPM 9.0 PPM 1 ft (30 cm) from 50 ft (15 m)
(NO,) ceiling
Hydrogen Sulphide 10 PPM 15 PPM 20 PPM 1 ft (30 cm) above 23ft (7m)
(H2,) finished floor
Hydrogen (H,) 25% LEL 50% LEL 90% LEL 1 ft (30 cm) from 23ft (7Tm)
ceiling
Oxygen (O,) 19.5 % Vol. 22.0 % Vol. 22.5 % Vol. 5 ft (150 cm)above 23ft (7Tm)
finished floor
Methane (CHy) 25% LEL 50% LEL 90% LEL 1 ft (30 cm) from 23ft (7Tm)
ceiling
Propane (C;Hg) 25% LEL 50% LEL 90% LEL 1 ft (30 cm) above 23ft (7m)
finished floor

Local Building Codes recommendations take precedence over these parameters. Coverage can differ
depending on application

2.2 CONTROLLER

A.

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

following:
1. Honeywell, VA301C
2. Engineer pre-approved equal

The control panel must be capable of communicating digitally with the networked
transmitters and relay modules through three RS-485 Modbus communication buses. Each
communication bus must be capable of accepting a combination of up to 32 addressable
transmitters, relay modules, or annunciator panels at a maximum distance of 2,000 feet. The
power supply shall be 120 Vac. Provide transformer if 24 VAC required.

The controller will manage four internal DPDT relays at fully programmable alarm levels
(and within programmable time delays) and be capable of activating multiple relay modules
of eight relays each. The relay rating will be no lower than 5 A, 30 Vdc or 250 Vac
(resistive load).
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The controller must include a self-test function that allows for the activation/deactivation of
all the programmed outputs by simulating a continuous 5% increase/decrease value until the
maximum/minimum value is reached.

The controller must include a real-time clock that enables operation of the outputs for a
specific timeframe.

The controller must also include an energy saving feature that allows for output operation on
alarms set at the max, min or average value of a specific group of transmitters. This feature
must also allow for the activation of outputs upon a certain number of a specific group (%,
Y, Y5 and %) of transmitters reaching their alarm levels. A total of 128 groups can be
assigned.

The controller will be capable of communicating with an annunciator panel that can serve as
a remote display panel in a secondary control room.

The controller will indicate the exact concentration of gas, the gas detected, and the location
of the sensor by sweeping through the network and displaying the detected levels at each
point on a graphic LCD display.

2.3 ACCESSORIES

A.

Strobe and Horn

1. Manufacturers: Subject to compliance with requirements, provide products by one of
the following:
a. Honeywell, STACKSTAS FOR 120 VAC
b. Engineer pre-approved equal

2. Strobe & Horn combo unit will be capable of operating within relative humidity
ranges of 0-100% and temperature ranges of -30° F to 150° F (-35° C to 66° C).

3. Rating of horn will be no less than 72dB at 10 feet. Intensity of light will be no less
than 40W and will flash at a frequency of 1 per second.

4. Unit will be certified by CSA. Honeywell Analytics.

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine substrates and conditions, with Installer present, for compliance with requirements
for installation tolerances and other conditions affecting performance of the Work.
B.  Examine roughing-in for instruments installed in piping to verify actual locations of
connections before installation.
C.  Prepare written report, endorsed by Installer, listing conditions detrimental to performance.
D.  Proceed with installation only after unsatisfactory conditions have been corrected.
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3.2 INSTALLATION, GENERAL

A.

Install hazardous gas monitoring equipment including sensors, audible alarms, control panels
as shown on Contract Drawings, and as recommended by manufacturer of equipment, and as
required by authorities having jurisdiction.

Install conduit and wiring from sensors to control panel and to the fan starters/motor
operated dampers as recommended by manufacturer of equipment.

Refer to 4/M-200 for gas detection system sequence of operations.

Furnish and install products required to satisfy more stringent of all requirements indicated.
Install products level, plumb, parallel, and perpendicular with building construction.
Properly support instruments, tubing, piping, wiring, and conduit to comply with
requirements indicated. Brace all products to prevent lateral movement and sway or a break

in attachment when subjected to seismic loads.

Fastening Hardware:

1. Stillson wrenches, pliers, and other tools that cause injury to or mar surfaces of rods,
nuts, and other parts are prohibited for work of assembling and tightening nuts.

2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by using
excessive force or oversized wrenches.

3. Lubricate threads of bolts, nuts, and screws with graphite and oil before assembly.

Install products in locations that are accessible and that permit calibration and maintenance
from floor, equipment platforms, or catwalks. Where ladders are required for Owner's
access, confirm unrestricted ladder placement is possible under occupied condition.

3.3 ELECTRICAL POWER

A.

B.

Furnish and install electrical power to products requiring electrical connections.

Furnish and install circuit breakers. Comply with requirements in Section 16410 "Enclosed
Switches and Circuit Breakers."

Furnish and install power wiring. Comply with requirements in Section 16120 "Conductors
and Cables."

Furnish and install raceways. Comply with requirements in Section 16130 "Raceways and
Boxes."

3.4 INSTRUMENTS, GENERAL INSTALLATION REQUIREMENTS

A.  Mounting Location:

1. Install transmitters for gas associated with individual air-handling units and associated
connected ductwork and piping near air-handlings units co-located in air-handling unit
system control panel, to provide service personnel a single and convenient location for
inspection and service.
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B.

2. Install gas switches and transmitters for indoor applications in mechanical equipment
rooms. Do not locate in user-occupied space unless indicated specifically on
Drawings.

3. Mount switches and transmitters not required to be mounted within system control
panels on walls, floor-supported freestanding pipe stands, or floor-supported structural
support frames. Use manufacturer's mounting brackets to accommodate field
mounting. Securely support and brace products to prevent vibration and movement.

Mounting Height:

1. Mount instruments in user-occupied space to match mounting height of light switches
unless otherwise indicated on Drawings. Mounting height shall comply with codes
and accessibility requirements.

2. Mount switches and transmitters located in mechanical equipment rooms and other
similar space not subject to code, state, and federal accessibility requirements within a
range of 42 to 72 inches above the adjacent floor, grade, or service catwalk or
platform.

a. Make every effort to mount at 60 inches.

3.5 CARBON-MONOXIDE MONITORING SYSTEM

A.

Install sample points in monitored area to provide accurate measurement of gas
concentration.

Install exposed sampling points with a finished appearance consistent with other materials in
space. Submit proposed products to be installed for review and approval.

Individually install each sample point to the carbon-monoxide monitoring system.
Install tubing in a minimum size of NPS 3/8.
Use compression fittings at connections to equipment.

Support carbon-monoxide monitoring system from floor or wall. Support floor-mounted
systems using a structural channel frame. Provide mounting brackets.

3.6 IDENTIFICATION

A.

B.

Identify system components, wiring, cabling, and terminals. Each piece of wire, cable, and
tubing shall have the same designation at each end for operators to determine continuity at
points of connection. Comply with requirements for identification specified in Section 16075
"Electrical Identification."

Install engraved phenolic nameplate with instrument identification on face.

3.7 CHECKOUT PROCEDURES

A. Check out installed products before continuity tests, leak tests, and calibration.
B.  Check instruments for proper location and accessibility.
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C.

D.

Check instruments for proper installation on direction of flow, elevation, orientation,
insertion depth, or other applicable considerations that impact performance.

Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, material, and
support.

3.8 ADJUSTMENT, CALIBRATION, AND TESTING

A.  After installation, test and calibrate equipment to demonstrate operation of functions
described in sequence of operation by Factory-certified Service Technician. Startup by
manufacturer’s representative is unacceptable, unless factory trained

B.  Description:

L. Calibrate each instrument installed that is not factory calibrated and provided with
calibration documentation.

2. Provide a written description of proposed field procedures and equipment for
calibrating each type of instrument. Submit procedures before calibration and
adjustment.

3. For each analog instrument, perform a three-point calibration test for both linearity
and accuracy.

4. Equipment and procedures used for calibration shall comply with instrument
manufacturer's written recommendations.

5. Provide diagnostic and test equipment for calibration and adjustment.

6. Field instruments and equipment used to test and calibrate installed instruments shall
have an accuracy of at least twice the instrument accuracy being calibrated. For
example, an installed instrument with an accuracy of 1 percent shall be checked by an
instrument with an accuracy of 0.5 percent.

7. Calibrate each instrument according to instrument instruction manual supplied by
manufacturer.

8. If, after calibration, indicated performance cannot be achieved, replace out-of-
tolerance instruments.

9. Comply with field-testing requirements and procedures in ASHRAE Guideline 11,
"Field Testing of HVAC Control Components," in the absence of specific
requirements, and to supplement requirements indicated.

C.  Analog Signals:

1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100
percent.

2. Check analog current signals using a precision current meter at zero, 50, and 100
percent.

3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of
operating span using a precision-resistant source.

D. Digital Signals:

1. Check digital signals using a jumper wire.

2. Check digital signals using an ohmmeter to test for contact.

E. Meters: Check sensors at zero, 50, and 100 percent of Project design values.

F. Sensors: Check sensors at zero, 50, and 100 percent of Project design values.
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G.

H.

Switches: Calibrate switches to make or break contact at set points indicated.

Transmitters:
1. Check and calibrate transmitters at zero, 50, and 100 percent of Project design values.
2. Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span

using a precision-resistance source.

3.9 WARRANTY

A.

Limited Warranty

1. If any part of the entire gas detection system proves to be defective in material or
workmanship within (1) year of project substantial completion, such defective part
will be repaired or replaced, free of charge, at manufacturer’s discretion. The repair or
replacement of any such defective part shall be the responsibility of the manufacturer.

3.10 MAINTENANCE SERVICE

A.

Maintenance Service: Beginning at Substantial Completion, maintenance service shall
include 12 months' full maintenance by manufacturer's authorized service representative.
Include annual preventive maintenance, repair or replacement of worn or defective
components, cleaning, and adjusting as required for proper operation. Parts and supplies
shall be manufacturer's authorized replacement parts and supplies.

3.11 DEMONSTRATION

A.

Engage a factory-authorized service representative to train Owner's maintenance personnel
to adjust, operate, and maintain instrumentation and control devices.

Coordinate gas instrument demonstration video with operation and maintenance manuals
and classroom instruction for use by Owner in operating, maintaining, and troubleshooting.

Record videos on storage media per owner’s direction.

Owner shall have right to make additional copies of video for internal use without paying
royalties.

END OF SECTION 15906
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SECTION 16060
GROUNDING AND BONDING
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A.  Section includes grounding and bonding systems and equipment.
1.3 QUALITY ASSURANCE

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

B. Comply with UL 467 for grounding and bonding materials and equipment.
PART 2 - PRODUCTS
2.1 SYSTEM DESCRIPTION

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

B.  Comply with UL 467 for grounding and bonding materials and equipment.
2.2 CONDUCTORS

A.  Insulated Conductors: Copper wire or cable insulated for 600 V unless otherwise required
by applicable Code or authorities having jurisdiction.

B.  Bare Copper Conductors:
1. Solid Conductors: ASTM B 3.
2. Stranded Conductors: ASTM B 8.
3. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.
4 Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-
5/8 inches wide and 1/16 inch thick.

2.3 CONNECTORS
A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications
in which used and for specific types, sizes, and combinations of conductors and other items

connected.

B.  Bolted Connectors for Conductors and Pipes: Copper or copper alloy.
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A.

GROUNDING ELECTRODES

Ground Rods: Copper-clad steel; 3/4 inch by 10 feet.

PART 3 - EXECUTION

3.1

32

3.3

34

B.

APPLICATIONS

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for
No. 6 AWG and larger unless otherwise indicated.

B.  Underground Grounding Conductors: Install bare tinned-copper conductor, No. 2/0 AWG
minimum.
1. Bury at least 24 inches below grade.

C.  Conductor Terminations and Connections:
1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
2. Underground Connections: Welded connectors except at test wells and as otherwise
indicated.

GROUNDING AT THE SERVICE

A.  Equipment grounding conductors and grounding electrode conductors shall be connected to
the ground bus. Install a main bonding jumper between the neutral and ground buses.

EQUIPMENT GROUNDING
A. Install insulated equipment grounding conductors with all feeders and branch circuits.
INSTALLATION

A.  Grounding Conductors: Route along shortest and straightest paths possible unless otherwise
indicated or required by Code. Avoid obstructing access or placing conductors where they
may be subjected to strain, impact, or damage.

Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade unless
otherwise indicated.

1. Interconnect ground rods with grounding electrode conductor below grade and as
otherwise indicated. Make connections without exposing steel or damaging coating if
any.

2. For grounding electrode system, install at least three rods spaced at least one-rod length
from each other and located at least the same distance from other grounding electrodes,
and connect to the service grounding electrode conductor.

C.  Grounding and Bonding for Piping:

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit,
from building's main service equipment, or grounding bus, to main metal water
service entrances to building. Connect grounding conductors to main metal water
service pipes; use a bolted clamp connector or bolt a lug-type connector to a pipe
flange by using one of the lug bolts of the flange. Where a dielectric main water fitting
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is installed, connect grounding conductor on street side of fitting. Bond metal
grounding conductor conduit or sleeve to conductor at each end.

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water
meters. Connect to pipe with a bolted connector.

3. Bond each aboveground portion of gas piping system downstream from equipment
shutoff valve.

D.  Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; using
electrically conductive coated steel reinforcing bars or rods, at least 20 feet long. If reinforcing
is in multiple pieces, connect together by the usual steel tie wires or exothermic welding to
create the required length.

3.5 FIELD QUALITY CONTROL

A.  Tests and Inspections:

1. After installing grounding system but before permanent electrical circuits have been
energized, test for compliance with requirements.
2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted,

electrical connections with a calibrated torque wrench according to manufacturer's
written instructions.

3. Test completed grounding system at each location where a maximum ground-resistance
level is specified, at service disconnect enclosure grounding terminal. Make tests at
ground rods before any conductors are connected.

a. Measure ground resistance no fewer than two full days after last trace of
precipitation and without soil being moistened by any means other than natural
drainage or seepage and without chemical treatment or other artificial means of
reducing natural ground resistance.

b. Perform tests by fall-of-potential method according to IEEE 81.

B.  Grounding system will be considered defective if it does not pass tests and inspections.
C.  Prepare test and inspection reports.
D.  Report measured ground resistances that exceed the following values:

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.

E.  Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect
promptly and include recommendations to reduce ground resistance.

END OF SECTION 16060
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SECTION 16073

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

A.

1.5

A.

RELATED DOCUMENTS

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

SUMMARY

This Section includes the following:

L. Hangers and supports for electrical equipment and systems.
DEFINITIONS

EMT: Electrical metallic tubing.

IMC: Intermediate metal conduit.

RMC: Rigid metal conduit.

QUALITY ASSURANCE

Comply with NFPA 70.

COORDINATION

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified together with concrete Specifications.

PART 2 - PRODUCTS

2.1

A.

SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

Steel Slotted Support Systems: Comply with MFMA-4, factory-fabricated components for field
assembly.

1. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-
4.

2. Channel Dimensions: Selected for applicable load criteria.

Raceway and Cable Supports: As described in NECA 1 and NECA 101.
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Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and associated
fittings, designed for types and sizes of raceway or cable to be supported.

Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel plates,
shapes, and bars; black and galvanized.

Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their
supports to building surfaces include the following:

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

2. Mechanical-Expansion Anchors: Insert-wedge-type, stainless steel, for use in hardened
portland cement concrete with tension, shear, and pullout capacities appropriate for

supported loads and building materials in which used.

3. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS
Type 18; complying with MFMA-4 or MSS SP-58.

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58, type suitable for
attached structural element.

5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325.
6. Toggle Bolts: All-steel springhead type.

7. Hanger Rods: Threaded steel.

PART 3 - EXECUTION

3.1

A.

32

APPLICATION

Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical
equipment and systems except if requirements in this Section are stricter.

Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for
EMT, IMC, and RMC as scheduled in NECA 1, where its Table 1 lists maximum spacings less
than stated in NFPA 70. Minimum rod size shall be 1/4 inch in diameter.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or
other support system, sized so capacity can be increased by at least 25 percent in future without
exceeding specified design load limits.

Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch and smaller raceways serving branch circuits and communication systems above
suspended ceilings and for fastening raceways to trapeze supports.

SUPPORT INSTALLATION
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A.  Comply with NECA 1 and NECA 101 for installation requirements except as specified in this
Article.

B.  Raceway Support Methods: In addition to methods described in NECA 1, EMT, IMC, and
RMC may be supported by openings through structure members, as permitted in NFPA 70.

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

D.  Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten
electrical items and their supports to building structural elements by the following methods
unless otherwise indicated by code:

1. To Wood: Fasten with lag screws or through bolts.
2. To New Concrete: Bolt to concrete inserts.

3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor
fasteners on solid masonry units.

4. To Existing Concrete: Expansion anchor fasteners.

5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock
washers and nuts may be used in existing standard-weight concrete 4 inches thick or
greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs less than
4 inches thick.

6. To Steel: Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers
and nuts.

7. To Light Steel: Sheet metal screws.

8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets,
panelboards, disconnect switches, control enclosures, pull and junction boxes,
transformers, and other devices on slotted-channel racks attached to substrate by means
that meet seismic-restraint strength and anchorage requirements.

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing
bars.

END OF SECTION 16073
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SECTION 16075

ELECTRICAL IDENTIFICATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A.

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

1.2 SUMMARY

A.

Section Includes:

1. Identification for conductors.

2. Underground-line warning tape.
3. Warning labels and signs.

4. Equipment identification labels.

1.3 QUALITY ASSURANCE

A.
B
C.
D

E.

Comply with ANSI A13.1.

Comply with NFPA 70.

Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
Comply with ANSI Z535.4 for safety signs and labels.

Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks
used by label printers, shall comply with UL 969.

1.4 COORDINATION

A.

C.

Coordinate identification names, abbreviations, colors, and other features with requirements
in other Sections requiring identification applications, Drawings, Shop Drawings,
manufacturer's wiring diagrams, and the Operation and Maintenance Manual; and with those
required by codes, standards, and 29 CFR 1910.145. Use consistent designations throughout
Project.

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

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

PART 2 - PRODUCTS

2.1 CONDUCTOR IDENTIFICATION MATERIALS

A.

Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick
by 1 to 2 inches wide.
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Self-Adhesive, Self-Laminating Polyester Labels: Preprinted, 3-mil- thick flexible label
with acrylic pressure-sensitive adhesive that provides a clear, weather- and chemical-
resistant, self-laminating, protective shield over the legend. Labels sized to fit the conductor
diameter such that the clear shield overlaps the entire printed legend.

Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with
diameter sized to suit diameter of conductor it identifies and to stay in place by gripping
action.

Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve
with diameter sized to suit diameter of conductor it identifies and to stay in place by gripping
action.

Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tube with machine-printed
identification label. Sized to suit diameter of and shrinks to fit firmly around conductor it
identifies. Full shrink recovery at a maximum of 200 deg F. Comply with UL 224.

Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit
identification legend machine printed by thermal transfer or equivalent process.

Write-On Tags: Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable
tie for attachment to conductor or cable.

1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag
manufacturer.
2. Labels for Tags: Self-adhesive label, machine-printed with permanent, waterproof,

black ink recommended by printer manufacturer, sized for attachment to tag.

2.2 UNDERGROUND-LINE WARNING TAPE

A.

B.

Tape:

1. Recommended by manufacturer for the method of installation and suitable to identify
and locate underground electrical utility lines.

2. Printing on tape shall be permanent and shall not be damaged by burial operations.

3. Tape material and ink shall be chemically inert, and not subject to degrading when

exposed to acids, alkalis, and other destructive substances commonly found in soils.

Color and Printing;:
1. Comply with ANSI Z535.1 through ANSI Z535.5.
2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE

2.3  WARNING LABELS AND SIGNS

A.

B.

Comply with NFPA 70 and 29 CFR 1910.145.

Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive
labels, configured for display on front cover, door, or other access to equipment unless
otherwise indicated.
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2.4 INSTRUCTION SIGNS

A.

Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process.
Minimum letter height shall be 3/8 inch.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

B.

Verify identity of each item before installing identification products.

Location: Install identification materials and devices at locations for most convenient
viewing without interference with operation and maintenance of equipment.

Apply identification devices to surfaces that require finish after completing finish work.

