Addendum No. 1
April 13, 2022

Project: Zimmerman Hall Renovations
Dakota State University, Madison, SD
OSE# R0420—04X
2963

Architect: Architecture Incorporated

Letting:  April 28, 2022
2:30 pm. CT
Office of the State Engineer
Joe Foss Building
523 East Capitol Ave
Pierre, SD 57501-3182

Scope of this Addendum:

To all bidders and all others to whom drawings and specifications have been issued by Architecture
Incorporated, this Addendum forms a part of the Contract Documents. Acknowledge receipt of this
addendum by listing its number and date in the bidder’s Form of Proposal. Failure to do so may subject

bidder to disqualification. This addendum modifies the drawings and specifications as follows:

GENERAL ITEMS:

1) SPECIFICATION SECTION — Incorporate the following sections into the specification manual:

a) SECTION 081113 - HOLLOW METAL DOORS AND FRAMES
b) SECTION 088400 - DECORATIVE VINYL FILM FOR GLASS

DIVISION 22 — PLUMBING

c¢) SECTION 220500 - GENERAL PLUMBING REQUIREMENTS

d) SECTION 220510 — BASIC PLUMBING MATERIALS AND METHODS
e) SECTION 220700 - PLUBMING SYSTEMS INSULATION

f) SECTION 224000 - PLUMBING

DIVISION 23 — HEATING., VENTILATION AND AIR CONDITIONING

g) SECTION 230500 - GENERAL HVAC REQUIREMENTS

h) SECTION 230510 — BASIC HVAC MATERIALS AND METHODS

i) SECTION 230593 — TESTING, ADJUSTING, AND BALANCING (AIR & WATER)
j)  SECTION 230700 - HVAC SYSTEMS INSULATION

k) SECTION 230900 - CONTROLS & CONTROL SEQUENCES

1) SECTION 232113 - HYDRONIC PIPING SYSTEMS

m) SECTION 232123 - HVAC HYDRONIC PUMPS

n) SECTION 232213 — STEAM HEATING SYSTEMS

o) SECTION 237000 - HEATING, VENTILATION AND AIR CONDITIONING

DIVISION 26 ELECTIRCAL

p) SECTION 260500 - COMMON WORK RESULTS FOR ELECTRICAL
q) SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
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r)  SECTION 260526 — GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS
s) SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

t) SECTION 260533 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

u) SECTION 260543 — UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS
v) SECTION 260553 — IDENTIFICATION FOR ELECTRICAL SYSTEMS

w) SECTION 260923 — LIGHTING CONTROL DEVICES

x) SECTION 262416 - PANELBOARDS

y) SECTION 262726 — WIRING DEVICES

z) SECTION 262816 — FUSES

aa) SECTION 262816 — ENCLOSED SWITCHES AND CIRCUIT BREAKERS

bb) SECTION 265119 — LED INTERIOR LIGHTING

DIVISION 27 COMMUNICATION

cc) SECTION 270500 - COMMON WORK RESULTS FOR COMMUNICATIONS
dd) SECTION 271100 - COMMUNICATIONS EQUIPMENT ROOM FITTINGS
ee) SECTION 271500 - COMMUNICATIONS HORIZONTAL CABLING

DIVISION 28 ELECTRONIC SAFETY AND SECURITY

ff) SECTION 280500 - COMMON WORK RESULTS FOR ELECTRONIC SAFETY AND SECURITY
gg) SECTION 280513 — CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY
hh) SECTION 283111 — DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM

GENERAL APPROVALS:

The following material or equipment furnished by the manufacturers listed, may be substituted as
equivalent providing that each item, material, and piece of equipment conforms to the design and
requirement of the specifications.

SECTION ITEM MANUFACTURER

NO APPROVALS THIS ADDENDUM

END OF ADDENDUM
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SECTION 081113 - HOLLOW METAL DOORS AND FRAMES

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 hollow-metal work.

B. Related Requirements:

1. Section 081416 "Flush Wood Doors" for wood doors installed in hollow metal frames.

2. [Section 087100 "Door Hardware"] for door hardware for hollow-metal doors.

3. Division 9 Section ["Interior Painting"] for field painting hollow metal doors and frames.
1.3 DEFINITIONS

A. Minimum Thickness: Minimum thickness of base metal without coatings according to NAAMM-HMMA
803 or SDI A250.8.

1.4 COORDINATION

A. Coordinate anchorage installation for hollow-metal frames. Furnish setting drawings, templates, and
directions for installing anchorages, including sleeves, concrete inserts, anchor bolts, and items with
integral anchors. Deliver such items to Project site in time for installation.

1.5 ACTION SUBMITTALS
A. Product Data: For each type of product.

1. Include construction details, material descriptions, core descriptions, [fire-resistance ratings,]
and finishes.

B. Shop Drawings: Include the following:

Elevations of each door type.

Details of doors, including vertical- and horizontal-edge details and metal thicknesses.
Frame details for each frame type, including dimensioned profiles and metal thicknesses.
Locations of reinforcement and preparations for hardware.

Details of each different wall opening condition.

Details of anchorages, joints, field splices, and connections.

Details of accessories.

Details of moldings, removable stops, and glazing.

Details of conduit and preparations for power, signal, and control systems.

WXk WD —
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1.6

1.7

Shop Drawing Details: Include plans, elevations, sections, hardware, accessories, operational clearances,
and details of installation, including anchor, flashing, and sealant installation. Shop drawings shall
demonstrate that the installer understands all facets of the installation before work begins.

1. Shop drawings shall include all hollow metal frames in elevation and plan.
Shop drawing details shall be drawn at ’2” = 1°-0” minimum scale.

3. Shop drawings shall include all conditions that occur at the head, jamb and sill, including all
interfaces with surrounding work.

4. Shop drawings shall show connection to and continuity with adjacent thermal, weather, air, and

vapor barriers.
5. Shop drawings shall indicate glazing types.

Schedule: Provide a schedule of hollow-metal work prepared by or under the supervision of supplier,
using same reference numbers for details and openings as those on Drawings. Coordinate with final Door
Hardware Schedule.

INFORMATIONAL SUBMITTALS

Product Test Reports: For each type of hollow-metal door and frame assembly, for tests performed by a
qualified testing agency.

Oversize Construction Certification: For assemblies required to be fire rated and exceeding limitations of
labeled assemblies.
DELIVERY, STORAGE, AND HANDLING

Deliver hollow-metal work palletized, packaged, or crated to provide protection during transit and
Project-site storage. Do not use nonvented plastic.

1. Provide additional protection to prevent damage to factory-finished units.

Deliver welded frames with two removable spreader bars across bottom of frames, tack welded to jambs
and mullions.

Store hollow-metal work vertically under cover at Project site with head up. Place on minimum 4-inch-
(102-mm-) high wood blocking. Provide minimum 1/4-inch (6-mm) space between each stacked door to
permit air circulation.

PART 2 - PRODUCTS

2.1

A.

MANUFACTURERS

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:

Amweld International, LLC.

Apex Industries, Inc.

Ceco Door Products; an Assa Abloy Group company.
Commercial Door & Hardware Inc.

Concept Frames, Inc.

Curries Company; an Assa Abloy Group company.
Custom Metal Products.

Daybar.
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2.2
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9. Deansteel.

10.  de La Fontaine Industries.

11.  DKS Steel Door & Frame Sys. Inc.
12.  Door Components, Inc.

13.  Fleming-Baron Door Products.

14.  Gensteel Doors Inc.

15. Greensteel Industries, Ltd.

16.  HMF Express.

17.  Hollow Metal Inc.

18.  Hollow Metal Xpress.

19.  J/R Metal Frames Manufacturing, Inc.
20.  Karpen Steel Custom Doors & Frames.
21.  L.LF. Industries, Inc.

22. LaForce, Inc.

23.  Megamet Industries, Inc.

24.  Mesker Door Inc.

25.  Michbi Doors Inc.

26.  MPI Group, LLC (The).

27.  National Custom Hollow Metal.
28.  North American Door Corp.

29.  Philipp Manufacturing Co (The).
30.  Pioneer Industries, Inc.

31.  Premier Products, Inc.

32.  Republic Doors and Frames.

33.  Rocky Mountain Metals, Inc.

34.  Security Metal Products Corp.

35.  Shanahans Manufacturing Ltd.

36.  Steelcraft; an Ingersoll-Rand company.
37. Steward Steel; Door Division.

38. Stiles Custom Metal, Inc.

39. Titan Metal Products, Inc.

40.  Trillium Steel Doors Limited.

41.  West Central Mfg. Inc.

Source Limitations: Obtain hollow-metal work from single source from single manufacturer.
REGULATORY REQUIREMENTS

Fire-Rated Assemblies: Complying with NFPA 80 and listed and labeled by a qualified testing agency
acceptable to authorities having jurisdiction for fire-protection ratings indicated, based on testing at
positive pressure according to NFPA 252 or UL 10C.

Fire-Rated, Borrowed-Light Assemblies: Complying with NFPA 80 and listed and labeled by a testing
and inspecting agency acceptable to authorities having jurisdiction for fire-protection ratings indicated,
based on testing according to NFPA 257 or UL 9.

INTERIOR DOORS AND FRAMES

Construct interior doors and frames to comply with the standards indicated for materials, fabrication,
hardware locations, hardware reinforcement, tolerances, and clearances, and as specified.

Extra-Heavy-Duty Doors and Frames: SDI A250.8, Level 3.
1. Physical Performance: Level A according to SDI A250.4.

2. Doors:
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Type: As indicated in the Door and Frame Schedule.

Thickness: 1-3/4 inches (44.5 mm).

Face: [Uncoated,] cold-rolled steel sheet, minimum thickness of 0.053 inch (1.3 mm).
Edge Construction: [Model 1, Full Flush].

Core: Manufacturer's standard kraft-paper honeycomb, polystyrene, polyurethane,
polyisocyanurate, mineral-board, or vertical steel-stiffener core at manufacturer's
discretion.

Frames:

C.

Materials: [Uncoated,] steel sheet, minimum thickness of 0.053 inch (1.3 mm).
Construction:

1) Provide 3-piece [knock down (KD)] hollow metal door frames [with compression
anchors] at all door openings located within apartment units.

a) Based on CURRIES Company — [C] frame profile; see plans.
2) Provide [full profile welded] hollow metal door frames at all apartment entrances.
a) Based on CURRIES Company — [C] frame profile; see plans.

3) Provide [full profile welded] hollow metal frames where interior hollow metal
frames are utilized at cased openings.

a) Based on CURRIES Company — [CK] frame profile; see plans.
4) Unless specifically indicated otherwise per the Door Schedule, interior hollow metal
door frames at any/all locations not located within apartment units shall be [full

profile welded].

Face Dimension: [2 inches], unless indicated otherwise on drawings.

Exposed Finish: [Prime].

FRAME ANCHORS

Jamb Anchors:

1.

2.
3.

Stud-Wall Type: Designed to engage stud, welded to back of frames; not less than 0.042 inch (1.0
mm) thick.

Compression Type for Drywall Slip-on Frames: Adjustable compression anchors.

Postinstalled Expansion Type for In-Place Concrete or Masonry: Minimum 3/8-inch-(9.5-mm-)
diameter bolts with expansion shields or inserts. Provide pipe spacer from frame to wall, with
throat reinforcement plate, welded to frame at each anchor location.

Floor Anchors: Formed from same material as frames, minimum thickness of 0.042 inch (1.0 mm), and as
follows:

1.
2.

Monolithic Concrete Slabs: Clip-type anchors, with two holes to receive fasteners.
Separate Topping Concrete Slabs: Adjustable-type anchors with extension clips, allowing not less
than 2-inch (51-mm) height adjustment. Terminate bottom of frames at finish floor surface.
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2.5

2.6

MATERIALS

Recycled Content of Steel Products: Postconsumer recycled content plus one-half of preconsumer
recycled content not less than [25] percent.

Cold-Rolled Steel Sheet: ASTM A 1008/A 1008M, Commercial Steel (CS), Type B; suitable for exposed
applications.

Hot-Rolled Steel Sheet: ASTM A 1011/A 1011M, Commercial Steel (CS), Type B; free of scale, pitting,
or surface defects; pickled and oiled.

Metallic-Coated Steel Sheet: ASTM A 653/A 653M, Commercial Steel (CS), Type B.

Frame Anchors: ASTM A 879/A 879M, Commercial Steel (CS), 04Z (12G) coating designation; mill
phosphatized.

1. For anchors built into exterior walls, steel sheet complying with ASTM A 1008/A 1008M or
ASTM A 1011/A 1011M, hot-dip galvanized according to ASTM A 153/A 153M, Class B.

Inserts, Bolts, and Fasteners: Hot-dip galvanized according to ASTM A 153/A 153M.

Power-Actuated Fasteners in Concrete: Fastener system of type suitable for application indicated,
fabricated from corrosion-resistant materials, with clips or other accessory devices for attaching hollow-
metal frames of type indicated.

Grout: ASTM C 476, except with a maximum slump of 4 inches (102 mm), as measured according to
ASTM C 143/C 143M.

Mineral-Fiber Insulation: ASTM C 665, Type I (blankets without membrane facing); consisting of fibers
manufactured from slag or rock wool; with maximum flame-spread and smoke-developed indexes of 25
and 50, respectively; passing ASTM E 136 for combustion characteristics.

Glazing: Comply with requirements in Section 088000 "Glazing."

Bituminous Coating: Cold-applied asphalt mastic, compounded for 15-mil (0.4-mm) dry film thickness
per coat. Provide inert-type noncorrosive compound free of asbestos fibers, sulfur components, and other
deleterious impurities.

FABRICATION

Fabricate hollow-metal work to be rigid and free of defects, warp, or buckle. Accurately form metal to
required sizes and profiles, with minimum radius for metal thickness. Where practical, fit and assemble
units in manufacturer's plant. To ensure proper assembly at Project site, clearly identify work that cannot
be permanently factory assembled before shipment.

Hollow-Metal Doors:

1. Steel-Stiffened Door Cores: Provide minimum thickness 0.026 inch (0.66 mm), steel vertical
stiffeners of same material as face sheets extending full-door height, with vertical webs spaced not
more than 6 inches (152 mm) apart. Spot weld to face sheets no more than 5 inches (127 mm) o.c.
Fill spaces between stiffeners with glass- or mineral-fiber insulation.

2. Fire Door Cores: As required to provide fire-protection ratings indicated.
3. Vertical Edges for Single-Acting Doors: [Bevel edges 1/8 inch in 2 inches (3.2 mm in 51 mm)].
4. Top Edge Closures: Close top edges of doors with [inverted closures, except provide flush

closures at exterior doors] of same material as face sheets.
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5. Bottom Edge Closures: Close bottom edges of doors [where required for attachment of weather
stripping] with end closures or channels of same material as face sheets.

6. Exterior Doors: Provide weep-hole openings in bottoms of exterior doors to permit moisture to
escape. Seal joints in top edges of doors against water penetration.
7. Astragals: Provide overlapping astragal on one leaf of pairs of doors where required by NFPA 80

for fire-performance rating or where indicated. Extend minimum 3/4 inch (19 mm) beyond edge of
door on which astragal is mounted or as required to comply with published listing of qualified
testing agency.

C. Hollow-Metal Frames: Where frames are fabricated in sections due to shipping or handling limitations,
provide alignment plates or angles at each joint, fabricated of same thickness metal as frames.

1. [Sidelight] [and] [Transom Bar] Frames: Provide closed tubular members with no visible face
seams or joints, fabricated from same material as door frame. Fasten members at crossings and to
jambs by butt welding.

2. Provide countersunk, flat- or oval-head exposed screws and bolts for exposed fasteners unless

otherwise indicated.

Grout Guards: Weld guards to frame at back of hardware mortises in frames to be grouted.

4. Floor Anchors: Weld anchors to bottoms of jambs with at least four spot welds per anchor;
however, for slip-on drywall frames, provide anchor clips or countersunk holes at bottoms of
jambs.

5. Jamb Anchors: Provide number and spacing of anchors as follows:

(%)

a. Stud-Wall Type: Locate anchors not more than 18 inches (457 mm) from top and bottom of
frame. Space anchors not more than 32 inches (813 mm) o.c. and as follows:

1) Three anchors per jamb up to 60 inches (1524 mm) high.

2) Four anchors per jamb from 60 to 90 inches (1524 to 2286 mm) high.

3) Five anchors per jamb from 90 to 96 inches (2286 to 2438 mm) high.

4) Five anchors per jamb plus one additional anchor per jamb for each 24 inches (610
mm) or fraction thereof above 96 inches (2438 mm) high.

Compression Type: Not less than two anchors in each frame.
c. Postinstalled Expansion Type: Locate anchors not more than 6 inches (152 mm) from top
and bottom of frame. Space anchors not more than 26 inches (660 mm) o.c.

6. Head Anchors: Two anchors per head for frames more than 42 inches (1067 mm) wide and
mounted in metal-stud partitions.

7. Door Silencers: Except on weather-stripped frames, drill stops to receive door silencers as follows.
Keep holes clear during construction. Silencers shall be furnished and installed by this Section.

a. Single-Door Frames: Drill stop in strike jamb to receive three door silencers.
b. Double-Door Frames: Drill stop in head jamb to receive two door silencers.

D. Fabricate concealed stiffeners and edge channels from either cold- or hot-rolled steel sheet.

E. Hardware Preparation: Factory prepare hollow-metal work to receive templated mortised hardware;
include cutouts, reinforcement, mortising, drilling, and tapping according to SDI A250.6, the Door
Hardware Schedule, and templates.

1. Reinforce doors and frames to receive nontemplated, mortised, and surface-mounted door
hardware.

2. Comply with applicable requirements in SDI A250.6 and BHMA A156.115 for preparation of
hollow-metal work for hardware.
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2.7

2.8

Stops and Moldings: Provide stops and moldings around glazed lites and louvers where indicated. Form
corners of stops and moldings with [butted] hairline joints.

1. Single Glazed Lites: Provide fixed stops and moldings welded on secure side of hollow-metal
work.

2. Multiple Glazed Lites: Provide fixed and removable stops and moldings so that each glazed lite is
capable of being removed independently.

3. Provide fixed frame moldings on outside of exterior and on secure side of interior doors and
frames.

4. Provide loose stops and moldings on inside of hollow-metal work.

5. Coordinate rabbet width between fixed and removable stops with glazing and installation types
indicated.

STEEL FINISHES

Prime Finish: Clean, pretreat, and apply manufacturer's standard primer.

1. Shop Primer: Manufacturer's standard, fast-curing, lead- and chromate-free primer complying with
SDI A250.10; recommended by primer manufacturer for substrate; compatible with substrate and
field-applied coatings despite prolonged exposure.

ACCESSORIES

Mullions and Transom Bars: Join to adjacent members by welding or rigid mechanical anchors.

Grout Guards: Formed from same material as frames, not less than 0.016 inch (0.4 mm) thick.

PART 3 - EXECUTION

3.1

3.2

3.3

EXAMINATION

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 embedded and built-in anchors to verify actual locations before frame
installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Remove welded-in shipping spreaders installed at factory. Restore exposed finish by grinding, filling, and
dressing, as required to make repaired area smooth, flush, and invisible on exposed faces.

Drill and tap doors and frames to receive nontemplated, mortised, and surface-mounted door hardware.

INSTALLATION

General: Install hollow-metal work plumb, rigid, properly aligned, and securely fastened in place.
Comply with Drawings and manufacturer's written instructions.
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B. Hollow-Metal Frames: Install hollow-metal frames of size and profile indicated. Comply with SDI
A250.11 or NAAMM-HMMA 840 as required by standards specified.

1. Set frames accurately in position; plumbed, aligned, and braced securely until permanent anchors
are set. After wall construction is complete, remove temporary braces, leaving surfaces smooth
and undamaged.

a. At fire-rated openings, install frames according to NFPA 80.

b. Where frames are fabricated in sections because of shipping or handling limitations, field
splice at approved locations by welding face joint continuously; grind, fill, dress, and make
splice smooth, flush, and invisible on exposed faces.

c. Install frames with removable stops located on secure side of opening.
Install door silencers in frames before grouting.

e. Remove temporary braces necessary for installation only after frames have been properly
set and secured.

f. Check plumb, square, and twist of frames as walls are constructed. Shim as necessary to
comply with installation tolerances.

g. Field apply bituminous coating to backs of frames that will be filled with grout containing

antifreezing agents.

2. Floor Anchors: Provide floor anchors for each jamb and mullion that extends to floor, and secure
with postinstalled expansion anchors.

a. Floor anchors may be set with power-actuated fasteners instead of postinstalled expansion
anchors if so indicated and approved on Shop Drawings.

3. Metal-Stud Partitions: Solidly pack mineral-fiber insulation inside frames.

4. Masonry Walls: Coordinate installation of frames to allow for solidly filling space between frames
and masonry with grout.

5. Concrete Walls: Solidly fill space between frames and concrete with grout.

6. In-Place Concrete or Masonry Construction: Secure frames in place with postinstalled expansion

anchors. Countersink anchors, and fill and make smooth, flush, and invisible on exposed faces.
Solidly fill space between frames and [concrete] [masonry] with grout.

7. Joint Sealants:
a. Tightly caulk openings between steel frame and adjoining partition with clear silicone
sealant.
8. Installation Tolerances: Adjust hollow-metal door frames for squareness, alignment, twist, and

plumb to the following tolerances:

a. Squareness: Plus or minus 1/16 inch (1.6 mm), measured at door rabbet on a line 90
degrees from jamb perpendicular to frame head.

b. Alignment: Plus or minus 1/16 inch (1.6 mm), measured at jambs on a horizontal line
parallel to plane of wall.

c. Twist: Plus or minus 1/16 inch (1.6 mm), measured at opposite face corners of jambs on
parallel lines, and perpendicular to plane of wall.

d. Plumbness: Plus or minus 1/16 inch (1.6 mm), measured at jambs at floor.

C. Hollow-Metal Doors: Fit hollow-metal doors accurately in frames, within clearances specified below.

Shim as necessary.

1. Non-Fire-Rated Steel Doors:
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a. Between Door and Frame Jambs and Head: 1/8 inch (3.2 mm) plus or minus 1/32 inch (0.8
mm).

b. Between Edges of Pairs of Doors: 1/8 inch (3.2 mm) to 1/4 inch (6.3 mm) plus or minus
1/32 inch (0.8 mm).

c. At Bottom of Door: [3/4 inch (19.1 mm)][5/8 inch (15.8 mm)] plus or minus 1/32 inch
(0.8 mm).

d. Between Door Face and Stop: 1/16 inch (1.6 mm) to 1/8 inch (3.2 mm) plus or minus 1/32
inch (0.8 mm).

2. Fire-Rated Doors: Install doors with clearances according to NFPA 80.
3. Smoke-Control Doors: Install doors and gaskets according to NFPA 105.

D. Glazing: Comply with installation requirements in Section 088000 "Glazing" and with hollow-metal
manufacturer's written instructions.

1. Secure stops with countersunk flat- or oval-head machine screws spaced uniformly not more than
9 inches (230 mm) o.c. and not more than 2 inches (51 mm) o.c. from each corner.

34 ADJUSTING AND CLEANING
A. Final Adjustments: Check and readjust operating hardware items immediately before final inspection.
Leave work in complete and proper operating condition. Remove and replace defective work, including
hollow-metal work that is warped, bowed, or otherwise unacceptable.

B. Remove grout and other bonding material from hollow-metal work immediately after installation.

C. Prime-Coat Touchup: Immediately after erection, sand smooth rusted or damaged areas of prime coat and
apply touchup of compatible air-drying, rust-inhibitive primer.

D. Metallic-Coated Surface Touchup: Clean abraded areas and repair with galvanizing repair paint according
to manufacturer's written instructions.

E. Factory-Finish Touchup: Clean abraded areas and repair with same material used for factory finish
according to manufacturer's written instructions.

F. Touchup Painting: Cleaning and touchup painting of abraded areas of paint are specified in painting
Sections.

END OF SECTION 081113
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SECTION 088400 - DECORATIVE VINYL FILM FOR GLASS

PART 1 - GENERAL

1.1

1.2

1.3

1.4

1.5

1.6

1.7

RELATED DOCUMENTS

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

SUMMARY
Section includes:

1. Interior Window Film

RELATED SECTIONS

Section 08800 — Glazing: general glazing applications to receive architectural window film.

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include construction and installation details, material
descriptions, dimensions of individual components and profiles, and finishes.

Samples for Initial Selection: for architectural window film, provide one sample 12 x 12” of each finish,
color, and texture required for installation.

QUALITY ASSURANCE

Mock-Up: Provide a mock-up for evaluation of surface preparation techniques and application
workmanship.

1. Finish areas designated by Architect.

2. Do not proceed with remaining work until workmanship, color, and sheen are approved by
Architect.

3. Refinish mock-up area as required to produce acceptable work.

DELIVERY, STORAGE, AND HANDLING
Store products in manufacturer's unopened packaging until ready for installation.

Store and dispose of hazardous materials, and materials contaminated by hazardous materials, in
accordance with requirements of local authorities having jurisdiction.

PROJECT CONDITIONS



A. Maintain environmental conditions (temperature, humidity, and ventilation) within 08872-2 limits
recommended by manufacturer for optimum results. Do not install products under environmental
conditions outside manufacturer's absolute limits.

1.8 WARRANTY

A. At project closeout, provide to Owner or Owners Representative an executed current copy of the
manufacturer's standard limited warranty against manufacturing defect, outlining its terms, conditions, and
exclusions from coverage.

1.9 CLOSEOUT SUBMITTALS
A. Maintenance Data: For each type of vinyl film to include in maintenance manuals.
B. Warranty statement

PART 2 - PRODUCTS

2.1 ARCHITECTURAL WINDOW FILM

A. General: provide window fill design to be installed in one piece per section of glazing. No overlapping or
seaming required for each section of glazing. Include all accessories required for a seamless installation.

2.2 MANUFACTURERS - Subject to compliance with requirements, provide architectural window film by
one of the following:
1. 3M Company
2. Other: - only as approved in writing by Architect prior to bid letting

23 SINGLE PATTERNED FILM BASIS OF DESIGN:

A. Fasara - San Marino Decorative / Privacy Glazing Film:

Ultraviolet Rejected (ASTM E 903): Not less than 99 percent.

Visible Light Transmission (ASTM E 903, ASTM E308): Not more than 28 percent.
Visible Light Rejected (ASTM E 903): Not less than 27 percent.

Solar Heat Reduction: Not less than 42 percent.

Shading Coefficient at 90 Degrees (Normal Incidence) (ASTM E 903): Not less than 0.55

SNk W=

PART 3 - EXECUTION

3.1 EXAMINATION
A. Do not begin installation until substrates have been properly prepared.
B. If substrate preparation is the responsibility of another installer, notify Architect of unsatisfactory

preparation before proceeding.



32

3.3

34

PREPARATION

Clean surfaces thoroughly prior to installation.

Prepare surfaces using the methods recommended by the manufacturer for achieving the best result for the
substrate under the project conditions.

INSTALLATION

Install in accordance with manufacturer's instructions.

Cut film edges neatly and square at a uniform distance of 1/8 inch (3 mm) to 1/16 inch (1.5 mm) of window
sealant. Use new blade tips after 3 to 4 cuts.

Spray the slip solution, composed of one capful of baby shampoo or dishwashing liquid to 1 gallon of
water, on window glass and adhesive to facilitate proper positioning of film.

Apply film to glass and lightly spray film with slip solution.

Squeegee from top to bottom of window. Spray slip solution to film and squeegee a second time.

Bump film edge with lint-free towel wrapped around edge of a 5-way tool.

Upon completion of film application, allow 30 days for moisture from film installation to dry thoroughly,
and to allow film to dry flat with no moisture dimples when viewed under normal viewing conditions.
CLEANING AND PROTECTION

Remove left over material and debris from Work area. Use necessary means to protect film before, during,
and after installation.

Touch-up, repair or replace damaged products before Substantial Completion.
After application of film, wash film using common window cleaning solutions, including ammonia

solutions, 30 days after application. Do not use abrasive type cleaning agents and bristle brushes to avoid
scratching film. Use synthetic sponges or soft cloths.

END OF SECTION
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SECTION 22 0500 - GENERAL PLUMBING REQUIREMENTS
PART 1 GENERAL

1.1

A.

1.2

A.

1.3

A.

B.

14

A.

1.5

A.

1.6

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

SUMMARY

The mechanical contractor shall perform all work and furnish all materials as indicated in the mechanical
plans and specifications as necessary for the successful completion of this project.

PERMITS AND SERVICES

The mechanical contractor shall obtain all permits and arrange all inspections, give notices and pay all
fees as required by the Authority Having Jurisdiction.

This contractor shall coordinate any necessary site utilities including water, natural gas, and sewer work
with local utility, owner, and other contractors to minimize disruption and downtime. Clarification to the
Bidding - Any natural gas or electric utility costs from Northwestern Energy will be paid directly by the
owner and shall not be included as part of this contract. WITH THE EXCEPTION OF THE NATURAL
GAS, ANY AND ALL CHARGES ASSESSED BY THE CITY TO ACCOMMODATE THE
REQUIREMENTS OF THIS PROJECT ARE THE SOLE RESPONSIBILITY OF THE MECHANICAL
CONTRACTOR. VERIFY ALL CHARGES AND COORDINATE ALL EQUIPMENT NECESSARY
WITH THE UTILITY’S BEFORE SUBMITTING BID.

DRAWINGS AND MEASUREMENTS

Verity all dimensions and conditions with Architectural and Structural drawings. The small scale of the
drawings prohibits the indication of all offsets, fittings and accessories necessary and shall be furnished
by this Contractor and required for complete and proper operation.

“Existing Conditions” shown on drawings are based on existing plans and limited field investigation.
The field survey was conducted to verify, as much as possible, the accuracy of the locations shown. The
Contractor shall verify the accuracy of the “Existing Conditions” as shown on the drawings. As the
demolition work progresses perform modifications and additions as necessary to correct for these hidden
conditions and allow for the completion of the new work.

The general arrangement of the mechanical systems shall be as shown on the drawings. Field changes
shall have the written acceptance of the Engineer.

Consult the drawings and specifications of all other trades. Layout work and coordinate with other
trades, before installing any equipment, to avoid interfering with these trades or conflicting with
applicable codes.

The mechanical contractor shall bear full responsibility for coordinating his work with other trades to
avoid conflicts in space requirements, clearances, etc. Problems arising due to lack of coordination will
be the responsibility of the mechanical contractor to resolve. Extra work and/or equipment as a result of
not coordinating work shall be the responsibility of the installing contractor and at no cost to the Owner.

INSPECTION OF SITE AND DOCUMENTS

Before submitting a proposal on the work contemplated, the bidder shall thoroughly familiarize himself
with the contract documents, the site, and all existing conditions and limitations that may affect the
performance of his work. Any conflict noted shall be brought to the attention of the Engineer before
bidding. If there is not sufficient time prior to bidding, the Contractor shall bid the larger quantity or
better quality of work.

No extra compensation will be allowed, because of misunderstanding the amount of work involved or the
bidder’s lack of knowledge, for obvious conflicts which could have been discovered or reasonably
anticipated prior to bidding.

REGULATIONS AND CODES

All work, materials, and equipment in this contract shall comply with all applicable local, city, state and
federal ordinances, regulations, and codes.

GENERAL PLUMBING 220500 -1
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1.7 INSTRUCTIONS & TRAINING

A. Furnish verbal and engineer approved written instructions to Owner on all systems. Instruction shall
include operating procedures, adjustments, and periodic maintenance. Furnish a copy of the written
instructions and attach a letter to the Engineer, prior to final inspection, signed by Owner, attesting to date
and satisfaction of instructions.

1.8 OPERATING AND MAINTENANCE MANUALS (3 Hard Copies & 1 Electronic Submittal via
Submittal Exchange)

A. PRIOR TO FINAL INSPECTION, The mechanical contractor shall furnish (3) hard copies (including 1
USB Drive containing electronic copy) to the Engineer, containing all pertinent data to the mechanical
systems. Information shall be indexed and labeled per system and shall include catalog cuts, installation
manuals, maintenance manuals, manufacturer’s names, replacement parts list. Include balancing reports
as specified. Include written instructions and warranty info as specified.

B. The first section shall be indexed/labeled “WRITTEN INSTRUCTIONS & TRAINING” noting written
instructions with company service contact info and shall include a list of filters for each unit. Also
include document with owners signature attesting to date and satisfaction of training.

C. The second section shall be indexed/labeled “WARRANTY INFO” and shall include a statement of
guarantee on the contractors company letter head and shall include warranty statements of all equipment
provided/installed under his contract with specific dates. This will note any longer/special warranties.

1.9 AS-CONSTRUCTED DRAWINGS (Red Lined on Plans & USB Drive containing scanned PDF)

A. During construction, each trade shall keep track of the major changes in the rerouting of piping and
equipment, and shall note these in red on one set of drawings. This set of drawings shall be submitted
with the Operation and Maintenance Manuals along with a USB Drive containing a single PDF file with
these same red line plans in electronic form. Most printing shops will be able to scan your trade’s large
plan sheets into electronic form. Contact the engineer’s office if there are any questions.

1.10 WORKMANSHIP

A. Qualified individuals that are properly licensed to perform the work involved shall perform all
mechanical work.

1.11 CUTTING AND PATCHING

A. This Contractor shall be responsible for all cutting and patching of holes required for passage of piping,
equipment, and ducts. This also applies to the removal or installation of new equipment.

B. All cutting of existing construction required to install or join new work, except where otherwise indicated
on the plans, shall be the responsibility of this Contractor and coordinated with the Construction
Manager. Before making any cuts, verify exact locations and sizes with the Construction Manager to
confirm that no structural members will be cut. Contractor shall make every effort to minimize extent of
cutting existing construction.

C. The mechanical contractor shall be responsible for patching any openings left in floors, walls, and
ceilings that were caused by his/her actions. Patching shall match existing surface in color, texture and
quality so that patch is indistinguishable from original surface.

1.12 PAINTING

A. Any equipment which becomes rusted or damaged during construction shall be repaired, cleaned, and
repainted by this Contractor. Painting shall always be applied in two coats, one primer and one finish.

1.13 EQUIPMENT AND PIPE SUPPORTS

A. Provide all structural supporting frames, steel stands, concrete bases, and hangers as required for
mechanical equipment. All floor equipment shall be set on 4” high concrete bases furnished by this
Contractor, unless otherwise noted.

B. Paint all unprotected metal, except galvanized and copper, with metal protective paint.

C. Hangers for piping shall be large enough to encompass insulation. It shall not be acceptable for
insulation to envelope hangers/saddles, or for insulation to stop on either side of hangers.

D. Provide saddles at all hangers or supports of insulated piping. Saddles for 4” and larger piping shall be
fabricated of 14 gauge galvanized iron, and for smaller piping shall be fabricated of 16 gauge galvanized
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iron. Saddles shall be one-half the circumference of the pipe insulation and 4” shorter than the insulation

inserts.
E. Under no condition shall any pipe or duct structure be used to support another.
1.14 ACCESS TO EQUIPMENT
A. Access shall be provided to all motors, valves, dampers, controls, specialties, etc., for maintenance

purposes. All access doors, access panels, removable sections, etc., required for access shall be provided.
The location of the access openings relative to the mechanical equipment shall be coordinated to assure
proper access to the equipment.

B. Access openings are required for manual, motorized, fire, and smoke dampers and other devices requiring
access and shall be provided in the ductwork, plenums, housings, tanks, etc., under this portion of the
contract.

1.15 TESTING AND ADJUSTING

A. At the completion of work, all parts of the installation under Division 22 shall be cleaned, lubricated,
tested, and adjusted for proper operation.

B. All piping and ductwork shall be tested and cleaned as required, by all local, state and federal codes.
Tests shall be performed in the presence of the authority having jurisdiction. Written notification of test,
date, and results shall be furnished to the Engineer before concealing or covering the installation.

C. All controls shall be tested and adjusted for proper operation. Adjustments shall be made when all
systems are operating which may affect the control system.

D. An Independent Testing & Balancing Agent shall test and balance all mechanical systems as specified in
Section 23 0593.

1.16 GUARANTEE

A. Warranty: The mechanical contractor shall warrant his work against failure and workmanship for a
period of at least one year from the date of substantial completion, for all new work. Any work that is
defective within that one-year period shall be replaced by the Contractor without charge. If
longer/special warranties are noted elsewhere in the specifications, those warranties shall apply.

1.17 EQUIPMENT IDENTIFICATION

A. Major mechanical equipment, rooftop units, energy recovery ventilators, electric duct heaters, heat
pumps, exhaust fans, etc. shall be provided with identification as designated on the plans. Labels shall be
black laminate three-layer plastic with engraved 1/2 inch white letters, adhered, screwed, or riveted to the
equipment. Manufactured by Brady, Champion America/Seton.

B. Piping shall be identified as to contents and flow direction with plastic, color coded, snap-on or adhesive
labels. Manufactured by Brady, Champion America/Seton.
1. Labeling shall be located:

Adjacent to each valve.

At each side of and at each obstruction.

At each branch.

At each cap for future.

At each takeoff.

At each side of penetration of structure or enclosure.

At each equipment connection.

At all access doors.

A maximum of every 40 feet on straight runs of piping including rises and drops.

J- Minimum one label per room/space.

PR MmO a0 o

C. Valve tags shall be brass with stamped letters, tag size 1-1/2” minimum in diameter.
1. Provide typed valve lists in each O&M binder. Valve lists shall include the valve number,
location, and purpose of each valve, and any other necessary information such as the required

opening or closing of another valve when one valve is to be opened or closed.

D. Color coded indicators shall be installed on the ceiling grid or access door to hard lid areas to indicate all
valves and other ceiling mounted equipment requiring service (example — VAV’s). Each trade shall be
responsible for equipment provided under their respectable trade.
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1. Each ceiling label shall be color coded laminated engraved plastic, 1/16” thick, 2.5” wide by 0.75”
tall, with white lettering centered on each label. Label to be adhered to the acoustic ceiling tile
grid. Seton Style AV0175 or similar.

1.18 MECHANICAL SUBMITTAL

A.
B.

a

All equipment shall be as listed on the equipment schedules or approved equal.

Prior Approval: Manufacturers whose product is not specified or specifically listed on the plans or in the
specifications are allowed to submit information on a product that they would like to be considered as an
equal to those specified or listed. By submitting this information for consideration, the product
representative is indicating that the product being presented for consideration equals or exceeds the
specified product in quality, performance and operating parameters. Proof of equality rests with the party
making the request. The procedure for this submittal is listed below.

Submit literature on product that is to be considered for prior approval. This literature shall include
catalog cuts with all pertinent technical specifications, dimensions and pictures of the product.

Final approval of all equipment shall be contingent on shop drawing acceptance, compliance with the
specifications and performance criteria as required. General approval to bid a product does not relieve
the supplier or contractor of meeting specific specification requirements.

The Mechanical Contractor shall pay, provide, install and be responsible for any extra materials required
due to his use of alternate accepted equipment which has installation requirements different than the
specified equipment. This includes paying other trades for any extra work they are involved in due to this
substitution of equipment.

Literature shall be submitted so that the engineer receives it no later than 7 days prior to bid date.
All approvals will be in the form of an addendum issued to all plan holders.

List of Acceptable Substitutions:

1. All Drains (Floor): Wade, Zurn, Smith, Josam, Ancon, Watts.

Valves: Crane, Hammond, Watts, Rockwell, Milwaukee Valve Co., Mueller.
Plumbing Fixtures: American Standard, Kohler, Crane, Elkay, Just, Zurn
Fixture Brass: American Standard, Kohler, Zurn, Sloan, T & S Brass, Chicago, Bradley, Swan,
Woodford Mfg.

Flush Valves: Zurn AquaVantage, Sloan, American Standard

Lav Premolded Insulation Kit: Plumberex, Truebro

Toilet Seats: Kohler, Church, Beneke, Bemis, Olsonite

Water Despenser Remote Chiller: Elkay

9. Thermostatic Mixing Valves Under Lavs: Lawler, Powers, Leonard
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1.19 SHOP DRAWINGS

A.

Before ordering any item, Contractor shall review, stamp with his approval and submit shop drawings of

equipment as to be furnished under this contract.

1. Electronic submittals is required. Electronic submittals can be one combined .pdf. for each of the
following mechanical trades: HVAC, Temperature Controls, Hydronics, and Plumbing.

Where the contractor is submitting shop drawings that differ from the plans and specifications, the
contractor must notify the engineer in writing each variance from the plans and specifications and the
Mechanical Contractor shall pay, provide, install and be responsible for any extra materials required due
to his use of alternate accepted equipment which has installation requirements different than the specified
equipment. This includes paying other trades for any extra work they are involved in due to this
substitution of equipment.

Product Data shall include, but are not limited to, the following: Manufacturer’s product specifications,
Manufacturer’s installation instructions, standard color charts, catalog cuts, roughing-in diagrams and
templates, and standard wiring diagrams.

1.20 TEMPORARY HEAT

A. Temporary heating of the building during construction will be provided as specified in the General
Conditions and Supplemental General Conditions. Under no circumstance shall the proposed HVAC
equipment be brought into service as temporary heating prior to project completion without written
permission from the mechanical engineer & owner.
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1.21 EXECUTION

A.

B.

Remove equipment as indicated. Demolition work shall be coordinated with the Owner. Should questions
arise regarding the removal of equipment, confer with the owner before such equipment is demolished.

Materials removed by demolition shall remain the property of the Owner unless specifically noted.
Material the Owner does not wish to retain shall be removed and properly disposed of by the Contractor.

The existing building will be in use during this construction. Schedule and carry out the work in such a
manner as to cause the Owner a minimum of inconvenience due to service interruptions. Temporary
services shall be installed if one area or phase of construction disrupts service to another area of the
building or if equipment has to be relocated to allow construction to progress. Service interruptions shall
be confined to the smallest area possible at any one time and interruptions shall be scheduled with the
Owners site representative. After service has been restored following an interruption, inspect areas
affected by the interruption and be responsible for returning automatically controlled equipment to the
same operating condition that existed prior to the interruption.

Install equipment and materials to provide required access for servicing and maintenance. Coordinate the
final location of concealed equipment and devices requiring access with final location of required access
panels and doors. Allow ample space for removal of all parts that require replacement or servicing.

Verify final locations for rough-ins with field measurements and with the requirements of the actual
equipment to be connected.

Coordinate mechanical equipment and materials installation with other building components. Verify all
dimensions by field measurements. Arrange for chases, slots, and openings in other building components
to allow for mechanical installations.

Final locations of equipment may differ slightly from those shown on these plans. Coordinate exact
location of equipment with equipment supplier, structural members, furniture layout and other trades
before rough in and adjust accordingly. Pricing shall allow for a minimum of 10 ft. of difference in the
actual location of items as compared to the location shown on the drawings.

All penetrations for piping, ductwork, etc. which penetrate floors, fire and/or smoke walls, roofs, full
height partitions and similar structures shall be sealed by the mechanical contractor with a UL system
specifically approved for the application. This system must maintain the required fire rating.

All mechanical systems shall be tested and cleaned as required by Authority Having Jurisdiction.

The mechanical contractor shall have the full responsibility of ensuring that his/her work is performed in
a safe manner and shall bear all liability associated with his/her job site safety.

Upon completion of the work, the Contractor shall notify the A/E and make arrangements for a final
inspection. Contactor shall provide A/E with copy of all required balance reports prior to the final
inspection.

After the final inspection is made, the Contractor will receive a list of items requiring adjustment,
correction, replacement, or completion.

The Contractor shall comply completely with all listed requirements within (40) days of receipt of list.
Should the Contractor fail to perform within this time limit, the A/E and/or Owner reserves the right to
have the work completed by others and the cost deducted from the contract price.

END OF SECTION 22 0500
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SECTION 22 0510 - BASIC PLUMBING MATERIALS AND METHODS
PART 1 GENERAL
1.1 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A.

This section includes the following basic mechanical materials and methods to complement other
Division 22 Sections.

Piping materials and installation instructions common to most piping systems.

Dielectric fittings.

Mechanical sleeve seals.

Sleeves.

Escutcheons.

Grout.

Mechanical Demolition.

8. Installation requirements common to equipment specification sections.

NNk —

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.

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

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

Concealed, Interior Installations: Concealed from view and protected from physical contact by building
occupants. Examples include above ceilings and in duct shafts.

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

14 QUALITY ASSURANCE

A.

B.

All piping shall be specified in this section. Material and installation shall also be subject to state, local
codes and ordinances of the area encompassing this project.

Welder’s Qualifications: All welder shall be qualified in accordance with ASME Boiler and Pressure
Vessel Code: Section IX, "Welding and Brazing Qualifications."

All brass or copper piping for potable water systems shall not be soldered with any material containing
lead.

Plastic waste & vent piping is not allowed above any ceiling in a return air plenum. Plastic waste & vent
piping with insulation is not allowed above any ceiling in a return air plenum.

Electrical Characteristics for Mechanical Equipment: Equipment of higher electrical characteristics may

be furnished provided such proposed equipment is approved in writing and connecting electrical services,
circuit breakers, and conduit sizes are appropriately modified. If minimum energy ratings or efficiencies

are specified, equipment shall comply with requirements.

Uponor PEX-a tube and fitting systems must be installed by a trained installer. Installer must be able to
provide verification from the manufacturer that the training has been completed.
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PART 2 PRODUCTS
PIPE, TUBE, AND FITTINGS

2.1 Provide piping and factory fabricated fittings as indicated for each service and pipe size. Fitting sizes

2.1

2.2

23

2.4

2.5

2.6

2.7

and types shall match piping or equipment connections. Where not indicated, comply with governing

regulations or manufacturer’s recommendations.

ABOVE GRADE SANITARY WASTE, VENTING, AND STORM DRAIN PIPING

A.

Above Grade: Service weight cast iron soil pipe, Hub-&-Spigot, ASTM A 74, with premolded one piece

Neoprene compression type gasket, ASTM C 564, or lead/oakum joint materials, FS QQ-C-40.
1. Service weight “No-Hub” cast iron soil pipe, CISPI standard 301, or FS WW-P-401, with

Neoprene gasket, ASTM C564, and stainless steel drawband, comforming to CISPI standard 310.

2. Where permitted by plumbing and building codes, schedule 40 Polyvinyl Chloride (PVC), type

DWYV, ASTM D 2665; with schedule 40 DWYV fittings, ASTM D 2665 and patterns conforming to
ASTM D 3311. Solvent cement, ASTM D 3138.

DOMESTIC WATER (HOT, RECIRCULATING HOT, AND COLD WATER) IN BUILDING
ABOVE GROUND

A.

B.

Piping shall by Type “L” hard drawn copper water tube. Fittings wrought copper, solder joints. Joints
95-5 or lead free solder.

Uponor Pex A potable water piping system with Uponor expandable ASTM F1960 fittings (no crimp
fittings to be accepted) Installation shall be in accordance with Uponor Plumbing Installation Guide and
Uponor’s Plumbing Design Assistance Manual.

NATURAL GAS ABOVE GROUND

A.

B.
C.

Steel Pipe: ASTM A 53; Type E, electric resistance welded or Type S, seamless; Grade B; Schedule 40;
black.

Install gas shut-off valves to isolate equipment and if necessary gas pressure regulators.

All gas piping to comply with AGA and NFPA National Fuel gas Code recommendations and comply
with all requirements of the utility supplying the gas.

DIELECTRIC FITTINGS

A.

B.

General: Assembly or fitting with insulating material isolating joined dissimilar metals, to prevent
galvanic action and stop corrosion.

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

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

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

Dielectric Couplings: Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining;
threaded ends; and 300-psig minimum working pressure at 225 deg F.

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

MECHANICAL SLEEVE SEALS

A. Description: Modular design, with interlocking rubber links shaped to continuously fill annular space

between pipe and sleeve. Include connecting bolts and pressure plates.

SLEEVES

B.

The following materials are for wall, floor, slab, and roof penetrations:

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

2. Steel Pipe: ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

3. Cast Iron: Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends
and integral waterstop, unless otherwise indicated.
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4. Molded PE: Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing flange for
attaching to wooden forms.

2.8 ESCUTCHEONS

A. Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around
pipe, tube, and insulation of insulated piping and an OD that completely covers opening.

B. One-Piece, Cast-Brass Type: With set screw.
1. Finish: Polished chrome-plated.

C. Split-Casting, Cast-Brass Type: With concealed hinge and set screw.
1. Finish: Polished chrome-plated.

29 GROUT
A. Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.
1. Characteristics: Post-hardening, volume-adjusting, nonstaining, noncorrosive, nongaseous, and

recommended for interior and exterior applications.
2. Design Mix: 5000-psi, 28-day compressive strength.
3. Packaging: Premixed and factory packaged.

PART 3 EXECUTION
3.1 MECHANICAL DEMOLITION

A. Refer to Division 1 Sections "Cutting and Patching" and "Selective Demolition" for general demolition
requirements and procedures.

B. Disconnect, demolish, and remove mechanical systems, equipment, and components indicated to be
removed.
1. Piping to Be Removed: Remove portion of piping indicated to be removed and cap or plug
remaining piping with same or compatible piping material.
2. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same or compatible
piping material.

3. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug remaining
ducts with same or compatible ductwork material.

4. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible ductwork material.

5. Equipment to Be Removed: Disconnect and cap services and remove equipment.

6. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and
store equipment; when appropriate, reinstall, reconnect, and make equipment operational.

7. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove equipment

and deliver to Owner.

C. [If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove
damaged or unserviceable portions and replace with new products of equal capacity and quality.

3.2 PIPING SYSTEMS - COMMON REQUIREMENTS

D. Install piping according to the following requirements and Division 22 Sections specifying piping
systems.

E. 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.

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

G. Do not run piping through electrical or electronic equipment spaces and enclosures unless unavoidable.
Install drip pan under piping that must be run through electrical spaces, if approved by local authority.

H. 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.

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

X.

Install piping to permit valve servicing.

Install piping to allow maximum possible headroom unless specific mounting heights or slopes are
indicated.

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

Install piping free of sags and bends.

PEX-a Pipe support shall be by the same manufacturer as pipe and fittings to maintain system warranty
of 25 years

Install fittings for changes in direction and branch connections.

Install piping to allow application of insulation.

Select system components with pressure rating equal to or greater than system operating pressure.
Install escutcheons for penetrations of walls, ceilings, and floors.

Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and
concrete floor and roof slabs.

Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and mechanical sleeve
seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing
mechanical sleeve seals.

1. Install steel pipe for sleeves smaller than 6 inches in diameter.
2. Install cast-iron "wall pipes" for sleeves 6 inches and larger in diameter.
3. Mechanical Sleeve Seal Installation: Select type and number of sealing elements required for pipe

material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install
in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make watertight seal.

Underground, Exterior-Wall Pipe Penetrations: Install cast-iron "wall pipes" for sleeves. Seal pipe
penetrations using mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

1. Mechanical Sleeve Seal Installation: Select type and number of sealing elements required for pipe
material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install
in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make watertight seal.

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe
penetrations. Seal pipe penetrations with firestop materials conforming to the 25/50 flame spread and
smoke developed rating.

Verify final equipment locations for roughing-in.

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

3.3 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

A. Install equipment to allow maximum possible headroom unless specific mounting heights are not
indicated.

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

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

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

END OF SECTION 22 0510
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SECTION 22 0700 - PLUMBING SYSTEMS INSULATION
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. The work in this section of the specification and the accompanying drawings consists of performing all
labor, equipment, accessories, and materials and in performing all operations necessary for the
installation of all insulation for the plumbing, and sealing of sleeves.

B. Work to be insulated includes the following:

1. All domestic cold water piping, valves, and fittings.
2. All domestic hot water and recirculating piping, valves, and fittings.
3. All vertical and horizontal storm drainage piping and fittings.

4, All sleeves.