Self-Adhesive Identification Products: Clean surfaces before application, using materials and
methods recommended by manufacturer of identification device.

Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners
appropriate to the location and substrate.

Underground-Line Warning Tape: During backfilling of trenches install continuous
underground-line warning tape directly above line at 6 to 8 inches below finished grade. Use
multiple tapes where width of multiple lines installed in a common trench exceeds 16 inches
overall.

3.2 IDENTIFICATION SCHEDULE

A.  Accessible Raceways and Cables within Buildings: Identify the covers of each junction and
pull box of the following systems with self-adhesive vinyl labels with the wiring system
legend and system voltage.

B. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and
junction boxes, manholes, and handholes, use color-coding conductor tape to identify the
phase.

1. Color-Coding for Phase Identification, 600 V or Less: Use colors listed below for
ungrounded feeder and branch-circuit conductors.

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG,
if authorities having jurisdiction permit.

b. Colors for 208/120-V Circuits:

1)  Phase A: Black.
2) Phase B: Red.
3) Phase C: Blue.

c. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a
minimum distance of 6 inches from terminal points and in boxes where splices
or taps are made. Apply last two turns of tape with no tension to prevent
possible unwinding. Locate bands to avoid obscuring factory cable markings.

C.  Install instructional sign including the color-code for grounded and ungrounded conductors
using adhesive-film-type labels.
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Locations of Underground Lines: Identify with underground-line warning tape for power,

lighting, communication, and control wiring and optical fiber cable.

1. Install underground-line warning tape for both direct-buried cables and cables in
raceway.

Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-
adhesive warning labels.
1. Comply with 29 CFR 1910.145.
2. Identify system voltage with black letters on an orange background.
3. Apply to exterior of door, cover, or other access.
4. For equipment with multiple power or control sources, apply to door or cover of
equipment including, but not limited to, the following:
a. Power transfer switches.
b. Controls with external control power connections.

Operating Instruction Signs: Install instruction signs to facilitate proper operation and
maintenance of electrical systems and items to which they connect. Install instruction signs
with approved legend where instructions are needed for system or equipment operation.

END OF SECTION 16075
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SECTION 16120
CONDUCTORS AND CABLES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Building wires and cables rated 600 V and less.
2. Connectors, splices, and terminations rated 600 V and less.

PART 2 - PRODUCTS
2.1 CONDUCTORS AND CABLES
A. Copper Conductors: Comply with NEMA WC 70/ICEA S-95-658.

B.  Conductor Insulation: Comply with NEMA WC 70/ICEA S-95-658 for Type THHN-2-
THWN-2.

C.  Multiconductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for metal-clad cable,
Type MC with ground wire.

2.2 CONNECTORS AND SPLICES

A.  Description: Factory-fabricated connectors and splices of size, ampacity rating, material,
type, and class for application and service indicated.

2.3 SYSTEM DESCRIPTION

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

B.  Comply with NFPA 70.
PART 3 - EXECUTION
3.1 CONDUCTOR MATERIAL APPLICATIONS
A.  Feeders: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

B.  Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and
larger.
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3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND

WIRING METHODS

A.  Exposed Feeders: Type THHN-2-THWN-2, single conductors in raceway.

B.  Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN-2-THWN-
2, single conductors in raceway.

C.  Exposed Branch Circuits, Including in Crawlspaces: Type THHN-2-THWN-2, single
conductors in raceway.

D.  Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN-2-THWN-2,
single conductors in raceway.

E. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:

Type THHN-2-THWN-2, single conductors in raceway.

3.3 INSTALLATION OF CONDUCTORS AND CABLES

A.

B.

F.

Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

Complete raceway installation between conductor and cable termination points according to
Section 16130 "Raceways and Boxes" prior to pulling conductors and cables.

Use manufacturer-approved pulling compound or lubricant where necessary; compound used
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended

maximum pulling tensions and sidewall pressure values.

Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that
will not damage cables or raceway.

Install exposed cables parallel and perpendicular to surfaces of exposed structural members,
and follow surface contours where possible.

Support cables according to Section 16073 "Hangers and Supports for Electrical Systems."

3.4 CONNECTIONS

A.  Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in
UL 486A-486B.

B.  Make splices, terminations, and taps that are compatible with conductor material[ and that
possess equivalent or better mechanical strength and insulation ratings than unspliced
conductors].

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors.

C.  Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack.
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3.5 IDENTIFICATION

A.  Identify and color-code conductors and cables according to Section 16075 "Electrical
Identification."

B.  Identify each spare conductor at each end with identity number and location of other end of
conductor, and identify as spare conductor.

END OF SECTION 16120
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SECTION 16130
RACEWAYS AND BOXES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Metal conduits, tubing, and fittings.
2. Boxes, enclosures, and cabinets.

1.3 DEFINITIONS
A.  GRC: Galvanized rigid steel conduit.
B.  IMC: Intermediate metal conduit.
PART 2 - PRODUCTS
2.1 METAL CONDUITS, TUBING, AND FITTINGS
A.  Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended location and
application.

GRC: Comply with ANSI C80.1 and UL 6.

IMC: Comply with ANSI C80.6 and UL 1242.

S a0 =

EMT: Comply with ANSI C80.3 and UL 797.

e

Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.
1. Fittings for EMT:

a. Material: die cast.

b. Type: Setscrew or compression.

F. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities
having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and
protect threaded conduit joints from corrosion and to enhance their conductivity.

2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS

A.  Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended location and
application.
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23

RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise
indicated.

Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.

Coilable HDPE: Preassembled with conductors or cables, and complying with
ASTM D 3485.

Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less,
respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Solvent cements and adhesive primers shall comply with the testing and product
requirements of the California Department of Health Services' "Standard Practice for the
Testing of Volatile Organic Emissions from Various Sources Using Small-Scale
Environmental Chambers."

METAL WIREWAYS AND AUXILIARY GUTTERS

Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 for interior, Type 3R
for exterior unless otherwise indicated, and sized according to NFPA 70.

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters,
hold-down straps, end caps, and other fittings to match and mate with wireways as required for
complete system.

Wireway Covers: Screw-cover type unless otherwise indicated.

Finish: Manufacturer's standard enamel finish.

24 BOXES, ENCLOSURES, AND CABINETS

A. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets
installed in wet locations shall be listed for use in wet locations.

B.  Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.

C.  Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD,
with gasketed cover.

D. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

E. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773,
galvanized, cast iron with gasketed cover.

F. Box extensions used to accommodate new building finishes shall be of same material as
recessed box.

G.  Device Box Dimensions: 4 inches square by 2-1/8 inches deep.
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PART 3 - EXECUTION

3.1 RACEWAY APPLICATION

A.

F.

G.

Outdoors: Apply raceway products as specified below unless otherwise indicated:
1. Exposed Conduit: GRC or IMC.

2. Concealed Conduit, Aboveground: GRC or IMC.

3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried.

4. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.

Indoors: Apply raceway products as specified below unless otherwise indicated:
Exposed, Not Subject to Physical Damage: EMT.

Exposed, Not Subject to Severe Physical Damage: EMT.

Exposed and Subject to Severe Physical Damage: GRC or IMC.
Concealed in Ceilings and Interior Walls and Partitions: EMT.

Damp or Wet Locations: GRC or IMC.

Boxes and Enclosures: NEMA 250, Type 1.

ANl S e

Minimum Raceway Size: 3/4-inch trade size.

Raceway Fittings: Compatible with raceways and suitable for use and location.

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless
otherwise indicated. Comply with NEMA FB 2.10.

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this

type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after

installing conduits and fittings. Use sealant recommended by fitting manufacturer and

apply in thickness and number of coats recommended by manufacturer.

EMT: Use setscrew or compression, cast-metal fittings. Comply with NEMA FB 2.10.

4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with
NEMA FB 2.20.

W

Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
Install surface raceways only where indicated on Drawings.

Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

3.2 INSTALLATION

A. Comply with NECA 1 and NECA 101 for installation requirements except where
requirements on Drawings or in this article are stricter. Comply with NECA 102 for
aluminum conduits. Comply with NFPA 70 limitations for types of raceways allowed in
specific occupancies and number of floors.

B.  Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water
pipes. Install horizontal raceway runs above water and steam piping.

C. Complete raceway installation before starting conductor installation.

D.  Comply with requirements in Section 16073 "Hangers and Supports for Electrical Systems"
for hangers and supports.
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E.  Arrange stub-ups so curved portions of bends are not visible above finished slab.

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for
control wiring conduits, for which fewer bends are allowed. Support within 12 inches of
changes in direction.

G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise
indicated. Install conduits parallel or perpendicular to building lines.

H.  Support conduit within 12 inches of enclosures to which attached.

L Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply
listed compound to threads of raceway and fittings before making up joints. Follow
compound manufacturer's written instructions.

J. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating
bushings to protect conductors including conductors smaller than No. 4 AWG.

K.  Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of
boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated
throat metal bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts.
Install insulated throat metal grounding bushings on service conduits.

L. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install
locknuts hand tight plus 1/4 turn more.

M. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings
in the locknut area prior to assembling conduit to enclosure to assure a continuous ground
path.

N.  Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use roll
cutter or a guide to make cut straight and perpendicular to the length.

O.  Comply with manufacturer's written instructions for solvent welding RNC and fittings.

P. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches of
flexible conduit for recessed and semirecessed luminaires, equipment subject to vibration,
noise transmission, or movement; and for transformers and motors.

1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

Q.  Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not
individually indicated, give priority to ADA requirements. Install boxes with height
measured to center of box unless otherwise indicated.

R.  Horizontally separate boxes mounted on opposite sides of walls so they are not in the same
vertical channel.

S. Locate boxes so that cover or plate will not span different building finishes.
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Support boxes of three gangs or more from more than one side by spanning two framing
members or mounting on brackets specifically designed for the purpose.

Fasten junction and pull boxes to or support from building structure. Do not support boxes
by conduits.

3.3 INSTALLATION OF UNDERGROUND CONDUIT

A.

Direct-Buried Conduit:

1.
2.

Excavate trench bottom to provide firm and uniform support for conduit.
After installing conduit, backfill and compact. Start at tie-in point, and work toward
end of conduit run, leaving conduit at end of run free to move with expansion and
contraction as temperature changes during this process. Firmly hand tamp backfill
around conduit to provide maximum supporting strength. After placing controlled
backfill to within 12 inches of finished grade, make final conduit connection at end of
run and complete backfilling with normal compaction.

Install manufactured duct elbows for stub-ups at poles and equipment and at building

entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts

throughout length of elbow.

Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment

and at building entrances through floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and
encase coupling with 3 inches of concrete for a minimum of 12 inches on each
side of the coupling.

b. For stub-ups at equipment mounted on outdoor concrete bases and where
conduits penetrate building foundations, extend steel conduit horizontally a
minimum of 60 inches from edge of foundation or equipment base. Install
insulated grounding bushings on terminations at equipment.

Underground Warning Tape: Comply with requirements in Section 16075 "Electrical

Identification."”

3.4 PROTECTION

A.

Protect coatings, finishes, and cabinets from damage and deterioration.

1.

Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.

END OF SECTION 16130
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SECTION 16140
WIRING DEVICES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Receptacles, receptacles with integral GFCI, and associated device plates.
2. Snap switches.

1.3 DEFINITIONS

A.  EMI: Electromagnetic interference.

B.  GFCI: Ground-fault circuit interrupter.

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

A.  Product Data: For each type of product.

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

PART 2 - PRODUCTS
2.1  MANUFACTURERS

A.  Manufacturers' Names: Shortened versions (shown in parentheses) of the following
manufacturers' names are used in other Part 2 articles:
1. Cooper Wiring Devices; Division of Cooper Industries, Inc. (Cooper).
2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
3. Leviton Mfg. Company Inc. (Leviton).
4. Pass & Seymour/Legrand (Pass & Seymour).

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

2.2 GENERAL WIRING-DEVICE REQUIREMENTS

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

C.  Devices that are manufactured for use with modular plug-in connectors may be substituted
under the following conditions:
1. Connectors shall comply with UL 2459 and shall be made with stranding building

wire.
2. Devices shall comply with the requirements in this Section.
2.3  STRAIGHT-BLADE RECEPTACLES
A. Convenience Receptacles, 125V, 20 A: Comply with NEMA WD 1, NEMA WD 6
Configuration 5-20R, UL 498, and FS W-C-596.
1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper; 5351 (single), CR5362 (duplex).
b. Hubbell; HBL5351 (single), HBL5352 (duplex).
c. Leviton; 5891 (single), 5352 (duplex).
d. Pass & Seymour; 5361 (single), 5362 (duplex).
24 GFCIRECEPTACLES
A.  General Description:
1. Straight blade, feed-through type.
2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-
596.
3. Include indicator light that shows when the GFCI has malfunctioned and no longer
provides proper GFCI protection.
B.  Duplex GFCI Convenience Receptacles, 125 V, 20 A:
1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper; VGF20.
b. Hubbell; GFR5352L.
c. Pass & Seymour; 2095.
d. Leviton; 7590.
2.5 TOGGLE SWITCHES
A.  Comply with NEMA WD 1, UL 20, and FS W-S-896.
B. Switches, 120/277 V, 20 A:
1. Products: Subject to compliance with requirements, provide one of the following:
1) Single Pole:
a) Cooper; AH1221.
b) Hubbell; HBL1221.
c) Leviton; 1221-2.
d) Pass & Seymour; CSB20ACI.
2) Three Way:
a) Cooper; AH1223.
b)  Hubbell; HBL1223.
c) Leviton; 1223-2.
d) Pass & Seymour; CSB20AC3.
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2.1 WALL PLATES
A.  Single and combination types shall match corresponding wiring devices.

1. Plate-Securing Screws: Metal with head color to match plate finish.

2. Material for Finished Spaces: Smooth, white high-impact thermoplastic.

3. Material for Unfinished Spaces (Garage): 0.035-inch- (1-mm-) thick, satin-finished,
Type 302 stainless steel.

4. Material for Damp Locations: Cast aluminum with spring-loaded lift cover, and listed
and labeled for use in wet and damp locations.

2.2 FINISHES

A. Device Color:

1. Wiring Devices Connected to Normal Power System:
a. Finished Spaces
1) White unless otherwise indicated or required by NFPA 70 or device
listing.

b. Unfinished Spaces (Garage) and Damp Locations
1)  Grey unless otherwise indicated or required by NFPA 70 or device
listing.

PART 3 - EXECUTION

3.1 INSTALLATION

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

B.  Coordination with Other Trades:
1. Protect installed devices and their boxes. Do not place wall finish materials over
device boxes and do not cut holes for boxes with routers that are guided by riding
against outside of boxes.

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete,
dust, paint, and other material that may contaminate the raceway system, conductors,
and cables.

3. Install device boxes in brick or block walls so that the cover plate does not cross a
joint unless the joint is troweled flush with the face of the wall.

4. Install wiring devices after all wall preparation, including painting, is complete.

C.  Conductors:

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

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

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

4, Existing Conductors:

a. Cut back and pigtail, or replace all damaged conductors.
b. Straighten conductors that remain and remove corrosion and foreign matter.
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H.

c. Pigtailing existing conductors is permitted, provided the outlet box is large
enough.

Device Installation:

1. Replace devices that have been in temporary use during construction and that were
installed before building finishing operations were complete.

2. Keep each wiring device in its package or otherwise protected until it is time to
connect conductors.

3. Do not remove surface protection, such as plastic film and smudge covers, until the
last possible moment.

4. Connect devices to branch circuits using pigtails that are not less than 6 inches in
length.

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid
conductor tightly clockwise, two-thirds to three-fourths of the way around terminal
SCrew.

6. Use a torque screwdriver when a torque is recommended or required by manufacturer.

7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice
No. 12 AWG pigtails for device connections.

8. Tighten unused terminal screws on the device.

9. When mounting into metal boxes, remove the fiber or plastic washers used to hold
device-mounting screws in yokes, allowing metal-to-metal contact.

Receptacle Orientation:
1. Install ground pin of vertically mounted receptacles down, and on horizontally
mounted receptacles to the right.

Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount
outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.

Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension
vertical and with grounding terminal of receptacles on top. Group adjacent switches under
single, multigang wall plates.

Adjust locations of floor service outlets and service poles to suit arrangement of partitions
and furnishings.

3.2 GFCIRECEPTACLES

A.

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

3.3 IDENTIFICATION

A.  Comply with Section 16075 "Electrical Identification."

B.  Identify each receptacle with panelboard identification and circuit number. Use hot,
stamped, or engraved machine printing with black-filled lettering on face of plate, and
durable wire markers or tags inside outlet boxes.
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3.4 FIELD QUALITY CONTROL

A.

B.

Tests for Convenience Receptacles:

1.
2.

kW

Line Voltage: Acceptable range is 105 to 132 V.

Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is
unacceptable.

Ground Impedance: Values of up to 2 ohms are acceptable.

GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.

Using the test plug, verify that the device and its outlet box are securely mounted.
Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit
breaker, poor connections, inadequate fault current path, defective devices, or similar
problems. Correct circuit conditions, remove malfunctioning units and replace with
new ones, and retest as specified above.

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

END OF SECTION 16140
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SECTION 16145

LIGHTING CONTROL DEVICES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A.

1.2 SUMMARY

A.

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

Section Includes:

1.

Indoor occupancy sensors.

1.3 ACTION SUBMITTALS

A.

B.

Product Data: For each type of product.

Shop Drawings: Show installation details for occupancy and light-level sensors.

1.
2.

Interconnection diagrams showing field-installed wiring.
Include diagrams for power, signal, and control wiring.

PART 2 - PRODUCTS

2.1 INDOOR OCCUPANCY SENSORS

A.

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

1.

As identified in lighting controls schedules on construction drawings.

General Requirements for Sensors: Wall- or ceiling-mounted, solid-state indoor occupancy
sensors with a separate power pack.

L.

2.

Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked

for intended location and application.

Operation: Unless otherwise indicated, turn lights on when coverage area is occupied,

and turn them off when unoccupied; with a time delay for turning lights off, adjustable

over a minimum range of 1 to 15 minutes.

Sensor Output: Contacts rated to operate the connected relay, complying with

UL 773A. Sensor is powered from the power pack.

Power Pack: Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A

tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor has 24-V dc, 150-mA, Class 2

power source, as defined by NFPA 70.

Mounting:

a. Sensor: Suitable for mounting in any position on a standard outlet box.

b. Relay: Externally mounted through a 1/2-inch knockout in a standard electrical
enclosure.

c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind
hinged door.
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Indicator: Digital display, to show when motion is detected during testing and normal
operation of sensor.

Bypass Switch: Override the "on" function in case of sensor failure.

Automatic Light-Level Sensor: Adjustable from 2 to 200 fc; turn lights off when
selected lighting level is present.

Ultrasonic Type: Ceiling mounted; detect occupants in coverage area through pattern
changes of reflected ultrasonic energy .

1.

Detector Sensitivity: Detect a person of average size and weight moving not less than
12 inches in either a horizontal or a vertical manner at an approximate speed of 12
inches/s.

Detection Coverage (Small Room): Detect occupancy anywhere within a circular area
of 600 sq. ft. when mounted on a 96-inch- high ceiling.

Detection Coverage (Standard Room): Detect occupancy anywhere within a circular
area of 1000 sq. ft. when mounted on a 96-inch- high ceiling.

Detection Coverage (Large Room): Detect occupancy anywhere within a circular area
of 2000 sq. ft. when mounted on a 96-inch- high ceiling.

Detection Coverage (Corridor): Detect occupancy anywhere within 90 feet when
mounted on a 10-foot- high ceiling in a corridor not wider than 14 feet.

Dual-Technology Type: Ceiling mounted; detect occupants in coverage area using PIR and
ultrasonic detection methods. The particular technology or combination of technologies that
control on-off functions is selectable in the field by operating controls on unit.

1.
2.

Sensitivity Adjustment: Separate for each sensing technology.

Detector Sensitivity: Detect occurrences of 6-inch- minimum movement of any
portion of a human body that presents a target of not less than 36 sq. in., and detect a
person of average size and weight moving not less than 12 inches in either a
horizontal or a vertical manner at an approximate speed of 12 inches/s.

Detection Coverage (Standard Room): Detect occupancy anywhere within a circular
area of 1000 sq. ft. when mounted on a 96-inch- high ceiling.