C. All insulation work shall be installed in a workmanlike manner by skilled workmen engaged in this type
of work.

D. Fire-Test-Response Characteristics: Provide products with flame-spread and smoke-developed indices of
25 and 50, respectively, according to ASTM E 84 by a testing agency acceptable to authorities having
jurisdiction.
1.3 SUMITTALS

A. Shop drawings/product data as specified in Section 22 0500 shall include the following:
1. Product Data: Identify thermal conductivity, thickness, and jackets (both factory installed and
field applied, if any), for each type of product indicated.

1.4 COORDINATION
A. Coordinate clearance requirements with duct Installer for insulation application.
B. Coordinate clearance requirements with piping Installer for insulation application.
C. Coordinate size and location of supports, hangers, and insulation shields.

PART 2 - PRODUCTS

2.1 DOMESTIC COLD WATER PIPING INSULATION

A. All piping in concealed and exposed areas shall be insulated with fiberglass pipe insulation with all
service jacket. Jacket shall be factory-applied, and, where specified, with white foil scrim-kraft vapor
barrier. Insulation shall be Johns-Manville Micro-Lok 850 HP, or accepted equal.

B. For pipe sizes 1” and less — insulation thickness shall be 4”. For pipe sizes of 1-1/4”-2” — insulation
thickness shall be 1”. For pipe sizes of 2-1/2” and larger — insulation thickness shall be 1-1/2”.

C. Fittings, valves, flanges, etc. shall be insulated with fiberglass blanket, Johns-Manville Microlite or pre-
cut mitered sections for elbows, J-M Micro-Lok (1lb/cu. ft. density).

D. Encase pipe fitting insulation with one piece pre-molded Zeston 2000 PVC fitting covers having flame
spread index of 25 or less, and smoke developed index of 50 or less, as tested by ASTM E84 (NFPA
255) method.

E. Provide sheet metal insulation shields at all hanger locations. Hangers shall be installed such that
insulation vapor barrier is not compromised.

2.2 DOMESTIC HOT WATER AND RECIRCULATING HOT WATER PIPING INSULATION

A. All piping in concealed and exposed areas shall be insulated with fiberglass pipe insulation with all
service jacket. Jacket shall be factory-applied, and, where specified, with white foil scrim-kraft vapor
barrier. Insulation shall be Johns-Manville Micro-Lok 850 HP, or accepted equal.

B. For pipe sizes 1”7 and less — insulation thickness shall be %”. For pipe sizes of 1-1/4”-2” — insulation
thickness shall be 1. For pipe sizes of 2-1/2” and larger — insulation thickness shall be 1-1/2”.
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2.3

E.

Fittings, valves, flanges, etc. shall be insulated with fiberglass blanket, Johns-Manville Microlite or pre-
cut mitered sections for elbows, J-M Micro-Lok (11b/cu. ft. density).

Encase pipe fitting insulation with one piece pre-molded Zeston 2000 PVC fitting covers having flame
spread index of 25 or less, and smoke developed index of 50 or less, as tested by ASTM E84 (NFPA 255)
method.

Provide sheet metal insulation shields at all hanger locations. Hangers shall be installed such that
insulation vapor barrier is not compromised.

STORM PIPING INSULATION

All piping in concealed and exposed areas shall be insulated with fiberglass pipe insulation with all
service jacket. Jacket shall be factory-applied, and, where specified, with white foil scrim-kraft vapor
barrier. Insulation shall be Johns-Manville Micro-Lok 850 HP, or accepted equal.

For all pipe sizes — insulation thickness shall be 1”” and be fully vapor sealed.

Fittings, valves, flanges, etc. shall be insulated with fiberglass blanket, Johns-Manville Microlite or pre-
cut mitered sections for elbows, J-M Micro-Lok (11b/cu. ft. density).

Encase pipe fitting insulation with one piece pre-molded Zeston 2000 PVC fitting covers having flame
spread index of 25 or less, and smoke developed index of 50 or less, as tested by ASTM E84 (NFPA 255)
method.

Provide sheet metal insulation shields at all hanger locations. Hangers shall be installed such that
insulation vapor barrier is not compromised.

PART 3 - EXECUTION

31

A.

GENERAL APPLICATION

All insulation shall be applied on clean, dry surfaces. All joints shall be snugly butted against the
adjoining piece and all joints, seams, voids, flat spots, etc., shall be filled with insulation cement. Do not
use cut pieces or scraps abutting each other.

Where double layers are installed, the first layer shall be fastened with binding wire. All joints shall be
staggered between the two layers.

Insulation on all cold surfaces must be applied in a continuous, unbroken vapor seal. Hangers, supports,
anchors, etc., that are secured directly to cold surfaces must be adequately insulated and vapor sealed to
prevent condensation.

All surface finishes shall be extended to protect all surfaces, ends, and raw edges of insulation.

All insulation materials shall be installed in strict accordance with manufacturer's instructions, using
recommended adhesives, mastics and coatings applied at specific coverage per gallon and temperature
conditions.

Extend insulation without interruption through walls, floors and similar penetrations, except where
otherwise indicated.

Maintain integrity of vapor-barrier jackets on insulation, and protect to prevent puncture or other damage.
Do not apply insulation to equipment, breechings, or stacks while hot.

Do not insulate boiler manholes, handholes, cleanouts, ASME stamp, and manufacturer's nameplate.
Provide neatly beveled edge at interruptions of insulation.

Provide removable insulation sections to cover parts of equipment, which must be opened periodically for
maintenance; include metal vessel covers, fasteners, flanges, frames and accessories.

Repair damaged sections of existing mechanical insulation, both previously damaged or damaged during
this construction period. Use insulation of same thickness as existing insulation, install new jacket
lapping and sealed over existing.

Insulation installer shall advise Contractor of required protection for insulation work during remainder of
construction period, to avoid damage and deterioration.
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3.2

A.

33

A.

MINERAL-FIBER PIPE INSULATION APPLICATION

Fittings, valves, and flange insulation shall be wrapped firmly under compression (minimum 2:1) to a
thickness equal to the adjoining insulation, secured with No. 20 gauge galvanized annealed steel wire,
and finished with a smoothing coat of mastic, Johns-Manville No. 375 Insulating and Finishing Cement
or equal.

Cold Fittings, Valves, Flanges, etc., shall be additionally sealed with a layer of resin coated glass mesh,
such as Johns-Manville Duramesh 207 glass cloth, embedded between two 1/16” thick coats of vapor
barrier coating, Benjamin Foster 30-35 or equal. Lap the sealed glass cloth at least 2” on itself and the
adjoining insulation.

Premolded Insulation Valve and Fitting Covers shall be installed by tack fastening, banding, or taping as
required by manufacturer.

Expansion Joints: For expansion joints, a tube of pipe insulation shall be fabricated that will allow the
expansion joint to move within the tube. The insulating tube shall be fastened at one end of the pipe or
equipment and the other end shall be free to slide over the adjacent insulated piping. Provide an
aluminum jacket over the insulated pipe to provide a smooth surface on which the insulated tube may
slide.

Insulation Under Hangers: Pipe hangers shall encompass the insulation and shall have sheet metal
saddles furnished by the Mechanical Contractor.

Inserts shall be installed at all hanger locations. Inserts between the pipe and pipe hangers shall consist of
131b/cubic foot hydrous calcium silicate pipe insulation, or wood blocking, of thickness equal to the
adjoining insulation and shall be provided with vapor barriers where required. Insulation inserts shall not
be less than the following lengths:

1. ¥ to 1-1/2” pipe size 10” long

2. 3” to 6” pipe size 12” long

3. 8” and larger pipe size 16” long

On all piping the full thickness of insulation and jacket shall run continuously under the sheet metal pipe
saddle and through the pipe hanger (pipe hanger shall be large enough to permit full insulation thickness.)

SEALING OF SLEEVES

All sleeves for pipes, ductwork, etc., furnished under Division 22 of specifications, penetrating floors, fire
and/or smoke walls and full height partitions, including chase walls, shall be sealed in accordance with
the following:

1. All insulated services shall have the specified insulation terminated on either side of sleeve.
Services which require a vapor barrier jacket shall have segment through sleeve insulated with
calcium silicate having a minimum thickness same as specified for service. Vapor barrier jacket
shall be uninterrupted. Entire void space between inside of sleeve and outside of duct, pipe,
and/or calcium silicate insulation shall be packed with fiber insulation, conforming to HHI-521E
Type 3 or HHI-558B Form A and having an ASTM fire class E-84 with fiber melt point in excess
of 2000 degrees F., to a point 1/8 inch from ends of pipe sleeve. After void is packed with fiber
insulation, services which are specified to be insulated shall have a section of insulation installed
on each side of sleeve, insulation to be fitted tight to sleeve insulation. Balance of space in sleeve
to be filled with nonhardening silicone conforming to TTS-00230 and of type which will allow 50
percent movement in one direction.

2. Contractor is herein given the option to provide Pipe Shield, Inc., fire rated wall and floor sleeves
for insulated and noninsulated piping in lieu of sealing sleeves as outlined above. Shields shall be
installed in strict accordance with manufacturer’s recommendations.

END OF SECTION 22 0700
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SECTION 22 4000 - PLUMBING
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. The work in this specification and the accompanying drawings consists of performing all labor and
furnishing of all material and equipment necessary to install complete systems listed below, including
minor items obviously necessary for complete and operating systems.

Domestic Water Systems

Plumbing Fixtures

Waste, Sanitary Drainage, and Vent Piping

Storm Drainage Systems

Natural Gas Piping Systems

SNk W=

B. The plumbing work shall be installed in strict accordance with all applicable local, state, national
plumbing regulations, and authority having jurisdiction.

C. Also included is the work involved to remove existing associated equipment, remodeling of existing
systems, including connections between new and existing systems.

1.3 SUBMITTALS

A. Shop drawings as specified in Section 22 0500 shall include the following:
1. Domestic Water System Piping, Valves, and Fittings

Uponor Pex A Tubing & F1960 Expandable Fittings if Used

Sanitary Waste System Piping

Storm Drainage System Piping

Natural Gas System Piping

Natural Gas Pressure Reducing Valves

Plumbing Fixtures

Floor Drains

9. Cleanouts

10.  Shock Absorbers

PART 2 - PRODUCTS
2.1 GENERAL

A. Before proceeding with this part of the work, the Contractor shall carefully survey the existing
conditions, and, if necessary, modify the service installation, in order to avoid unforeseen obstructions
such as in the floor ductwork, etc. This Contractor shall include all costs for this work, including saw
cutting & patching, permits, etc., in his bid.

2.2 NATURAL GAS PRESSURE REDUCING VALVES

A. Furnish and install gas pressure reducing valves. Provide & install venting per manufacturer’s
recommendations. Provide isolation valves as shown on plans. Vent limiting regulators are allowed at
interior locations.

2.3 PLUMBING FIXTURES

A. Furnish and install plumbing fixtures where shown on the Drawings. Type, size, and performance shall
be as tabulated in the schedule and on the drawings.

Sl A o

B.  Where indicated on the drawings to be a future fixture, this contractor shall provide all waste, vent, and
water supplies as indicated on the drawings and according to local code.

C. Exposed flush, waste, and supply pipes at the fixtures shall be chromium plated brass pipe, iron pipe size.
Fittings for brass pipe shall be cast brass, chromium plated.

D. Install chromium plated wall or floor plates (escutcheons) with set-screw where piping passes through
walls or floors.

E. All handicap lavoratories supply pipe and drain pipe will be fitted with removable safety covers that
comply with handicap code requirements.
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F.

G.

All fixtures fitted to the walls or floors shall be ground and true and be sealed with a non-hardening white
silicone caulk bead.

All plumbing fixtures shall be supported per manufacturer’s recommendations.

24 FLOOR DRAINS

A.

B.

Furnish and install floor drains where shown on the Drawings. Type, size, and performance shall be as
tabulated in the schedule and on the drawings. Connect outlet of drain to “P” trap. Venting installation
requirements of floor drains whether or not shown on plans shall be according to code and approved by
the code official.

Furnish and install any floor drains required by the authority having jurisdiction to meet the Uniform
Plumbing Code 704.3.

2.5 CLEANOUTS

A.

D.

Furnish and install clean outs where shown on the Drawings. Type, size, and performance shall be as
tabulated in the schedule and on the drawings. Install proper traffic rating and floor pattern shape for
intended use.

Cleanouts shall be provided at the base of all vertical stacks with the cleanout plug located approximately
12 above the floor and extended to wall access cover. Cleanouts in floors on grade shall be located as
shown on plans and at changes in direction of pipe run and shall consist of Y fittings and eighth bends.
Cleanouts must be provided in accordance with the local code and as shown on the drawings.

Floor cleanouts — frame and cover threaded for 2” vertical adjustment, threads protected with shield to be
removed when concrete is set. Covers-nickel bronze round frame and cover, deep flange tractor type.
Extra heavy type in heavy traffic areas, and with carpet cleanout marker for carpeted floors.

Wall Cleanouts — access covers shall be stainless steel.

2.6 SHOCK ABSORBERS

A.

B.

Piping shall be installed with proper safeguards to prevent water hammer. This will be done by installing
a sufficient number of shock absorbers. Shock absorbers shall be Watts or equal.

Install per manufacturer’s recommendations and note installation locations on as-builts.

2.7 MISCELLANEOUS CONNECTIONS

A.

Make all domestic water, waste, vent, gas, air, etc., connections to all equipment in this building whether
or not such equipment is furnished under this section or under other sections of the specification or owner
furnished. This includes furnishing piping, traps (if required) and shut-off valves on branches to and
from each piece of equipment from mains or branch mains.

Make all plumbing connections to existing piping and to all equipment shown on the plans as requiring
same. If specific piping details are not shown, the equipment shall be roughed in for and connected in
accordance with the manufacturer’s recommendations. It will be this contractor’s responsibility to obtain
shop drawings from whomever furnishes the equipment.

2.8 TESTING/CLEANING

A. The mechanical contractor is responsible for the testing & cleaning of each respective system in
accordance with applicable state and local codes. Tests shall be repeated until each system is proven
acceptable.

END OF SECTION 22 4000
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SECTION 23 0500 - GENERAL HVAC REQUIREMENTS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A.

The mechanical contractor shall perform all work and furnish all materials as indicated in the mechanical
plans and specifications as necessary for the successful completion of this project.

1.3 PERMITS AND SERVICES

A.

B.

The mechanical contractor shall obtain all permits and arrange all inspections, give notices and pay all
fees as required by the Authority Having Jurisdiction.

This contractor shall coordinate any necessary site utilities including water, natural gas, and sewer work
with local utility, owner, and other contractors to minimize disruption and downtime. Clarification to the
Bidding - Any natural gas or electric utility costs from Northwestern Energy will be paid directly by the
owner and shall not be included as part of this contract. WITH THE EXCEPTION OF THE NATURAL
GAS, ANY AND ALL CHARGES ASSESSED BY THE CITY TO ACCOMMODATE THE
REQUIREMENTS OF THIS PROJECT ARE THE SOLE RESPONSIBILITY OF THE MECHANICAL
CONTRACTOR. VERIFY ALL CHARGES AND COORDINATE ALL EQUIPMENT NECESSARY
WITH THE UTILITY’S BEFORE SUBMITTING BID.

1.4 DRAWINGS AND MEASUREMENTS

A.

Verify all dimensions and conditions with Architectural and Structural drawings. The small scale of the
drawings prohibits the indication of all offsets, fittings and accessories necessary and shall be furnished
by this Contractor and required for complete and proper operation.

“Existing Conditions” shown on drawings are based on existing plans and limited field investigation.
The field survey was conducted to verify, as much as possible, the accuracy of the locations shown. The
Contractor shall verify the accuracy of the “Existing Conditions” as shown on the drawings. As the
demolition work progresses perform modifications and additions as necessary to correct for these hidden
conditions and allow for the completion of the new work.

The general arrangement of the mechanical systems shall be as shown on the drawings. Field changes
shall have the written acceptance of the Engineer.

Consult the drawings and specifications of all other trades. Layout work and coordinate with other
trades, before installing any equipment, to avoid interfering with these trades or conflicting with
applicable codes.

The mechanical contractor shall bear full responsibility for coordinating his work with other trades to
avoid conflicts in space requirements, clearances, etc. Problems arising due to lack of coordination will
be the responsibility of the mechanical contractor to resolve. Extra work and/or equipment as a result of
not coordinating work shall be the responsibility of the installing contractor and at no cost to the Owner.

1.5 INSPECTION OF SITE AND DOCUMENTS

A.

Before submitting a proposal on the work contemplated, the bidder shall thoroughly familiarize himself
with the contract documents, the site, and all existing conditions and limitations that may affect the
performance of his work. Any conflict noted shall be brought to the attention of the Engineer before
bidding. If there is not sufficient time prior to bidding, the Contractor shall bid the larger quantity or
better quality of work.

No extra compensation will be allowed, because of misunderstanding the amount of work involved or the
bidder’s lack of knowledge, for obvious conflicts which could have been discovered or reasonably
anticipated prior to bidding.

1.6 REGULATIONS AND CODES

A.

All work, materials, and equipment in this contract shall comply with all applicable local, city, state and
federal ordinances, regulations, and codes.
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1.7 INSTRUCTIONS & TRAINING

A. Furnish verbal and engineer approved written instructions to Owner on all systems. Instruction shall
include operating procedures, adjustments, and periodic maintenance. Furnish a copy of the written
instructions and attach a letter to the Engineer, prior to final inspection, signed by Owner, attesting to
date and satisfaction of instructions.

1.8 OPERATING AND MAINTENANCE MANUALS (3 Hard Copies & 1 Electronic Submittal via
Submittal Exchange)

A. PRIOR TO FINAL INSPECTION, The mechanical contractor shall furnish (3) hard copies (including 1
USB Drive with electronic copy) to the Engineer, containing all pertinent data to the mechanical systems.
Information shall be indexed and labeled per system and shall include catalog cuts, installation manuals,
maintenance manuals, manufacturer’s names, replacement parts list. Include balancing reports as
specified. Include written instructions and warranty info as specified.

B. The first section shall be indexed/labeled “WRITTEN INSTRUCTIONS & TRAINING” noting written
instructions with company service contact info and shall include a list of filters for each unit. Also
include document with owners signature attesting to date and satisfaction of training.

C. The second section shall be indexed/labeled “WARRANTY INFO” and shall include a statement of
guarantee on the contractors company letter head and shall include warranty statements of all equipment
provided/installed under his contract with specific dates. This will note any longer/special warranties.

1.9 AS-CONSTRUCTED DRAWINGS (Red Lined on Plans & USB Drive containing scanned PDF)

A. During construction, each trade shall keep track of the major changes in the rerouting of piping and
equipment, and shall note these in red on one set of drawings. This set of drawings shall be submitted
with the Operation and Maintenance Manuals along with a USB drive containing a single PDF file with
these same red line plans in electronic form. Most printing shops will be able to scan your trade’s large
plan sheets into electronic form. Contact the engineer’s office if there are any questions.

1.10 WORKMANSHIP

A. Qualified individuals that are properly licensed to perform the work involved shall perform all
mechanical work.

1.11 CUTTING AND PATCHING

A. This Contractor shall be responsible for all cutting and patching of holes required for passage of piping,
equipment, and ducts. This also applies to the removal or installation of new equipment.

B. All cutting of existing construction required to install or join new work, except where otherwise indicated
on the plans, shall be the responsibility of this Contractor and coordinated with the General Contractor.
Before making any cuts, verify exact locations and sizes with the General Contractor to confirm that no
structural members will be cut. Contractor shall make every effort to minimize extent of cutting existing
construction.

C. The mechanical contractor shall be responsible for patching any openings left in floors, walls, and
ceilings that were caused by his/her actions. Patching shall match existing surface in color, texture and
quality so that patch is indistinguishable from original surface.

1.12 PAINTING

A. Any equipment which becomes rusted or damaged during construction shall be repaired, cleaned, and
repainted by this Contractor. Painting shall always be applied in two coats, one primer and one finish.
1.13 EQUIPMENT AND PIPE SUPPORTS

A. Provide all structural supporting frames, steel stands, concrete bases, and hangers as required for
mechanical equipment. All floor equipment shall be set on 4” high concrete bases furnished by this
Contractor, unless otherwise noted.

B. Paint all unprotected metal, except galvanized and copper, with metal protective paint.

C. Hangers for piping shall be large enough to encompass insulation. It shall not be acceptable for
insulation to envelope hangers/saddles, or for insulation to stop on either side of hangers.
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D. Provide saddles at all hangers or supports of insulated piping. Saddles for 4” and larger piping shall be
fabricated of 14 gauge galvanized iron, and for smaller piping shall be fabricated of 16 gauge galvanized
iron. Saddles shall be one-half the circumference of the pipe insulation and 4” shorter than the insulation
inserts.

E.  Under no condition shall any pipe or duct structure be used to support another.
1.14 ACCESS TO EQUIPMENT

A. Access shall be provided to all motors, valves, dampers, controls, specialties, etc., for maintenance
purposes. All access doors, access panels, removable sections, etc., required for access shall be provided.
The location of the access openings relative to the mechanical equipment shall be coordinated to assure
proper access to the equipment.

B. Access openings are required for manual, motorized, fire, and smoke dampers and other devices
requiring access and shall be provided in the ductwork, plenums, housings, tanks, etc., under this portion
of the contract.

1.15 TESTING AND ADJUSTING

A. At the completion of work, all parts of the installation under Division 23 shall be cleaned, lubricated,
tested, and adjusted for proper operation.

B. All piping and ductwork shall be tested and cleaned as required, by all local, state and federal codes.
Tests shall be performed in the presence of the authority having jurisdiction. Written notification of test,
date, and results shall be furnished to the Engineer before concealing or covering the installation.

C. All controls shall be tested and adjusted for proper operation. Adjustments shall be made when all
systems are operating which may affect the control system.

D. An Independent Testing & Balancing Agent shall test and balance all mechanical systems as specified in
Section 23 0593.

1.16 GUARANTEE

A. Warranty: The mechanical contractor shall warrant his work against failure and workmanship for a
period of at least one year from the date of substantial completion, for all new work. Any work that is
defective within that one-year period shall be replaced by the Contractor without charge. If
longer/special warranties are noted elsewhere in the specifications, those warranties shall apply.

1.17 EQUIPMENT IDENTIFICATION

A. Major mechanical equipment, rooftop units, energy recovery ventilators, electric duct heaters, heat
pumps, exhaust fans, etc. shall be provided with identification as designated on the plans. Labels shall be
black laminate three-layer plastic with engraved 1/2 inch white letters, adhered, screwed, or riveted to the
equipment. Manufactured by Brady, Champion America/Seton.

B. Piping shall be identified as to contents and flow direction with plastic, color coded, snap-on or adhesive
labels. Manufactured by Brady, Champion America/Seton.
1. Labeling shall be located:

Adjacent to each valve.

At each side of and at each obstruction.

At each branch.

At each cap for future.

At each takeoff.

At each side of penetration of structure or enclosure.

At each equipment connection.

At all access doors.

A maximum of every 40 feet on straight runs of piping including rises and drops.

J- Minimum one label per room/space.

TTTE@ Mo o o

C. Valve tags shall be brass with stamped letters, tag size 1-1/2” minimum in diameter.
1. Provide typed valve lists in each O&M binder. Valve lists shall include the valve number,
location, and purpose of each valve, and any other necessary information such as the required

opening or closing of another valve when one valve is to be opened or closed.
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Color coded indicators shall be installed on the ceiling grid or access door to hard lid areas to indicate all

valves and other ceiling mounted equipment requiring service (example — VAV’s). Each trade shall be

responsible for equipment provided under their respectable trade.

1. Each ceiling label shall be color coded laminated engraved plastic, 1/16” thick, 2.5” wide by 0.75”
tall, with white lettering centered on each label. Label to be adhered to the acoustic ceiling tile
grid. Seton Style AV0175 or similar.

1.18 MECHANICAL SUBMITTAL

A.
B.

Q

All equipment shall be as listed on the equipment schedules or approved equal.

Prior Approval: Manufacturers whose product is not specified or specifically listed on the plans or in the
specifications are allowed to submit information on a product that they would like to be considered as an
equal to those specified or listed. By submitting this information for consideration, the product
representative is indicating that the product being presented for consideration equals or exceeds the
specified product in quality, performance and operating parameters. Proof of equality rests with the party
making the request. The procedure for this submittal is listed below.

Submit literature on product that is to be considered for prior approval. This literature shall include
catalog cuts with all pertinent technical specifications, dimensions and pictures of the product.

Final approval of all equipment shall be contingent on shop drawing acceptance, compliance with the
specifications and performance criteria as required. General approval to bid a product does not relieve
the supplier or contractor of meeting specific specification requirements.

The Mechanical Contractor shall pay, provide, install and be responsible for any extra materials required
due to his use of alternate accepted equipment which has installation requirements different than the
specified equipment. This includes paying other trades for any extra work they are involved in due to
this substitution of equipment.

Literature shall be submitted so that the engineer receives it no later than 7 days prior to bid date.
All approvals will be in the form of an addendum issued to all plan holders.

List of Acceptable Substitutions:

Heat Pumps: Bulldog (Provided by Owner, Installed by Contractor)

Hybrid Adiabatic Fluid Cooler: Guntner (Provided by Owner, Installed by Contractor)

Packaged Rooftop Dedicated Outside Air Unit with Natural Gas Heat: AAON

Electric Duct Heaters: Thermolec

In Line Exhaust Fan: PennBarry, Greenheck, Loren Cook, ACME, ILG Air Specialties

Express/Carnes, Aerovent, Twin City Fan & Blower

6. Ceiling Exhaust Fan: PennBarry, Greenheck, Loren Cook, ACME, ILG Air Specialties
Express/Carnes, Aerovent, Twin City Fan & Blower

7. Power Roof Ventilator Exhaust Fan: PennBarry, Greenheck, Loren Cook, ACME, ILG Air

Specialties Express/Carnes, Aerovent, Twin City Fan & Blower

Rangehood Exhaust Fans: Zephyr, Broan

9. Registers, Grilles, & Diffusers: Metalaire, Price Industries, Tuttle & Bailey, Titus, Krueger,
Nailor, Hart & Cooley, Anemostat, Nailor, ] & J Register, Air Specialties Express/Carnes

10.  Propylene Glycol: Dow Chemical, Houghton Chemical

11.  HVAC Hydronic Pumps: Armstrong, Taco, B&G, Allis-Chalmers, General Signal Pump Group,
Thrush, Patterson, Grundfos

12.  Expansion Tanks: B&G, Taco, Wessels, Armstrong, Thrush, Amtrol, Patterson

13.  Combination Air Eliminator/Dirt Separator: Spirotherm, B&G, Armstrong

14.  Steam to Hot Water Heat Exchanger: B&G, Armstrong, Thrush Co

15.  Condensate Receiving Tank/Duplex Pumps: B&G, Sterlco, Russell

16. Variable Frequency Drives: ~ ABB, Reliance, Danfoss, GE, Rockwell Automation, Siemens,
Yaskawa

17.  Temperature Controls (BACnet): Siemens by G&R Controls, no substitutions.

Nk =

>

1.19 SHOP DRAWINGS

A.

Before ordering any item, Contractor shall review, stamp with his approval and submit shop drawings of
equipment as to be furnished under this contract.
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1. Electronic submittals is required. Electronic submittals can be one combined .pdf. for each of the
following mechanical trades: HVAC, Temperature Controls, Hydronics, and Plumbing.

Where the contractor is submitting shop drawings that differ from the plans and specifications, the
contractor must notify the engineer in writing each variance from the plans and specifications and the
Mechanical Contractor shall pay, provide, install and be responsible for any extra materials required due
to his use of alternate accepted equipment which has installation requirements different than the specified
equipment. This includes paying other trades for any extra work they are involved in due to this
substitution of equipment.

Product Data shall include, but are not limited to, the following: Manufacturer’s product specifications,
Manufacturer’s installation instructions, standard color charts, catalog cuts, roughing-in diagrams and
templates, and standard wiring diagrams.

1.20 TEMPORARY HEAT

A.

Temporary heating of the building during construction will be provided as specified in the General
Conditions and Supplemental General Conditions. Under no circumstance shall the proposed HVAC
equipment be brought into service as temporary heating prior to project completion without written
permission from the mechanical engineer & owner.

1.21 EXECUTION

A.

B.

Remove equipment as indicated. Demolition work shall be coordinated with the Owner. Should questions
arise regarding the removal of equipment, confer with the owner before such equipment is demolished.

Materials removed by demolition shall remain the property of the Owner unless specifically noted.
Material the Owner does not wish to retain shall be removed and properly disposed of by the Contractor.

The existing building will be in use during this construction. Schedule and carry out the work in such a
manner as to cause the Owner a minimum of inconvenience due to service interruptions. Temporary
services shall be installed if one area or phase of construction disrupts service to another area of the
building or if equipment has to be relocated to allow construction to progress. Service interruptions shall
be confined to the smallest area possible at any one time and interruptions shall be scheduled with the
Owners site representative. After service has been restored following an interruption, inspect areas
affected by the interruption and be responsible for returning automatically controlled equipment to the
same operating condition that existed prior to the interruption.

Install equipment and materials to provide required access for servicing and maintenance. Coordinate the
final location of concealed equipment and devices requiring access with final location of required access
panels and doors. Allow ample space for removal of all parts that require replacement or servicing.

Verify final locations for rough-ins with field measurements and with the requirements of the actual
equipment to be connected.

Coordinate mechanical equipment and materials installation with other building components. Verify all
dimensions by field measurements. Arrange for chases, slots, and openings in other building components
to allow for mechanical installations.

Final locations of equipment may differ slightly from those shown on these plans. Coordinate exact
location of equipment with equipment supplier, structural members, furniture layout and other trades
before rough in and adjust accordingly. Pricing shall allow for a minimum of 10 ft. of difference in the
actual location of items as compared to the location shown on the drawings.

All penetrations for piping, ductwork, etc. which penetrate floors, fire and/or smoke walls, roofs, full
height partitions and similar structures shall be sealed by the mechanical contractor with a UL system
specifically approved for the application. This system must maintain the required fire rating.

All mechanical systems shall be tested and cleaned as required by Authority Having Jurisdiction.

The mechanical contractor shall have the full responsibility of ensuring that his/her work is performed in
a safe manner and shall bear all liability associated with his/her job site safety.
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K. Upon completion of the work, the Contractor shall notify the A/E and make arrangements for a final

inspection. Contactor shall provide A/E with copy of all required balance reports prior to the final
inspection.

L. After the final inspection is made, the Contractor will receive a list of items requiring adjustment,
correction, replacement, or completion.

M. The Contractor shall comply completely with all listed requirements within (40) days of receipt of list.
Should the Contractor fail to perform within this time limit, the A/E and/or Owner reserves the right to
have the work completed by others and the cost deducted from the contract price.

END OF SECTION 23 0500
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SECTION 23 0510 - BASIC HVAC MATERIALS AND METHODS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

This section includes the following basic mechanical materials and methods to complement other
Division 23 Sections.

Concrete bases.
Mechanical Demolition.
. Installation requirements common to equipment specification sections.

1.3 DEFINITIONS
Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and

duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces,
crawlspaces, and tunnels.

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

3. Mechanical sleeve seals.

4. Sleeves.

5. Escutcheons.

6. Grout.

7.

8.

9

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. Concealed, Interior Installations: Concealed from view and protected from physical contact by building
occupants. Examples include above ceilings and in duct shafts.

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

14 QUALITY ASSURANCE

All piping shall be specified in this section. Material and installation shall also be subject to state, local
codes and ordinances of the area encompassing this project.

B. Welder’s Qualifications: All welder shall be qualified in accordance with ASME Boiler and Pressure
Vessel Code: Section IX, "Welding and Brazing Qualifications."

C. Potable-water piping and components shall comply with NSF 14 and NSF 61 Annex G. Plastic piping
components shall be marked with "NSF-pw."

D. Plastic waste & vent piping is not allowed above any ceiling in a return air plenum.

E. Electrical Characteristics for Mechanical Equipment: Equipment of higher electrical characteristics may
be furnished provided such proposed equipment is approved in writing and connecting electrical services,
circuit breakers, and conduit sizes are appropriately modified. If minimum energy ratings or efficiencies
are specified, equipment shall comply with requirements.

PART 2 - PRODUCTS
2.1 PIPE, TUBE, AND FITTINGS

A. Provide piping and factory fabricated fittings as indicated for each service and pipe size. Fitting sizes
and types shall match piping or equipment connections. Where not indicated, comply with governing
regulations or manufacturer’s recommendations.
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CONDENSATE DRAIN PIPING

Above Grade: Drain piping shall be type “M” copper, ASTM B 88, with cast-copper solder-joint
drainage fittings, ANSI B 16.23, or wrought-copper solder joint, ANSI B 16.29, non-corrosive past flux
and 50/50 tin-lead solder ASTM B 32.

1. Where permitted, schedule 40 PVC or ABS, solvent weld fittings.

SLEEVES

The following materials are for wall, floor, slab, and roof penetrations:

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

2. Steel Pipe: ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

3. Cast Iron: Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends
and integral waterstop, unless otherwise indicated.

4. PVC sleeves in first two paragraphs below may be prohibited by fire authorities having
jurisdiction.

5. Molded PE: Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing flange for
attaching to wooden forms.

ESCUTCHEONS

Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around
pipe, tube, and insulation of insulated piping and an OD that completely covers opening.

One-Piece, Cast-Brass Type: With set screw.
1. Finish: Polished chrome-plated.

Split-Casting, Cast-Brass Type: With concealed hinge and set screw.
1. Finish: Polished chrome-plated.

GROUT
Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.
1. Characteristics: Post-hardening, volume-adjusting, nonstaining, noncorrosive, nongaseous, and

recommended for interior and exterior applications.
2. Design Mix: 5000-psi, 28-day compressive strength.
3. Packaging: Premixed and factory packaged.

CONCRETE BASES

Concrete Bases: Anchor equipment to concrete base according to equipment manufacturer's written
instructions and according to seismic codes at Project.

1. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both
directions than supported unit.

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

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

4. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings,
templates, diagrams, instructions, and directions furnished with items to be embedded.

5. Install anchor bolts to elevations required for proper attachment to supported equipment.

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

PART 3 - EXECUTION
3.1 MECHANICAL DEMOLITION

A.

B.

Refer to Division 1 Sections "Cutting and Patching" and "Selective Demolition" for general demolition
requirements and procedures.

Disconnect, demolish, and remove mechanical systems, equipment, and components indicated to be
removed.
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1. Piping to Be Removed: Remove portion of piping indicated to be removed and cap or plug
remaining piping with same or compatible piping material.

2. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same or compatible
piping material.

3. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug remaining
ducts with same or compatible ductwork material.

4. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible ductwork material.

5. Equipment to Be Removed: Disconnect and cap services and remove equipment.

6. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and
store equipment; when appropriate, reinstall, reconnect, and make equipment operational.

7. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove equipment

and deliver to Owner.

C. Ifpipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove
damaged or unserviceable portions and replace with new products of equal capacity and quality.

3.2 PIPING SYSTEMS - COMMON REQUIREMENTS

A. Install piping according to the following requirements and Division 23 Sections specifying piping
systems.
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, pump
sizing, and other design considerations. Install piping as indicated unless deviations to layout are
approved on Coordination Drawings.

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

D. Do not run piping through electrical or electronic equipment spaces and enclosures unless unavoidable.
Install drip pan under piping that must be run through electrical spaces, if approved by local authority.

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. Install piping to permit valve servicing.

H. Install piping to allow maximum possible headroom unless specific mounting heights or slopes are
indicated.

L Install piping at indicated slopes, or level and plumb, parallel and perpendicular to other building systems

and components in exposed interior spaces, unless otherwise indicated.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install piping to allow application of insulation.

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

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

czgxrnr-

Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and
concrete floor and roof slabs.

T

Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and mechanical sleeve
seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing
mechanical sleeve seals.

1. Install steel pipe for sleeves smaller than 6 inches in diameter.
2. Install cast-iron "wall pipes" for sleeves 6 inches and larger in diameter.
3. Mechanical Sleeve Seal Installation: Select type and number of sealing elements required for pipe

material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install
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in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make watertight seal.

Q. Underground, Exterior-Wall Pipe Penetrations: Install cast-iron "wall pipes" for sleeves. Seal pipe
penetrations using mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

1. Mechanical Sleeve Seal Installation: Select type and number of sealing elements required for pipe
material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install
in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make watertight seal.

R. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe
penetrations. Seal pipe penetrations with firestop materials conforming to the 25/50 flame spread and
smoke developed rating.

S. Verify final equipment locations for roughing-in.
Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.
3.3 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

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

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

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

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

END OF SECTION 23 0510
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SECTION 23 0593 - TESTING, ADJUSTING, AND BALANCING (AIR & WATER)
PART 1 - GENERAL

1.1

1.2

1.3

14

1.5

1.6

1.7

A.

MU 0w

>

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes testing, adjusting, and balancing HVAC systems to produce design objectives,

including the following:

1. Balancing AIRFLOW and WATER flow within distribution systems, including submains,
branches, and terminals, to indicated quantities according to specified tolerances.

2. Adjusting total HVAC systems to provide indicated quantities.

3. Verifying that automatic control devices are functioning properly.
4. Reporting results of activities and procedures specified in this Section.
DEFINITIONS

Retain acronyms and abbreviations that remain after this Section has been edited for Project.
AABC: Associated Air Balance Council.

AMCA: Air Movement and Control Association.

NEBB: National Environmental Balancing Bureau.

SMACNA: Sheet Metal and Air Conditioning Contractors' National Association.
SUBMITTALS

Certified Testing, Adjusting, and Balancing Reports: Prepared on approved forms certified by the
testing, adjusting, and balancing Agent.

Refer to Section 01 9113 General Commissioning Requirements for commissioning-related submittals
and submittal review processes.

QUALITY ASSURANCE

Agent Qualifications: Engage a testing, adjusting, and balancing agent certified by AABC or NEBB or
Engineer’s approved equal.

Certification of Testing, Adjusting, and Balancing Reports: Certify testing, adjusting, and balancing field
data reports. This certification includes the following:

1. Review field data reports to validate accuracy of data and to prepare certified testing, adjusting,
and balancing reports.
2. Certify that testing, adjusting, and balancing team complied with approved testing, adjusting, and

balancing plan and procedures specified and referenced in this Specification.
Testing, Adjusting, and Balancing Reports: Use standard forms approved by the Engineer.

Instrumentation Type, Quantity, and Accuracy: As described in NEBB's "Procedural Standards for
Testing, Adjusting, and Balancing of Environmental Systems," Section II, "Required Instrumentation for
NEBB Certification."

Instrumentation Calibration: Calibrate instruments at least every six months or more frequently if
required by the instrument manufacturer.

PROJECT CONDITIONS

Partial Owner Occupancy: The Owner may occupy completed areas of the building before Substantial
Completion. Cooperate with the Owner during testing, adjusting, and balancing operations to minimize
conflicts with the Owner's operations.

COORDINATION
Coordinate efforts of factory-authorized service representatives for systems and equipment, HVAC

controls installers, and other mechanics to operate HVAC systems and equipment to support and assist
testing, adjusting, and balancing activities.
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Provide 7 day’s advance notice for each test including scheduled test dates and times.

Perform testing, adjusting, and balancing after leakage and pressure tests on air and water distribution
systems have been satisfactorily completed.

PRODUCTS (Not Applicable)

EXECUTION

EXAMINATION

Examine approved submittal data of HVAC systems and equipment.

Examine system and equipment installations to verify that they are complete and that testing, cleaning,
adjusting, and commissioning specified in individual Specification Sections have been performed.

Examine system and equipment test reports.

Examine HVAC system and equipment installations to verify that indicated balancing devices, such as
test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and
manual volume dampers, are properly installed, and their locations are accessible and appropriate for
effective balancing and for efficient system and equipment operation.

Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.

Examine air-handling equipment to ensure clean filters have been installed, bearings are greased, belts
are aligned and tight, and equipment with functioning controls is ready for operation.

Examine strainers for clean screens and proper perforations.
Examine hydronic equipment for correct piping connections and for clean and straight fins.
Examine equipment for installation and for properly operating safety interlocks and controls.

Examine automatic temperature system components to verify the following:

1. Dampers, valves, and other controlled devices operate by the intended controller.
2. Verify dampers and valves are in the position indicated by the controller.
3. Integrity of valves and dampers for free and full operation and for tightness of fully closed and

fully open positions. This includes dampers in multizone units, mixing boxes, and variable-air-
volume terminals.

4. Automatic modulating and shutoff valves, including two-way valves and three-way mixing and
diverting valves, are properly connected.

5. Sensors are located to sense only intended conditions.

6. Sequence of operation for control modes is according to the Contract Documents.

7. Controller set points are set at design values. Observe and record system reactions to changes in
conditions. Record default set points if different from design values.

8. Interlocked systems are operating.

Report to the Engineer deficiencies discovered before and during performance of testing, adjusting, and
balancing procedures.

TESTING AND BALANCING PROCEDURES

Perform testing and balancing procedures on each system according to procedures contained in AABC
national standards.

Perform testing and balancing procedures on each system according to procedures contained in NEBB's
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems."

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent
necessary to allow adequate performance of procedures. After testing and balancing, close probe holes
and patch insulation with new materials identical to those removed. Restore vapor barrier and finish
according to the insulation Specifications for this Project.

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

TOLERANCES
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3.5

A.

Set HVAC system airflow and water flow rates within the following tolerances:

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

3. Water Flow Rate: 0 to minus 10 percent.

REPORTS

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

Final Report: Typewritten, or computer printout in letter-quality font, on standard bond paper, bound in
three-ring, loose-leaf binder, and tabulated and divided into sections by tested and balanced systems.

1. Include a certification sheet in front of binder signed and sealed by the certified testing and
balancing agent.
2. Include a list of instruments used for procedures, along with proof of calibration.
3. Final Report Contents: In addition to certified field report data, include the following:
a. Pump curves.
b. Fan curves.
c. Manufacturers' test data.
d. Field quality-control test reports prepared by system and equipment installers.
e. Other information relative to equipment performance, but do not include approved Shop
Drawings and Product Data.
4. General Report Data: In addition to form titles and entries, include the following data in the final
report, as applicable:
f. Title page.
g. Name and address of testing, adjusting, and balancing Agent.
h. Project name.
1. Project location.
J- Architect's name and address.
k. Engineer's name and address.
L. Contractor's name and address.
m. Report date.
n. Signature of testing, adjusting, and balancing Agent who certifies the report.

ADDITIONAL TESTS

Within 90 days of completing testing, adjusting, and balancing, perform additional testing and balancing
to verify that balanced conditions are being maintained throughout and to correct unusual conditions.

Seasonal Periods: If initial testing, adjusting, and balancing procedures were not performed during near-
peak summer and winter conditions, perform additional inspections, testing, and adjusting during near-
peak summer and winter conditions.

END OF SECTION 23 0593
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SECTION 23 0700 - HVAC SYSTEMS INSULATION
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. The work in this section of the specification and the accompanying drawings consists of performing all
labor, equipment, accessories, and materials and in performing all operations necessary for the
installation of all insulation for the duct systems and sealing of sleeves.

B. Work to be insulated includes the following:

All new supply, return, exhaust, transfer, fresh air ducts.

All cooling condensate drain piping.

All new circulating above ground water loop piping, valves, and fittings.
All new water loop air separator, and other equipment (as required).

All new low pressure steam supply, valves, and fittings (except traps).
All new steam condensate and pumped steam condensate piping.

All sleeves.

NNk WDD—

C. All insulation work shall be installed in a workmanlike manner by skilled workmen engaged in this type
of work.

D. Fire-Test-Response Characteristics: Provide products with flame-spread and smoke-developed indices of
25 and 50, respectively, according to ASTM E 84 by a testing agency acceptable to authorities having
jurisdiction.
1.3 SUMITTALS
A. Shop drawings/product data as specified in Section 23 0500 shall include the following:

1. Product Data: Identify thermal conductivity, thickness, and jackets (both factory installed and
field applied, if any), for each type of product indicated.

1.4 COORDINATION
A. Coordinate clearance requirements with duct Installer for insulation application.
B. Coordinate clearance requirements with piping Installer for insulation application.
C. Coordinate size and location of supports, hangers, and insulation shields.

PART 2 - PRODUCTS

2.1 DUCTWORK INSULATION

A. RIGID BOARD DUCT INSULATION: Rigid Board shall be fiberglass, CertainTeed type IB with FSK
reinforced foil scrim-kraft jacket or accepted equal. Board density shall be 3 Ib/cubic foot with thermal
conductivity of .23 at 75 degrees F mean temperature. ASTM C 612, Class 1.

B. FLEXIBLE DUCT INSULATION: Flexible insulation shall be fiberglass, CertainTeed standard duct
wrap with FSK reinforced foil scrim-kraft jacket or accepted equal. Flexible insulation density shall be 1-
1/2 1b/cubic foot with thermal conductivity of .24 at 75 degrees F mean temperature. ASTM C 553, Type
I, Class B-4.

C. DUCTWORK INSULATION ACCESSORIES: Provide staples, bands, wires, tape, anchors, comer
angles and similar accessories as recommended by insulation manufacturer for applications indicated.

D. DUCTWORK INSULATION COMPOUNDS: Provide cements, adhesives, coatings, sealers, protective
finishes and similar compounds as recommended by insulation manufacturer for applications indicated.

E. INSULATION THICKNESS FOR DUCTWORK: All ducts are to be insulated. Insulation thickness
and type shall be as follows:
1. Rectangular Supply Duct Insulation from HP’s shall be interior and 1/2” thick (flexible glass fiber
liner, semi-rigid glass fiber board insulation, non-fibrous flexible elastomeric insulation of closed
cell structure, or non-fibrous flexible polyolefin insulation of closed cell structure).
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2. Round Supply Air Duct Insulation from ducted HP’s shall be uninsulated and paintgrip, see plans.

Rectangular Fresh Air Supply Duct from DOAS Unit shall be interior and 2" thick.

4, Exhaust Air shall be exterior and 1-1/2” thick within 15° of exterior termination (PRV or louver
termination) (Semi-rigid glass fiber board insulation, Non-fibrous flexible elastomeric insulation
of closed cell structure, or non-fibrous flexible polyolefin insulation of closed cell structure).

5. Transfer Air Duct Insulation shall be interior and 1/2" thick (flexible glass fiber liner, semi-rigid
glass fiber board insulation, non-fibrous flexible elastomeric insulation of closed cell structure, or
non-fibrous flexible polyolefin insulation of closed cell structure).

6. Concealed ducts may be insulated with rigid or flexible fiberglass insulation.

7. Exposed ducts shall be insulated with rigid fiberglass insulation only.

W

2.2 COOLING CONDENSATE DRAIN PIPING

A.

w

D.

All piping in concealed and exposed areas shall be insulated with flexible elastomeric thermal insulation
consisting of closed-cell, sponge- or expanded rubber materials. Comply with ASTM C 534, Type I for
tubular materials, Type II for sheet materials. Maximum thermal conductivity of 0.28 at 75 degrees.

1. Provide adhesives as recommended by insulation material manufacturer.

2. Provide ultraviolet-protective coating as recommended by insulation material manufacturer.

Insulation thickness shall be }2” and shall include a vapor retarder.

Fittings, valves, flanges, etc. shall be insulated with prefabricated thermal insulating fitting covers
complying with ASTM C 450 for dimensions used in performing insulation to cover valves, elbows, tee,
and flanges.

Install per manufacturer’s recommendations.

2.3 NEW CIRCULATING ABOVE GROUND WATER LOOP PIPING INSULATION

A.

All piping in concealed and exposed areas shall be insulated with fiberglass pipe insulation with all
service jacket. Jacket shall be factory-applied, and, where specified, with white foil scrim-kraft vapor
barrier. Insulation shall be Johns-Manville Micro-Lok 850 HP, or accepted equal.

For pipe sizes to individual terminal units 1”” and less — insulation thickness shall be 4”. For pipe sizes
of 1-1/4” thru 2” — insulation thickness shall be 1”. For pipe sizes of 2-1/2” and larger — insulation
thickness shall be 1-1/2”.

Fittings, valves, flanges, etc. shall be insulated with fiberglass blanket, Johns-Manville Microlite or pre-
cut mitered sections for elbows, J-M Micro-Lok (11b/cu. ft. density).

Encase pipe fitting insulation with one piece pre-molded Zeston 2000 PVC fitting covers having flame
spread index of 25 or less, and smoke developed index of 50 or less, as tested by ASTM E84 (NFPA
255) method.

Provide sheet metal insulation shields at all hanger locations.
Note: Piping routed below grade out to fluid cooler shall be preinsulated piping, see section 23 2113.

ONLY THE MAIN HYDRONIC SUPPLY AND RETURN PIPING IS TO BE INSULATED.
Main hydronic supply and return piping is considered any piping that is serving more than one
unit. All runouts to individual heat pumps are to be uninsulated.

2.4 NEW AIR SEPARATOR, & OTHER EQUIPMENT INSULATION

A.

B.

All surfaces shall be insulated with 3 Ib. density fiberglass board Johns-Manville #814-450 °F at a
thickness of 3”.

Insulation shall be cut or mitered where necessary to fit the contour of the equipment. All voids shall be
packed with light density glass fiber insulation. Insulation sections shall be banded in place with % inch
x 0.015 inch thick galvanized steel bands at 18 inch o.c. for all large equipment. Insulation shall be
covered with one inch galvanized hexagonal wire mesh. Apply %2 inch of insulating cement such as OC-
110 or equal in 2 layers over the wire mesh.

2.5 STEAM CONDENSATE & PUMPED STEAM CONDENSATE PIPING

A.

All piping in concealed and exposed areas shall be insulated with fiberglass pipe insulation with all
service jacket. Jacket shall be factory-applied, and, where specified, with white foil scrim-kraft vapor
barrier. Insulation shall be Johns-Manville Micro-Lok 850 APT, or accepted equal.
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2.6

C.

D.

Steam Condensate Piping all sizes — insulation thickness shall be 1-1/2”.

Fittings, valves, flanges, etc. shall be insulated with fiberglass blanket, Johns-Manville Microlite or pre-
cut mitered sections for elbows, J-M Micro-Lok (11b/cu. ft. density).

Encase pipe fitting insulation with one piece pre-molded PVC fitting covers having flame spread index of
25 or less, and smoke developed index of 50 or less, as tested by ASTM E84 (NFPA 255) method.

LOW PRESSURE STEAM PIPING INSULATION

A.

B.
C.

D.

All piping in concealed and exposed areas shall be insulated with fiberglass pipe insulation with all
service jacket. Jacket shall be factory-applied, and, where specified, with white foil scrim-kraft vapor
barrier. Insulation shall be Johns-Manville Micro-Lok 850 APT, or accepted equal.

Low Pressure Steam Piping (less than 15 psig) 2-1/2” and larger — insulation thickness shall be 2”.

Fittings, valves, flanges, etc. shall be insulated with fiberglass blanket, Johns-Manville Microlite or pre-
cut mitered sections for elbows, J-M Micro-Lok (1lb/cu. ft. density).

Encase pipe fitting insulation with one piece pre-molded PVC fitting covers having flame spread index of
25 or less, and smoke developed index of 50 or less, as tested by ASTM E84 (NFPA 255) method.

PART 3 - EXECUTION

3.1

3.2

A.

GENERAL APPLICATION

All insulation shall be applied on clean, dry surfaces. All joints shall be snugly butted against the
adjoining piece and all joints, seams, voids, flat spots, etc., shall be filled with insulation cement. Do not
use cut pieces or scraps abutting each other.

Where double layers are installed, the first layer shall be fastened with binding wire. All joints shall be
staggered between the two layers.

Insulation on all cold surfaces must be applied in a continuous, unbroken vapor seal. Hangers, supports,
anchors, etc., that are secured directly to cold surfaces must be adequately insulated and vapor sealed to
prevent condensation.