2.2 SWITCHBOX-MOUNTED OCCUPANCY SENSORS

A.  Manufacturers: Subject to compliance with requirements, provide products by the following:
1. Cooper Industries, Inc.
2. Hubbell Building Automation, Inc.
3. Leviton Manufacturing Co., Inc.
4, Sensor Switch, Inc.
5. Watt Stopper.
B. General Requirements for Sensors: Automatic-wall-switch occupancy sensor, suitable for
mounting in a single gang switchbox.
1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked
for intended location and application.
2. Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F.
3. Switch Rating: Not less than 800-VA fluorescent at 120 V, 1200-VA fluorescent at
277 V, and 800-W incandescent.
C.  Wall-Switch Sensor:
1. Standard Range: 180-degree field of view, field adjustable from 180 to 40 degrees;
with a minimum coverage area of 900 sq. ft..
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Sensing Technology: PIR.

Switch Type: SP.

Voltage: Match the circuit voltage.

Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes.
Concealed "off" time-delay selector at 30 seconds, and 5, 10, and 20 minutes.

ANl

2.3  CONDUCTORS AND CABLES

A.

Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12
AWG. Comply with requirements in Section 16120 "Conductors and Cables."

Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not
smaller than No. 18 AWG. Comply with requirements in Section 16120 "Conductors and
Cables."

Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller
than No. 18 AWG. Comply with requirements in Section 16120 "Conductors and Cables."

PART 3 - EXECUTION

3.1 SENSOR INSTALLATION

A.

Coordinate layout and installation of ceiling-mounted devices with other construction that
penetrates ceilings or is supported by them, including light fixtures, HVAC equipment,
smoke detectors, fire-suppression systems, and partition assemblies.

Install and aim sensors in locations to achieve not less than 90 percent coverage of areas
indicated. Do not exceed coverage limits specified in manufacturer's written instructions.

3.2  CONTACTOR INSTALLATION

A.

Mount electrically held lighting contactors with elastomeric isolator pads to eliminate
structure-borne vibration, unless contactors are installed in an enclosure with factory-
installed vibration isolators.

3.3 WIRING INSTALLATION

A.

Wiring Method: Comply with Section 16120 "Conductors and Cables." Minimum conduit
size is 1/2 inch.

Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-
limited conductors according to conductor manufacturer's written instructions.

Size conductors according to lighting control device manufacturer's written instructions
unless otherwise indicated.

Splices, Taps, and Terminations: Make connections only on numbered terminal strips in
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.
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3.4 IDENTIFICATION

A.  Identify components and power and control wiring according to Section 16075 "Electrical

Identification."
1. Identify controlled circuits in lighting contactors.
2. Identify circuits or luminaires controlled by photoelectric and occupancy sensors at

each sensor.
B.  Label time switches and contactors with a unique designation.
3.5 FIELD QUALITY CONTROL

A.  Perform the following tests and inspections:

L. Operational Test: After installing time switches and sensors, and after electrical
circuitry has been energized, start units to confirm proper unit operation.
2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls

and equipment.

B.  Lighting control devices will be considered defective if they do not pass tests and
inspections.

END OF SECTION 16145
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SECTION 16410

ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1  RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section Includes:
1. Fusible switches.
2. Non fusible switches.
3. Enclosures.
1.3 ACTION SUBMITTALS
A.  Product Data: For each type of enclosed switch, circuit breaker, accessory, and component
indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical
data on features, performance, electrical characteristics, ratings, accessories, and finishes.
1. Enclosure types and details for types other than NEMA 250, Type 1.
2. Current and voltage ratings.
3. Short-circuit current ratings (interrupting and withstand, as appropriate).
4. Include evidence of NRTL listing for series rating of installed devices.
5. Detail features, characteristics, ratings, and factory settings of individual overcurrent
protective devices, accessories, and auxiliary components.
B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations,
sections, details, and attachments to other work.
1. Wiring Diagrams: For power, signal, and control wiring.
1.4 QUALITY ASSURANCE
A.  Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective
devices, components, and accessories, within same product category, from single source
from single manufacturer.
B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and application.
C.  Comply with NFPA 70.
1.5 COORDINATION
A.  Coordinate layout and installation of switches, circuit breakers, and components with
equipment served and adjacent surfaces. Maintain required workspace clearances and
required clearances for equipment access doors and panels.
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PART 2 - PRODUCTS

2.1 FUSIBLE SWITCHES

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

following:

1 Eaton.

2 General Electric Company.

3. Siemens Industry, Inc.

4 Square D; by Schneider Electric.

B.  Type HD, Heavy Duty, Single Throw, 240-V ac, 1200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate indicated fuses,
lockable handle with capability to accept three padlocks, and interlocked with cover in
closed position.

C.  Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum
ground conductors.

2. Lugs: Mechanical type, suitable for number, size, and conductor material.

3. Service-Rated Switches: Labeled for use as service equipment.

2.2 NONFUSIBLE SWITCHES

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

following:

I. Eaton.

2. General Electric Company.

3. Siemens Industry, Inc.

4. Square D; by Schneider Electric.

B.  Type HD, Heavy Duty, Single Throw, 240-V ac, 1200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks,
and interlocked with cover in closed position.

C.  Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum
ground conductors.
2. Lugs: Mechanical type, suitable for number, size, and conductor material.

2.3  ENCLOSURES

A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and
UL 50, to comply with environmental conditions at installed location.
1. Indoor, Dry and Clean Locations: NEMA 250, Type 1.
2. Outdoor Locations: NEMA 250, Type 3R.
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PART 3 - EXECUTION

3.1 EXAMINATION

A.

B.

Examine elements and surfaces to receive enclosed switches and circuit breakers for
compliance with installation tolerances and other conditions affecting performance of the
Work.

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A.

D.

E.

Install individual wall-mounted switches and circuit breakers with tops at uniform height
unless otherwise indicated.

Comply with mounting and anchoring requirements specified in Section 16074 "Seismic
Controls for Electrical Systems."

Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and
temporary blocking of moving parts from enclosures and components.

Install fuses in fusible devices.

Comply with NECA 1.

3.3 IDENTIFICATION

A.

Comply with requirements in Section 16075 "Electrical Identification."

1. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.
2. Label each enclosure with engraved metal or laminated-plastic nameplate.

3.4 FIELD QUALITY CONTROL

A.  Acceptance Testing Preparation:
1. Test insulation resistance for each enclosed switch and circuit breaker, component,
connecting supply, feeder, and control circuit.
2. Test continuity of each circuit.
B.  Tests and Inspections:
L. Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.
2. Correct malfunctioning units on-site, where possible, and retest to demonstrate
compliance; otherwise, replace with new units and retest.
C.  Enclosed switches and circuit breakers will be considered defective if they do not pass tests
and inspections.
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3.5 ADJUSTING

A.  Adjust moving parts and operable components to function smoothly, and lubricate as
recommended by manufacturer.

END OF SECTION 16410
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SECTION 16442
PANELBOARDS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A.  Section Includes:
1. Distribution panelboards.
2. Lighting and appliance branch-circuit panelboards.
3. Disconnecting and overcurrent protective devices.

1.3 ACTION SUBMITTALS

A.  Product Data: For each type of panelboard, switching and overcurrent protective device,
transient voltage suppression device, accessory, and component indicated. Include dimensions
and manufacturers' technical data on features, performance, electrical characteristics, ratings,
and finishes.

B.  Shop Drawings: For each panelboard and related equipment.
1. Include dimensioned plans, elevations, sections, and details. Show tabulations of installed
devices, equipment features, and ratings.
2. Detail enclosure types and details for types other than NEMA 250, Type 1.
3. Detail bus configuration, current, and voltage ratings.

1.4 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For panelboards and components to include in emergency,
operation, and maintenance manuals. In addition to items specified in Section 01782 "Operation
and Maintenance Data," include the following:

1. Manufacturer's written instructions for testing and adjusting overcurrent protective
devices.
2. Time-current curves, including selectable ranges for each type of overcurrent protective

device that allows adjustments.
1.5 QUALITY ASSURANCE

A. Source Limitations: Obtain panelboards, overcurrent protective devices, components, and
accessories from single source from single manufacturer.

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

C.  Comply with NEMA PB 1.
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D.

1.6

Comply with NFPA 70.

COORDINATION

Coordinate layout and installation of panelboards and components with other construction that
penetrates walls or is supported by them, including electrical and other types of equipment,
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces.
Maintain required workspace clearances and required clearances for equipment access doors
and panels.

PART 2 - PRODUCTS

2.1  GENERAL REQUIREMENTS FOR PANELBOARDS
A.  Enclosures: Surface-mounted cabinets.
I. Rated for environmental conditions at installed location.

a. Indoor Dry and Clean Locations: NEMA 250, Type 1.

b. Outdoor Locations: NEMA 250, Type 3R.

2. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match
box dimensions; for flush-mounted fronts, overlap box.
3. Finishes:

a. Panels and Trim: Steel and galvanized steel, factory finished immediately after
cleaning and pretreating with manufacturer's standard two-coat, baked-on finish
consisting of prime coat and thermosetting topcoat.

b. Back Boxes: Same finish as panels and trim.

4. Directory Card: Inside panelboard door, mounted in transparent card holder.
B. Phase, Neutral, and Ground Buses:
1. Material: Tin-plated aluminum.
2. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding
conductors; bonded to box.
C.  Conductor Connectors: Suitable for use with conductor material and sizes.
1. Material: Tin-plated aluminum.
2. Main and Neutral Lugs: Mechanical type.
3. Ground Lugs and Bus-Configured Terminators: Mechanical type.
D.  Service Equipment Label: NRTL labeled for use as service equipment for panelboards or load
centers with one or more main service disconnecting and overcurrent protective devices.
2.2 Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit
current available at terminals.
2.3 DISTRIBUTION PANELBOARDS
A.  Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Eaton.
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2.4

2. General Electric Company; GE Energy Management - Electrical Distribution.
3. Siemens Energy.

4. Square D; by Schneider Electric.

Panelboards: NEMA PB 1, power and feeder distribution type.

Doors: Secured with vault-type latch with tumbler lock; keyed alike.

1. For doors more than 36 inches high, provide two latches, keyed alike.

Mains: Circuit breaker.

Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller:
Plug-in circuit breakers.

Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A:
Bolt-on circuit breakers; plug-in circuit breakers where individual positive-locking device
requires mechanical release for removal.

Branch Overcurrent Protective Devices: Fused switches.

Contactors in Main Bus: NEMA ICS 2, Class A, mechanically held, general-purpose controller,
with same short-circuit interrupting rating as panelboard.

1. Internal Control-Power Source: Control-power transformer, with fused primary and
secondary terminals, connected to main bus ahead of contactor connection.
2. External Control-Power Source: 120-V branch circuit.

LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

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

1. Eaton.

2. General Electric Company; GE Energy Management - Electrical Distribution.
3. Siemens Energy.

4. Square D; by Schneider Electric.

Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without
disturbing adjacent units.

Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.

2.5 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
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2.
3.
4.

General Electric Company; GE Consumer & Industrial - Electrical Distribution.
Siemens Energy & Automation, Inc.
Square D; a brand of Schneider Electric.

B.  Molded-Case Circuit Breaker (MCCB): Comply with UL 489, with interrupting capacity to
meet available fault currents.

1.

Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level
overloads, and instantaneous magnetic trip element for short circuits. Adjustable
magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

GFCI Circuit Breakers: Single- and two-pole configurations with Class A ground-fault
protection (6-mA trip).

Molded-Case Circuit-Breaker (MCCB) Features and Accessories:

a.
b.

Standard frame sizes, trip ratings, and number of poles.

Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor
materials.

Application Listing: Appropriate for application; Type SWD for switching
fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity
discharge (HID) lighting circuits.

Handle Padlocking Device: Fixed attachment, for locking circuit-breaker handle in
on or off position.

Handle Clamp: Loose attachment, for holding circuit-breaker handle in on
position.

PART 3 - EXECUTION

3.1  EXAMINATION

A. Receive, inspect, handle, and store panelboards according to NECA 407.

B.  Examine panelboards before installation. Reject panelboards that are damaged or rusted or have
been subjected to water saturation.

C. Examine elements and surfaces to receive panelboards for compliance with installation
tolerances and other conditions affecting performance of the Work.

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

3.2 INSTALLATION

A.  Install panelboards and accessories according to NECA 407.

B.  Mount panelboard cabinet plumb and rigid without distortion of box. Mount recessed
panelboards with fronts uniformly flush with wall finish and mating with back box.

C.  Install filler plates in unused spaces.

D.  Arrange conductors in gutters into groups and bundle and wrap with wire ties.

E. Comply with NECA 1.
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3.3 IDENTIFICATION

A.  Identify field-installed conductors, interconnecting wiring, and components; provide warning
signs complying with Section 16075 "Electrical Identification."

B.  Create a directory to indicate installed circuit loads; incorporate Owner's final room
designations. Obtain approval before installing. Use a computer or typewriter to create
directory; handwritten directories are not acceptable.

C.  Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements
for identification specified in Section 16075 "Electrical Identification."

34 ADJUSTING

A.  Adjust moving parts and operable component to function smoothly, and lubricate as
recommended by manufacturer.

END OF SECTION 16442

03/21/2023 PANELBOARDS
16442-5



SECTION 16511

LED LIGHTING

PART 1 - PART 1 - GENERAL

1.1  RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section Includes:
1. Interior solid-state luminaires that use LED technology.
2. Lighting fixture supports.
B.  Related Requirements:

1. Section 260923"Lighting Control Devices" for automatic control of lighting,
including time switches, photoelectric relays, occupancy sensors, and multipole
lighting relays and contactors.

1.3 DEFINITIONS

A.  CCT: Correlated color temperature.

B.  CRI: Color Rendering Index.

C.  Fixture: See "Luminaire."

D.  IP: International Protection or Ingress Protection Rating.

E.  LED: Light-emitting diode.

F. Lumen: Measured output of lamp and luminaire, or both.

G.  Luminaire: Complete lighting unit, including lamp, reflector, and housing.
1.4 ACTION SUBMITTALS

A.  Product Data: For each type of product.

1. Arrange in order of luminaire designation.

2. Include data on features, accessories, and finishes.

3. Include physical description and dimensions of luminaires.

4. Include emergency lighting units, including batteries and chargers.

5. Include life, output (lumens, CCT, and CRI), and energy efficiency data.

6. Photometric data and adjustment factors based on laboratory tests, complying with
IESNA Lighting Measurements Testing and Calculation Guides, of each lighting

03/21/2023 LED LIGHTING

16511-1



B.

fixture type. The adjustment factors shall be for lamps and accessories identical to

those indicated for the lighting fixture as applied in this Project.

a. Manufacturers' Certified Data: Photometric data certified by manufacturer's
laboratory with a current accreditation under the National Voluntary Laboratory
Accreditation Program for Energy Efficient Lighting Products.

b. Testing Agency Certified Data: For indicated luminaires, photometric data
certified by a qualified independent testing agency. Photometric data for
remaining luminaires shall be certified by manufacturer.

Shop Drawings: For nonstandard or custom luminaires.

1.
2.

3.

Include plans, elevations, sections, and mounting and attachment details.

Include details of luminaire assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

Include diagrams for power, signal, and control wiring.

1.5 CLOSEOUT SUBMITTALS

A.

Operation and Maintenance Data: For luminaires and lighting systems to include in
operation and maintenance manuals.

1.

Provide a list of all lamp types used on Project; use ANSI and manufacturers' codes.

1.6 QUALITY ASSURANCE

A.

Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's
laboratory that is accredited under the NVLAP for Energy Efficient Lighting Products.

Luminaire Photometric Data Testing Laboratory Qualifications: Provided by an independent
agency, with the experience and capability to conduct the testing indicated, that is an NRTL
as defined by OSHA in 29 CFR 1910.7, accredited under the NVLAP for Energy Efficient
Lighting Products, and complying with the applicable IES testing standards.

Provide luminaires from a single manufacturer for each luminaire type.

Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color
consistency among luminaires.

Mockups: For interior lighting luminaires in room or module mockups, complete with power
and control connections.

1.
2.

3.

Obtain Architect's approval of luminaires in mockups before starting installations.
Maintain mockups during construction in an undisturbed condition as a standard for
judging the completed Work.

Approval of mockups does not constitute approval of deviations from the Contract
Documents contained in mockups unless Architect specifically approves such
deviations in writing.

Subject to compliance with requirements, approved mockups may become part of the
completed Work if undisturbed at time of Substantial Completion.

03/21/2023

LED LIGHTING
16511-2



1.7 DELIVERY, STORAGE, AND HANDLING

A.  Protect finishes of exposed surfaces by applying a strippable, temporary protective covering
before shipping.

1.8  WARRANTY

A.  Warranty: Manufacturer and Installer agree to repair or replace components of luminaires
that fail in materials or workmanship within specified warranty period.

B.  Warranty Period: Five year(s) from date of Substantial Completion.
PART 2 - PRODUCTS
2.1  LUMINAIRE REQUIREMENTS

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

B. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for
indicated class and division of hazard by an NRTL.

C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for
indicated class and division of hazard by FM Global.

D.  Recessed Fixtures: Comply with NEMA LE 4.

E. Bulb shape complying with ANSI C79.1.

F. Lamp base complying with ANSI C81.61 or IEC 60061-1.

G.  CRI of minimum 80. CCT of 4100 K.

H. Rated lamp life of 50,000 hours.

I Lamps dimmable from 100 percent to 0 percent of maximum light output.
J. Internal driver.

K.  Nominal Operating Voltage: 120 V ac.

1. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.
L. Housings:

1. Extruded-aluminum housing and heat sink.

2. Clear powder-coat painted finish.

2.2 MATERIALS

A.  Metal Parts:
1. Free of burrs and sharp corners and edges.
2. Sheet metal components shall be steel unless otherwise indicated.
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3. Form and support to prevent warping and sagging.

B.  Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under
operating conditions, and designed to permit relamping without use of tools. Designed to
prevent doors, frames, lenses, diffusers, and other components from falling accidentally
during relamping and when secured in operating position.

C.  Diffusers and Globes:
1. prismatic acrylic clear, UV-stabilized acrylic
2. Acrylic Diffusers: One hundred percent virgin acrylic plastic, with high resistance to
yellowing and other changes due to aging, exposure to heat, and UV radiation.

3. Glass: Annealed crystal glass unless otherwise indicated.

4. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.
D.  Housings:

1. Extruded-aluminum housing and heat sink.

2. Clear powder-coat painted finish.

E. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels
where they will be readily visible to service personnel, but not seen from normal viewing
angles when lamps are in place.

1. Label shall include the following lamp characteristics:
a. "USE ONLY" and include specific lamp type.
b. Lamp diameter, shape, size, wattage, and coating.

c. CCT and CRI for all luminaires.

2.3 METAL FINISHES
A.  Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining
components are acceptable if they are within the range of approved Samples and if they can
be and are assembled or installed to minimize contrast.
2.4 LUMINAIRE FIXTURE SUPPORT COMPONENTS
A.  Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy.
Finish same as luminaire.
B. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage.
C. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod.
D.  Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with
threaded attachment, cord, and locking-type plug.
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PART 3 - EXECUTION

3.1 EXAMINATION

A.

Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements for installation tolerances and other conditions affecting performance of the
Work.

Examine roughing-in for luminaire to verify actual locations of luminaire and electrical
connections before fixture installation. Proceed with installation only after unsatisfactory
conditions have been corrected.

3.2 TEMPORARY LIGHTING

A.

If approved by the Architect, use selected permanent luminaires for temporary lighting.
When construction is sufficiently complete, clean luminaires used for temporary lighting and
install new lamps.

3.3 INSTALLATION

A.  Comply with NECA 1.
B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise
indicated.
C. Install lamps in each luminaire.
D.  Supports:
1. Sized and rated for luminaire weight.
2 Able to maintain luminaire position after cleaning and relamping.
3. Provide support for luminaire without causing deflection of ceiling or wall.
4 Luminaire mounting devices shall be capable of supporting a horizontal force of 100
percent of luminaire weight and vertical force of 400 percent of luminaire weight.
E. Flush-Mounted Luminaire Support:
1. Secured to outlet box.
2. Attached to ceiling structural members at four points equally spaced around
circumference of luminaire.
3. Trim ring flush with finished surface.
F. Wall-Mounted Luminaire Support:
1. Attached to structural members in walls or Attached to a minimum 20 gauge backing
plate attached to wall structural members.
2. Do not attach luminaires directly to gypsum board.
G.  Ceiling-Mounted Luminaire Support:
I. Ceiling mount with two 5/32-inch- diameter aircraft cable supports adjustable to 120
inches in length.
2. Ceiling mount with pendant mount with 5/32-inch- diameter aircraft cable supports
adjustable to 120 inches in length.
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3. Ceiling mount with hook mount.