All surface finishes shall be extended to protect all surfaces, ends, and raw edges of insulation.

All insulation materials shall be installed in strict accordance with manufacturer's instructions, using
recommended adhesives, mastics and coatings applied at specific coverage per gallon and temperature
conditions.

Extend insulation without interruption through walls, floors and similar penetrations, except where
otherwise indicated.

Maintain integrity of vapor-barrier jackets on insulation, and protect to prevent puncture or other
damage.

Do not apply insulation to equipment, breechings, or stacks while hot.

Do not insulate boiler manholes, handholes, cleanouts, ASME stamp, and manufacturer's nameplate.
Provide neatly beveled edge at interruptions of insulation.

Provide removable insulation sections to cover parts of equipment, which must be opened periodically
for maintenance; include metal vessel covers, fasteners, flanges, frames and accessories.

Repair damaged sections of existing mechanical insulation, both previously damaged or damaged during
this construction period. Use insulation of same thickness as existing insulation, install new jacket
lapping and sealed over existing.

Insulation installer shall advise Contractor of required protection for insulation work during remainder of
construction period, to avoid damage and deterioration.

DUCT APPLICATION

Rigid Insulation shall be secured to duct or sheet metal work by impaling over pin anchors space no more
than 12” centers and secured with washers and clips. Pins shall be spot welded to the duct surface by a
welding procedure which will not distort the sheet metal or burn through or mar interior finish of the duct
plenums of casings but which develop full strength of the pin. Pin sizes and diameters shall be as
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3.3

34

recommended by manufacturer for type and thickness of insulation specified. Insulation on the underside
of all horizontal or sloping ducts shall be additionally secured with 3M Insulation Adhesive 35.

Insulation shall be applied with all joints tightly butted and all points of impalement shall be pointed up
and sealed with approved mastic before positioning clips. Where vapor barrier is specified, all joints,
breaks, punctures and voids shall be filled with vapor barrier coating compound and covered with vapor
seal material identical to the surrounding material.

All joints, duct attachments, and junctions (including those caused by ducts entering walls, projections
such as hanger, etc.) shall be pointed and sealed with approved mastic and taped. Where no further finish
is required over the vapor barrier, taping shall be carefully done to obtain a neat finished appearance.

Flexible Insulation shall be adhered to duct with fire-retardant adhesive in sufficient quantities to prevent
sagging. Ducts with a width over 30 shall be further secured on the underside with mechanical fasteners
on 12” maximum centers. Insulation shall be butted with facing overlapping all joints at least 2”” and
sealed with fire-retardant vapor barrier adhesive. Seal all breaks and punctures with vapor barrier tape
and same type of fire retardant adhesive.

MINERAL-FIBER PIPE INSULATION APPLICATION

Fittings, valves, and flange insulation shall be wrapped firmly under compression (minimum 2:1) to a
thickness equal to the adjoining insulation, secured with No. 20 gauge galvanized annealed steel wire,
and finished with a smoothing coat of mastic, Johns-Manville No. 375 Insulating and Finishing Cement
or equal.

Cold Fittings, Valves, Flanges, etc., shall be additionally sealed with a layer of resin coated glass mesh,
such as Johns-Manville Duramesh 207 glass cloth, embedded between two 1/16” thick coats of vapor
barrier coating, Benjamin Foster 30-35 or equal. Lap the sealed glass cloth at least 2” on itself and the
adjoining insulation.

Premolded Insulation Valve and Fitting Covers shall be installed by tack fastening, banding, or taping as
required by manufacturer.

Expansion Joints: For expansion joints, a tube of pipe insulation shall be fabricated that will allow the
expansion joint to move within the tube. The insulating tube shall be fastened at one end of the pipe or
equipment and the other end shall be free to slide over the adjacent insulated piping. Provide an
aluminum jacket over the insulated pipe to provide a smooth surface on which the insulated tube may
slide.

Insulation Under Hangers: Pipe hangers shall encompass the insulation and shall have sheet metal
saddles furnished by the Mechanical Contractor.

Inserts shall be installed at all hanger locations. Inserts between the pipe and pipe hangers shall consist of
131b/cubic foot hydrous calcium silicate pipe insulation, or wood blocking, of thickness equal to the
adjoining insulation and shall be provided with vapor barriers where required. Insulation inserts shall not
be less than the following lengths:

1. ¥ to 1-1/2” pipe size 10” long
2. 3” to 6” pipe size 12” long
3. 8” and larger pipe size 16” long

On all piping the full thickness of insulation and jacket shall run continuously under the sheet metal pipe
saddle and through the pipe hanger (pipe hanger shall be large enough to permit full insulation thickness.)

FLEXIBLE ELASTOMERIC PIPE INSULATION APPLICATION:

Apply insulation to straight pipes and tubes as follows:

1. Follow manufacturer’s written instructions for applying insulation.

2. Seal longitudinal seams and end joints with manufacturer’s recommended adhesive. Cement to
avoid openings in insulation that will allow passage of air to the pipe surface.

Apply insulation to fittings and elbows as follows:
1. Apply mitered sections of pipe insulation.
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3.5

Secure insulation materials and seal seams with manufacturer’s recommended adhesive. Cement to avoid
openings in insulation that will allow passage of air to the pipe surface.

Insulation Under Hangers: Pipe hangers shall encompass the insulation and shall have sheet
metal saddles furnished by the Mechanical Contractor.

Inserts shall be installed at all hanger locations. Inserts between the pipe and pipe hangers shall
consist of 13Ib/cubic foot hydrous calcium silicate pipe insulation, or wood blocking, of
thickness equal to the adjoining insulation and shall be provided with vapor barriers where
required. Insulation inserts shall not be less than the following lengths:

1. ¥ to 1-1/2” pipe size 10” long
2. 3” to 6” pipe size 12” long
3. 8” and larger pipe size 16” long

On all piping the full thickness of insulation and jacket shall run continuously under the sheet
metal pipe saddle and through the pipe hanger (pipe hanger shall be large enough to permit full
insulation thickness.)

SEALING OF SLEEVES

All sleeves for pipes, ductwork, etc., furnished under Division 23 of specifications, penetrating floors, fire
and/or smoke walls and full height partitions, including chase walls, shall be sealed in accordance with
the following:

1. All insulated services shall have the specified insulation terminated on either side of sleeve.
Services which require a vapor barrier jacket shall have segment through sleeve insulated with
calcium silicate having a minimum thickness same as specified for service. Vapor barrier jacket
shall be uninterrupted. Entire void space between inside of sleeve and outside of duct, pipe,
and/or calcium silicate insulation shall be packed with fiber insulation, conforming to HHI-521E
Type 3 or HHI-558B Form A and having an ASTM fire class E-84 with fiber melt point in excess
of 2000 degrees F., to a point 1/8 inch from ends of pipe sleeve. After void is packed with fiber
insulation, services which are specified to be insulated shall have a section of insulation installed
on each side of sleeve, insulation to be fitted tight to sleeve insulation. Balance of space in sleeve
to be filled with nonhardening silicone conforming to TTS-00230 and of type which will allow 50
percent movement in one direction.

2. Contractor is herein given the option to provide Pipe Shield, Inc., fire rated wall and floor sleeves
for insulated and noninsulated piping in lieu of sealing sleeves as outlined above. Shields shall be
installed in strict accordance with manufacturer’s recommendations.

END OF SECTION 23 0700
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SECTION 23 0900 - CONTROLS & CONTROL SEQUENCES

(THIS TEMPERATURE CONTROL WORK WILL BE AN EXTENSION OF THE EXISTING DDC SYSTEM, &
BE BY G&R CONTROLS, CONTACT DAVE HEIBULT AT 605-336-3788

PART 1 - GENERAL
RELATED DOCUMENTS

1.1

1.2

1.3

14

1.5

1.6

A.

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

SUMMARY

A.

B.

H.

ALL TEMPERATURE CONTROLS SHALL BE FIELD INSTALLED UNLESS OTHERWISE
NOTED.

Exact thermostats or space sensors OR PROTECTIVE COVERS to be located in the space shall be
SUBMITTED TO & APPROVED BY SICHMELLER ENGINEERING & OWNER.

This Section includes controls & control sequences for HVAC systems, subsystems, and equipment.

Thermostats in stairwells to be flat plate stainless steel sensors. Thermostats in lounges and restrooms to
be sensor only style thermostat without digital display. Thermostats in individual suite rooms to be
thermostats with digital displays, 68F-72F range.

The work in this section of the specification and the accompanying drawings consists of performing all
labor and furnishing of all material and equipment necessary to install a complete Automatic Temperature
Control System for the heating, ventilating, and air conditioning systems as indicated on drawings and
specified herein, including minor items obviously necessary for complete and operating systems.
Automatic Temperature Control System shall provide the "Sequence of Operation" as described in this
section.

The control system shall consist of all room sensors, floor sensors, thermostats, valves, damper operators
and other accessories to fulfill the intent of the specifications. The temperature control system shall be
installed by trained mechanics regularly employed by the manufacturer of the temperature control system.

Each microprocessor based digital controller will be able to maintain its programmed memory in a non-
volatile state during power failures without the use of batteries. All components and related temperature
control components such as sensors, control valves, actuators, thermostats, control panels, etc. shall be
manufactured by the same vendor.

These requirements are to be demonstrated to the Owner and A/E team prior to acceptance of shop
drawings.

QUALITY ASSURANCE

A.

Agent Qualifications: An Independent Engineer Approved Temperature Control Contractor shall provide
and install all temperature controls and control sequences as specified in this section.

PROJECT CONDITIONS

A.

Partial Owner Occupancy: The Owner may occupy completed areas of the building before Substantial
Completion. Cooperate with the trades and HVAC contractor to minimize conflicts with the Owner's
operations.

BALANCING OF SYSTEMS

A.

The Temperature Controls Contractor shall cooperate and work with the mechanical contractors to
properly balance out all mechanical systems to obtain a satisfactory working system.

ADJUSTMENT AND CALIBRATION OF SYSTEMS

A.

After the system is completely installed, the Temperature Controls Contractor with the presence of the
mechanical engineer shall verify the various temperature control cycles as herein specified to the
satisfaction of the engineer. The Temperature Controls Contractor shall submit direct to the engineer, a
tabulation of all outdoor air, mixed air, discharge air, and all room temperatures for each unit. All
thermostats and their thermometers shall be calibrated after installation.
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1.7 SUBMITTALS

A.

Shop drawings as specified in Section 23 0500 shall include the following:

1. Magnetic Insertion Hydronic Water Loop Flow Meter

2. All control devices, valves, dampers and auxiliary devices to be used.

3. Written descriptions and diagrams to describe the operational sequences.
4 Variable Frequency Drives as follows:

a. Refer to HVAC Motor Schedule and Mechanical Schedules on Plans for VFD’s provided by
TC.

1.8 WEB-ENABLED SYSTEM WITH COLOR GRAPHICS

A.

Unless otherwise specified, all equipment described below shall be controlled and monitored via a Web-
enabled system. The Web-enabled system shall allow for any owner’s designated personnel to change
schedules and setpoints through a PC user on the Local Area Network or remotely via the Internet. This
system shall provide complete color graphics and password protection. This system shall allow for remote
monitoring, control, and troubleshooting via the Internet. System must be BACnet MSTP, IP shall not be
acceptable.

Custom Graphics of Floor Plan: Display the following data:

1. Equipment Designation/Label.

2. Outside-Air Temperature Indication.

3. Zone Temperature Indication and Setpoints.
4. Alarms.

PART 2 - CONTROL SEQUENCES
2.1 PERFORMANCE REQUIREMENTS

A.

Provide a Building Automation System (BAS) that is fully compatible with existing Siemens Apogee

System with no loss of functionality, with no additional gateways, interface devices, or servers. System to

be compliant with South Dakota Bureau of Information and Telecommunications (BIT), and DSU (IT)

standards and protocols. The existing temperature controls server and workstation is located in the

existing plant on the DSU campus. Functionality requirements are to include, but are not limited to:

1. Upload/Download of controller data files through the BAS.

Flashing of controllers with permanent changes to controller programs through BAS.

Controller Level Occupancy Scheduling through the BAS.

Parameter Access for controllers through the BAS.

Global data sharing and scheduling.

Setpoint change.

Include point mapping and graphic construction.

Global processes to include, but not limited to alarm management, meter management: data

collection and storage.

9. Temperature controls subcontractor to provide electronic copies of all operating system software
and product databases.

NN R WD

2.2 HEATING/COOLING WATER LOOP SEQUENCE OF OPERATION

A.

B.

Loop Mode
1. The loop mode is enabled at all times.

Loop Pumps

1. The lead pump is automatically rotated on the 1st and 15th of each month based on run time. The
lead pump can also be manually selected at the operator’s workstation. The lead pump is enabled
when the loop mode is active. The pump speed modulates to maintain the loop differential pressure
at setpoint. The stand-by pump is enabled if the lead pump fails to prove operation or when the
system differential pressure set point is not maintained with the lead pump for a minimum of 5
minutes (adj.).

Loop Heat Injection

1. The heat injection sequence is enabled as the loop temperature falls below the loop temperature
setpoint.
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a. On a call for heat injection, the steam heat exchanger system is enabled, and the 2-way
steam temperature control valve shall modulate open as necessary to provide flow to the
steam heat converter. The 3-way valve on the heat exchanger closely spaced tee shall be
modulated as necessary to inject heat into the heat pump water loop to maintain setpoint.

D. Loop Heat Rejection

1.

The heat rejection sequence is enabled as the loop temperature rises above the loop temperature
setpoint. On a call for heat rejection, the fluid cooler 3-way diverting valve is positioned to full
flow through the fluid cooler, the fluid cooler is enabled, and the fluid cooler factory controller is
sent a setpoint command to achieve the loop cooling setpoint.
Factory controls enable the adiabatic portion of the fluid cooler as necessary and modulate each fan
as necessary to meet the loop temperature setpoint.

E. The loop temperature setpoint is reset linearly based on following adjustable outdoor air temperature reset
schedule:

1.

@OAT <0 deg f (adj.) hydronic loop setpoint = 120 deg f (adj.)

2. @OAT < 32 deg f (adj.) hydronic loop setpoint = 110 deg f (adj.)

3. @OAT < 55 deg f (adj.) hydronic loop setpoint = 80 deg f (adj.)

4. @OAT >90 deg f (adj.) hydronic loop setpoint = 90 deg f (ad;.)

5. @OAT > 100 deg f (adj.) hydronic loop setpoint = 100 deg f (adj.)
F. Alarms

1.

If a pump motor or fan motor fails to prove operation or a boiler status indicates a fault condition or
the fluid cooler status indicates a fault condition, an alarm is initiated at the operator’s workstation.
A pressure sensor is located on the suction side of the loop pumps and is configured to alarm at low
pressure. The loop supply temperature is configured for alarming.

G. Operator’s workstation shall display the following:

NN B DD -
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17.

18.
19.
20.
21.
22.
23.
24.

Outside Air Temp

Outside Air Humidity

Loop Supply Temp

Loop Return Temp

System Pressure

Low Pressure Alarm

System Flow (Magnetic Insertion Flow Meter)
Differential Pressure Set-point.

Differential Pressure Actual.

CP-1 Start/Stop

CP-1 Status

CP-1 VFD Speed

CP-2 Start/Stop

CP-2 Status

CP-2 VFD Speed

CP-1 Pump Run Time (hours) On Totalizations Page

a. Day
b. Month
c. Year
CP-2 Loop Pump Run Time (hours) On Totalizations Page
a. Day
b. Month
c. Year

Fluid Cooler Modulating 3-Way Bypass Valve Signal

Fluid Cooler Modulating 3-Way Bypass Valve Position

Fluid Cooler Leaving Water Temp

Entering Steam Pressure

Steam Heat Exchanger Modulating 3-Way Bypass Valve Signal

Steam Heat Exchanger Modulating 3-Way Bypass Valve Position

Each 2-Way Modulating Low Pressure Steam Control Valve Position Setpoint as % Open.
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25.  Each 2-Way Modulating Low Pressure Steam Control Valve Position Actual as % Open.

26.  Return Water Temp Back to Heat Exchanger Actual

27.  Supply Water Temp From Heat Exchanger Actual

28.  Heat Exchanger Run Time (hours) On Totalizations Page

a. Day
b. Month
c. Year
29.  Total Boiler System (BTUh) On Totalizations Page
a. Day
b. Month
c. Year

30.  Fluid Cooler Enable

31.  Fluid Cooler Alarm

32.  Fluid Cooler Setpoint Command

33.  Fluid Cooler Run Time (hours) On Totalizations Page

a. Day
b. Month
c. Year
2.3 BULLDOG WATER-TO-AIR HEAT PUMP, AND ELECTRIC DUCT HEATERCONTROL (HP-X,
EDH-X)

I. Occupied Operation (as determined by the BAS): Heat Pump fans shall cycle on a call for heating
or cooling.

a. Heating Mode — [Bulldog’s internal water loop heating control valve will open], cycle fan on to
maintain the occupied setpoint of zones.

b.  Cooling/Compressor Mode — [Bulldog’s internal water loop refrigeration control valve will
open], cycle the fan & compressor on, to maintain the occupied setpoint of zones.

c.  Dehumidification Mode (lounge units) — [Bulldog’s internal water loop heating control valve,
& refrigeration control valve will open], cycle the fan, compressor, & SCR controlled electric
duct heater on to maintain the occupied relative humidity setpoint of 50%. Setpoints shall have
programmable unocc./occ. limits of 68°F to 72°F (adj). Thermostats in these spaces to be
mounted 5’ above finished floor.

2. Unoccupied Operation (as determined by the BAS): Cycle the Heat Pump fans, and valves in
either heating or cycle the heat pump fans, compressors, and valves in the cooling mode, as
determined by the BAS, to maintain the unoccupied setpoint.

3. Setpoint for living/collaboration spaces, kitchens, offices, retail and laundry rooms shall have
programmable unocc./occ. limits of 68°F to 72°F (adj).

4, Setpoint for staircases shall be 74°F (adj) for summer months and 65°F (adj) for winter months.

5. Operator Workstation: Display the following data:

a. Room/area served.

b.  Room occupied/unoccupied.

c.  Room temperature.

d. Room temperature set point, occupied.

e. Room temperature set point, unoccupied.

f.  Room Relative humidity indication & setpoint (where applicable)

g.  Electric Duct Heater SCR Modulation (% on, where applicable)

h.  Heating Occupied/Unoccupied Setpoints

i.  Cooling Occupied/Unoccupied Setpoints

j. Mode indication, heating/cooling (compressor)/satisfied.

k.  Cooling Compressor Enabled/Disabled

1.  Heating Enable

m. HP Discharge Air Temperature, Actual.

n.  HP Cooling/Compressor Mode Run Time (hours) On Totalizations Page

1) Mode
2) Day
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3) Month

4) Year
o. HP Heating Mode Run Time (hours) On Totalizations Page
1) Mode
2) Day
3) Month
4) Year

p.  Space Temp Alarm (+5°F from setpoint, adj.)
g. HP Factory Controller Alarm

24 SHOWER/RESTROOMS ELECTRIC HEAT CONTROL

A. The supplemental electric heat will be controlled by the space temperature sensor. On a call for heat,
cycle the electric heat as necessary to meet the heating demand. See electrical plans for all electrical heat
in restrooms to be enabled, see HVAC plans for thermostat location.

1. OCCUPIED MODE
a.  The controller monitors the space temperature sensor, enables the electric heat on a call to
maintain the space temperature at occupied set point.
2. UNOCCUPIED
a.  The controller monitors the space temperature sensor, enables the electric heat on a call to
maintain the space temperature at the unoccupied set point.
3. Operator Workstation: Display the following data:

Room/area served.

Air temperature

Room temperature set point.

Electric Heat on/off indication.

Heating Mode Run Time (hours) On Totalizations Page

1) Day (X out of Y possible)
2) Month (X out of Y possible)
3) Year (X out of Y possible)
f.  Space Temp Alarm (+5°F from setpoint, adj.)

2.5 PACKAGED ROOFTOP DEDICATED OUTSIDE AIR UNITS WITH NATURAL GAS HEAT

o0 o

(DOAS-1 & 2)
A. Unoccupied Mode:

1. The compressor is disabled. The supply fan is disabled. The outside air damper is closed.
B. Occupied Mode:

1. The outside air damper is open. The supply fan is enabled and set to a fixed speed (adj.).

C. Occupied Ventilation Mode:
1. When the outdoor air temperature is between 66 deg F (adj.) And 72 deg F (adj.) and the outdoor
enthalpy is below 21 btu/lb (adj.) the unit will operate in ventilation mode. During ventilation
mode the compressor is disabled, and the natural gas heat is disabled.

D. Occupied Temperature And Humidity Control Mode:

1. When the supply air temperature leaving the unit is below 65 deg F (adj.) the natural gas heat
exchanger is modulated to maintain a discharge air temperature of 68 deg f (adj.). The compressor
is disabled. If the discharge air temperature drops below 38 deg f (adj.) The unit is shut down, the
outside air damper is closed, and an alarm is generated at the operator’s workstation.

2. When the supply air temperature leaving the unit is above 72 deg f (adj.) And the supply air
enthalpy leaving the unit is below 21 btu/lb (adj.) the compressor shall cycle and modulate to
maintain a discharge air temperature of 68 deg f (adj.). The natural gas heating is disabled.

3. When the supply air enthalpy leaving the unit is above 22 btu/lb (adj.) at any temperature, the
compressor shall be enabled in reheat mode at full modulation and set to a discharge air
temperature of 68 deg f (adj.). The natural gas heating is disabled.

E. Operator’s workstation shall display the following:
L. Supply Air Temp
2. Supply Air Temp Setpoint
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3. Supply Air Temp Low Alarm
4. Supply Air Humidity Setpoint
5. Supply Air Humidity Actual
6. Supply Fan Start/Stop

7. Supply Fan Status

8.

Supply Fan EC Motor Speed

9. Outside Air Flow Cfm

10.  Freeze Stat Low Temperature Detection

11.  Compressor 1 Start/Stop

12.  Compressor 1 Modulation

13.  Compressor Run Time (hours) On Totalizations Page

a. Day
b. Month
c. Year

14.  Hot Gas Reheat Enable

15.  Hot Gas Reheat Setpoint

16.  Natural Gas Modulation % On

17.  Filter Differential Pressure

18.  Building Static Pressure

19.  Supply Air Temperature Alarm (+10°F from setpoint, adj.)

20.  Low Temperature Thermostat Alarm

a. Low temp thermostat installed downstream of hot water heating coil. If thermostat detects

an air temperature of 36 deg F (adj) or below, then the fans turn off, the outside air damper
and exhaust air damper are closed, the heating valve is opened, and an alarm is initiated at
the workstation.

2.6 EXHAUST FAN CONTROL

A.

EF-1 — First Floor Service, Restroom, and Laundry Area Exhaust — shall operate during occupied hours as

determined by the BAS System.

1. D.D.C. controls shall prevent fan operation during Unoccupied Operation (as determined by the
BAS).

EF-2 — RA Kitchen — shall operate with existing wall switch control, wired by E.C.
1. No DDC work.

EF-233 & EF-333 (Rangehood exhaust for Lounge 233 & Lounge 333) — shall operate with integral
factory controller or RF remote control for ADA compliance. TC to monitor each fan operation and alarm
when fan is on for more than 4 hours (adj).
1. Operator Workstation: Display the following data:

a. Room/area served.

b.  Exhaust Fan on/off indication.

c.  Exhaust Fan elapsed runtime & alarm.

EF-335 — Bath 334 & Bath 235 Exhaust — shall operate during occupied hours as determined by the BAS

System.

1. D.D.C. controls shall prevent fan operation during Unoccupied Operation (as determined by the
BAS).

2.7 WARRANTY

A.

The entire control system shall be warranted for a period of 1 year from the date of beneficial use of the
system.

PART 3 - PRODUCTS
3.1 VARIABLE FREQUENCY DRIVES

A.

Warranty
l. Warranty shall be 24 months from the date of start-up, not to exceed 30 months from the date of
shipment.

2. Warranty shall include all parts.
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B. General

1. VED shall be current rated at 8 kHz carrier frequency for VFD's 1-75 HP and 4 kHz for VFD's 100-
400 HP. All HP ratings shall meet or exceed Table 430-150 of the National Electric Code. Three
Phase Motor Full Load Currents, HP, Maximum Current, and Rated Voltage shall appear on the
drive nameplate.

2. VED shall not generate damaging voltage pulses at the motor terminals when applied within 500
feet of each other. Both Drive and Motor shall comply with NEMA MG! section 30.40.4.2 which
specifies these limits at a maximum peak voltage of 1600 Volts and a minimum rise time of .1
microseconds.

C. Codes/Standards
1. VED and options shall be ¢ UL-508 listed.
2. NEMA 12 enclosed VFD shall be UL-1995 approved for mounting in conditioned air ducts and
plenums.
3. The drive and options shall comply with the applicable requirement of the latest standards of ANSI,
NEMA, National Electric Code NEC, NEPU-70, IEEE 519-1992, FCC Part 15 Subpart J, CE 96.

D. Quality Assurance

1. Every VFD shall be functionally tested under motor load. During this load test the VFD shall be
monitored for correct phase current, Phase voltages, and motor speed. Correct Current Limit
operation shall be verified by simulating a motor overload.

2. Verification of proper factory presets by scrolling through all parameters shall be performed to
ensure proper microprocessor settings. The computer port should also verify that the proper factory
settings are loaded correctly in the drive.

3. All options shall be functionally tested including operation of a motor in the ByPass mode if
supplied. Proper heater coil installation in motor overload, if supplied, shall be verified.

E. Service
1. Factory authorized representative start-up shall be included for each VFD provided.
2. Service engineers shall be employed by the manufacturer or be certified by the manufacturer and

provide start-up service including physical inspection of drive and connected wiring and final
adjustments to meet specified performance requirements.