H.  Suspended Luminaire Support:

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging.

2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. Support
with approved outlet box and accessories that hold stem and provide damping of
luminaire oscillations. Support outlet box vertically to building structure using
approved devices.

3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and
tubing or rod for suspension for each unit length of luminaire chassis, including one at
each end.

4. Do not use ceiling grid as support for pendant luminaires. Connect support wires or

rods to building structure.

L. Ceiling-Grid-Mounted Luminaires:

1. Secure to any required outlet box.

2. Secure luminaire to the luminaire opening using approved fasteners in a minimum of
four locations, spaced near corners of luminaire.

3. Use approved devices and support components to connect luminaire to ceiling grid
and building structure in a minimum of four locations, spaced near corners of
luminaire.

J. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors

and Cables" for wiring connections.

3.4 IDENTIFICATION
A.  Identify system components, wiring, cabling, and terminals. Comply with requirements for
identification specified in Section 260553 "Identification for Electrical Systems."
3.5 FIELD QUALITY CONTROL
A.  Perform the following tests and inspections:
L. Operational Test: After installing luminaires, switches, and accessories, and after
electrical circuitry has been energized, test units to confirm proper operation.
2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation.
Verify transfer from normal power to battery power and retransfer to normal.
B.  Luminaire will be considered defective if it does not pass operation tests and inspections.
C.  Prepare test and inspection reports.
3.6 STARTUP SERVICE
A.  Comply with requirements for startup specified in Section 260943.16 "Addressable-Fixture
Lighting Controls."
B. Comply with requirements for startup specified in Section 260943.23 "Relay-Based Lighting
Controls."
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3.7 ADJUSTING

A.  Occupancy Adjustments: When requested within 12 months of date of Substantial
Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit
occupied conditions. Make up to two visits to Project during other-than-normal hours for this
purpose. Some of this work may be required during hours of darkness.

1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are
defective.

2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.

3. Adjust the aim of luminaires in the presence of the Architect.

END OF SECTION 16511
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	Addendum 2
	15058 fl - common motor requirements for hvac equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

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

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


	PART 2 -  PRODUCTS
	2.1 GENERAL MOTOR REQUIREMENTS
	A. Comply with NEMA MG 1 unless otherwise indicated.

	2.2 MOTOR CHARACTERISTICS
	A. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above sea level.
	B. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected loads at designated speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate ratings or considering service factor.

	2.3 SINGLE-PHASE MOTORS
	A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements of specific motor application:
	B. Multispeed Motors: Variable-torque, permanent-split-capacitor type.
	C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and thrust loading.
	D. Motors 1/20 HP and Smaller: Shaded-pole type.
	E. Thermal Protection: Internal protection to automatically open power supply circuit to motor when winding temperature exceeds a safe value calibrated to temperature rating of motor insulation. Thermal-protection device shall automatically reset when motor temperature returns to normal range.


	PART 3 -  EXECUTION (Not Applicable)

	15061 fl - hangers and supports for plumbing piping and equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

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

	1.4 PERFORMANCE REQUIREMENTS
	A. Structural Performance: Hangers and supports for plumbing piping and equipment shall withstand the effects of gravity loads and stresses within limits and under conditions indicated according to ASCE/SEI 7.


	PART 2 -  PRODUCTS
	2.1 METAL PIPE HANGERS AND SUPPORTS
	A. Carbon-Steel Pipe Hangers and Supports:
	B. Copper Pipe Hangers:

	2.2 THERMAL-HANGER SHIELD INSERTS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive strength and vapor barrier.
	C. Insulation-Insert Material for Hot Piping:  ASTM C 552, Type II cellular glass with 100-psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive strength.
	D. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.
	E. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.
	F. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air temperature.

	2.3 MISCELLANEOUS MATERIALS
	A. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and galvanized.
	B. Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.


	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.
	B. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
	C. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
	D. 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.
	E. Install lateral bracing with pipe hangers and supports to prevent swaying.
	F. Install building attachments within concrete slabs or attach to structural steel. Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten inserts to forms and install reinforcing bars through openings at top of inserts.
	G. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	H. 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.
	I. Insulated Piping:

	3.2 ADJUSTING
	A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
	B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

	3.3 HANGER AND SUPPORT SCHEDULE
	A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use carbon-steel pipe hangers and supports and attachments for general service applications.
	F. Use copper-plated pipe hangers and copper or stainless-steel attachments for copper piping and tubing.
	G. Use padded hangers for piping that is subject to scratching.
	H. Use thermal-hanger shield inserts for insulated piping and tubing.
	I. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	L. Building Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	M. Saddles and Shields: Unless otherwise indicated and except as specified in piping system Sections, install the following types:



	15076 fl - identification for plumbing and piping equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting 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 and similar concealment.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Metal Labels for Equipment:
	B. Plastic Labels for Equipment:
	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.

	2.2 PIPE LABELS
	A. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering indicating service, and showing flow direction.
	B. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover circumference of pipe and to attach to pipe without fasteners or adhesive.
	C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
	D. 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.


	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 incompatible primers, paints, and encapsulants.

	3.2 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.3 PIPE LABEL INSTALLATION
	A. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as plenums; and exterior exposed locations as follows:
	B. Pipe Label Color Schedule:



	15077 fl - identification for hvac piping and equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Samples: For color, letter style, and graphic representation required for each identification material and device.
	C. Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed content for each label.

	1.4 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting 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 and similar concealment.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Metal Labels for Equipment:
	B. Plastic Labels for Equipment:
	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 bond paper. Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified. Equipment schedule shall be included in operation and maintenance data.


	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 incompatible primers, paints, and encapsulants.

	3.2 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.



	15085 fl - plumbing piping insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following plumbing piping services:

	1.3 QUALITY ASSURANCE
	A. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products according to ASTM E 84 by a testing agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.
	B. Comply with the following applicable standards and other requirements specified for miscellaneous components:

	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.5 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 15061 "Hangers and Supports for Plumbing Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application. Establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and for space required for maintenance.

	1.6 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing. Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Piping Insulation Schedule, General" and "Indoor Piping Insulation Schedule" articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Mineral-Fiber, Preformed Pipe Insulation:

	2.2 INSULATING CEMENTS
	A. Mineral-Fiber Insulating Cement: Comply with ASTM C 195.
	B. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 449.

	2.3 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated, unless otherwise indicated.
	B. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
	C. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	D. PVC Jacket Adhesive: Compatible with PVC jacket.

	2.4 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.
	C. Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below-ambient services.
	D. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.

	2.5 SEALANTS
	A. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:

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

	2.7 FIELD-APPLIED FABRIC-REINFORCING MESH
	A. Woven Glass-Fiber Fabric: Approximately 2 oz./sq. yd. with a thread count of 10 strands by 10 strands/sq. in. for covering pipe and pipe fittings.

	2.8 FIELD-APPLIED CLOTHS
	A. Woven Glass-Fiber Fabric: Comply with MIL-C-20079H, Type I, plain weave, and presized a minimum of 8 oz./sq. yd..

	2.9 TAPES
	A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.
	B. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; suitable for indoor and outdoor applications.

	2.10 PROTECTIVE SHIELDING GUARDS
	A. Protective Shielding Pipe Covers:
	B. Protective Shielding Piping Enclosures:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

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

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.
	P. For above-ambient services, do not install insulation to the following:

	3.4 PENETRATIONS
	A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof penetrations.
	B. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): Install insulation continuously through walls and partitions.
	C. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation continuously through penetrations of fire-rated walls and partitions.
	D. Insulation Installation at Floor Penetrations:

	3.5 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape insulation at these connections by tapering it to and around the connection with insulating cement and finish with finishing cement, mastic, and flashing sealant.
	D. Install removable insulation covers at locations indicated. Installation shall conform to the following:

	3.6 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Insulation Installation on Straight Pipes and Tubes:
	B. Insulation Installation on Pipe Flanges:
	C. Insulation Installation on Pipe Fittings and Elbows:
	D. Insulation Installation on Valves and Pipe Specialties:

	3.7 FINISHES
	A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint system identified below and as specified in Section 09911 "Exterior Painting" and Section 09912 "Interior Painting."
	B. Color: Final color as selected by Architect. Vary first and second coats to allow visual inspection of the completed Work.

	3.8 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range. If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:

	3.9 INDOOR PIPING INSULATION SCHEDULE
	A. Domestic Cold Water:
	B. Domestic Hot Water and Recirculating Hot Water:
	C. Exposed Sanitary Drains, Domestic Water, Domestic Hot Water, and Stops for Plumbing Fixtures for People with Disabilities:
	D. Floor Drains, Traps, and Sanitary Drain Piping within 10 Feet of Drain Receiving Condensate and Equipment Drain Water below 60 Deg F:



	15086 fl - duct insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following duct services:

	1.3 COORDINATION
	A. Coordinate clearance requirements with duct Installer for duct insulation application. Establish and maintain clearance requirements for installation of insulation finishes and for space required for maintenance.

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


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Duct Insulation Schedule, General" and "Indoor Duct and Plenum Insulation Schedule" articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

	2.2 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
	C. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.

	2.3 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.
	C. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.

	2.4 SEALANTS
	A. FSK and Metal Jacket Flashing Sealants:

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

	2.6 FIELD-APPLIED FABRIC-REINFORCING MESH
	A. Woven Glass-Fiber Fabric: Approximately 6 oz./sq. yd. with a thread count of 5 strands by 5 strands/sq. in. for covering ducts.

	2.7 FIELD-APPLIED CLOTHS
	A. Woven Glass-Fiber Fabric: Comply with MIL-C-20079H, Type I, plain weave, and presized a minimum of 8 oz./sq. yd..

	2.8 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

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

	2.10 SECUREMENTS
	A. Bands:
	B. Insulation Pins and Hangers:
	C. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
	D. Wire:  0.062-inch soft-annealed, stainless steel 0.062-inch soft-annealed, galvanized steel.

	2.11 CORNER ANGLES
	A. Stainless-Steel Corner Angles:  0.024 inch thick, minimum 1 by 1 inch, stainless steel according to ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

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

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of ducts and fittings.
	B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each item of duct system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Keep insulation materials dry during application and finishing.
	G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
	H. Install insulation with least number of joints practical.
	I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	K. Install insulation with factory-applied jackets as follows:
	L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	M. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
	N. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.

	3.4 PENETRATIONS
	A. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously through wall penetrations.
	B. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): Install insulation continuously through walls and partitions.
	C. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at fire damper sleeves for fire-rated wall and partition penetrations. Externally insulate damper sleeves to match adjacent insulation and overlap duct insulation at least 2 inches.

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

	3.6 FIELD-APPLIED JACKET INSTALLATION
	A. Where FSK jackets are indicated, install as follows:
	B. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof sealant recommended by insulation manufacturer. Secure jacket with stainless-steel bands 12 inches o.c. and at end joints.

	3.7 DUCT INSULATION SCHEDULE, GENERAL
	A. Plenums and Ducts Requiring Insulation:
	B. Items Not Insulated:

	3.8 INDOOR DUCT AND PLENUM INSULATION SCHEDULE
	A. Concealed, round, supply-air duct insulation shall be the following:
	B. Concealed, round, exhaust-air duct insulation between isolation damper and exterior building penetration:
	C. Concealed, rectangular, supply-air duct insulation shall be the following:



	15092 fl - sleeve and sleeve seals for plumbing piping 
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Cast-Iron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise indicated.
	B. Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded steel collar; zinc coated.
	C. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with plain ends.
	D. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.
	E. Galvanized-Steel-Sheet Sleeves: 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal joint.
	F. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with nailing flange for attaching to wooden forms.
	G. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.

	2.2 SLEEVE-SEAL SYSTEMS
	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:
	B. Description: Modular sealing-element unit, designed for field assembly, for filling annular space between piping and sleeve.

	2.3 SLEEVE-SEAL FITTINGS
	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:
	B. Description: Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in concrete slab or wall. Unit has plastic or rubber waterstop collar with center opening to match piping OD.

	2.4 GROUT
	A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics: Nonshrink; recommended for interior and exterior applications.
	C. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION
	A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
	B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 1-inch (25-mm) annular clear space between piping and concrete slabs and walls.
	C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.
	D. Install sleeves for pipes passing through interior partitions.
	E. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements for firestopping specified in Section 07841 "Through-Penetration Firestop Systems."

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service piping entries into building.
	B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, assemble sleeve-seal system components, and install in annular space between piping and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a watertight seal.

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.

	3.4 SLEEVE AND SLEEVE-SEAL SCHEDULE
	A. Use sleeves and sleeve seals for the following piping-penetration applications:



	15113 fl - ball valves for plumbing piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. CWP: Cold working pressure.

	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	C. NSF Compliance: NSF 61 and NSF 372 for valve materials for potable-water service.
	D. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	F. Valve Sizes: Same as upstream piping unless otherwise indicated.
	G. Valve Actuator Types:
	H. Valves in Insulated Piping:

	2.2 BRASS BALL VALVES
	A. Two-Piece, Brass Ball Valves with Full Port and Stainless-Steel Trim:
	B. Three-Piece, Brass Ball Valves with Full Port and Stainless-Steel Trim:

	2.3 BRONZE BALL VALVES
	A. Two-Piece, Bronze Ball Valves with Full Port and Stainless-Steel Trim:
	B. Three-Piece, Bronze Ball Valves with Full Port and Stainless-Steel Trim:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects and damage.
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install valve tags. Comply with requirements in Section 15076 "Identification for Plumbing Piping and Equipment" for valve tags and schedules.

	3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valves with specified CWP ratings are unavailable, the same types of valves with higher CWP ratings may be substituted.
	B. Select valves with the following end connections:

	3.4 DOMESTIC HOT- AND COLD-WATER VALVE SCHEDULE
	A. Pipe NPS 1 and Smaller:



	15115 fl - check valves for plumbing piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. CWP: Cold working pressure.
	B. EPDM: Ethylene propylene-diene terpolymer rubber.
	C. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.

	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	C. AWWA Compliance: Comply with AWWA C606 for grooved-end connections.
	D. NSF Compliance: NSF 61 and NSF 372 for valve materials for potable-water service.
	E. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	F. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	G. Valve Sizes: Same as upstream piping unless otherwise indicated.
	H. Valve Bypass and Drain Connections: MSS SP-45.

	2.2 BRONZE SWING CHECK VALVES
	A. Class 125, Bronze, Swing Check Valves with Bronze Disc:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects and damage.
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install check valves for proper direction of flow and as follows:
	F. Install valve tags. Comply with requirements in Section 15076 "Identification for Plumbing Piping and Equipment" for valve tags and schedules.

	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing. Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valves with specified CWP ratings are unavailable, the same types of valves with higher CWP ratings may be substituted.
	B. End Connections:

	3.5 DOMESTIC HOT- AND COLD-WATER VALVE SCHEDULE
	A. Pipe NPS 2 and Smaller: Bronze swing check valves, Class 125, bronze disc with soldered or threaded end connections.



	15126 fl - meters and gauges for plumbing piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:


	PART 2 -  PRODUCTS
	2.1 LIQUID-IN-GLASS THERMOMETERS
	A. Metal-Case, Compact-Style, Liquid-in-Glass Thermometers:

	2.2 THERMOWELLS
	A. Thermowells:
	B. Heat-Transfer Medium:  Mixture of graphite and glycerin.

	2.3 TEST PLUGS
	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:
	B. Description: Test-station fitting made for insertion into piping tee fitting.
	C. Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include extended stem on units to be installed in insulated piping.
	D. Thread Size:  NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe thread.
	E. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F.
	F. Core Inserts:  Chlorosulfonated polyethylene synthetic self-sealing rubber.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install thermowells with socket extending to center of pipe and in vertical position in piping tees.
	B. Install thermowells of sizes required to match thermometer connectors. Include bushings if required to match sizes.
	C. Install thermowells with extension on insulated piping.
	D. Fill thermowells with heat-transfer medium.
	E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.
	F. Install test plugs in piping tees.
	G. Install thermometers in the following locations:

	3.2 CONNECTIONS
	A. Install meters and gages adjacent to machines and equipment to allow service and maintenance of meters, gages, machines, and equipment.

	3.3 ADJUSTING
	A. Adjust faces of meters and gages to proper angle for best visibility.

	3.4 THERMOMETER SCHEDULE
	A. Thermometers at inlet and outlet of each domestic water heater shall be the following:

	3.5 THERMOMETER SCALE-RANGE SCHEDULE
	A. Scale Range for Domestic Hot-Water Piping:  30 to 240 deg F.



	15140 fl - domestic water piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 FIELD CONDITIONS
	A. Interruption of Existing Water Service: Do not interrupt water service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary water service according to requirements indicated:


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting materials, and joining methods for specific services, service locations, and pipe sizes.
	B. Potable-water piping and components shall comply with NSF 14 and NSF 61.

	2.2 COPPER TUBE AND FITTINGS
	A. Hard Copper Tube:  ASTM B 88, Type L water tube, drawn temper.
	B. Soft Copper Tube:  ASTM B 88, Type K water tube, annealed temper.
	C. Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings.
	D. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends.
	E. Copper Unions:

	2.3 PIPING JOINING MATERIALS
	A. Solder Filler Metals: ASTM B 32, lead-free alloys.

	2.4 TRANSITION FITTINGS
	A. General Requirements:
	B. Fitting-Type Transition Couplings: Manufactured piping coupling or specified piping system fitting.
	C. Sleeve-Type Transition Coupling: AWWA C219.

	2.5 DIELECTRIC FITTINGS
	A. General Requirements: Assembly of copper alloy and ferrous materials with separating nonconductive insulating material. Include end connections compatible with pipes to be joined.
	B. Dielectric Unions:
	C. Dielectric Nipples:


	PART 3 -  EXECUTION
	3.1 EARTHWORK
	A. Comply with requirements in Section 02300 "Earthwork" for excavating, trenching, and backfilling.

	3.2 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of domestic water piping. Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and other design considerations. Install piping as indicated unless deviations to layout are approved on coordination drawings.
	B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook."
	C. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve inside the building at each domestic water-service entrance. Comply with requirements for pressure gages in Section 15126 "Meters and Gages for Plumbing Piping" and with requirements for drain valves and strainers in Section 15145 "Domestic Water Piping Specialties."
	D. Install shutoff valve immediately upstream of each dielectric fitting.
	E. Install underground copper tube in PE encasement according to ASTM A 674 or AWWA C105/A21.5.
	F. Install piping concealed from view and protected from physical contact by building occupants unless otherwise indicated and except in equipment rooms and service areas.
	G. 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.
	H. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal, and coordinate with other services occupying that space.
	I. Install piping to permit valve servicing.
	J. Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher than the system pressure rating used in applications below unless otherwise indicated.
	K. Install piping free of sags and bends.
	L. Install fittings for changes in direction and branch connections.
	M. Install unions in copper tubing at final connection to each piece of equipment, machine, and specialty.
	N. Install thermometers on outlet piping from each water heater. Comply with requirements for thermometers in Section 15126 "Meters and Gages for Plumbing Piping."
	O. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 15092 "Sleeves and Sleeve Seals for Plumbing Piping."
	P. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 15092 "Sleeves and Sleeve Seals for Plumbing Piping."
	Q. Install escutcheons for piping penetrations of walls, ceilings, and floors.

	3.3 JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before assembly.
	C. Soldered Joints for Copper Tubing: Apply ASTM B 813, water-flushable flux to end of tube. Join copper tube and fittings according to ASTM B 828 or CDA's "Copper Tube Handbook."
	D. Joints for Dissimilar-Material Piping: Make joints using adapters compatible with materials of both piping systems.

	3.4 TRANSITION FITTING INSTALLATION
	A. Install transition couplings at joints of dissimilar piping.
	B. Transition Fittings in Underground Domestic Water Piping:

	3.5 DIELECTRIC FITTING INSTALLATION
	A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
	B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric couplings, nipples or unions.