F.  Drive Functions
1. An electronic overload circuit designed to protect an AC motor operated by the VFD output from
extended overload operation on an inverse time basis. This Electronic overload shall be UL and
NEC recognized as adequate motor protection. No additional hardware such as motor overload
relays or motor thermostats shall be required.
2. An LED display mounted on the door of the cabinet that digitally indicates:

Time Stamped Fault Indication

. DC Bus Volts

3. The VFD shall have the capability of riding though power dips up to 10 seconds without a
controller trip depending on load and operating condition. In this extended ride through, the drive
shall use the energy generated by the rotating fan as a power source for all electronic circuits.

4. RS232 Port and Windows based software for Configuration, Control, and Monitoring.

5. An isolated 0-20mA, 4-20mA or 0-4, 0-8, 0-10 volt analog speed input follower.

6. An isolated 0-10 V or 4-20 mA output signal proportional to speed or load.

a.  Frequency output
b.  Voltage output

c.  Current output

d. Motor RPM

e. Input kW

f.  Elapsed Time

g.

h

G. Protective Circuits and Features

1. Motor current exceeds 200% of drive continuous current rating.
2. Output phase-to-phase short circuit condition.
3. Total ground fault under any operating condition.
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High input line voltage.

Low input line voltage.

Loss of input or output phase.

External fault. (This protective circuit shall permit wiring of remote N.C. safety contact to shut
down the drive). User supplied end switches, thermal switches, fire-stats, freeze-stats inputs will be
connected to this VFD supplied circuit.

8. Metal oxide varistors for surge suppression shall be provided at the VFD input terminals.

Nk

General Options and Modifications

1. Input line fuses shall provide protection for the input rectification circuit using Class J fuses with
interrupting rating of 200,000 AIC. The series interrupting rating of the VFD and fuses shall be a
minimum of 30,000 AIC and shall be stated in the VFD Instruction Manual as required by UL

2. A main input disconnect shall mount within the standard NEMA 1 or NEMA 12 enclosure for
positive power disconnect of the VFD. It shall have the capability for door padlocking.

3. A three phase 3% impedance Input Line Reactor shall be provided to minimize drive harmonics on
the AC line and protect the drive from damaging electrical system transients.

Installation

1. Installation shall be the responsibility of the mechanical contractor. The contractor shall install the
AFD’s in accordance to the manufacturer’s recommendation as outlined in the instruction manual.

2. The electrical contractor shall complete power wiring. The contractor shall install the AFD’s in
accordance to the manufacturer’s recommendation as outlined in the instruction manual.

Training

1. The contractor shall provide a training session for owner’s representatives

2. The training shall be conducted by the manufacturer’s authorized representative and shall include:

3. Instructions on the proper operation of the equipment

4. Instructions on the proper maintenance of the equipment

PART 4 - EXECUTION
4.1 INSTALLATION

A.

All devices in mechanical rooms shall be panel mounted whenever possible. Wiring to remote mounted
devices in mechanical rooms and inaccessible spaces shall be run in conduit. Wiring in accessible ceilings
may be run with plenum rated cable providing it is securely fastened to the structural members at 4’
intervals. In general, all wiring in conjunction with the automatic temperature control system shall be
furnished by the Temperature Control Contractor under this section of the specifications in accordance
with Division 26 of the specifications.

All automatic valves shall be furnished by the Temperature Control Contractor and installed under his
supervision by the Heating Contractor. All automatic dampers, not furnished with the equipment, shall be
furnished by the Temperature Control Contractor and installed under his supervision by the Sheet Metal
Contractor.

4.2 PROJECT COMPLETION AND ACCEPTANCE

A.

Upon completion of this project, it will be this Contractors responsibility to insure that the control system
is functioning properly. The Contractor shall also insure that the control diagrams for the project are
brought up to date and that they reflect the control system “as built”. These control diagrams and screen
shots of the various screens of the color graphics system shall be included in the Operation and
Maintenance Manuals, which shall be turned over to the Owner following the acceptance of the above
procedure by the A/E.

4.3 ON-SITE ASSISTANCE

A.

ON-SITE Adjustments: Within one year of date of Substantial Completion, provide 4 hours
EVERY OTHER MONTH to adjust and calibrate components and to assist Owner's personnel in
making program changes and in adjusting sensors and controls to suit actual conditions and
improve efficiency. Certain off-site adjustments may be acceptable if owner and engineered
approved.
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SECTION 23 2113 - HYDRONIC PIPINGS SYSTEMS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. The work in this specification and the accompanying drawings consists of performing all labor and
furnishing of all material and equipment necessary to install complete systems listed below, including
minor items obviously necessary for complete and operating systems. Piping materials and equipment
specified in this Section include the following:

1. New below and above ground water loop hydronic piping systems

2. Pipes, fittings, and specialties.

3. Glycol for Hydronic Heat Pump Loop piping system, (40% includes interior and exterior piping).

4. Special-duty valves.

5. Hydronic Pumps.

6. Meters and gages.

7. Hydronic specialties (Note: Hose Kits with Flow Control and Strainer Valves are provided with the
Heat Pump Units provided by the Owner).

8. Condensate p-traps and condensate drain piping for all heat pumps

a. SpaceKeeper Console Units are internally trapped in the field by this contractor by forming
the 34" condensate hose provided with the unit into a trap.

b. Vertical Stacked InnKeeper Units are internally trapped in the field by this contractor by
forming the %" condensate hose provided with the unit into a trap.

B. See Division 23 Section "Basic Mechanical Materials and Methods" for general piping installation
requirements.

C. Any equipment with BACnet interface must be supplied with BACnet MSTP, BACnet IP shall not be
acceptable.

1.3 SUBMITTALS

A. Shop Drawings: Shop drawings as specified in Section 23 0500 shall include the following:

1. Hydronic Specialties (Note: Hose Kits with Flow Control and Strainer Valves are provided with the
Heat Pump units provided by the Owner)
Water Loop Pumps
Above Ground Water Loop Hydronic Pipe, Valves, and Fittings
Condensate drain piping
Hydronic Expansion Tank, Combination Air Eliminator/Dirt Separator and Bypass Filter Feeder
40% Glycol for new hydronic heat pump loop
Glycol Solution Analysis & Water-Treatment Program (Hydronic System) Independent analysis of
heating solution after work is complete to confirm proper glycol % and treatment. If solution
analysis is not satisfactory, make adjustments as recommended by glycol supplier.
8. Spare Parts

Nk v

B. Product Data: For each type of special-duty valve indicated. Include flow and pressure drop curves based
on manufacturer's testing for diverting fittings, calibrated balancing valves, and automatic flow-control
valves.

C. Shop Drawings: Detail fabrication of pipe anchors, hangers, special pipe support assemblies, alignment
guides, expansion joints and loops, and their attachment to the building structure.

D. Detail location of anchors, alignment guides, and expansion joints and loops.

e

Field quality-control test reports.

F.  Operation and maintenance data.
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1.6
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D.

MANUFACTURERS

Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that
may be incorporated into the Work shall be as specified in Section 23 0510.

QUALITY ASSURANCE

A.

B.

Welding: Qualify processes and operators according to the ASME Boiler and Pressure Vessel Code:
Section IX, "Welding and Brazing Qualifications."

ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for materials, products, and
installation. Safety valves and pressure vessels shall bear the appropriate ASME label. Fabricate and
stamp air separators and expansion tanks to comply with the ASME Boiler and Pressure Vessel Code,
Section VIII, Division 1.

Uponor PEX-a tube and fitting systems must be installed by a trained installer. Installer must be able to
provide verification from the manufacturer that the training has been completed. Fittings must be Uponor
expandable ASTM F1960 fittings, no crimp fittings to be accepted.

COORDINATION

Coordinate pipe sleeve installations for foundation wall penetrations.
Coordinate layout and installation of piping with equipment and with other installations.
Coordinate pipe fitting pressure classes with products specified in related Sections.

Coordinate with requirements for firestopping for fire and smoke wall and floor assemblies.

PART 2 - PRODUCTS
PIPES, TUBES, AND FITTINGS

21

A.
B.

General: Refer to Part 3 "Piping Applications" Article for applications of pipe and fitting materials.

Copper Tube and Fittings:

1. Drawn-Temper Copper Tubing: ASTM B 88, Type L.

Annealed-Temper Copper Tubing: ASTM B 88, Type K.

Wrought-Copper Fittings: ASME B16.22.

Wrought-Copper Unions: ASME B16.22.

Solder Filler Metals: ASTM B 32, 95-5 tin antimony.

At the contractor’s option, Uponor, or Nibco Press System or Viega may be used on domestic or
hydronic water in lieu of soldered copper fittings. Fittings shall be suitable for working pressures to
200 psig CWP and maximum operating temperatures to +230 degrees F. The fitting manufacturer’s
factory trained representative shall provide on-site training for contractor’s field personnel in the use
of tools, marking and preparation of pipe, and installation of products. The representative shall
periodically visit the job site and review contractor’s installation and verify the correct procedures
are being followed. If Uponor Pex A piping is used, fittings must be Uponor expandable ASTM
F1960 fittings, no crimp fittings to be accepted.

kv

Steel Pipe and Fittings:

1. Steel Pipe, NPS 2 and Smaller: ASTM A 53, Type S (seamless), Grade A, Schedule 40, black steel,
plain ends.

2. Steel Pipe, NPS 2-1/2 through NPS 12: ASTM A 53, Type E (electric-resistance welded), Grade A,
Schedule 40, black steel, plain ends.

3. Steel Pipe Nipples: ASTM A 733, made of ASTM A 53, Schedule 40, black steel; seamless for
NPS 2 and smaller and electric-resistance welded for NPS 2-1/2 and larger.

4. Coordinate flange class with products in other parts of this Section and in related Sections to

correlate face size and bolt patterns.

Cast-Iron Threaded Fittings: ASME B16.4; Classes 125 and 250.

Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300.

Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300.

Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, 125, and 250; raised ground face, and

bolt holes spot faced.

9. Wrought-Steel Fittings: ASTM A 234 (ASTM A 234M), Standard Weight.

Sl A
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A.

10.  Wrought-Steel Flanges and Flanged Fittings: ASME B16.5, including bolts, nuts, and gaskets of the

following material group, end connections, and facings:
a. Material Group: 1.1.
b. End Connections: Butt welding.
c. Facings: Raised face.

11. Grooved Mechanical-Joint Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47,
Grade 32510 malleable iron; ASTM A 53, Type F, E, or S, Grade B fabricated steel; or
ASTM A 106, Grade B steel fittings with grooves or shoulders designed to accept grooved end
couplings.

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

13.  Spherical, Rubber, Flexible Connectors: Fiber-reinforced rubber body, steel flanges drilled to align
with Classes 150 and 300 steel flanges; operating temperatures up to 220 deg. F and pressures up to
150 psig.

14.  Gasket Material: Thickness, material, and type suitable for fluid to be handled; and design
temperatures and pressures.

Polyethylene PEX Pipe and Fittings:

1. 2” and smaller Cross linked Polyethylene Uponor PEX a Pipe: ASTM 877, SDR 9 with oxygen
diffusion penetration per DIN 4726. Fittings consisting of Engineered polymer ASTM F 1960 Cold
expansion fitting with reinforcing ring. Two piece compression fitting ASTM 877 with cold
expansion fitting with reinforcing ring.

2. Groove Fittings for PEX Tube: One-piece brass F1960 cold-expansion fitting and groove fitting
CSAB242-05.

VALVES

General-Duty Valves, NPS 2 and Smaller: Bronze body, ball type, threaded ends, unless otherwise
indicated. Valve pressure and temperature ratings not less than indicated and as required for system
pressures and temperatures. Valve size shall be the same size as upstream pipe, unless otherwise indicated.
Quarter-turn lever handle valve actuators. Extended valve stems on insulated valves.

Safety Valves: Diaphragm-operated, bronze or brass body with brass and rubber, wetted, internal working
parts; shall suit system pressure and heat capacity and shall comply with the ASME Boiler and Pressure
Vessel Code, Section I'V.

Pump Discharge Valves: 175-psig maximum working pressure, 250 deg F maximum operating
temperature, cast-iron or ductile iron body, replaceable bronze disc with EPDM seat insert, bronze seat,
stainless steel stem and spring, and “Teflon” packing. Valves shall have NPT, grooved or flanged
connections and straight or angle pattern. Features shall include non-slam check valve with spring-loaded
weighted disc, pressure taps, and calibrated adjustment feature to permit regulation of pump discharge flow,
shutoff and valve design to permit repacking under full system pressure.

METERS AND GAGES

Liquid-In-Glass Thermometers

I. Description: ASTME 1.

2. Range: Temperature range of 0 to 160 deg F, with 2-degree scale divisions (minus 18 to plus 70 deg
C, with 1-degree scale divisions). Accuracy shall be plus or minus 1 percent of range span or plus or
minus one scale division to maximum of 1.5 percent of range span.

3. Case: Die cast and aluminum finished in baked-epoxy enamel, glass front, spring secured, 9 inches
long.

4. Adjustable Joint: Finish to match case, 180-degree adjustment in vertical plane, 360-degree
adjustment in horizontal plane, with locking device.

5 Tube: Red or blue reading, organic-liquid filled with magnifying lens.

6 Scale: Satin-faced nonreflective aluminum with permanently etched markings.

7. Stem: Copper-plated steel, aluminum, or brass for separable socket; of length to suit installation.

B

1

imetal Dial Thermometers
ASME B40.3; direct-mounting, universal-angle dial type.
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A.

2. Case: Stainless steel with 5-inch diameter lens.

3. Adjustable Joint: Finish to match case, 180-degree adjustment in vertical plane, 360-degree
adjustment in horizontal plane, with locking device.

4. Element: Bimetal coil.

5. Scale: Satin-faced nonreflective aluminum with permanently etched markings.

6. Stem: Stainless steel for separable socket, of length to suit installation.

Thermometer Wells

1. Description: Fitting with protective well for installation in threaded pipe fitting to hold test
thermometer.

2. Material: Brass, for use in copper piping.

3. Material: Stainless steel, for use in steel piping.

4. Extension-Neck Length: Nominal thickness of 2 inches, but not less than thickness of insulation.
Omit extension neck for wells for piping not insulated.

5. Insertion Length: To extend 2 inches into pipe.

6. Cap: Threaded, with chain permanently fastened to socket.

Pressure Gages
1. Description: ASME B40.1, phosphor-bronze bourdon-tube type with bottom connection; dry type,
unless liquid-filled-case type is indicated.
Case: Drawn steel, brass, or aluminum with 4 4" diameter, glass lens.
Connector: Brass, NPS Y.
Scale: White-coated aluminum with permanently etched markings
Accuracy: Grade A, plus or minimum 1 percent of middle 50 percent of scale.
Range: Comply with the following:
a.  Fluids under Pressure: Two times the operating pressure.

AN ol ol NS

Pressure Gage Fittings

1. Hydronic Indicator: Brass body with four inlets and valves by Flow Conditioning Corp. (314) 878-
7898 or equal.

2. Valves: NPS % brass or stainless-steel needle type

3. Syphons: NPS Y coil of brass tubing with threaded ends.

4. Snubbers: ASME B40.5, NPS Y brass bushing with corrosion-resistant porous-metal disc of
material suitable for system fluid and working pressure.

Test Plugs

1. Description: Nickel-plated, brass —body test plug in NPS % fitting.

2 Body: Length as required to extend beyond insulation.

3. Pressure Rating: 500 psig minimum.

4 Core Inserts: Two self-sealing valves, suitable for inserting 1/8-inch OD probe from dial-type
thermometer or pressure gage.

5. Core Material for Air, Water, and Gas: 20 to 200 deg F (Minus 7 to plus 93 deg C), chlorosulfonated
polyethylene synthetic rubber.

6. Test-Plug Cap: Gasketed and threaded cap, with retention chain or strap.

7. Test Kit: Pressure gage and adapted with probe, two bimetal dial thermometers, and carrying case.

Pressure Gage and Thermometer Ranges: Approximately two times the system’s operating conditions.

HYDRONIC SPECIALTIES

Manual Air Vent: Bronze body and nonferrous internal parts; 150-psig working pressure; 225 deg F
operating temperature, manually operated with screwdriver or thumbscrew; with NPS 1/8 discharge
connection and NPS 1/2 inlet connection.

Automatic Air Vent: Designed to vent automatically with float principle; bronze body and nonferrous
internal parts; 150-psig working pressure; 240 deg F operating temperature; with NPS 1/4 discharge
connection and NPS 1/2 inlet connection.

Bladder Style Vertical Expansion Tanks: Welded carbon steel, rated for 125-psig working pressure and
240 deg F maximum operating temperature. Separate air charge from system water to maintain design
expansion capacity, by a replaceable heavy duty butyl rubber bladder securely sealed into tank. Provide
taps for pressure gage and air-charging fitting, and drain fitting. Support vertical tanks with steel legs or
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A.

A.

base. Fabricate and test tank with taps and supports, and label according to the ASME Boiler and Pressure
Vessel Code, Section VIII, Division 1.

Building Water Air Eliminator/Dirt Separator: Furnish and install as shown on the drawings and schedule a
full flow coalescing type combination air eliminator and dirt separator for the hot and chilled water systems.
Selection shall be based upon system flow with pipe size as a minimum in accordance with the basis of
design. In no case shall entering velocity exceed 10 feet per second. Separator shall be fabricated steel,
rated for 150 psig working pressure, stamped and registered in accordance with ASME Section VIII,
Division 1 for unfired pressure vessels, and include two equal chambers above and below the inlet / outlet
nozzles. The vessel diameter and height above and below the inlet / outlet connections must be equal to the
basis of design. Unit shall include internal Spirotube® elements filling the entire vessel to suppress
turbulence and provide air elimination efficiency of 100% free air, 100% entrained air, and 99.6% dissolved
air at the installed location. Dirt separation efficiency shall be a minimum of 80% of all particles 30 micron
and larger within 100 passes. The elements must consist of a copper core tube with continuous wound
copper wire medium permanently attached and followed by a separate continuous wound copper wire
permanently affixed. Each unit shall have a separate venting chamber to prevent system contaminants from
harming the float and venting valve operation. At the top of the venting chamber shall be an integral full
port float actuated brass venting mechanism. Units shall include a valved side tap to flush floating dirt or
liquids and for quick bleeding of large amounts of air during system fill or refill. Basis of design for the air
eliminator / dirt separator shall be the Spirovent® VDT as manufactured by Spirotherm, Inc., Glendale
Heights, Illinois or prior approved equal. Alternates must be approved to bid 10 days prior to bid date and
include dimensional drawing to verify actual size of vessel, verification of 150 psi ASME construction, and
venting mechanism. A detailed certified drawing and photos of alternate coalescing elements shall be
included showing material, grade, style, type, and placement of such elements within the vessel. Reduced
vessel size, partial fill, or elements spaced apart will not be accepted. Alternates submitted for prior
approval will not be subject to Revise and Resubmit option and will receive only one review. If not
approved, basis of design must be furnishedY-Pattern Strainers: 125-psig working pressure; cast-iron body
(ASTM A 126, Class B), flanged ends for NPS 2-1/2 and larger, threaded connections for NPS 2 and
smaller, bolted cover, perforated stainless-steel basket, and bottom drain connection.

Propylene Glycol: Industrially inhibited propylene glycol-based heat transfer fluid, Dow Dowfrost HD or

equal, with Inhibitor and De-lonized Water, with the following features:

I. Industrially inhibited propylene glycol (phosphate-based).

2. Dyed (bright yellow) to facilitate leak detection.

3. Easily analyzed for glycol concentration and inhibitor level.

4 For systems containing more than 250 gallons of fluid, annual analysis must be provided free of
charge by the fluid manufacturer.

5. Fluid must pass ASTM D1384 (less than 0.5 mils penetration per year for all systems metals).
6. Reserve alkalinity of the fluid must be at least 15 to provide long-term resistance to acidic pH.
7. Glycol shall be premixed with water from manufacturer/supplier.

BYPASS FILTER FEEDER ACROSS HEATING PUMPS

Furnish and install high flow bypass filter feeder across the heating pumps as indicated on the plans. Basis
of design shall be Vector Industries FA-900AL with stainless steel basket & 5 micron “Sock” filter bag, or
equal. Provide with one additional 5 micron sock for owner’s use.

Unit shall have max operating temperature of 200°F & max operating pressure of 200 PSI.
Unit shall have 7 gallon capacity.
Unit shall have adjustable leg set, it shall not be acceptable for unit to be set on floor.

Installation shall comply with manufacturer’s installation requirements.

WATER LOOP PUMPS

See Section 212123 for Boiler Circulators & Building Water Loop Pump Specifications.

SPARE PARTS

Provide bypass filter feeder with one additional 5 micron filter bag for owner’s use.
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MISCELLANEOUS CONNECTIONS

Make all hydronic connections. This includes boiler connections, connections of heating coils to equipment
supplied and/or mounted under HVAC Section. This includes piping, valves, strainers, air vents,
thermometers, immersion bulbs, flow switches, drains, unions, etc.

Install all control valves supplied by Automatic Temperature Control Contractor (temperature control
valves of heat pumps are factory provided & installed with heat pumps by V.C.).

PART 3 - EXECUTION

3.1

A.

3.2

33

PIPING APPLICATIONS

Coordinate applications below with materials specified in this Section. Pipe sizes at which joining methods
change are between NPS 2 and NPS 2-1/2 (DN 50 and DN 65). Adjust this change point to suit personal
preference. Soldered joints for pipes larger than NPS 2 (DN 50) may not meet system pressures.

Hydronic Loop: Type L drawn-temper copper tubing with soldered joints.

Hydronic Loop: Schedule 40 steel pipe with threaded joints and fittings for 2 inch and smaller, and with
welded joints and fittings for 2-1/2 inch and larger.

Hydronic Loop: Schedule 40 steel pipe with mechanical couplings.
Hydronic Loop: Type L drawn-temper copper tubing with mechanical couplings.
Hydronic Loop: Uponor SDR 9 PEX-A tubing with Uponor one-piece cold expansion F1960 fittings.

Crimp ring fittings shall not be acceptable. Uponor fittings must be used with Uponor pipe and must meet
all requirements to achieve full warranty coverage.

VALVE APPLICATIONS

Unless otherwise indicated, use the following general-duty valve types for applications indicated:
1. Shutoff Duty: Ball, and butterfly valves.
2. Throttling Duty: Ball, and butterfly valves.

Install shutoff duty valves at each branch connection to supply mains, at supply connection to each piece of
equipment, and elsewhere as indicated.

Install throttling duty valves at each branch connection to return mains, at return connections to each piece
of equipment, and elsewhere as indicated.

Install calibrated plug or automatic flow control valves on the outlet of each heating or cooling element and
elsewhere as indicated to facilitate system balancing.

Install drain valves at low points in mains, risers, branch lines, and elsewhere as required for system
drainage.

Install check valves at each pump discharge and elsewhere as required to control flow direction.

Install safety relief valves on hot-water generators and elsewhere as required by the ASME Boiler and
Pressure Vessel Code. Install safety-valve discharge piping, without valves, to floor. Comply with the
ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, for installation requirements.

METER AND GAGE INSTALLATION

Calibrate and install meters, gages, and accessories according to manufacturer’s written instructions for
applications where used.

Thermometer Installation

1. Install thermometers and adjust vertical and tilted positions.
2. Install in the following locations:
a.  Asshown on piping details of plans.
3. Install remote-reading dial thermometers in control panels with tubing connecting panel and
thermometer bulb supported to prevent kinks. Use minimum tubing length.
4, Install thermometer wells in vertical position in piping tees where test thermometers are indicated.
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a. Install with stem extending a minimum of 2 inches into fluid.
b.  Fill wells with oil or graphite and secure caps.

Pressure Gage Installation
1. Install pressure gages in piping tees with pressure-gage valve located on pipe at most readable
position.
2. Install dry-type pressure gages in the following locations:
a.  Asshown on piping details of plans.
3. Install liquid-filled-type pressure gages at suction and discharge of each pump.

Install pressure-gage needle valve and snubber in piping to pressure gages.

PIPING INSTALLATIONS

Install piping according to Division 23 Section “Basic HVAC Materials and Methods.”
Locate groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.

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

Install piping at a uniform grade of 0.2 percent upward in direction of flow. Install condensate piping at a
uniform grade of %4 inch per foot downward in direction of flow.

Reduce pipe sizes using eccentric reducer fitting installed with level side up.

Install branch connections to mains using tee fittings in main pipe, with the takeoff coming out the bottom
of the main pipe. For up-feed risers, install the takeoff coming out the top of the main pipe.

Install unions in pipes 2-inch NPS (DN50) and smaller, adjacent to each valve, at final connections of each
piece of equipment, and elsewhere as indicated. Unions are not required at flanged connections.

Install flanges on valves, apparatus, and equipment having 2-1/2-inch NPS (DN65) and larger connections.

Install flexible connectors at inlet and discharge connections to pumps (except in-line pumps) and other
vibration-producing equipment.

Install strainers on supply side of each control valve, pressure-reducing valve, solenoid valve, in-line pump,
and elsewhere as indicated. Install NPS 3/4 nipple and ball valve in blowdown connection of strainers
NPS 2 and larger.

Anchor piping for proper direction of expansion and contraction.

Uponor PEX-a piping shall be installed in accordance with Uponor’s Hydronic Piping Design Assistance
Manual to ensure a 25 year system warranty.

HANGERS AND SUPPORTS

Hanger, support, and anchor devices shall comply with requirements below for maximum spacing of
supports. Install the following pipe attachments:

I. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
. Adjustable roller hangers and spring hangers for individual horizontal piping 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. Install hangers for steel piping with the following maximum spacing and minimum rod sizes:

NPS 3/4: Maximum span, 7 feet; minimum rod size, 1/4 inch.

NPS 1: Maximum span, 7 feet; minimum rod size, 1/4 inch.

NPS 1-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.

NPS 2: Maximum span, 10 feet; minimum rod size, 3/8 inch.

NPS 2-1/2: Maximum span, 11 feet; minimum rod size, 3/8 inch.

NPS 3: Maximum span, 12 feet; minimum rod size, 3/8 inch.

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

me oo o
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NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch.

NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch.

NPS 1-1/2: Maximum span, 8§ feet; minimum rod size, 3/8 inch.