	3.6 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements for pipe hanger, support products, and installation in Section 15061 "Hangers and Supports for Plumbing Piping and Equipment."
	B. Support vertical piping and tubing at base and at each floor.
	C. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch.
	D. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters:
	E. Install supports for vertical copper tubing every 10 feet.
	F. Support piping and tubing not listed in this article according to MSS SP-69 and manufacturer's written instructions.

	3.7 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. When installing piping adjacent to equipment and machines, allow space for service and maintenance.
	C. Connect domestic water piping to exterior water-service piping. Use transition fitting to join dissimilar piping materials.
	D. Connect domestic water piping to water-service piping with shutoff valve; extend and connect to the following:

	3.8 IDENTIFICATION
	A. Identify system components. Comply with requirements for identification materials and installation in Section 15076 "Identification for Plumbing Piping and Equipment."
	B. Label pressure piping with system operating pressure.

	3.9 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Domestic water piping will be considered defective if it does not pass tests and inspections.
	C. Prepare test and inspection reports.

	3.10 ADJUSTING
	A. Perform the following adjustments before operation:

	3.11 CLEANING
	A. Clean and disinfect potable domestic water piping as follows:
	B. Prepare and submit reports of purging and disinfecting activities. Include copies of water-sample approvals from authorities having jurisdiction.
	C. Clean interior of domestic water piping system. Remove dirt and debris as work progresses.

	3.12 PIPING SCHEDULE
	A. Transition and special fittings with pressure ratings at least equal to piping rating may be used in applications below unless otherwise indicated.
	B. Flanges and unions may be used for aboveground piping joints unless otherwise indicated.
	C. Under-building-slab, domestic water, building-service piping, NPS 1 and smaller, shall be the following:
	D. Aboveground domestic water piping, NPS 1 and smaller, shall be the following:

	3.13 VALVE SCHEDULE
	A. Drawings indicate valve types to be used. Where specific valve types are not indicated, the following requirements apply:
	B. Use check valves to maintain correct direction of domestic water flow to and from equipment.



	15145 fl - domestic water piping specialties
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For domestic water piping specialties to include in emergency, operation, and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR PIPING SPECIALTIES
	A. Potable-water piping and components shall comply with NSF 61.

	2.2 PERFORMANCE REQUIREMENTS
	A. Minimum Working Pressure for Domestic Water Piping Specialties:  125 psig unless otherwise indicated.

	2.3 VACUUM BREAKERS
	A. Pipe-Applied, Atmospheric-Type Vacuum Breakers:

	2.1 BALANCING VALVES
	A. Copper-Alloy Calibrated Balancing Valves:

	2.2 STRAINERS FOR DOMESTIC WATER PIPING
	A. Y-Pattern Strainers:

	2.3 WALL HYDRANTS
	A. Nonfreeze Wall Hydrants:

	2.4 DRAIN VALVES
	A. Ball-Valve-Type, Hose-End Drain Valves:

	2.5 WATER-HAMMER ARRESTERS
	A. Water-Hammer Arresters:

	2.6 AIR VENTS
	A. Bolted-Construction Automatic Air Vents:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install Y-pattern strainers for water on supply side of each solenoid valve.
	B. Install balancing valves in locations where they can easily be adjusted.
	C. Install water-hammer arresters in water piping according to PDI-WH 201.
	D. Install air vents at high points of water piping.
	E. Set field-adjustable flow set points of balancing valves.

	3.2 CONNECTIONS
	A. Comply with requirements for ground equipment in Section 16060 "Grounding and Bonding."
	B. Fire-retardant-treated-wood blocking is specified in Section 16120 "Conductors and Cables" for electrical connections.

	3.3 LABELING AND IDENTIFYING
	A. Distinguish among multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations, in addition to identifying unit. Nameplates and signs are specified in Section 15076 "Identification for Plumbing Piping and Equipment."

	3.4 FIELD QUALITY CONTROL
	A. Domestic water piping specialties will be considered defective if they do not pass tests and inspections.
	B. Prepare test and inspection reports.



	15150 fl - sanitary waste and vent piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressure unless otherwise indicated:

	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting materials, and joining methods for specific services, service locations, and pipe sizes.

	2.2 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS
	A. Pipe and Fittings: ASTM A 74, Service and Extra Heavy class(es).
	B. Gaskets: ASTM C 564, rubber.
	C. Calking Materials: ASTM B 29, pure lead and oakum or hemp fiber.

	2.3 HUBLESS, CAST-IRON SOIL PIPE AND FITTINGS
	A. Pipe and Fittings: ASTM A 888 or CISPI 301.
	B. CISPI, Hubless-Piping Couplings:
	C. Heavy-Duty, Hubless-Piping Couplings:
	D. Cast-Iron, Hubless-Piping Couplings:

	2.4 COPPER TUBE AND FITTINGS
	A. Copper DWV Tube: ASTM B 306, drainage tube, drawn temper.
	B. Copper Drainage Fittings: ASME B16.23, cast copper or ASME B16.29, wrought copper, solder-joint fittings.
	C. Hard Copper Tube: ASTM B 88, Type L and Type M, water tube, drawn temper.
	D. Solder: ASTM B 32, lead free with ASTM B 813, water-flushable flux.

	2.5 PVC PIPE AND FITTINGS
	A. Solid-Wall PVC Pipe: ASTM D 2665, drain, waste, and vent.
	B. PVC Socket Fittings: ASTM D 2665, made to ASTM D 3311, drain, waste, and vent patterns and to fit Schedule 40 pipe.
	C. Adhesive Primer: ASTM F 656.
	D. Solvent Cement: ASTM D 2564.

	2.6 SPECIALTY PIPE FITTINGS
	A. Transition Couplings:
	B. Dielectric Fittings:


	PART 3 -  EXECUTION
	3.1 EARTH MOVING
	A. Comply with requirements for excavating, trenching, and backfilling specified in Section 02300 "Earthwork."

	3.2 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless deviations to layout are approved on coordination drawings.
	B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Install piping to permit valve servicing.
	F. Install piping at indicated slopes.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Install piping to allow application of insulation.
	J. Make changes in direction for soil and waste drainage and vent piping using appropriate branches, bends, and long-sweep bends. Sanitary tees and short-sweep 1/4 bends may be used on vertical stacks if change in direction of flow is from horizontal to vertical. Use long-turn, double Y-branch and 1/8-bend fittings if two fixtures are installed back to back or side by side with common drain pipe. Straight tees, elbows, and crosses may be used on vent lines. Do not change direction of flow more than 90 degrees. Use proper size of standard increasers and reducers if pipes of different sizes are connected. Reducing size of drainage piping in direction of flow is prohibited.
	K. Lay buried building drainage piping beginning at low point of each system. Install true to grades and alignment indicated, with unbroken continuity of invert. Place hub ends of piping upstream. Install required gaskets according to manufacturer's written instructions for use of lubricants, cements, and other installation requirements. Maintain swab in piping and pull past each joint as completed.
	L. Install soil and waste drainage and vent piping at the following minimum slopes unless otherwise indicated:
	M. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."
	N. Install aboveground copper tubing according to CDA's "Copper Tube Handbook."
	O. Install underground PVC piping according to ASTM D 2321.
	P. Plumbing Specialties:
	Q. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities having jurisdiction.
	R. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 15092 "Sleeves and Sleeve Seals for Plumbing Piping."
	S. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Section 15097 "Escutcheons for Plumbing Piping."

	3.3 JOINT CONSTRUCTION
	A. Join hub-and-spigot, cast-iron soil piping with gasket joints according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for compression joints.
	B. Join hub-and-spigot, cast-iron soil piping with calked joints according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for lead-and-oakum calked joints.
	C. Join hubless, cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for hubless-piping coupling joints.
	D. Join copper tube and fittings with soldered joints according to ASTM B 828. Use ASTM B 813, water-flushable, lead-free flux and ASTM B 32, lead-free-alloy solder.
	E. Grooved Joints: Cut groove ends of pipe according to AWWA C606. Lubricate and install gasket over ends of pipes or pipe and fitting. Install coupling housing sections, over gasket, with keys seated in piping grooves. Install and tighten housing bolts.
	F. Plastic, Nonpressure-Piping, Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and fittings according to the following:

	3.4 SPECIALTY PIPE FITTING INSTALLATION
	A. Transition Couplings:
	B. Dielectric Fittings:

	3.5 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements for pipe hanger and support devices and installation specified in Section 15061 "Hangers and Supports for Plumbing Piping and Equipment."
	B. Support horizontal piping and tubing within 12 inches of each fitting and coupling.
	C. Support vertical piping and tubing at base and at each floor.
	D. Rod diameter may be reduced one size for double-rod hangers, with 3/8-inch minimum rods.
	E. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and minimum rod diameters:
	F. Install supports for vertical cast-iron soil piping every 15 feet.
	G. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters:
	H. Install supports for vertical copper tubing every 10 feet.
	I. Install hangers for PVC piping with the following maximum horizontal spacing and minimum rod diameters:
	J. Install supports for vertical PVC piping every 48 inches.
	K. Support piping and tubing not listed above according to MSS SP-69 and manufacturer's written instructions.

	3.6 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect soil and waste piping to exterior sanitary sewerage piping. Use transition fitting to join dissimilar piping materials.
	C. Connect drainage and vent piping to the following:
	D. Where installing piping adjacent to equipment, allow space for service and maintenance of equipment.
	E. Make connections according to the following unless otherwise indicated:

	3.7 IDENTIFICATION
	A. Identify exposed sanitary waste and vent piping. Comply with requirements for identification specified in Section 15076 "Identification for Plumbing Piping and Equipment."

	3.8 FIELD QUALITY CONTROL
	A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be made. Perform tests specified below in presence of authorities having jurisdiction.
	B. Reinspection: If authorities having jurisdiction find that piping will not pass test or inspection, make required corrections and arrange for reinspection.
	C. Reports: Prepare inspection reports and have them signed by authorities having jurisdiction.
	D. Test sanitary drainage and vent piping according to procedures of authorities having jurisdiction or, in absence of published procedures, as follows:

	3.9 CLEANING AND PROTECTION
	A. Clean interior of piping. Remove dirt and debris as work progresses.
	B. Protect drains during remainder of construction period to avoid clogging with dirt and debris and to prevent damage from traffic and construction work.
	C. Place plugs in ends of uncompleted piping at end of day and when work stops.

	3.10 PIPING SCHEDULE
	A. Flanges and unions may be used on aboveground pressure piping unless otherwise indicated.
	B. Aboveground, soil and waste piping NPS 4 and smaller shall be any of the following:
	C. Aboveground, vent piping NPS 4 and smaller shall be any of the following:
	D. Underground, soil, waste, and vent piping NPS 4 and smaller shall be any of the following:



	15155 fl - sanitary waste piping specialties
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. ABS: Acrylonitrile-butadiene-styrene plastic.
	B. HDPE: High-density polyethylene plastic.
	C. PE: Polyethylene plastic.
	D. PP: Polypropylene plastic.
	E. PVC: Polyvinyl chloride plastic.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated. Include rated capacities, operating characteristics, and accessories for the following:

	1.5 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For drainage piping specialties to include in emergency, operation, and maintenance manuals.

	1.7 QUALITY ASSURANCE
	A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing agency.
	B. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic sanitary piping specialty components.

	1.8 COORDINATION
	A. Coordinate size and location of roof penetrations.


	PART 2 -  PRODUCTS
	2.1 CLEANOUTS
	A. Metal Floor Cleanouts:

	2.2 FLOOR DRAINS
	A. Cast-Iron Floor Drains:

	2.3 TRENCH DRAINS
	A. Pre-manufactured trench forming system with traffic rated grate:

	2.4 OIL SEPARATORS
	A. Steel oil interceptors:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install cleanouts in aboveground piping and building drain piping according to the following, unless otherwise indicated:
	B. For floor cleanouts for piping below floors, install cleanout deck plates with top flush with finished floor.
	C. For cleanouts located in concealed piping, install cleanout wall access covers, of types indicated, with frame and cover flush with finished wall.
	D. Install floor drains at low points of surface areas to be drained. Set grates of drains flush with finished floor, unless otherwise indicated.
	E. Install trench drains at low points of surface areas to be drained. Set grates of drains flush with finished surface, unless otherwise indicated.
	F. Assemble plastic channel drainage system components according to manufacturer's written instructions. Install on support devices so that top will be flush with adjacent surface.
	G. Install deep-seal traps on floor drains and other waste outlets, if indicated.
	H. Install air-gap fittings on draining-type backflow preventers and on indirect-waste piping discharge into sanitary drainage system.
	I. Install traps on plumbing specialty drain outlets. Omit traps on indirect wastes unless trap is indicated.
	J. Install oil interceptors, including trapping, venting, and flow-control fitting, according to authorities having jurisdiction and with clear space for servicing.

	3.2 CONNECTIONS
	A. Comply with requirements in Section 15150 "Sanitary Waste and Vent Piping" for piping installation requirements. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment to allow service and maintenance.
	C. Oil Interceptors: Connect inlet, outlet, vent, and gravity drawoff piping to unit; flow-control fitting and vent to unit inlet piping; and gravity drawoff and suction piping to oil storage tank.

	3.3 LABELING AND IDENTIFYING
	A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplate or sign on or near each of the following:
	B. Distinguish among multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations, in addition to identifying unit. Nameplates and signs are specified in Section 15076 "Identification for Plumbing Piping and Equipment."

	3.4 PROTECTION
	A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and to prevent damage from traffic or construction work.
	B. Place plugs in ends of uncompleted piping at end of each day or when work stops.



	15183 fl - refrigerant piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes refrigerant piping used for air-conditioning applications.

	1.3 PERFORMANCE REQUIREMENTS
	A. Line Test Pressure for Refrigerant R-410A:

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For refrigerant valves and piping specialties to include in maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Welding: Qualify procedures and personnel according to ASME Boiler and Pressure Vessel Code: Section IX, "Welding and Brazing Qualifications."
	B. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems."
	C. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components."

	1.6 PRODUCT STORAGE AND HANDLING
	A. Store piping in a clean and protected area with end caps in place to ensure that piping interior and exterior are clean when installed.


	PART 2 -  PRODUCTS
	2.1 COPPER TUBE AND FITTINGS
	A. Copper Tube:  ASTM B 280, Type ACR.
	B. Wrought-Copper Fittings: ASME B16.22.
	C. Wrought-Copper Unions: ASME B16.22.
	D. Solder Filler Metals: ASTM B 32. Use 95-5 tin antimony or alloy HB solder to join copper socket fittings on copper pipe.
	E. Brazing Filler Metals: AWS A5.8.
	F. Flexible Connectors:

	2.2 VALVES AND SPECIALTIES
	A. Diaphragm Packless Valves:
	B. Check Valves:
	C. Service Valves:
	D. Safety Relief Valves: Comply with ASME Boiler and Pressure Vessel Code; listed and labeled by an NRTL.
	E. Thermostatic Expansion Valves: Comply with ARI 750.
	F. Straight-Type Strainers:
	G. Angle-Type Strainers:
	H. Moisture/Liquid Indicators:
	I. Replaceable-Core Filter Dryers: Comply with ARI 730.
	J. Permanent Filter Dryers: Comply with ARI 730.

	2.3 REFRIGERANTS
	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:
	B. ASHRAE 34, R-410A: Pentafluoroethane/Difluoromethane.


	PART 3 -  EXECUTION
	3.1 PIPING APPLICATIONS FOR REFRIGERANT R-410A
	A. Suction Lines NPS 1-1/2 and Smaller for Conventional Air-Conditioning Applications: Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed or soldered joints.
	B. Hot-Gas and Liquid Lines: Copper, Type ACR, drawn-temper tubing and wrought-copper fittings with soldered joints.
	C. Safety-Relief-Valve Discharge Piping: Copper, Type ACR, annealed- or drawn-temper tubing and wrought-copper fittings with brazed or soldered joints.

	3.2 VALVE AND SPECIALTY APPLICATIONS
	A. Install diaphragm packless valves in suction and discharge lines of compressor.
	B. Install service valves for gage taps at inlet and outlet of hot-gas bypass valves and strainers if they are not an integral part of valves and strainers.
	C. Install a check valve at the compressor discharge and a liquid accumulator at the compressor suction connection.
	D. Except as otherwise indicated, install diaphragm packless valves on inlet and outlet side of filter dryers.
	E. Install thermostatic expansion valves as close as possible to distributors on evaporators.
	F. Install safety relief valves where required by ASME Boiler and Pressure Vessel Code. Pipe safety-relief-valve discharge line to outside according to ASHRAE 15.
	G. Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion valve or at the inlet of the evaporator coil capillary tube.
	H. Install strainers upstream from and adjacent to the following unless they are furnished as an integral assembly for device being protected:
	I. Install filter dryers in liquid line between compressor and thermostatic expansion valve.

	3.3 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems; indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless deviations to layout are approved on Shop Drawings.
	B. Install refrigerant piping according to ASHRAE 15.
	C. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	D. 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.
	E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	F. Install piping adjacent to machines to allow service and maintenance.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Select system components with pressure rating equal to or greater than system operating pressure.
	J. Install piping as short and direct as possible, with a minimum number of joints, elbows, and fittings.
	K. Arrange piping to allow inspection and service of refrigeration equipment. Install valves and specialties in accessible locations to allow for service and inspection. Install access doors or panels as specified in Section 08311 "Access Doors and Frames" if valves or equipment requiring maintenance is concealed behind finished surfaces.
	L. Install refrigerant piping in protective conduit where installed belowground.
	M. Install refrigerant piping in rigid or flexible conduit in locations where exposed to mechanical injury.
	N. Slope refrigerant piping as follows:
	O. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve stems, seats, and packing, and accessible internal parts of refrigerant specialties. Do not apply heat near expansion-valve bulb.
	P. Install piping with adequate clearance between pipe and adjacent walls and hangers or between pipes for insulation installation.
	Q. Install sleeves for piping penetrations of walls, ceilings, and floors.
	R. Install escutcheons for piping penetrations of walls, ceilings, and floors.

	3.4 PIPE JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Soldered Joints: Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook."
	D. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and Tube."

	3.5 HANGERS AND SUPPORTS
	A. Hanger, support, and anchor products are specified in Section 15062 "Hangers and Supports for HVAC Piping and Equipment."
	B. Install the following pipe attachments:
	C. Install hangers for copper tubing with the following maximum spacing and minimum rod sizes:
	D. Support multifloor vertical runs at least at each floor.

	3.6 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	B. Tests and Inspections:

	3.7 SYSTEM CHARGING
	A. Charge system using the following procedures:

	3.8 ADJUSTING
	A. Adjust thermostatic expansion valve to obtain proper evaporator superheat.
	B. Adjust high- and low-pressure switch settings to avoid short cycling in response to fluctuating suction pressure.
	C. Adjust set-point temperature of air-conditioning controllers to the system design temperature.
	D. Perform the following adjustments before operating the refrigeration system, according to manufacturer's written instructions:
	E. Replace core of replaceable filter dryer after system has been adjusted and after design flow rates and pressures are established.



	15196 fl - facility liquified-petroleum gas piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.
	B. Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied spaces and mechanical equipment rooms.
	C. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions. Examples include rooftop locations.
	D. LPG: Liquefied-petroleum gas.

	1.4 PERFORMANCE REQUIREMENTS
	A. Minimum Operating-Pressure Ratings:
	B. LPG System Pressure within Buildings: One pressure range. 0.5 psig or less.

	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of the following:

	1.6 INFORMATIONAL SUBMITTALS
	A. Welding certificates.
	B. Field quality-control reports.

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Handling Flammable Liquids: Remove and dispose of liquids from existing LPG piping according to requirements of authorities having jurisdiction.
	B. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.
	C. Store pipes and tubes with protective PE coating to avoid damaging coating and protect from direct sunlight.
	D. Protect stored PE pipes and valves from direct sunlight.


	PART 2 -  PRODUCTS
	2.1 PIPES, TUBES, AND FITTINGS
	A. Steel Pipe: ASTM A 53/A 53M, black steel, Schedules 40, Type E or S, Grade B.

	2.2 JOINING MATERIALS
	A. Joint Compound and Tape: Suitable for LPG.
	B. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.