NPS 2: Maximum span, 8 feet; minimum rod size, 3/8 inch.

NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.

NPS 3: Maximum span, 10 feet; minimum rod size, 3/8 inch.

7. PEX -a Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

8. PEX-a Piping Hanger Spacing: Install hangers for PEX-a piping with the following maximum
spacing:

a. 1 inch and below: Maximum span, 32 inches.
b.  1-1/2 inch and above: Maximum span, 48 inches.

9. PEX-a Piping Hanger Spacing with PEX-a Support Channel: Install hangers for PEX-a piping with
horizontal support channel in accordance with local jurisdiction and manufacturer's
recommendations, with the following maximum spacing:

a. Maximum span, 8 feet.

10.  PEX-a Riser Supports: Install CTS riser clamps at the base of each floor and at the top of every other
floor. Install mid-story guides between each floor.

11.  Pipe Joint Connections: Install per manufacturer's recommendations. Use manufacturer-
recommended cold-expansion tool for F1960 connections.

ho o op

PIPE JOINT CONSTRUCTION

Refer to Division 23 Section "Basic HVAC Materials and Methods" for joint construction requirements for
soldered and brazed joints in copper tubing; threaded, welded, and flanged joints in steel piping.

Mechanical Joints: Assemble joints according to fitting manufacturer’s written instructions.

Expansion ASTM F1960: assemble joints according to fitting manufacturer’s written instructions.

HYDRONIC SPECIALTIES INSTALLATION

Install hose kits with flow control and strainer valves (Note: Hose Kits with Flow Control and Strainer
Valves are provided with the Heat Pump units provided by the Owner)

Install manual (not automatic) high capacity full size air vents with chained caps at high points in piping, at

heat-transfer coils, and elsewhere as required for system air venting. The high side of coil elements on up-

fed heat exchangers shall be piped complete with % inch x 4 inch high air chamber with an accessible full
size air vent with a chained cap at the top.

Building Water Solution:

I. The plumbing/hydronics contractor shall provide an independent analysis of new building solution
after all work is complete to determine exact glycol and composition, etc, and provide any
recommended adjustments. After proposed work is complete the plumbing/hydronics contractor to
provide a complete analysis to confirm proper glycol % and treatment. Submit
analysis/recommendations to Mettler Sichmeller Engineering & owner.

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

Install Vector Industries FA-900AL high flow bypass filter feeder in each hydronic system where indicated,
in upright position with top of funnel not more than 48 inches above floor. Install feeder in bypass line, off
main, using globe valves on each side of feeder and in the main between bypass connections. Pipe drain,
with ball valve, to nearest equipment drain. Provide with one additional 5 micron filter sock for owner’s
use.

Install expansion tanks on floor as indicated. Vent and purge air from hydronic system, and charge tank
with proper air charge to suit system design requirements.

TERMINAL EQUIPMENT CONNECTIONS

Size for supply and return piping connections shall be same as for equipment connections.
Install any control valves in accessible locations close to connected equipment.

Install flow control valves and strainer valves as shown on piping details.
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3.9

A.

B.

A.
B.

t

A.
B.

C.

FIELD QUALITY CONTROL

Testing Agency: Engage a qualified independent testing and inspecting agency to perform field tests and
inspections and to prepare test reports.

Prepare hydronic piping and perform testing according to ASME B31.9. Prepare written report of testing.
3.10 ADJUSTING AND CLEANING

Consult with and comply with boiler manufacturer’s recommendations.

After completing systems installation, including outlet fittings and devices, inspect finish. Remove burrs,
dirt, and construction debris, and repair damaged finishes including chips, scratches, and abrasions.

Flush hydronic piping systems with clean water. Remove and clean or replace strainer screens. After
cleaning and flushing hydronic piping systems, but before balancing, remove disposable fine-mesh strainers
in pump suction diffusers.

Preparation for testing: Prepare hydronic piping in accordance with ASME B 31.9.

Testing: Test hydronic piping as specified in ASME B 31.9 “Building Services Piping.”

System Cleaning:

1.

Fill the entire system with clean, fresh water and properly vent. Repair piping leaks as early in this
procedure as they are discovered. With valves positioned to bypass the boilers, and heat pump hoses
disconnected from unit and connected to each other, start the building loop pumps to circulate water
through the system. Check strainers at pumps and at heat pump hose kits frequently and clean as
often as needed. If the water is extremely dirty or murky, flush continuously, using the system
pump, until the water being flushed out of the pipe loop has become clear. To flush in this manner
requires care to be certain that make-up water is being added fast enough to replace what is being
flushed out. Accomplish this by opening the make-up water bypass valve around the automatic
pressure reducer valve and adjust the manual valve so that the pump suction pressure gauge
continues to indicate the same positive pressure that existed before the manual drain and make-up
valves were opened. Continue for at least two hours. Once the water is clear and debris flushed out,
stop the pump.

Connect supply and return system water piping to the heat pumps, using a flexible connector.

To complete the cleaning, fill the system with fresh water, adding a cleaning agent such as trisodium
phosphate (TSP). Disconnect all power to the heat pumps so that they will not operate while the
system is being cleaned. Then circulate cleaning solution throughout the system, with boiler
controls temporarily adjusted to raise the solution temperature to about 105 deg F to 110 deg F. Do
not allow the temperature to rise above 110 deg F. Alternate operation of the primary and standby
pumps and circulate the warm solution for several hours. Then turn off the boilers and pumps,
completely drain the system, and refill with fresh water. Repeat the cleaning process only if there is
indication of foreign matter still in the system or if a test of the water indicated that it is slightly acid.
Water should be slightly alkaline, with a pH no higher than 8.0 and no lower than 7.0.

Add premixed antifreeze solution to hydronic piping system to provide a total % by volume as listed
in schedules (systems described below). Provide or show Mettler Sichmeller Engineering proof of
glycol%, inhibitor, and water quality.

Mark calibrated nameplates of pump discharge valves after hydronic system balancing has been completed,
to permanently indicate final balanced position.

Chemical Treatment: Provide a water analysis prepared by chemical treatment supplier to determine type

and level of chemicals required to prevent scale and corrosion. Perform treatment after completing system
testing, and provide any recommended adjustments by independent analysis and retest.

3.11 COMMISSIONING

Fill system and perform initial chemical treatment.

Check bladder style expansion tanks to determine that they are not air bound and that system is completely
full of water. Follow manufacturer’s installation requirements.

Perform these adjustments before operating the system:

1.

Open valves to fully open position. Close coil bypass valves.
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2. Check pump for proper direction of rotation.

3. Set automatic fill valves for required system pressure.

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

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

6. Check operation of automatic bypass valves.

7. Check and set operating temperatures of boilers, chillers, and cooling towers to design requirements.

8. Lubricate motors and bearings.

3.12 AUTOMATIC TEMPERATURE CONTROL

A.

Install the automatic temperature control dampers, air flow monitoring devices, openings for air flow
switches, alarms and control devices as provided by the Automatic Temperature Control Contractor. These
dampers and devices shall be installed under the direct supervision of the Section 23 0900, CONTROLS &
CONTROL SEQUENCES Temperature Control Contractor and in strict accordance with the
manufacturer’s recommendations.

3.13 DEMONSTRATION AND TRAINING

A.

Training of the Owner’s operation and maintenance personnel is required in cooperation with the Owner,
General Contractor, and the Commissioning Professional. Provide competent, factory-authorized personnel
to provide instruction to operation and maintenance personnel concerning the location, operation,
troubleshooting, routine servicing and maintenance of the installed systems. The instruction shall be
scheduled in coordination with the Owner and the Commissioning Professional after submission and
approval of formal training agendas. Refer to Sections 01 9113 General Commissioning Requirements.

3.14 FUNCTIONAL PERFORMANCE TESTING

A.

System functional performance testing is part of the Commissioning Process as detailed in Section 01 9113
General Commissioning Requirements. Functional performance testing shall be performed by the
contractor and witnessed and documented by the Commissioning Professional. Installation checklists shall
be successfully completed by the contractor and submitted to the Commissioning Professional prior to
functional performance testing.

END OF SECTION 23 2113
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SECTION 23 2123 - HVAC HYDRONIC PUMPS

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A.

B.

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

This section specifies a system or part of a system being commissioned as defined in 01 9113 General
Commissioning Requirements. Testing of these systems, as well as Operations & Maintenance (O&M)
Manuals and Training of the Owner’s personnel, is required in cooperation with the Owner, General
Contractor, and the Commissioning Professional. Project Closeout is dependent on successful
completion of all commissioning procedures, documentation, and issue closure. Refer to 01 9113
General Commissioning Requirements for detailed commissioning requirements.

1.2 SUMMARY

A.

B.

The Work covered in this section of the Specifications is intended to include the furnishing of all
equipment, materials and labor reasonably incidental to the complete operating installation of the base
mounted end-suction ground loop pumps and pertaining equipment as indicated on the drawing.

This Section includes the following:
1. Building Loop Vertical In-Line Pumps Rated for VFD Application

1.3 PERFORMANCE REQUIREMENTS

A.

Pump Pressure Ratings: At least equal to system’s maximum operating pressure at point where installed,
but not less than specified.

1.4 SUBMITTALS

A.

B.

E.
F.

Shop Drawings: Shop drawings as specified in Section 230500 shall include the following:
1. Building Loop Vertical In-Line Pumps Rated for VFD Application.

Product Data: Include certified performance curves and rated capacities; furnished specialties; final

impeller dimensions; and accessories for each pump indicated. Indicate pump's operating point on

curves.

Shop Drawings: Shop drawings as specified in Section 230500 shall include the following:

1. Power, signal, and control wiring diagrams differentiating between manufacturer-installed wiring
and field-installed wiring.

Show pump layout and connections. Include Setting Drawings with templates for installing foundation

and anchor bolts and other anchorages.

Operation and maintenance data including startup instructions.

Refer to Section 01 9113 General Commissioning Requirements for commissioning-related submittals
and submittal review processes.

1.5 QUALITY ASSURANCE

A.

B.

UL Compliance: Fabricate and label pumps to comply with UL 778, "Motor-Operated Water Pumps,"
for construction requirements.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended
use.

Single-Source Responsibility: Obtain each category of pumps from one source and by a single
manufacturer.

Provider shall be responsible for providing certified factory authorized equipment start-up and, when
noted, an in the field certified training session. New pump start-up shall be for the purpose of
determining pump alignment, lubrication, voltage, and amperage readings. All proper electrical
connections, pump’s balance, discharge and suction gauge readings, and adjustment of head, if required.
A copy of the start-up report shall be made and sent to both the contractor and to the Engineer.

PART 2 - PRODUCTS
2.1 BUILDING LOOP VERTICAL IN-LINE PUMPS RATED FOR VFD APPLICATIONS (CP-1&2)

A.

B.

Furnish and install circulating pumps rated for VFD application where shown on the Drawings. Type,
size, and performance shall be as tabulated in the schedule and on the drawings.
MANUFACTURERS
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1. The specifying engineer reserves the right to specify a primary supplier / lead spec manufacturer
on all supplied schedule and specification documents. These primary suppliers have led their
respective industry in research and development and their products have had proven track records
in the field. These primary suppliers, in the opinion of this engineering firm, produce a superior
product to the alternately listed manufacturers. The contractor may choose to supply equivalent
equipment as manufactured by the alternately specified manufacturer. This alternately specified
equipment shall be supplied on a deduct alternate basis and based on the approval of the supplied
alternate manufacturer’s submittals. The use of a primary supplier and deduct alternates protects
the specifying engineer’s design concept, but allows for a check-and-balance system to protect the
post-commissioning owner.

2. Contractor shall furnish new close-coupled vertical inline pump for chilled water and hot water
heating systems as indicated on the drawings. Pumps shall be manufacturer specified under base
bid. Equivalent units as manufactured by other manufacturers may be submitted as deduct
alternates. Pumps shall meet types, sizes, capacities, and characteristics as scheduled on the
Equipment Schedule drawings. Pump substitutions shall be provided with connection sizes equal
to those scheduled. Pump connections shall not be downsized. Pump substitutions shall not be
provided at efficiencies less than those scheduled.

3. Or engineer prior approved equal.
C. COMPONENTS
1. The pumps shall be close-coupled, inline for vertical or horizontal installation, in cast iron

stainless steel fitted construction specifically designed for quiet operation. Suitable standard
operations at 225°F and 175 PSIG working pressure. Working pressures shall not be de-rated at
temperatures up to 250°F. The pump internals shall be capable of being serviced without
disturbing piping connections.

2. As an option an EPR/Carbon/Tungsten/Carbide/SS seal (250°F maximum operating temperature),
FKM/Carbon/Ceramic/SS seal, or EPR-Silicon Carbide/Silicon Carbide/SS seal may be used in
lieu of the standard Buna/Carbon/Ceramic/SS seal (225° F maximum operating temperature).

3. The pumps shall have a solid alloy steel shaft that is integral to the motor. A non-ferrous shaft
sleeve shall be employed to completely cover the wetted area under the seal.

4. The motor bearings shall support the shaft via heavy-duty grease lubricated ball bearings.

5. Pump shall be equipped with an internally flushed mechanical seal assembly installed in an
enlarged tapered seal chamber. Seal assembly shall have a stainless steel housing, Buna bellows
and seat gasket, stainless steel spring, and be of a carbon ceramic design with the carbon face
rotating against a stationary ceramic face.

6. Pump shaft shall connect to a stainless steel impeller. Impeller shall be hydraulically and
dynamically balanced to Hydraulic Institute Standards ANSI/HI 9.6.4.5-2000. The allowable
residual imbalance conforms to ANSI grade 6.3, keyed to the shaft and secured by a stainless steel
locking capscrew or nut.

7. Pump should be designed to allow for true back pull-out access to the pump’s working
components for ease of maintenance.

8. Pump volute shall be of a Class 30 cast iron design for heating systems rated for 175 PSIG with
integral cast iron flanges drilled for 125# ANSI companion flanges. Volute shall include gauge
ports at nozzles, and vent and drain ports. The volute shall be designed with a base ring matching
an ANSI 125# flange that can be used for pump support.

9. Motors shall meet scheduled horsepower, speed, voltage, and enclosure design. Motors shall have
heavy-duty grease lubricated ball bearings to offset the additional bearing loads associated with
the closed-coupled pump design. Motors shall be non-overloading at any point on the pump curve
and shall meet NEMA specifications.

10.  Pumps shall conform to ANSI/HI 9.6.3.1 standard for Preferred Operating Region (POR) unless
otherwise approved by the engineer.

11.  Pump shall be of a maintainable design and for ease of maintenance should use machine fit parts
and not press fit components.

12.  Pump manufacturer shall be ISO-9001 certified.

13.  Each pump shall be factory tested and name-plated before shipment.

14.  Asan option, the pump may include an internal stainless steel casing wear rings.

15.  Where noted on schedule pumping equipment may require one or all of the following optional
tests: Certified Lab tests (unwitnessed), Hydraulic Institute Level B tests, or Witnessed Tests.
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D.
PART 3 -

16.  Pumps shall be rated for VFD application and shall be provided with a shaft grounding kits.
Provide accessories as scheduled on the plans.

EXECUTION

3.1 EXAMINATION

A.

B.

C.
D

Examine areas, equipment foundations, and conditions, with Installer present, for compliance with
requirements for installation and other conditions affecting performance of the pumps.

Examine roughing-in for piping systems to verify actual locations of piping connections before pump
installation.

Examine supporting structure for suitable conditions where pumps are to be installed.

Do not proceed until unsatisfactory conditions have been corrected.

3.2 PUMP INSTALLATION

A.
B.

C.
D.

Install pumps according to manufacturer’s written installation and alignment instructions.

Install pumps to provide access for periodic maintenance, including removing motors, impellers,

couplings, and accessories.

Support pumps and piping separately so piping is not supported by pumps.

Set base mounted pumps on concrete foundation. Disconnect coupling halves before setting. Do not

reconnect couplings until alignment operations have been completed.

1. Support pump base plate on rectangular metal blocks and shims, or on metal wedges with small
taper, at points near foundation bolts to provide a gap of % to 1-1/2 inches between pump base and
foundation for grouting.

2. Adjust metal supports or wedges until pump and driver shafts are level. Check coupling faces and
suction and discharge flanges of pump to verify that they are level and plumb.

3.3 ALIGNMENT

A.

B.
C.

E.
34 CO
A.

moNw

= om

—

K.
L

Align pump and motor shafts and piping connections after setting them on foundations, after grout has
been set and foundation bolts have been tightened, and after piping connections have been made.
Comply with pump and coupling manufacturer’s written instructions.
Adjust alignment of pump and motor shafts for angular and parallel alignment by 1 of 2 methods
specified in the H.I.’s Standards for Centrifugal, Rotary & Reciprocating pumps, “Instructions for
Installation, Operation, and Maintenance.”
After alignment is correct, tighten foundation bolts evenly but not too firmly. Fill base plate completely
with nonshrink, nonmetallic grout, with metal blocks and shims or wedges in place. After grout has
cured, fully tighten foundation bolts.
Alignment Tolerances: According to manufacturer’s recommendations.

NNECTIONS
Install shutoff valve and strainer on pump suction and check valve and shutoff valve on pump discharge,
except where other arrangement is indicated.
Install piping adjacent to machine to allow service and maintenance.
Connect piping to pumps. Install valves that are the same size as piping connected to pumps.
Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles.
Retain paragraph above or first two paragraphs below if specialty valves are required for vertical in-line
pumps.
Install suction diffuser and shutoff valve on suction side of base-mounted pumps.
Install triple-duty valve on discharge side of base-mounted pumps.
Install flexible connectors on suction and discharge sides of base-mounted pumps and where indicated.
Install between pump casing and valves, except where other arrangement is indicated.
Install thermometers where indicated.
Install pressure gages on pump suction and discharge. Install at integral pressure-gage tappings where
provided.
Install temperature and pressure gage connector plugs in suction and discharge piping around each pump.
Install electrical connections for power, controls, and devices. Electrical power and control wiring and
connections are specified in Division 26 Sections.

3.5 FIELD QUALITY CONTROL

A.
B.
C.

Check suction piping connections for tightness to avoid drawing air into pumps.
Clean strainers.
Set pump controls.
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3.6 AUTOMATIC TEMPERATURE CONTROL

A.

Install the automatic temperature control dampers, air flow monitoring devices, openings for air flow
switches, alarms and control devices as provided by the Automatic Temperature Control Contractor.
These dampers and devices shall be installed under the direct supervision of the Section 23 0900,
CONTROLS & CONTROL SEQUENCES Temperature Control Contractor and in strict accordance with
the manufacturer’s recommendations.

3.7 DEMONSTRATION AND TRAINING

A.

Training of the Owner’s operation and maintenance personnel is required in cooperation with the Owner,
General Contractor, and the Commissioning Professional. Provide competent, factory-authorized
personnel to provide instruction to operation and maintenance personnel concerning the location,
operation, troubleshooting, routine servicing and maintenance of the installed systems. The instruction
shall be scheduled in coordination with the Owner and the Commissioning Professional after submission
and approval of formal training agendas. Refer to Sections 01 9113 General Commissioning

Requirements.
END OF SECTION 232123
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SECTION 23 2213 - STEAM HEATING SYSTEMS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.
1.2 SUMMARY
A. The work in this specification and the accompanying drawings consists of performing all labor and
furnishing of all material and equipment necessary to install complete systems listed below, including
minor items obviously necessary for complete and operating systems. Piping materials and equipment
specified in this Section include the following:
1. Steam Heating Piping Systems.
2. Steam specialties.
B. See Division 23 0510 Section "Basic Plumbing Materials and Methods" for general piping installation
requirements.
C. Also included is the work involved to remove existing associated equipment, remodeling of existing
systems, including connections between new and existing systems.
1.3 SUBMITTALS
A. Shop Drawings: Shop drawings as specified in Section 230500 shall include the following:

1. Low Pressure Steam, Steam Condensate Drain, & Pumped Condensate Piping & Fittings
2. Low Pressure Steam Specialties
3. Low Pressure Steam Condensate Return Tank with Duplex Pump System

4. Low Pressure Steam Shell & Tube Heat Exchanger

B. Product Data: For each type of special-duty valve indicated. Include flow and pressure drop curves
based on manufacturer's testing for diverting fittings, calibrated balancing valves, and automatic flow-
control valves.

C. Retain first paragraph below if procedures for welder certification are retained in "Quality Assurance"
Article.

D. Operation and maintenance data.

1.4 MANUFACTURERS

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that

may be incorporated into the Work shall be as specified in Section 230500.
1.5 QUALITY ASSURANCE

A. Welding: Qualify processes and operators according to the ASME Boiler and Pressure Vessel Code:
Section IX, "Welding and Brazing Qualifications."

B. ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for materials, products,
and installation. Safety valves and pressure vessels shall bear the appropriate ASME label. Fabricate
and stamp air separators and expansion tanks to comply with the ASME Boiler and Pressure Vessel
Code, Section VIII, Division 1.

1.6 COORDINATION

A. Coordinate pipe sleeve installations for foundation wall penetrations.

B. Coordinate layout and installation of piping with equipment and with other installations.

C. Coordinate pipe fitting pressure classes with products specified in related Sections.

D. Coordinate with requirements for firestopping for fire and smoke wall and floor assemblies.

PART 2 - PRODUCTS
2.1 STEEL PIPE AND FITTINGS

A. Steel Pipe: ASTM A 53/A 53M, black steel, plain ends, welded and seamless, Grade B, and Schedule as
indicated in piping applications articles.

B. Coordinate flange class in four paragraphs below with products in other parts of this Section and in
related Sections to match face size and bolt patterns.

C. Cast-Iron Threaded Fittings: ASME B16.4; Classes 125, 150, and 300 as indicated in piping applications

articles.

D. Malleable-Iron Threaded Fittings: ASME B16.3; Classes 150 and 300 as indicated in piping applications
articles.

E. Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in piping applications
articles.
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F.  Cast-Iron Threaded Flanges and Flanged Fittings: ASME B16.1, Classes 125 and 250 as indicated in
piping applications articles; raised ground face, and bolt holes spot faced.
2.2 JOINING MATERIALS
A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system contents.
1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum thickness unless
otherwise indicated.
a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.
B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
2.3 LOW PRESSURE STEAM & CONDENSATE PIPING
A. Pipe for steam lines shall be Schedule 40 black steel pipe with eccentric fittings. All steam condensate
return lines, including nipples, shall be Schedule 40 black Yoloy iron pipe or Schedule 80 black steel
pipe.
B. Fittings shall be black 125 Ib. cast iron for sizes 2”” and smaller. Fittings larger than 2 shall be Ladish,
Tubeturn, or Grinnel welding fittings, 150 lb.
2.4 LOW PRESSURE STEAM SPECIALTIES
A. Gate Valve with check shall be class 125, rated 100 psi SWP, 150 psi nonshock CWP; and have an iron
body, broze-mounted OS&Y, with body and bolted bonnet conforming to ASTM A-126 class B cast-
iron, flanged ends, with aramid fiber, nonasbestos packing and two-piece packing gland assembly.
B. Thermostatic Traps:

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:
2. Basis-of-Design Product: Subject to compliance with requirements, provide or comparable

product by one of the following:

a. Armstrong International, Inc.
b. Barnes & Jones, Inc.

c. Dunham-Bush, Inc.

d. Hoffman Specialty.

e. Spirax Sarco, Inc.

f. Sterling.

Body: Bronze angle-pattern body with integral union tailpiece and screw-in cap.
Trap Type: Balanced-pressure.
Bellows: Stainless steel or monel.
Head and Seat: Replaceable, hardened stainless steel.
. Pressure Class: 125.
loat and Thermostatic Traps:
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:
2. Basis-of-Design Product: Subject to compliance with requirements, provide or comparable
product by one of the following:

N L AW

a. Armstrong International, Inc.
b. Barnes & Jones, Inc.

c. Dunham-Bush, Inc.

d. Hoffman Specialty.

e. Spirax Sarco, Inc.

f. Sterling.

Body and Bolted Cap: ASTM A 126, cast iron.

End Connections: Threaded.

Float Mechanism: Replaceable, stainless steel.

Head and Seat: Hardened stainless steel.

Trap Type: Balanced pressure.

Thermostatic Bellows: Stainless steel or monel.

Thermostatic air vent capable of withstanding 45 deg F (25 deg C) of superheat and resisting water
hammer without sustaining damage.

10.  Retain "Vacuum Breaker" Subparagraph below for optional vacuum breaker.

AR R AN ol
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11.  Vacuum Breaker: Thermostatic with phosphor bronze bellows, and stainless-steel cage, valve,
and seat.

12.  Maximum Operating Pressure: 125 psig (860 kPa).

2.5 LOW PRESSURE STEAM CONDENSATE RETURN TANK WITH DUPLEX PUMP SYSTEM (CP-
3&4)

A. Furnish and install, where indicated on plans, a Sterling duplex boiler feed unit. Each pump shall deliver
flow as scheduled at scheduled discharge pressure. The unit shall be factory assembled and tested by the
pump manufacturer and shall include a receiver, pumps, make-up water valve, gauge glass, and
accessories.

B. The receiver shall have a capacity as scheduled and be of minimum 3/16" steel construction. Pumps shall
be of the centrifugal type with two-piece enclosed brass impeller, cast iron housing, high temperature
(250°F) mechanical seal and stainless steel motor shaft. The make-up water valve is to be a mechanical,
plug-type with a stainless steel float. A flat perforated brass strainer shall be provided at the inlet to the
pump from the tank. The motors shall be vertical, 3450 RPM, with electrical characteristics as scheduled.

C. Discharge pressure, pump capacity, motor HP, storage capacity, as scheduled.

D. Provide with the following factory options:

1. Factory float switch, automatic venting, gauge glass.

2. Complete NEMA 12 control panel with motor circuit protector, HOA selector switch, external
reset, control circuit transformer, pilot light (pump running), removable mounting plate and
terminal strip in single NEMA 12 enclosure, factory mounted and wired with single point power
connection.