	2.3 MANUAL GAS SHUTOFF VALVES
	A. See "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles for where each valve type is applied in various services.
	B. General Requirements for Metallic Valves, NPS 2 and Smaller for Vapor Service: Comply with ASME B16.33.
	C. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: MSS SP-110.

	2.4 DIELECTRIC FITTINGS
	A. General Requirements: Assembly of copper alloy and ferrous materials with separating nonconductive insulating material. Include end connections compatible with pipes to be joined.
	B. Dielectric Unions:

	2.5 LABELING AND IDENTIFYING
	A. Detectable Warning Tape: Acid- and alkali-resistant PE film warning tape manufactured for marking and identifying underground utilities, a minimum of 6 inches wide and 4 mils thick, continuously inscribed with a description of utility, with metallic core encased in a protective jacket for corrosion protection, detectable by metal detector when tape is buried up to 30 inches deep; colored yellow.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in for LPG piping system to verify actual locations of piping connections before equipment installation.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 EARTHWORK
	A. Comply with requirements in Section 02300 "Earthwork" for excavating, trenching, and backfilling.

	3.3 PREPARATION
	A. Close equipment shutoff valves before turning off LPG to premises or piping section.
	B. Inspect LPG piping according to NFPA 58 and NFPA 54 the International Fuel Gas Code to determine that LPG utilization devices are turned off in piping section affected.
	C. Comply with NFPA 58 and NFPA 54 the International Fuel Gas Code requirements for prevention of accidental ignition.

	3.4 OUTDOOR PIPING INSTALLATION
	A. Comply with NFPA 58 and NFPA 54 the International Fuel Gas Code requirements for installation and purging of LPG piping.
	B. Install underground, LPG piping buried at least 36 inches below finished grade. Comply with requirements in Section 02300 "Earthwork" for excavating, trenching, and backfilling.
	C. Install fittings for changes in direction and branch connections.

	3.5 INDOOR PIPING INSTALLATION
	A. Comply with NFPA 54 the International Fuel Gas Code for installation and purging of LPG piping.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, and other design considerations. Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during progress of construction, to allow for mechanical installations.
	D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	E. 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.
	F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	G. Locate valves for easy access.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Verify final equipment locations for roughing-in.
	K. Comply with requirements in Sections specifying gas-fired appliances and equipment for roughing-in requirements.
	L. Drips and Sediment Traps: Install drips at points where condensate may collect, including service-meter outlets. Locate where readily accessible to permit cleaning and emptying. Do not install where condensate is subject to freezing.
	M. Extend relief vent connections for service regulators, line regulators, and overpressure protection devices to outdoors and terminate with weatherproof vent cap.
	N. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or floors, and in floor channels unless indicated to be exposed to view.
	O. Concealed Location Installations: Except as specified below, install concealed LPG piping and piping installed under the building in containment conduit constructed of steel pipe with welded joints as described in Part 2. Install a vent pipe from containment conduit to outdoors and terminate with weatherproof vent cap.
	P. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side down.
	Q. Connect branch piping from top or side of horizontal piping.
	R. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each piece of equipment. Unions are not required at flanged connections.
	S. Do not use LPG piping as grounding electrode.
	T. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated valve.
	U. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 15093 "Sleeves and Sleeve Seals for HVAC Piping."
	V. Install escutcheons for piping penetrations of walls, ceilings, and floors.

	3.6 VALVE INSTALLATION
	A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel tubing, aluminum, or copper connector.

	3.7 PIPING JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Threaded Joints:
	D. Welded Joints:
	E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," Ch. 22, "Pipe and Tube."

	3.8 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements for pipe hangers and supports specified in Section 15062 "Hangers and Supports for HVAC Piping and Equipment."
	B. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod sizes:

	3.9 CONNECTIONS
	A. Connect to utility's gas main according to utility's procedures and requirements.
	B. Install LPG piping electrically continuous, and bonded to gas appliance equipment grounding conductor of the circuit powering the appliance according to NFPA 70.
	C. Install piping adjacent to appliances to allow service and maintenance of appliances.
	D. Connect piping to appliances using manual gas shutoff valves and unions. Install valve within 72 inches of each gas-fired appliances and equipment. Install union between valve and appliances or equipment.
	E. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as practical to inlet of each appliance.

	3.10 LABELING AND IDENTIFYING
	A. Install detectable warning tape directly above gas piping, 12 inches below finished grade, except 6 inches below subgrade under pavements and slabs.

	3.11 PAINTING
	A. All LP gas piping (inside and outside) shall be painted. Coordinate Color with Architect/Owner.

	3.12 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. LPG piping will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.13 OUTDOOR PIPING SCHEDULE
	A. Underground LPG vapor piping shall be the following:
	B. Aboveground LPG vapor piping shall be one of the following:

	3.14 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES LESS THAN 0.5 PSIG
	A. Aboveground, branch piping NPS 1 1/2 and smaller shall be one of the following:
	B. Aboveground, distribution piping shall be one of the following:
	C. Containment Conduit: Schedule 40, steel pipe with wrought-steel fittings and welded joints. Coat pipe and fittings with protective coating for steel piping.
	D. Containment Conduit Vent Piping: Schedule 40, steel pipe with malleable-iron fittings and threaded or wrought-steel fittings with welded joints. Coat underground pipe and fittings with protective coating for steel piping.

	3.15 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE
	A. Distribution piping valves for pipe NPS 2 and smaller shall be the following:
	B. Valves in branch piping for single appliance shall be the following:



	15414 fl - commercial plumbing fixtures
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For plumbing fixtures and faucets to include in emergency, operation, and operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 WATER CLOSETS
	A. Water Closets: Floor mounted, floor outlet, close coupled (gravity tank), vitreous china.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of water-supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before plumbing-fixture installation.
	B. Examine walls and floors for suitable conditions where fixtures will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install plumbing fixtures level and plumb according to roughing-in drawings.
	B. Install floor-mounted water closets on closet flange attachments to drainage piping.
	C. Install water-supply piping with stop on each supply to each fixture to be connected to water distribution piping. Attach supplies to supports or substrate within pipe spaces behind fixtures. Install stops in locations where they can be easily reached for operation.
	D. Install tanks for accessible, tank-type water closets with lever handle mounted on wide side of compartment.
	E. Install toilet seats on water closets.
	F. Install traps on fixture outlets.
	G. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use deep-pattern escutcheons if required to conceal protruding fittings.
	H. Seal joints between plumbing fixtures, counters, floors, and walls using sanitary-type, one-part, mildew-resistant silicone sealant. Match sealant color to fixture color.

	3.3 CONNECTIONS
	A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent piping. Use size fittings required to match fixtures.
	B. Comply with water piping requirements specified in Section 15140 "Domestic Water Piping."
	C. Comply with soil and waste piping requirements specified in Section 15150 "Sanitary Waste and Vent Piping."

	3.4 ADJUSTING
	A. Operate and adjust plumbing fixtures and controls. Replace damaged and malfunctioning fixtures, fittings, and controls.

	3.5 CLEANING AND PROTECTION
	A. After completing installation of plumbing fixtures, inspect and repair damaged finishes.
	B. Clean plumbing fixtures with manufacturers' recommended cleaning methods and materials.
	C. Provide protective covering for installed plumbing fixtures and fittings.
	D. Do not allow use of plumbing fixtures for temporary facilities unless approved in writing by Owner.



	15421 fl - commercial lavatories
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For lavatories and faucets to include in operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 SOLID-BRASS, MANUALLY OPERATED FAUCETS
	A. NSF Standard: Comply with NSF/ANSI 61, "Drinking Water System Components - Health Effects," for faucet materials that will be in contact with potable water.

	2.2 SUPPLY FITTINGS
	A. NSF Standard: Comply with NSF/ANSI 61, "Drinking Water System Components - Health Effects," for supply-fitting materials that will be in contact with potable water.
	B. Standard: ASME A112.18.1/CSA B125.1.
	C. Supply Piping: Chrome-plated-brass pipe or chrome-plated copper tube matching water-supply piping size. Include chrome-plated-brass or stainless-steel wall flange.
	D. Supply Stops: Chrome-plated-brass, one-quarter-turn, ball-type or compression valve with inlet connection matching supply piping.
	E. Operation:  Loose key.
	F. Risers:

	2.3 WASTE FITTINGS
	A. Standard: ASME A112.18.2/CSA B125.2.
	B. Drain: Grid type with NPS 1-1/4 offset and straight tailpiece.
	C. Trap:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before lavatory installation.
	B. Examine walls for suitable conditions where lavatories will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install lavatories level and plumb according to roughing-in drawings.
	B. Install supports, affixed to building substrate, for wall-mounted lavatories.
	C. Install accessible wall-mounted lavatories at handicapped/elderly mounting height for people with disabilities or the elderly, according to ICC/ANSI A117.1.
	D. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use deep-pattern escutcheons if required to conceal protruding fittings.
	E. Seal joints between lavatories, counters, and walls using sanitary-type, one-part, mildew-resistant silicone sealant. Match sealant color to fixture color.
	F. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of accessible lavatories. Comply with requirements in Section 15085 "Plumbing Piping Insulation."

	3.3 CONNECTIONS
	A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent piping. Use size fittings required to match fixtures.
	B. Comply with water piping requirements specified in Section 15140 "Domestic Water Piping."
	C. Comply with soil and waste piping requirements specified in Section 15150 "Sanitary Waste and Vent Piping."

	3.4 ADJUSTING
	A. Operate and adjust lavatories and controls. Replace damaged and malfunctioning lavatories, fittings, and controls.
	B. Adjust water pressure at faucets to produce proper flow.

	3.5 CLEANING AND PROTECTION
	A. After completing installation of lavatories, inspect and repair damaged finishes.
	B. Clean lavatories, faucets, and other fittings with manufacturers' recommended cleaning methods and materials.
	C. Provide protective covering for installed lavatories and fittings.
	D. Do not allow use of lavatories for temporary facilities unless approved in writing by Owner.



	15422 fl - commercial sinks
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.4 CLOSEOUT SUBMITTALS
	A. Maintenance Data: For sinks to include in maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 UTILITY SINKS
	A. Utility Sinks: Stainless steel, counter mounted.

	2.2 SERVICE SINKS
	A. Service Sinks: Molded stone, laundry tub.

	2.3 SINK FAUCETS
	A. NSF Standard: Comply with NSF/ANSI 61, "Drinking Water System Components - Health Effects," for faucet-spout materials that will be in contact with potable water.
	B. Sink Faucets: Manual type, single-control mixing valve.
	C. Sink Faucets: Manual type, two-lever handle mixing valve.

	2.4 SUPPLY FITTINGS
	A. NSF Standard: Comply with NSF/ANSI 61, "Drinking Water System Components - Health Effects," for supply-fitting materials that will be in contact with potable water.
	B. Standard: ASME A112.18.1/CSA B125.1.
	C. Supply Piping: Chrome-plated brass pipe or chrome-plated copper tube matching water-supply piping size. Include chrome-plated brass or stainless-steel wall flange.
	D. Supply Stops: Chrome-plated brass, one-quarter-turn, ball-type or compression valve with inlet connection matching supply piping.
	E. Operation:  Loose key.
	F. Risers:

	2.5 WASTE FITTINGS
	A. Standard: ASME A112.18.2/CSA B125.2.
	B. Drain: Grid type with NPS 1-1/2 offset and straight tailpiece.
	C. Trap:

	2.6 GROUT
	A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics: Nonshrink; recommended for interior and exterior applications.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before sink installation.
	B. Examine walls, floors, and counters for suitable conditions where sinks will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install sinks level and plumb according to roughing-in drawings.
	B. Install water-supply piping with stop on each supply to each sink faucet.
	C. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use deep-pattern escutcheons if required to conceal protruding fittings.
	D. Seal joints between sinks and counters, floors, and walls using sanitary-type, one-part, mildew-resistant silicone sealant. Match sealant color to fixture color. Comply with sealant requirements specified in Section 07920 "Joint Sealants."
	E. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of accessible sinks. Comply with requirements in Section 15085 "Plumbing Piping Insulation."

	3.3 CONNECTIONS
	A. Connect sinks with water supplies, stops, and risers, and with traps, soil, waste, and vent piping. Use size fittings required to match fixtures.
	B. Comply with water piping requirements specified in Section 15140 "Domestic Water Piping."
	C. Comply with soil and waste piping requirements specified in Section 15150 "Sanitary Waste and Vent Piping."

	3.4 ADJUSTING
	A. Operate and adjust sinks and controls. Replace damaged and malfunctioning sinks, fittings, and controls.
	B. Adjust water pressure at faucets to produce proper flow.

	3.5 CLEANING AND PROTECTION
	A. After completing installation of sinks, inspect and repair damaged finishes.
	B. Clean sinks, faucets, and other fittings with manufacturers' recommended cleaning methods and materials.
	C. Provide protective covering for installed sinks and fittings.
	D. Do not allow use of sinks for temporary facilities unless approved in writing by Owner.



	15423 fl - commercial showers
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.4 CLOSEOUT SUBMITTALS
	A. Maintenance Data: For shower faucets to include in maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 INDIVIDUAL SHOWERS
	A. Individual PMMA Showers:

	2.2 SHOWER FAUCETS
	A. NSF Standard: Comply with NSF 61, "Drinking Water System Components - Health Effects," for shower materials that will be in contact with potable water.
	B. Shower Faucets:

	2.3 GROUT
	A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics: Nonshrink; recommended for interior and exterior applications.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of water-supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before shower installation.
	B. Examine walls and floors for suitable conditions where showers will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Assemble shower components according to manufacturers' written instructions.
	B. Coordinate shower “Pit Installation” with floor prior to pouring slab.
	C. Install showers level and plumb according to roughing-in drawings.
	D. Install water-supply piping with stop on each supply to each shower faucet.
	E. Install shower flow-control fittings with specified maximum flow rates in shower arms.
	F. Set shower receptors in leveling bed of cement grout.
	G. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use deep-pattern escutcheons if required to conceal protruding fittings.
	H. Seal joints between showers and floors and walls using sanitary-type, one-part, mildew-resistant silicone sealant. Match sealant color to fixture color. Comply with sealant requirements specified in Section 07920 "Joint Sealants."

	3.3 CONNECTIONS
	A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent piping. Use size fittings required to match fixtures.
	B. Comply with water piping requirements specified in Section 15140 "Domestic Water Piping."
	C. Comply with traps and soil and waste piping requirements specified in Section 15150 "Sanitary Waste and Vent Piping."

	3.4 ADJUSTING
	A. Operate and adjust showers and controls. Replace damaged and malfunctioning showers, fittings, and controls.
	B. Adjust water pressure at faucets to produce proper flow.

	3.5 CLEANING AND PROTECTION
	A. After completing installation of showers, inspect and repair damaged finishes.
	B. Clean showers, faucets, and other fittings with manufacturers' recommended cleaning methods and materials.
	C. Provide protective covering for installed fixtures and fittings.
	D. Do not allow use of showers for temporary facilities unless approved in writing by Owner.



	15441 FL - DOMESTIC WATER PUMPS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control, signaling power-limited circuits.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated. Include materials of construction, rated capacities, certified performance curves with operating points plotted on curves, operating characteristics, electrical characteristics, and furnished specialties and accessories.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For domestic water pumps to include in operation and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. UL Compliance: Comply with UL 778 for motor-operated water pumps.

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Retain shipping flange protective covers and protective coatings during storage.
	B. Protect bearings and couplings against damage.


	PART 2 -  PRODUCTS
	2.1 IN-LINE, SEALLESS CENTRIFUGAL PUMPS
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	B. Description: Factory-assembled and -tested, in-line, close-coupled, canned-motor, sealless, overhung-impeller centrifugal pumps.
	C. Pump Construction:
	D. Capacities and Characteristics: As scheduled on drawings.

	2.2 MOTORS
	A. Comply with NEMA designation, temperature rating, service factor, enclosure type, and efficiency requirements for motors specified in Section 15058 "Common Motor Requirements for HVAC Equipment."

	2.3 CONTROLS
	A. Timers: Electric, for control of hot-water circulation pump.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of domestic-water-piping system to verify actual locations of connections before pump installation.

	3.2 PUMP INSTALLATION
	A. Comply with HI 1.4.
	B. Install in-line, sealless centrifugal pumps with shaft horizontal unless otherwise indicated.
	C. Install thermostats in hot-water return piping.
	D. Install timers on wall in mechanical room.

	3.3 CONNECTIONS
	A. Comply with requirements for piping specified in Section 15140 "Domestic Water Piping." Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to pumps to allow service and maintenance.
	C. Connect domestic water piping to pumps. Install suction and discharge piping equal to or greater than size of pump nozzles.
	D. Install shutoff valve on suction side of each pump, and check, shutoff valve on discharge side of each pump. Install valves same size as connected piping. Comply with requirements for valves specified in Section 15113 "Ball Valves for Plumbing Piping," and Section 15115 "Check Valves for Plumbing Piping”.
	E. Connect timers to pumps that they control.

	3.4 IDENTIFICATION
	A. Comply with requirements for identification specified in Section 15076 "Identification for Plumbing Piping and Equipment" for identification of pumps.

	3.5 STARTUP SERVICE
	A. Perform startup service.

	3.6 ADJUSTING
	A. Adjust domestic water pumps to function smoothly, and lubricate as recommended by manufacturer.
	B. Adjust initial temperature set points.
	C. Set field-adjustable switches and circuit-breaker trip ranges as indicated.



	15485 FL - ELECTRIC WATER HEATERS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type and size of domestic-water heater indicated. Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories.
	B. Shop Drawings:

	1.4 INFORMATIONAL SUBMITTALS
	A. Product Certificates: For each type of residential, electric, domestic-water heater, from manufacturer.
	B. Source quality-control reports.
	C. Field quality-control reports.
	D. Warranty: Sample of special warranty.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For electric, domestic-water heaters to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1.
	C. ASME Compliance: Where ASME-code construction is indicated, fabricate and label commercial, domestic-water heater storage tanks to comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.
	D. NSF Compliance: Fabricate and label equipment components that will be in contact with potable water to comply with NSF 61, "Drinking Water System Components - Health Effects."

	1.7 COORDINATION
	A. Coordinate sizes and locations of concrete bases with actual equipment provided.

	1.8 WARRANTY
	A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace components of electric, domestic-water heaters that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 RESIDENTIAL, ELECTRIC, DOMESTIC-WATER HEATERS
	A. Residential, Electric, Storage, Domestic-Water Heaters:
	B. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product  by one of the following:
	C. Capacity and Characteristics: As scheduled on drawings.

	2.2 DOMESTIC-WATER HEATER ACCESSORIES
	A. Domestic-Water Compression Tanks:
	B. Combination Temperature-and-Pressure Relief Valves: ASME rated and stamped. Include relieving capacity at least as great as heat input, and include pressure setting less than domestic-water heater working-pressure rating. Select relief valves with sensing element that extends into storage tank.
	C. Pressure Relief Valves: ASME rated and stamped. Include pressure setting less than domestic-water heater working-pressure rating.
	D. Vacuum Relief Valves: ANSI Z21.22/CSA 4.4.


	PART 3 -  EXECUTION
	3.1 DOMESTIC-WATER HEATER INSTALLATION
	A. Residential, Electric, Domestic-Water Heater Mounting: Install residential, electric, domestic-water heaters on floor.
	B. Install electric, domestic-water heaters level and plumb, according to layout drawings, original design, and referenced standards. Maintain manufacturer's recommended clearances. Arrange units so controls and devices needing service are accessible.
	C. Install combination temperature-and-pressure relief valves in top portion of storage tanks. Use relief valves with sensing elements that extend into tanks. Extend commercial-water-heater relief-valve outlet, with drain piping same as domestic-water piping in continuous downward pitch, and discharge by positive air gap onto closest floor drain.
	D. Install water-heater drain piping as indirect waste to spill by positive air gap into open drains or over floor drains. Install hose-end drain valves at low points in water piping for electric, domestic-water heaters that do not have tank drains. Comply with requirements for hose-end drain valves specified in Section 15145 "Domestic Water Piping Specialties."
	E. Install thermometers on outlet piping of electric, domestic-water heaters. Comply with requirements for thermometers specified in Section 15126 "Meters and Gages for Plumbing Piping."
	F. Install piping-type heat traps on inlet and outlet piping of electric, domestic-water heater storage tanks without integral or fitting-type heat traps.
	G. Fill electric, domestic-water heaters with water.
	H. Charge domestic-water compression tanks with air.
	I. Adjust balancing valves in circulation system to achieve an even heating system flow.

	3.2 CONNECTIONS
	A. Comply with requirements for piping specified in Section 15140 "Domestic Water Piping." Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Where installing piping adjacent to electric, domestic-water heaters, allow space for service and maintenance of water heaters. Arrange piping for easy removal of domestic-water heaters.

	3.3 IDENTIFICATION
	A. Identify system components. Comply with requirements for identification specified in Section 15076 "Identification for Plumbing Piping and Equipment."

	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Electric, domestic-water heaters will be considered defective if they do not pass tests and inspections. Comply with requirements in Section 01400 "Quality Requirements" for retesting and reinspecting requirements and Section 01700 "Execution Requirements" for requirements for correcting the Work.
	C. Prepare test and inspection reports.

	3.5 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain, electric, domestic-water heaters.



	15530 fl - furnaces
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:

	1.3 ACTION SUBMITTALS
	A. Product Data: Include rated capacities, operating characteristics, furnished specialties, and accessories for each of the following:
	B. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.

	1.4 INFORMATIONAL SUBMITTALS
	A. Warranty: Special warranty specified in this Section.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For each furnace to include in emergency, operation, and maintenance manuals for each of the following:

	1.6 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. ASHRAE/IESNA 90.1 Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6 - "Heating, Ventilating, and Air-Conditioning."
	C. Comply with NFPA 70.

	1.7 COORDINATION
	A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified with concrete.

	1.8 WARRANTY
	A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace the following components of furnaces that fail in materials or workmanship within specified warranty period:


	PART 2 -  PRODUCTS
	2.1 GAS-FIRED FURNACES, CONDENSING
	A. Basis-of-Design Product: Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	B. General Requirements for Gas-Fired, Condensing Furnaces: Factory assembled, piped, wired, and tested; complying with ANSI Z21.47/CSA 2.3, "Gas-Fired Central Furnaces," and with NFPA 54.
	C. Cabinet:  Steel.
	D. Fan: Centrifugal, factory balanced, resilient mounted, direct drive.
	E. Type of Gas:  Propane.
	F. Heat Exchanger:
	G. Burner:
	H. Gas-Burner Safety Controls:
	I. Combustion-Air Inducer: Centrifugal fan with thermally protected motor and sleeve bearings prepurges heat exchanger and vents combustion products; pressure switch prevents furnace operation if combustion-air inlet or flue outlet is blocked.
	J. Furnace Controls: Solid-state board integrates ignition, heat, cooling, and fan speeds; adjustable fan-on and fan-off timing; terminals for connection to accessories.
	K. Accessories:

	2.2 THERMOSTATS
	A. Controls shall comply with requirements in ASHRAE/IESNA 90.1, "Controls."
	B. Solid-State Thermostat:  Wall-mounting, programmable, microprocessor-based unit with automatic switching from heating to cooling, preferential rate control, seven-day programmability with minimum of four temperature presets per day, vacation mode, and battery backup protection against power failure for program settings.
	C. Control Wiring: Unshielded twisted-pair cabling.

	2.3 AIR FILTERS
	A. Disposable Filters:  1-inch- thick fiberglass media in sheet metal frame.

	2.4 REFRIGERATION COMPONENTS
	A. General Refrigeration Component Requirements:
	B. Refrigerant Coil: Copper tubes mechanically expanded into aluminum fins. Comply with ARI 210/240, "Unitary Air-Conditioning and Air-Source Heat Pump Equipment." Match size with furnace. Include condensate drain pan with accessible drain outlet.
	C. Refrigerant Line Kits: Annealed-copper suction and liquid lines factory cleaned, dried, pressurized with nitrogen, sealed, and with suction line insulated. Provide in standard lengths for installation without joints, except at equipment connections.
	D. Refrigerant Piping:  Comply with requirements in Section 15183 "Refrigerant Piping."
	E. Air-Cooled, Compressor-Condenser Unit:
	F. Capacities and Characteristics: As scheduled on the Drawings.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine factory-installed insulation before furnace installation. Reject units that are wet, moisture damaged, or mold damaged.
	C. Examine roughing-in for gas and refrigerant piping systems to verify actual locations of piping connections before equipment installation.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install gas-fired furnaces and associated fuel and vent features and systems according to NFPA 54.
	B. Base-Mounted Units: Secure units to substrate. Provide optional bottom closure base if required by installation conditions.
	C. Controls: Install thermostats at mounting height of 60 inches above floor.
	D. Wiring Method: Install control wiring in accessible ceiling spaces and in gypsum board partitions where unenclosed wiring method may be used. Conceal control wiring except in unfinished spaces.
	E. Install ground-mounted, compressor-condenser components on 4-inch- thick, reinforced concrete base; 4 inches larger on each side than unit. Coordinate anchor installation with concrete base.

	3.3 CONNECTIONS
	A. Gas piping installation requirements are specified in Section 15196 "Facility Liquefied-Petroleum Gas Piping." Drawings indicate general arrangement of piping, fittings, and specialties. Connect gas piping with union or flange and appliance connector valve.
	B. Install piping adjacent to equipment to allow service and maintenance.
	C. Vent and Outside-Air Connection, Condensing, Gas-Fired Furnaces: Connect plastic piping vent material to furnace connections and extend outdoors. Terminate vent outdoors with a cap and in an arrangement that will protect against entry of birds, insects, and dirt.
	D. Connect ducts to furnace with flexible connector. Comply with requirements in Section 15820 "Duct Accessories."
	E. Connect refrigerant tubing kits to refrigerant coil in furnace and to air-cooled, compressor-condenser unit.
	F. Comply with requirements in Section 15183 "Refrigerant Piping" for installation and joint construction of refrigerant piping.

	3.4 FIELD QUALITY CONTROL
	A. Perform the following field tests and inspections and prepare test reports:
	B. Verify that vibration isolation and flexible connections properly dampen vibration transmission to structure.

	3.5 STARTUP SERVICE
	A. Complete installation and startup checks according to manufacturer's written instructions and perform the following:
	B. Start unit according to manufacturer's written instructions and complete manufacturer's operational checklist.
	C. Measure and record airflows.
	D. Verify proper operation of capacity control device.
	E. After startup and performance test, lubricate bearings.

	3.6 ADJUSTING/BALANCING
	A. Adjust initial temperature set points.
	B. Set Furnace system's air flow rates to within the following tolerances of what is indicated on the drawings:
	C. Set controls, burner, and other adjustments for optimum heating performance and efficiency. Adjust heat-distribution features, including shutters, dampers, and relays, to provide optimum heating performance and system efficiency.

	3.7 CLEANING
	A. After completing installation, clean furnaces internally according to manufacturer's written instructions.
	B. Install new filters in each furnace within 14 days after Substantial Completion.

	3.8 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain condensing units. Refer to Section 01820 "Demonstration and Training."



	15544 fl - gas-fired unit heaters
	15815 FL - METAL DUCTS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Shop Drawings:


	PART 2 -  PRODUCTS
	2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS
	A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise indicated.
	B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

	2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS
	A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class unless otherwise indicated.
	B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	D. Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

	2.3 SHEET METAL MATERIALS
	A. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
	B. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
	C. Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	D. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.4 SEALANT AND GASKETS
	A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
	B. Two-Part Tape Sealing System:
	C. Water-Based Joint and Seam Sealant:
	D. Flanged Joint Sealant: Comply with ASTM C 920.
	E. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
	F. Round Duct Joint O-Ring Seals:

	2.5 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.
	B. Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized rods with threads painted with zinc-chromate primer after installation.
	C. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct."
	D. Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.
	E. Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts designed for duct hanger service; with an automatic-locking and clamping device.
	F. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	G. Trapeze and Riser Supports:


	PART 3 -  EXECUTION
	3.1 DUCT INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system. Indicated duct locations, configurations, and arrangements were used to size ducts and calculate friction loss for air-handling equipment sizing and for other design considerations. Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and Coordination Drawings.
	B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise indicated.
	C. Install round ducts in maximum practical lengths.
	D. Install ducts with fewest possible joints.
	E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections.
	F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines.
	G. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
	H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.
	I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures.
	J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, cover the opening between the partition and duct or duct insulation with sheet metal flanges of same metal thickness as the duct. Overlap openings on four sides by at least 1-1/2 inches.
	K. Protect duct interiors from moisture, construction debris and dust, and other foreign materials.

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

	3.3 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, "Hangers and Supports."
	B. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports within 24 inches of each elbow and within 48 inches of each branch intersection.
	C. Hangers Exposed to View: Threaded rod and angle or channel supports.
	D. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 feet.
	E. Install upper attachments to structures. Select and size upper attachments with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	3.4 CONNECTIONS
	A. Make connections to equipment with flexible connectors complying with Section 15820 "Duct Accessories."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.

	3.5 PAINTING
	A. Paint interior of metal ducts that are visible through registers and grilles and that do not have duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer. Paint materials and application requirements are specified in Section 09911 "Exterior Painting" and Section 09912 "Interior Painting."

	3.6 START UP
	A. Air Balance: Comply with requirements in Section 15530 "Furnaces."

	3.7 DUCT SCHEDULE
	A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:
	B. Supply Ducts:
	C. Return Ducts:
	D. Exhaust Ducts:
	E. Intermediate Reinforcement:
	F. Elbow Configuration:
	G. Branch Configuration:



	15820 fl - duct accessories
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For air duct accessories to include in operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 ASSEMBLY DESCRIPTION
	A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.

	2.2 MATERIALS
	A. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
	B. Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

	2.3 MANUAL VOLUME DAMPERS
	A. Standard, Steel, Manual Volume Dampers:
	B. Jackshaft:
	C. Damper Hardware:

	2.4 TURNING VANES
	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:
	B. General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."
	C. Vane Construction:  Single wall.

	2.5 FLEXIBLE CONNECTORS
	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:
	B. Materials: Flame-retardant or noncombustible fabrics.
	C. Coatings and Adhesives: Comply with UL 181, Class 1.
	D. Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches (89 mm) wide attached to two strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, galvanized sheet steel or 0.032-inch- (0.8-mm-) thick aluminum sheets. Provide metal compatible with connected ducts.
	E. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.

	2.6 FLEXIBLE DUCTS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Noninsulated, Flexible Duct: UL 181, Class 1, 2-ply vinyl film supported by helically wound, spring-steel wire.
	C. Insulated, Flexible Duct: UL 181, Class 1, 2-ply vinyl film supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
	D. Flexible Duct Connectors:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.
	B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and aluminum accessories in aluminum ducts.
	C. Install volume dampers at points on supply, return, and exhaust systems where branches extend from larger ducts.
	D. Set dampers to fully open position before testing, adjusting, and balancing.
	E. Install test holes at fan inlets and outlets and elsewhere as indicated.
	F. Install flexible connectors to connect ducts to equipment.
	G. Connect diffusers or light troffer boots to ducts directly or with maximum 60-inch (1500-mm) lengths of flexible duct clamped or strapped in place.
	H. Connect flexible ducts to metal ducts with adhesive plus sheet metal screws.
	I. Install duct test holes where required for testing and balancing purposes.

	3.2 FIELD QUALITY CONTROL
	A. Tests and Inspections:



	15838 fl - power ventilators
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated. Include rated capacities, operating characteristics, and furnished specialties and accessories. Also include the following:
	B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For power ventilators to include in emergency, operation, and maintenance manuals.

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


	PART 2 -  PRODUCTS
	2.1 PROPELLER FANS
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product  by one of the following:
	B. Housing: Galvanized-steel sheet with flanged edges and integral orifice ring with baked-enamel finish coat applied after assembly.
	C. Fan Wheel: Replaceable, cast-aluminum, airfoil blades fastened to cast-aluminum hub; factory set pitch angle of blades.
	D. Fan Drive: Motor mounted in airstream, factory wired to disconnect switch located on outside of fan housing.
	E. Fan Drive:
	F. Accessories:
	G. Capacities and Characteristics: As scheduled on drawings.

	2.2 CEILING-MOUNTED VENTILATORS
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install power ventilators level and plumb.
	B. Ceiling Units: Suspend units from structure; use steel wire or metal straps.
	C. Install units with clearances for service and maintenance.
	D. Label unit according to schedule.

	3.2 CONNECTIONS
	A. Drawings indicate general arrangement of ducts and duct accessories. Make final duct connections with flexible connectors.
	B. Install ducts adjacent to power ventilators to allow service and maintenance.
	C. Ground equipment according to Section 16060 "Grounding and Bonding."
	D. Connect wiring according to Section 16120 "Conductors and Cables."



	15855 fl - diffusers, registers and grilles
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated, include the following:


	PART 2 -  PRODUCTS
	2.1 CEILING DIFFUSERS
	A. Rectangular and Square Ceiling Diffusers:
	B. Perforated Diffuser:
	C. Fixed Face Grille:

	2.2 SOURCE QUALITY CONTROL
	A. Verification of Performance: Rate diffusers, registers, and grilles according to ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with requirements for installation tolerances and other conditions affecting performance of equipment.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install diffusers, registers, and grilles level and plumb.
	B. Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts, fittings, and accessories. Air outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop. Make final locations where indicated, as much as practical. For units installed in lay-in ceiling panels, locate units in the center of panel. Where architectural features or other items conflict with installation, notify Architect for a determination of final location.
	C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and maintenance of dampers, air extractors, and fire dampers.

	3.3 ADJUSTING
	A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air balancing.



	15906 FL - GAS INSTRUMENTS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Garage gas detection system:

	1.3 DEFINITIONS
	A. NDIR: Nondispersive infrared.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product, including the following:
	B. Shop Drawings:

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For gas instruments to include in operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 DETECTORS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description:
	C. Construction:
	D. Performance:
	E. Transmitter will be powered by the control panel power supply rated at 24 Vac.  Fully addressable gas transmitter must be capable of communicating digitally with controller through an RS-485 communication port.  Gas transmitters must be installed in a true daisy chain with an end of the line resistor on the last transmitter.  The gas transmitter will incorporate an electrochemical cell for toxic gas monitoring and catalytic bead sensor for combustible gases.  Unit sensing cell must compensate for variations in relative humidity and temperature to maintain high levels of accuracy.
	F. When placed in a network configuration the transmitter will be capable of transmitting gas concentrations through the controller.  For local activation of fans or louvers (or other equipment) an on-board DPDT relay 5 A, 30 Vdc or 250 Vac (resistive load) will be activated at programmable set points (and programmable time delays) through the control panel.
	G. Transmitter will be capable of operating within relative humidity ranges of 5-95% and temperature ranges of -4° F to 104° F  (-20° C to 40° C).
	H. Unit will be certified to ANSI/UL 61010-1 label and CAN/CSA-C22.2 No. 61010-1.  Transmitter must be manufactured in an ISO 9001-2000 production environment.
	I. The transmitter should have a plug-in capability for a gas cartridge with a smart sensor capable of self-testing.
	J. For local activation of audible alarms, the transmitter shall have an on-board device able to generate an audible output of 85 dBA @ 10 ft (3 m). An LCD display will provide gas concentration readings.
	K. Provide calibration kit. Turn over to Owner at start of warranty period.
	L. Detector alarm levels are to be activated and the unit is to be installed in accordance with the following parameters:

	2.2 CONTROLLER
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. The control panel must be capable of communicating digitally with the networked transmitters and relay modules through three RS-485 Modbus communication buses.  Each communication bus must be capable of accepting a combination of up to 32 addressable transmitters, relay modules, or annunciator panels at a maximum distance of 2,000 feet.  The power supply shall be 120 Vac.  Provide transformer if 24 VAC required.
	C. The controller will manage four internal DPDT relays at fully programmable alarm levels (and within programmable time delays) and be capable of activating multiple relay modules of eight relays each.  The relay rating will be no lower than 5 A, 30 Vdc or 250 Vac (resistive load).
	D. The controller must include a self-test function that allows for the activation/deactivation of all the programmed outputs by simulating a continuous 5% increase/decrease value until the maximum/minimum value is reached.
	E. The controller must include a real-time clock that enables operation of the outputs for a specific timeframe.
	F. The controller must also include an energy saving feature that allows for output operation on alarms set at the max, min or average value of a specific group of transmitters. This feature must also allow for the activation of outputs upon a certain number of a specific group (¾, ½, ⅓ and ¼) of transmitters reaching their alarm levels. A total of 128 groups can be assigned.
	G. The controller will be capable of communicating with an annunciator panel that can serve as a remote display panel in a secondary control room.
	H. The controller will indicate the exact concentration of gas, the gas detected, and the location of the sensor by sweeping through the network and displaying the detected levels at each point on a graphic LCD display.

	2.3 ACCESSORIES
	A. Strobe and Horn


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for instruments installed in piping to verify actual locations of connections before installation.
	C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION, GENERAL
	A. Install hazardous gas monitoring equipment including sensors, audible alarms, control panels as shown on Contract Drawings, and as recommended by manufacturer of equipment, and as required by authorities having jurisdiction.
	B. Install conduit and wiring from sensors to control panel and to the fan starters/motor operated dampers as recommended by manufacturer of equipment.
	C. Refer to 4/M-200 for gas detection system sequence of operations.
	D. Furnish and install products required to satisfy more stringent of all requirements indicated.
	E. Install products level, plumb, parallel, and perpendicular with building construction.
	F. Properly support instruments, tubing, piping, wiring, and conduit to comply with requirements indicated. Brace all products to prevent lateral movement and sway or a break in attachment when subjected to seismic loads.
	G. Fastening Hardware:
	H. Install products in locations that are accessible and that permit calibration and maintenance from floor, equipment platforms, or catwalks. Where ladders are required for Owner's access, confirm unrestricted ladder placement is possible under occupied condition.

	3.3 ELECTRICAL POWER
	A. Furnish and install electrical power to products requiring electrical connections.
	B. Furnish and install circuit breakers. Comply with requirements in Section 16410 "Enclosed Switches and Circuit Breakers."
	C. Furnish and install power wiring. Comply with requirements in Section 16120 "Conductors and Cables."
	D. Furnish and install raceways. Comply with requirements in Section 16130 "Raceways and Boxes."

	3.4 INSTRUMENTS, GENERAL INSTALLATION REQUIREMENTS
	A. Mounting Location:
	B. Mounting Height:

	3.5 CARBON-MONOXIDE MONITORING SYSTEM
	A. Install sample points in monitored area to provide accurate measurement of gas concentration.
	B. Install exposed sampling points with a finished appearance consistent with other materials in space. Submit proposed products to be installed for review and approval.
	C. Individually install each sample point to the carbon-monoxide monitoring system.
	D. Install tubing in a minimum size of NPS 3/8.
	E. Use compression fittings at connections to equipment.
	F. Support carbon-monoxide monitoring system from floor or wall. Support floor-mounted systems using a structural channel frame. Provide mounting brackets.

	3.6 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Each piece of wire, cable, and tubing shall have the same designation at each end for operators to determine continuity at points of connection. Comply with requirements for identification specified in Section 16075 "Electrical Identification."
	B. Install engraved phenolic nameplate with instrument identification on face.

	3.7 CHECKOUT PROCEDURES
	A. Check out installed products before continuity tests, leak tests, and calibration.
	B. Check instruments for proper location and accessibility.
	C. Check instruments for proper installation on direction of flow, elevation, orientation, insertion depth, or other applicable considerations that impact performance.
	D. Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, material, and support.

	3.8 ADJUSTMENT, CALIBRATION, AND TESTING
	A. After installation, test and calibrate equipment to demonstrate operation of functions described in sequence of operation by Factory-certified Service Technician. Startup by manufacturer’s representative is unacceptable, unless factory trained
	B. Description:
	C. Analog Signals:
	D. Digital Signals:
	E. Meters: Check sensors at zero, 50, and 100 percent of Project design values.
	F. Sensors: Check sensors at zero, 50, and 100 percent of Project design values.
	G. Switches: Calibrate switches to make or break contact at set points indicated.
	H. Transmitters:

	3.9 WARRANTY
	A. Limited Warranty

	3.10 MAINTENANCE SERVICE
	A. Maintenance Service: Beginning at Substantial Completion, maintenance service shall include 12 months' full maintenance by manufacturer's authorized service representative. Include annual preventive maintenance, repair or replacement of worn or defective components, cleaning, and adjusting as required for proper operation. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.

	3.11 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain instrumentation and control devices.
	B. Coordinate gas instrument demonstration video with operation and maintenance manuals and classroom instruction for use by Owner in operating, maintaining, and troubleshooting.
	C. Record videos on storage media per owner’s direction.
	D. Owner shall have right to make additional copies of video for internal use without paying royalties.



	16060 FL - GROUNDING AND BONDING
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes grounding and bonding systems and equipment.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with UL 467 for grounding and bonding materials and equipment.

	2.2 CONDUCTORS
	A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
	B. Bare Copper Conductors:

	2.3 CONNECTORS
	A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in which used and for specific types, sizes, and combinations of conductors and other items connected.
	B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy.

	2.4 GROUNDING ELECTRODES
	A. Ground Rods:  Copper-clad steel; 3/4 inch by 10 feet (19 mm by 3 m).


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 AWG and larger unless otherwise indicated.
	B. Underground Grounding Conductors: Install bare tinned-copper conductor, No. 2/0 AWG minimum.
	C. Conductor Terminations and Connections:

	3.2 GROUNDING AT THE SERVICE
	A. Equipment grounding conductors and grounding electrode conductors shall be connected to the ground bus. Install a main bonding jumper between the neutral and ground buses.

	3.3 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with all feeders and branch circuits.

	3.4 INSTALLATION
	A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise indicated or required by Code. Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	B. Ground Rods: Drive rods until tops are 2 inches (50 mm) below finished floor or final grade unless otherwise indicated.
	C. Grounding and Bonding for Piping:
	D. Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; using electrically conductive coated steel reinforcing bars or rods, at least 20 feet (6.0 m) long. If reinforcing is in multiple pieces, connect together by the usual steel tie wires or exothermic welding to create the required length.

	3.5 FIELD QUALITY CONTROL
	A. Tests and Inspections:
	B. Grounding system will be considered defective if it does not pass tests and inspections.
	C. Prepare test and inspection reports.
	D. Report measured ground resistances that exceed the following values:
	E. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.



	16073 FL - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS
	16075 FL - ELECTRICAL IDENTIFICATION
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 QUALITY ASSURANCE
	A. Comply with ANSI A13.1.
	B. Comply with NFPA 70.
	C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
	D. Comply with ANSI Z535.4 for safety signs and labels.
	E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.

	1.4 COORDINATION
	A. Coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes, standards, and 29 CFR 1910.145. Use consistent designations throughout Project.
	B. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	C. Coordinate installation of identifying devices with location of access panels and doors.


	PART 2 -  PRODUCTS
	2.1 CONDUCTOR IDENTIFICATION MATERIALS
	A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 to 2 inches wide.
	B. Self-Adhesive, Self-Laminating Polyester Labels:  Preprinted, 3-mil- thick flexible label with acrylic pressure-sensitive adhesive that provides a clear, weather- and chemical-resistant, self-laminating, protective shield over the legend. Labels sized to fit the conductor diameter such that the clear shield overlaps the entire printed legend.
	C. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of conductor it identifies and to stay in place by gripping action.
	D. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve with diameter sized to suit diameter of conductor it identifies and to stay in place by gripping action.
	E. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tube with machine-printed identification label. Sized to suit diameter of and shrinks to fit firmly around conductor it identifies. Full shrink recovery at a maximum of 200 deg F. Comply with UL 224.
	F. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	G. Write-On Tags: Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.

	2.2 UNDERGROUND-LINE WARNING TAPE
	A. Tape:
	B. Color and Printing:

	2.3 WARNING LABELS AND SIGNS
	A. Comply with NFPA 70 and 29 CFR 1910.145.
	B. Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive labels, configured for display on front cover, door, or other access to equipment unless otherwise indicated.

	2.4 INSTRUCTION SIGNS
	A. Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Verify identity of each item before installing identification products.
	B. Location: Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment.
	C. Apply identification devices to surfaces that require finish after completing finish work.
	D. Self-Adhesive Identification Products: Clean surfaces before application, using materials and methods recommended by manufacturer of identification device.
	E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
	F. Underground-Line Warning Tape: During backfilling of trenches install continuous underground-line warning tape directly above line at 6 to 8 inches below finished grade. Use multiple tapes where width of multiple lines installed in a common trench exceeds 16 inches overall.

	3.2 IDENTIFICATION SCHEDULE
	A. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull box of the following systems with self-adhesive vinyl labels with the wiring system legend and system voltage.
	B. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.
	C. Install instructional sign including the color-code for grounded and ungrounded conductors using adhesive-film-type labels.
	D. Locations of Underground Lines: Identify with underground-line warning tape for power, lighting, communication, and control wiring and optical fiber cable.
	E. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-adhesive warning labels.
	F. Operating Instruction Signs: Install instruction signs to facilitate proper operation and maintenance of electrical systems and items to which they connect. Install instruction signs with approved legend where instructions are needed for system or equipment operation.



	16120 FL - CONDUCTORS AND CABLES
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS AND CABLES
	A. Copper Conductors: Comply with NEMA WC 70/ICEA S-95-658.
	B. Conductor Insulation: Comply with NEMA WC 70/ICEA S-95-658 for Type THHN-2-THWN-2.
	C. Multiconductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for metal-clad cable, Type MC with ground wire.

	2.2 CONNECTORS AND SPLICES
	A. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.

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


	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders:  Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
	B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Exposed Feeders:  Type THHN-2-THWN-2, single conductors in raceway.
	B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-2-THWN-2, single conductors in raceway.
	C. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-2-THWN-2, single conductors in raceway.
	D. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-2-THWN-2, single conductors in raceway.
	E. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-2-THWN-2, single conductors in raceway.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
	B. Complete raceway installation between conductor and cable termination points according to Section 16130 "Raceways and Boxes" prior to pulling conductors and cables.
	C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.
	F. Support cables according to Section 16073 "Hangers and Supports for Electrical Systems."

	3.4 CONNECTIONS
	A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.
	B. Make splices, terminations, and taps that are compatible with conductor material[ and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors].
	C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack.

	3.5 IDENTIFICATION
	A. Identify and color-code conductors and cables according to Section 16075 "Electrical Identification."
	B. Identify each spare conductor at each end with identity number and location of other end of conductor, and identify as spare conductor.



	16130 FL - RACEWAYS AND BOXES
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. GRC: Galvanized rigid steel conduit.
	B. IMC: Intermediate metal conduit.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS, TUBING, AND FITTINGS
	A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. GRC: Comply with ANSI C80.1 and UL 6.
	C. IMC: Comply with ANSI C80.6 and UL 1242.
	D. EMT: Comply with ANSI C80.3 and UL 797.
	E. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.
	F. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.

	2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS
	A. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. RNC:  Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.
	C. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.
	D. Coilable HDPE: Preassembled with conductors or cables, and complying with ASTM D 3485.
	E. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	F. Solvent cements and adhesive primers shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	2.3 METAL WIREWAYS AND AUXILIARY GUTTERS
	A. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 for interior, Type 3R for exterior unless otherwise indicated, and sized according to NFPA 70.
	B. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireways as required for complete system.
	C. Wireway Covers:  Screw-cover type unless otherwise indicated.
	D. Finish: Manufacturer's standard enamel finish.

	2.4 BOXES, ENCLOSURES, AND CABINETS
	A. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.
	B. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
	C. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	D. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
	E. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.
	F. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	G. Device Box Dimensions:  4 inches square by 2-1/8 inches deep.


	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors: Apply raceway products as specified below unless otherwise indicated:
	B. Indoors: Apply raceway products as specified below unless otherwise indicated:
	C. Minimum Raceway Size:  3/4-inch trade size.
	D. Raceway Fittings: Compatible with raceways and suitable for use and location.
	E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
	F. Install surface raceways only where indicated on Drawings.
	G. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

	3.2 INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NECA 102 for aluminum conduits. Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and number of floors.
	B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes. Install horizontal raceway runs above water and steam piping.
	C. Complete raceway installation before starting conductor installation.
	D. Comply with requirements in Section 16073 "Hangers and Supports for Electrical Systems" for hangers and supports.
	E. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	F. Install no more than the equivalent of three 90-degree bends in any conduit run except for control wiring conduits, for which fewer bends are allowed. Support within 12 inches of changes in direction.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.
	H. Support conduit within 12 inches of enclosures to which attached.
	I. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound to threads of raceway and fittings before making up joints. Follow compound manufacturer's written instructions.
	J. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to protect conductors including conductors smaller than No. 4 AWG.
	K. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated throat metal grounding bushings on service conduits.
	L. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install locknuts hand tight plus 1/4 turn more.
	M. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.
	N. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use roll cutter or a guide to make cut straight and perpendicular to the length.
	O. Comply with manufacturer's written instructions for solvent welding RNC and fittings.
	P. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches of flexible conduit for recessed and semirecessed luminaires, equipment subject to vibration, noise transmission, or movement; and for transformers and motors.
	Q. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated.
	R. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	S. Locate boxes so that cover or plate will not span different building finishes.
	T. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	U. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.

	3.3 INSTALLATION OF UNDERGROUND CONDUIT
	A. Direct-Buried Conduit:

	3.4 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.



	16140 FL - WIRING DEVICES
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. EMI: Electromagnetic interference.
	B. GFCI: Ground-fault circuit interrupter.
	C. Pigtail: Short lead used to connect a device to a branch-circuit conductor.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: List of legends and description of materials and process used for premarking wall plates.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers' Names: Shortened versions (shown in parentheses) of the following manufacturers' names are used in other Part 2 articles:
	B. Source Limitations: Obtain each type of wiring device and associated wall plate from single source from single manufacturer.

	2.2 GENERAL WIRING-DEVICE REQUIREMENTS
	A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.
	C. Devices that are manufactured for use with modular plug-in connectors may be substituted under the following conditions:

	2.3 STRAIGHT-BLADE RECEPTACLES
	A. Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.

	2.4 GFCI RECEPTACLES
	A. General Description:
	B. Duplex GFCI Convenience Receptacles, 125 V, 20 A:

	2.5 TOGGLE SWITCHES
	A. Comply with NEMA WD 1, UL 20, and FS W-S-896.
	B. Switches, 120/277 V, 20 A:

	2.1 WALL PLATES
	A. Single and combination types shall match corresponding wiring devices.

	2.2 FINISHES
	A. Device Color:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
	B. Coordination with Other Trades:
	C. Conductors:
	D. Device Installation:
	E. Receptacle Orientation:
	F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
	G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top. Group adjacent switches under single, multigang wall plates.
	H. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and furnishings.

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

	3.3 IDENTIFICATION
	A. Comply with Section 16075 "Electrical Identification."
	B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or engraved machine printing with black-filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.

	3.4 FIELD QUALITY CONTROL
	A. Tests for Convenience Receptacles:
	B. Wiring device will be considered defective if it does not pass tests and inspections.



	16145 FL - LIGHTING CONTROL DEVICES
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: Show installation details for occupancy and light-level sensors.


	PART 2 -  PRODUCTS
	2.1 INDOOR OCCUPANCY SENSORS
	A. Manufacturers: Subject to compliance with requirements, provide products by the following:
	B. General Requirements for Sensors: Wall- or ceiling-mounted, solid-state indoor occupancy sensors with a separate power pack.
	C. Ultrasonic Type: Ceiling mounted; detect occupants in coverage area through pattern changes of reflected ultrasonic energy .
	D. Dual-Technology Type: Ceiling mounted; detect occupants in coverage area using PIR and ultrasonic detection methods. The particular technology or combination of technologies that control on-off functions is selectable in the field by operating controls on unit.

	2.2 SWITCHBOX-MOUNTED OCCUPANCY SENSORS
	A. Manufacturers: Subject to compliance with requirements, provide products by the following:
	B. General Requirements for Sensors: Automatic-wall-switch occupancy sensor, suitable for mounting in a single gang switchbox.
	C. Wall-Switch Sensor:

	2.3 CONDUCTORS AND CABLES
	A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 AWG. Comply with requirements in Section 16120 "Conductors and Cables."
	B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 18 AWG. Comply with requirements in Section 16120 "Conductors and Cables."
	C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 18 AWG. Comply with requirements in Section 16120 "Conductors and Cables."


	PART 3 -  EXECUTION
	3.1 SENSOR INSTALLATION
	A. Coordinate layout and installation of ceiling-mounted devices with other construction that penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, smoke detectors, fire-suppression systems, and partition assemblies.
	B. Install and aim sensors in locations to achieve not less than 90 percent coverage of areas indicated. Do not exceed coverage limits specified in manufacturer's written instructions.

	3.2 CONTACTOR INSTALLATION
	A. Mount electrically held lighting contactors with elastomeric isolator pads to eliminate structure-borne vibration, unless contactors are installed in an enclosure with factory-installed vibration isolators.

	3.3 WIRING INSTALLATION
	A. Wiring Method: Comply with Section 16120 "Conductors and Cables." Minimum conduit size is 1/2 inch.
	B. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-limited conductors according to conductor manufacturer's written instructions.
	C. Size conductors according to lighting control device manufacturer's written instructions unless otherwise indicated.
	D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.

	3.4 IDENTIFICATION
	A. Identify components and power and control wiring according to Section 16075 "Electrical Identification."
	B. Label time switches and contactors with a unique designation.

	3.5 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Lighting control devices will be considered defective if they do not pass tests and inspections.



	16410 FL - ENCLOSED SWITCHES AND CIRCUIT BREAKERS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical characteristics, ratings, accessories, and finishes.
	B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, details, and attachments to other work.

	1.4 QUALITY ASSURANCE
	A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective devices, components, and accessories, within same product category, from single source from single manufacturer.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. Comply with NFPA 70.

	1.5 COORDINATION
	A. Coordinate layout and installation of switches, circuit breakers, and components with equipment served and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.


	PART 2 -  PRODUCTS
	2.1 FUSIBLE SWITCHES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Type HD, Heavy Duty, Single Throw, 240-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate indicated fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	C. Accessories:

	2.2 NONFUSIBLE SWITCHES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Type HD, Heavy Duty, Single Throw, 240-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	C. Accessories:

	2.3 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to comply with environmental conditions at installed location.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with installation tolerances and other conditions affecting performance of the Work.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	B. Comply with mounting and anchoring requirements specified in Section 16074 "Seismic Controls for Electrical Systems."
	C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	D. Install fuses in fusible devices.
	E. Comply with NECA 1.

	3.3 IDENTIFICATION
	A. Comply with requirements in Section 16075 "Electrical Identification."

	3.4 FIELD QUALITY CONTROL
	A. Acceptance Testing Preparation:
	B. Tests and Inspections:
	C. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.

	3.5 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.



	16442 FL - PANELBOARDS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of panelboard, switching and overcurrent protective device, transient voltage suppression device, accessory, and component indicated. Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, ratings, and finishes.
	B. Shop Drawings: For each panelboard and related equipment.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For panelboards and components to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 01782 "Operation and Maintenance Data," include the following:

	1.5 QUALITY ASSURANCE
	A. Source Limitations: Obtain panelboards, overcurrent protective devices, components, and accessories from single source from single manufacturer.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. Comply with NEMA PB 1.
	D. Comply with NFPA 70.

	1.6 COORDINATION
	A. Coordinate layout and installation of panelboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR PANELBOARDS
	A. Enclosures:  Surface-mounted cabinets.
	B. Phase, Neutral, and Ground Buses:
	C. Conductor Connectors: Suitable for use with conductor material and sizes.
	D. Service Equipment Label: NRTL labeled for use as service equipment for panelboards or load centers with one or more main service disconnecting and overcurrent protective devices.

	2.2 Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current available at terminals.
	2.3 DISTRIBUTION PANELBOARDS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

	2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.
	C. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing adjacent units.
	D. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.

	2.5 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Molded-Case Circuit Breaker (MCCB): Comply with UL 489, with interrupting capacity to meet available fault currents.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Receive, inspect, handle, and store panelboards according to NECA 407.
	B. Examine panelboards before installation. Reject panelboards that are damaged or rusted or have been subjected to water saturation.
	C. Examine elements and surfaces to receive panelboards for compliance with installation tolerances and other conditions affecting performance of the Work.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install panelboards and accessories according to NECA 407.
	B. Mount panelboard cabinet plumb and rigid without distortion of box. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	C. Install filler plates in unused spaces.
	D. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
	E. Comply with NECA 1.

	3.3 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with Section 16075 "Electrical Identification."
	B. Create a directory to indicate installed circuit loads; incorporate Owner's final room designations. Obtain approval before installing. Use a computer or typewriter to create directory; handwritten directories are not acceptable.
	C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements for identification specified in Section 16075 "Electrical Identification."

	3.4 ADJUSTING
	A. Adjust moving parts and operable component to function smoothly, and lubricate as recommended by manufacturer.



	16511 FL - LED LIGHTING
	PART 1 -  PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. CCT: Correlated color temperature.
	B. CRI: Color Rendering Index.
	C. Fixture: See "Luminaire."
	D. IP: International Protection or Ingress Protection Rating.
	E. LED: Light-emitting diode.
	F. Lumen: Measured output of lamp and luminaire, or both.
	G. Luminaire: Complete lighting unit, including lamp, reflector, and housing.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For nonstandard or custom luminaires.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For luminaires and lighting systems to include in operation and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's laboratory that is accredited under the NVLAP for Energy Efficient Lighting Products.
	B. Luminaire Photometric Data Testing Laboratory Qualifications: Provided by an independent agency, with the experience and capability to conduct the testing indicated, that is an NRTL as defined by OSHA in 29 CFR 1910.7, accredited under the NVLAP for Energy Efficient Lighting Products, and complying with the applicable IES testing standards.
	C. Provide luminaires from a single manufacturer for each luminaire type.
	D. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color consistency among luminaires.
	E. Mockups: For interior lighting luminaires in room or module mockups, complete with power and control connections.

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping.

	1.8 WARRANTY
	A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or workmanship within specified warranty period.
	B. Warranty Period:  Five year(s) from date of Substantial Completion.


	PART 2 -  PRODUCTS
	2.1 LUMINAIRE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated class and division of hazard by an NRTL.
	C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated class and division of hazard by FM Global.
	D. Recessed Fixtures: Comply with NEMA LE 4.
	E. Bulb shape complying with ANSI C79.1.
	F. Lamp base complying with ANSI C81.61 or IEC 60061-1.
	G. CRI of minimum 80. CCT of 4100 K.
	H. Rated lamp life of 50,000 hours.
	I. Lamps dimmable from 100 percent to 0 percent of maximum light output.
	J. Internal driver.
	K. Nominal Operating Voltage:  120 V ac.
	L. Housings:

	2.2 MATERIALS
	A. Metal Parts:
	B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools. Designed to prevent doors, frames, lenses, diffusers, and other components from falling accidentally during relamping and when secured in operating position.
	C. Diffusers and Globes:
	D. Housings:
	E. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels where they will be readily visible to service personnel, but not seen from normal viewing angles when lamps are in place.

	2.3 METAL FINISHES
	A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining components are acceptable if they are within the range of approved Samples and if they can be and are assembled or installed to minimize contrast.

	2.4 LUMINAIRE FIXTURE SUPPORT COMPONENTS
	A. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. Finish same as luminaire.
	B. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage.
	C. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod.
	D. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with threaded attachment, cord, and locking-type plug.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical connections before fixture installation. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 TEMPORARY LIGHTING
	A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When construction is sufficiently complete, clean luminaires used for temporary lighting and install new lamps.

	3.3 INSTALLATION
	A. Comply with NECA 1.
	B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.
	C. Install lamps in each luminaire.
	D. Supports:
	E. Flush-Mounted Luminaire Support:
	F. Wall-Mounted Luminaire Support:
	G. Ceiling-Mounted Luminaire Support:
	H. Suspended Luminaire Support:
	I. Ceiling-Grid-Mounted Luminaires:
	J. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for wiring connections.

	3.4 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.5 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Luminaire will be considered defective if it does not pass operation tests and inspections.
	C. Prepare test and inspection reports.

	3.6 STARTUP SERVICE
	A. Comply with requirements for startup specified in Section 260943.16 "Addressable-Fixture Lighting Controls."
	B. Comply with requirements for startup specified in Section 260943.23 "Relay-Based Lighting Controls."

	3.7 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied conditions. Make up to two visits to Project during other-than-normal hours for this purpose. Some of this work may be required during hours of darkness.