E. Provide and install any accessories as shown on plans.

2.6 LOW PRESSURE STEAM SHELL & TUBE HEAT EXCHANGER (HX-1)

A. TFurnish and install approximately where shown on plans and with manufacturer's recommendations, SU

Steam to Liquid Instantaneous Water Heater(s), according to the following specifications:

B. TYPE:
1. Shell and Tube, U-Bend removable tube bundle.
C. MATERIALS:
Front Head: CAST IRON
Tie Rods/Spacers: STEEL
Gasket Material: COMP.FIBER
Tubes: COPPER (Diameter: 3/4 in)
Baffles: STEEL
Shell: STEEL
Tubesheet: STEEL
. Tube Gauge: 20 BWG
D. CONSTRUCTION:

1. A manufacturers' data report for pressure vessels, form No. U-1 as required by the provisions of
the ASME Code Rules, is to be furnished to the engineer for the owner upon request. This form
must be signed by an authorized inspector, holding a National Board commission, certifying that
construction conforms to the latest ASME Code for pressure vessels for:

2. Tube side 125 PSIG design pressure at 375 deg. F

Shell side 150 PSIG design pressure at 375 deg. F

4, As detailed in form No. U-1. The ASME "U" symbol should also be stamped on the Heat
ExChanger(s). In addition, each unit is registered with the National Board of Boiler and Pressure
Vessel Inspectors.

E. OPERATING CONDITIONS:

See schedule.

Tubeside velocity shall be no more than 5.95 ft/s.

Shell diameter shall be no less than 12.75 in.

Total Actual Fouling shall be 0.000986 hr,{t2,°F/Btu

Maximum bundle length shall be no more than 60 in.

. Minimum tube surface shall be no less than 101.6 ft2.

F. A properly sized relief valve must be installed on the heated liquid side to protect heat exchangers from
possible damage due to volumetric expansion.

G. Provide and install any accessories as shown on plans.

PN U AW~

W

AW~
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2.7 MISCELLANEOUS CONNECTIONS

A.

Make all low pressure steam and steam condensate connections. This includes boiler connections,
connections of heating coils to equipment supplied and/or mounted under HVAC Section. This includes
piping, valves, strainers, air vents, thermometers, immersion bulbs, flow switches, drains, unions, etc.

PART 3 - EXECUTION
3.1 STEAM PIPING INSTALLATION

A.

B.

ARECEZOomm 90
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Indicate piping locations and arrangements on Drawings if such were used to size pipe and calculate
friction loss, expansion, pump sizing, and other design considerations.

Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.
Install piping as indicated unless deviations to layout are approved on Coordination Drawings.

Install piping in concealed locations 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 otherwise indicated.

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

Install piping to permit valve servicing.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install piping to allow application of insulation.

Select system components with pressure rating equal to or greater than system operating pressure.
Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of
valves.

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

Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction of steam
flow.

Install condensate return piping at a minimum uniform grade of 0.4 percent downward in direction of
condensate flow.

Reduce pipe sizes using eccentric reducer fitting installed with level side down.

Install branch connections to mains using[ mechanically formed] tee fittings in main pipe, with the
branch connected to top of main pipe.

Install valves according to Section 230523 "General-Duty Valves for HVAC Piping."

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

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

Install shutoff valve immediately upstream of each dielectric fitting.

Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere as
indicated. Install NPS 3/4 (DN 20) nipple and full port ball valve in blowdown connection of strainers
NPS 2 (DN 50) and larger. Match size of strainer blowoff connection for strainers smaller than NPS 2
(DN 50).

Install drip legs at low points and natural drainage points such as ends of mains, bottoms of risers, and
ahead of pressure regulators, and control valves.

1. On straight runs with no natural drainage points, install drip legs at intervals not exceeding 300
feet.
2. Size drip legs same size as main. In steam mains NPS 6 (DN 150) and larger, drip leg size can be

reduced, but to no less than NPS 4 (DN 100).
Install escutcheons for piping penetrations of walls, ceilings, and floors.

3.2 STEAM AND CONDENSATE PIPING SPECIALTIES INSTALLATION

A.
B.

Install piping to permit valve servicing.

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

Install unions in piping, NPS 2 (DN 50) and smaller, adjacent to valves, at final connections of
equipment, and elsewhere as indicated.
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Install flanges in piping, NPS 2-1/2 (DN 65) and larger, at final connections of equipment and elsewhere
as indicated.

Install shutoff valve immediately upstream of each dielectric fitting.

Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere as
indicated. Install NPS 3/4 (DN 20) nipple and full port ball valve in blowdown connection of strainers
NPS 2 (DN 50) and larger. Match size of strainer blowoff connection for strainers smaller than NPS 2
(DN 50).

3.3 STEAM-TRAP INSTALLATION

A.

B.

Install steam traps in accessible locations as close as possible to connected equipment.
Install full-port ball valve, strainer, and union upstream from trap; install union, check valve.

3.4 HANGERS AND SUPPORTS

A.

B.

C.
D.

=

H.

Piping support must account for expansion and contraction, vibration, dead load of piping and its
contents, and seismic-bracing requirements.

Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and Equipment"
for installation of hangers and supports. Comply with requirements below for maximum spacing.
Retain first paragraph below for projects in areas that require seismic restraints.

Comply with requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for seismic
restraints.

Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet (6 m) long.
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet (6 m) or
longer.

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

4. Spring hangers to support vertical runs.

Install hangers for steel steam supply piping with the following maximum spacing:

NPS 3/4 (DN 20): Maximum span, 9 feet (2.7 m).

NPS 1 (DN 25): Maximum span, 9 feet (2.7 m).

NPS 1-1/2 (DN 40): Maximum span, 12 feet (3.7 m).

NPS 2 (DN 50): Maximum span, 13 feet (4 m).

NPS 2-1/2 (DN 65): Maximum span, 14 feet (4.3 m).

NPS 3 (DN 80) and Larger: Maximum span, 15 feet (4.6 m).

nstall hangers for steel steam condensate piping with the following maximum spacing:

NPS 3/4 (DN 20): Maximum span, 7 feet (2.1 m).

NPS 1 (DN 25): Maximum span, 7 feet (2.1 m).

NPS 1-1/2 (DN 40): Maximum span, 9 feet (2.7 m).

NPS 2 (DN 50): Maximum span, 10 feet (3 m).

NPS 2-1/2 (DN 65): Maximum span, 11 feet (3.4 m).

NPS 3 (DN 80) and Larger: Maximum span, 12 feet (3.7 m.)

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

A e R o e

3.5 PIPE JOINT CONSTRUCTION

A.
B.
C.

D.

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

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full
and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe
fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is
specified.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or damaged.

Do not use pipe sections that have cracked or open welds.
Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application.
Install gasket concentrically positioned. Use suitable lubricants on bolt threads.

3.6 TERMINAL EQUIPMENT CONNECTIONS

A.
B.

Size for supply and return piping connections shall be the same as or larger than equipment connections.
Install traps and control valves in accessible locations close to connected equipment.
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C. Install bypass piping with globe valve around control valve. If parallel control valves are installed, only
one bypass is required.
D. Install vacuum breakers downstream from control valve, close to coil inlet connection.
E. Install a drip leg at coil outlet.
3.7 ADJUSTING AND CLEANING
A. After completing systems installation, including outlet fittings and devices, inspect finish. Remove burrs,
dirt, and construction debris, and repair damaged finishes including chips,
3.8 COMMISSIONING
A. Confirm proper operation.

END OF SECTION 23 2213
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SECTION 23 7000 - HEATING, VENTILATION AND AIR CONDITIONING
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this Section.

1.2 General Description

A.

B.

The work in this section of the specification and the accompanying drawings consists of performing all labor
and furnishing of all material and equipment necessary to install air handling systems as indicated on
drawings and specified herein, including minor items obviously necessary for complete and operating
systems.

Any equipment with BACnet interface must be supplied with BACnet MSTP, BACnet IP shall not be
acceptable.

1.3 SUBMITTALS

A.

©CONDOPRWN =

Shop Drawings: Shop drawings as specified in Section 23 0500 shall include the following:
Packaged Rooftop Dedicated Outside Air Units with Natural Gas Heat

Electric Duct Heater

Rangehood Exhaust Fans

Inline Exhaust Fan

Ceiling Exhaust Fan

Power Roof Ventilator Exhaust Fan

Stationary Louvers & 3 Hard Copies of Color Charts

Registers, Grilles, and Diffusers

Filter List — At the end of the project the HVAC contractor to provide a complete set of replaceable
filters.

10.  Spare Parts

PART 2 - PRODUCTS
2.1 INTERNAL DUCT INSULATION

B.

1. See HVAC Systems Insulation.

All internal duct insulation shall be 1/2” as specified duct liner with black fire resistant skin surface. Liner
shall have an overall density of 2.0 lbs./cu. ft. Installation shall meet NFPA 90A and 90B fire resistant
requirements.

Apply the insulation in fabricated pieces sized to the interior duct surfaces with the black coated or denser
surface exposed to the air stream. Insulation shall be firmly held in place with B.F. 85-10 or 85-60, C.M.C.
17-477, 1-C 225 fire resistant adhesive covering no less than 100% of the duct surface. Further secure
insulation on the top and sides of horizontal ducts and all sides of vertical ducts with Omark or KSM
capacitor discharge studs and caps on 15” centers. Secure transverse edges with capacitor discharge studs
and caps on 6 centers.

Duct sizes indicated on the drawings are the internal dimensions. Where insulation is applied to the inside
of ducts, the metal size of the duct shall be increased to result in internal dimensions equal to that shown on
the drawings.

2.2 SHEET METAL WORK - LOW & MEDIUM PRESSURE SYSTEMS

A.

Unless otherwise specified, construct ducts from galvanized iron fabricated and erected in a workmanlike
manner. Fabricate plenums and special fittings, as shown on the Drawings, or as required. Access doors to
plenums shall be double wall construction with heavy hardware. All ductwork shall be of the gauges
hereinafter specified and constructed to the best grade Inland, U.S. Steel, United Sheet Metal or equal
brands, heavily galvanized.

Metal gauges for low and medium pressure duct systems shall be of metal gauges and reinforcing as
recommended by SMACNA or as follows:
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Max. Dimension of Rect.

Ducts or Dia. of Round Galvanized Sheet
Low Pressure Ducts Steel Gauge Number
Up thru 127 26

Over 12” thru 30” 24

Over 30” thru 54” 22

Over 54” thru 84” 20

Over 84” 18

Maximum Dimension of
Rectangular Ducts or

Diameter of Round Galvanized Sheet
Medium Pressure Ducts Steel Gauge Number
Up thru 18” 24

Over 19” thru 48” 22

Over 49” thru 72” 20

Over 73” thru 96” 18

C. Ductwork shall be constructed, braced, reinforced and sealed as recommended by ASHRAE and SMACNA.
Low pressure ductwork shall be suitable for pressures up to 2 inch w.g. Medium pressure ductwork shall be
suitable for pressures up to 3 inch w.g. All ductwork 18 inches and greater in width shall be cross-broken.
See SMACNA requirements for proper sealing of ductwork. All supply air ductwork between VAV air
handling units and VAV terminals shall be medium pressure construction.

D. Low pressure ductwork with the longest side 36" wide and over, or medium pressure ductwork shall be
constructed using Ductmate 35/25 or equal slide on systems, per Ductmate Industries Installation Procedures
and Duct Construction Standards, latest edition. The non-proprietary SMACNA T-22 Flanged Connection
may be used as defined on Page 1-25 and 1-37, of the 1985 SMACNA Manual, First Edition. The non-
proprietary T-24, proprietary TDC/TDF flanges, are not allowed. Ductmate 35/25 may be used for
transverse joint construction, 35" wide and smaller. Ductmate 440 Butyl Gasket, or equal, shall be used
between all rectangular transverse flanged duct connections, Ductmate's 440 Butyl Gasket, shall be used
with the Ductmate Systems. For rectangular ductwork located outdoors, exposed to weather, construct
ductwork per, 'Transverse Joints Rectangular' with using a continuous metal cleat on top joints of ducts for
added weather protection. Slide on systems shall be Ductmate, Ward Industries, Inc., or equal.

E. No obstruction shall be permitted in the ductwork to retard the flow of air. If it is necessary to run a pipe or
conduit through a duct, the duct size shall be increased to compensate for the obstruction.

F.  Where space permits, duct turns shall be constructed with an inside radius equal to or greater than the duct
width or duct turn vanes may be used. Where space does not permit duct turns as described above, duct turn
vanes shall be used.

G. Where interior duct insulation is required, increase the duct size to maintain the free area shown on the
Drawings.

H. Provide exterior insulated drip pans, 3 inches deep, under or adjacent to all roof and wall openings including
but not limited to under all intake or relief hoods and louvers. Drip pans to be soldered watertight.

I.  Power operated dampers not furnished as a component of the ventilating machines will be furnished under
the Temperature Control Specifications. They shall be installed in the ductwork under this specification.
Caulk around all sides of high efficiency damper frames.

J.  Flexible connections shall be installed between suction and discharge openings in fan units and the ducts
with which they are connected as shown on the Drawings, to prevent transmission of vibration noises.
Material shall be watertight and fire retardant canvas weighing not less than 20 ounces per square yard, or
shall be glass fabric on high temperature systems where fire hazard exists. Both materials shall be
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approved by Underwriter's Laboratories. The flexible material shall be furnished with all necessary angles,
bolts, clips or other fasteners.

Furnish and install access panels in the ductwork adjacent to all motorized dampers, fire dampers, louvers,
reheat coils, and equipment which may require servicing or cleaning. Panels shall be tight fitting and shall
be located so as to make them easily accessible. All panels installed in insulated ductwork shall be double
wall, insulated type. Panels shall be Ruskin, Air Balance, Ventlok, ADCO, or equal.

Dynamic rated fire dampers shall have an 18 inch square access panel or an 18 inch long removable duct
section shall be installed adjacent to dynamic rated fire dampers in addition to a smaller inspection access
panel. The removable section shall be assembled using Ductmate or equal duct joints. The joint at the
damper shall be assembled with plastic fastener clips. Ductwork 24 inches and wider shall have an 18 inch
by 18 inch access door in lieu of removable section.

Ductwork installed above UL fire rated ceiling assemblies shall be installed in strict accordance with the
provisions required by the UL Design Number designated in the Underwriters Laboratories Fire Resistance
Directory.

All ductwork visible through the face of a register or grille shall be painted with a flat black paint.

All rigid and flexible ductwork materials installed shall have composite fire and smoke hazard ratings as
tested by procedures ASTM 84, NFPA 255 and UL 723 not to exceed 25 Flame Spread and 50 Smoke
Developed.

Concealed low pressure round ductwork may be rigid spiral ductwork or snaplock type with adjustable
elbows.

All exposed ductwork in the specified areas to be PAINTGRIP and shall be United, Semco, Norlock,
Foremost or equal, rigid spiral duct and fittings.

All exposed round ductwork and round ductwork to the inlet of VAV terminals shall be United, Semco,
Norlock, Foremost or equal, rigid spiral duct and fittings.

Round ductwork shall be supported at 6 feet o.c. where building framing does not provide such support.
Support shall be minimum 3/4 inch metal strap suspended from the roof or framing. Flexible duct shall not
exceed 8 feet in length or pass through walls. Flexible round ductwork may only be used for final
connections to supply registers and diffusers.

2.3 DUCT HANGERS AND SUPPORTS

A.

B.

Securely attach all ductwork to the building construction in a manner to be free of vibration and swaying
under all conditions of operation. Hanger attachments shall be appropriate for the building structure and
shall be subject to the A/E’s approval. Hang ducts from beams and joist whenever possible.

Ducts shall be substantially supported with hangers located according to SMACNA standards.

24 DUCT INSTALLATION

A.

B.

Duct sizes shown on the drawings are nominal inside dimensions. Where internal insulation is provided,
duct sizes must be increased appropriately to maintain indicated inside dimensions.

All ductwork will be run substantially as shown on the plans with bends and curves. Changes in size or
cross section shall be made with long tapers. The A/E reserves the right to slightly change the run of certain
ducts without extra cost to the Owner, if necessary to avoid unforeseen structural or other interferences.

Where ducts run through bar joists or other ceiling spaces and structural, mechanical, or electrical
interference is encountered, maintain same cross sectional area as indicated on plans with a maximum of 4-
1/2 to 1 aspect ratio.

All openings in duct for grilles, registers, etc. shall be capped dust-tight with G.I. Metal caps during the
construction period.

Round branch duct connections to rectangular mains shall be made with round manual balancing dampers
meeting the following specifications: Dampers shall consist of a 20 ga. Galvanized steel; 3/8” square plated
steel axles turning in acetal bearings. Damper shall include optional 1-1/2” standoff
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bracket (with extended pin) to accommodate for the thickness of external duct insulation. Dampers have
quadrant operator and shall be suitable for pressures to 1.0” w.g., velocities to 2000 f.p.m. and temperatures
to 180 degrees F. Testing and ratings to be in accordance with AMCA Standard 500. Basis of design is
Greenheck model MBDR-50.

Exhaust/relief air, and air intake ducts shall be equipped with 3” deep watertight pans to collect moisture and
condensate. Seal all joints with sealant.

All changes in direction shall be made with curved elbows having a centerline radius equal to 1-1/2 times
the duct width. Where space conditions prevent the use of curved elbows and/or where square turns are
indicated, provide square turn elbows with turning vanes. Vanes may be either commercial type ducturns or
equal, or shop fabricated to conform to SMACNA standards. Vanes shall be double thickness type pre-
assembled on runners before installing in each elbow. Brace adequately and avoid rough edges to prevent
objectionable noise.

2.5 ACCESS PANELS

A.

C.

Provide access panels to permit inspection and maintenance of all hot water coils, motorized volume
dampers, fire smoke dampers, control equipment, and other equipment requiring maintenance. Panels shall
be located in position dictated by the equipment such that maintenance may be performed. Panels shall not
be located in top side of ducts.

Panels shall be attached to duct with zinc plated cam latches. 18” x 18” and smaller panels shall have a
minimum of two (2) latches. Larger panels shall have a minimum of four (4) latches. Panel shall set in rigid
frame with sponge rubber gasketing to prevent air leakage. Where ductwork is insulated, panels shall be of
double wall construction with 1” rigid insulation fill.

Where duct size permits, access panels shall be a minimum 18” x 16 or 2” smaller than duct size,
whichever is smaller.

2.6 HYBRID HEAT PUMPS (BULLDOG)

A.

The hybrid heat pumps for this project will be provided by the owner through the O’Connor Company. A
List of this equipment may be requested by the bidders from the O’Connor Company with an associated
value. The bidding contractor shall provide warranty labor for all equipment in their bid and the equipment
provided through the O’Connor Company.

2.7 HYBRID ADIABATIC FLUID COOLER

A.

The hybrid adiabatic fluid cooler for this project will be provided by the owner through the O’Connor
Company. A List of this equipment may be requested by the bidders from the O’Connor Company with an
associated value. The bidding contractor shall provide warranty labor for all equipment in their bid and the
equipment provided through the O’Connor Company.

2.8 PACKAGED ROOFTOP DEDICATED OUTSIDE AIR UNITS WITH NATURAL GAS HEAT

A.

B.

General Description
1. This section includes the design, controls and installation requirements for packaged rooftop
units/heat pumps/outdoor air handling units.

Quality Assurance

1. Packaged air-cooled condenser units shall be certified in accordance with ANSI/AHRI Standard
210/240 performance rating of commercial and industrial unitary air-conditioning and heat pump
equipment.

2. Unit shall be certified in accordance with UL Standard 1995/CSA C22.2 No. 236, Safety Standard for
Heating and Cooling Equipment.

3. Unit and refrigeration system shall comply with ASHRAE 15, Safety Standard for Mechanical
Refrigeration.

4. Unit shall be certified in accordance with ANSI Z21.47b/CSA 2.3b and ANSI Z83.8/CSA 2.6, Safety
Standard Gas-Fired Furnaces.

5. Unit Seasonal Energy Efficiency Ratio (SEER) shall be equal to or greater that prescribed by
ASHRAE 90.1, Energy Efficient Design of New Buildings except Low-Rise Residential Buildings.
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6. Unit shall be safety certified by ETL and ETL US listed. Unit nameplate shall include the ETL/ETL

Canada label.
C. Submittals
1. Product Data: Literature shall be provided that indicates dimensions, operating and shipping weights,

capacities, ratings, fan performance, filter information, factory supplied accessories, electrical
characteristics and connection requirements. Installation, Operation and Maintenance manual with
startup requirements shall be provided.

2. Shop Drawings: Unit drawings shall be provided that indicate assembly, unit dimensions,
construction details, clearances and connection details. Computer generated fan curves for each fan
shall be submitted with specific design operation point noted. Wiring diagram shall be provided with
details for both power and control systems and differentiate between factory installed and field
installed wiring.

D. Delivery, Storage, and Handling

1. Unit shall be shipped with doors bolted shut and outside air hood closed to prevent damage during
transport and thereafter while in storage awaiting installation.

2. Follow Installation, Operation and Maintenance manual instructions for rigging, moving, and
unloading the unit at its final location.

3. Unit shall be stored in a clean, dry place protected from construction traffic in accordance with the
Installation, Operation and Maintenance manual.

E. Warranty
1. Manufacturer shall provide a limited “parts only” warranty for a period of 24 months from the date of

original equipment shipment from the factory. Warranty shall cover material and workmanship that
prove defective, within the specified warranty period, provided manufacturer’s written instructions
for installation, operation and maintenance have been followed. Warranty excludes parts associated
with routine maintenance, such as belts and air filters.

2. 5 Year Compressor parts warranty.

F. Startup Repair Program
1. Manufacturer shall provide startup repair for a period of 12 months from the date of original
equipment shipment from the factory. Program shall cover labor for materials and workmanship that
prove defective, within the specified warranty period, provided manufacturer’s written instructions
for installation, operation and maintenance have been followed. Program excludes labor associated
with routine maintenance, such as belt and air filter replacement.

G. Manufacturer

1. Products shall be provided by the following manufacturers:
a. AAON
b. Substitute equipment may be considered for approval that includes at a minimum:

1) R-410A refrigerant
2) Direct drive supply fans

3) Double wall cabinet construction
4) Insulation with a minimum R-value of 13
5) Stainless steel drain pans

6) Hinged access doors with lockable handles
7) Variable capacity compressor with 10-100% capacity

8) All other provisions of the specifications must be satisfactorily addressed
H. Rooftop Units
1. General Description
a. Packaged rooftop unit shall include compressor, evaporator coil, filters, supply fan, dampers,
air-cooled condenser coils, condenser fan, reheat coil, gas heater, and unit controls.
b. Unit shall be factory assembled and tested including leak testing of the DX coils, pressure

testing of the refrigeration circuit, and run testing of the completed unit. Run test report shall
be supplied with the unit in the service compartment’s literature pocket.
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c. Unit shall have decals and tags to indicate lifting and rigging, service areas and caution areas
for safety and to assist service personnel.

d. Unit components shall be labeled, including refrigeration system components and electrical
and controls components.

e. Estimated sound power levels (dB) shall be shown on the unit ratings sheet.

f. Installation, Operation and Maintenance manual shall be supplied within the unit.

g. Laminated color-coded wiring diagram shall match factory installed wiring and shall be
affixed to the interior of the control compartment’s hinged access door.

h. Unit nameplate shall be provided in two locations on the unit, affixed to the exterior of the
unit and affixed to the interior of the control compartment’s hinged access door.

2. Construction

a. All cabinet walls, access doors, and roof shall be fabricated of double wall, impact resistant,
rigid polyurethane foam panels.

b. Unit insulation shall have a minimum thermal resistance R-value of 13. Foam insulation shall
have a minimum density of 2 pounds/cubic foot and shall be tested in accordance with ASTM
D-1929 for a minimum flash ignition temperature of 610°F.

c. Unit construction shall be double wall with G90 galvanized steel on both sides and a thermal
break. Double wall construction with a thermal break prevents moisture accumulation on the
insulation, provides a cleanable interior, reduces heat transfer through the panel, and prevents
exterior condensation on the panel.

d. Unit shall be designed to reduce air leakage and infiltration through the cabinet. Cabinet
leakage shall not exceed 1% of total airflow when tested at 3 times the minimum external
static pressure provided in AHRI Standard 210/240. Panel deflection shall not exceed L/240
ratio at 125% of design static pressure, at a maximum 8 inches of positive or negative static
pressure, to reduce air leakage. Deflection shall be measured at the midpoint of the panel
height and width. Continuous sealing shall be included between panels and between access
doors and openings to reduce air leakage. Piping and electrical conduit through cabinet panels
shall include sealing to reduce air leakage.

e. Roof of the air tunnel shall be sloped to provide complete drainage. Cabinet shall have rain
break overhangs above access doors.

f. Access to filters, dampers, cooling coil, reheat coil, heater, compressor, and electrical and
controls components shall be through hinged access doors with quarter turn, lockable handles.
Full length stainless steel piano hinges shall be included on the doors.

. Exterior paint finish shall be capable of withstanding at least 2,500 hours, with no visible
corrosive effects, when tested in a salt spray and fog atmosphere in accordance with ASTM B
117-95 test procedure.

h. Units shall include double sloped 304 stainless steel drain pans.

1. Unit shall be provided with through the base vertical discharge and return air openings. All
openings through the unit shall have upturned flanges of at least 1/2 inch around the opening.

J- Unit shall include lifting lugs on the top of the unit.

3. Electrical

a. Unit shall have a 35kAIC SCCR.

b. Unit shall be provided with factory installed and factory wired, non-fused disconnect switch.

c. Unit shall be provided with a factory installed and factory wired 115V, 12 amp GFI outlet
disconnect switch in the unit control panel.

d. Unit shall be provided with phase and brown out protection which shuts down all motors in

the unit if the electrical phases are more than 10% out of balance on voltage, the voltage is
more than 10% under design voltage or on phase reversal.

4. Supply Fans

a.
b.
c.

Unit shall include direct drive, unhoused, backward curved, plenum supply fans.
Blowers and motors shall be dynamically balanced.
Motor shall be a high efficiency electrically commutated motor.

5. Cooling Coils

a.

Evaporator Coils
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1) Coils shall be designed for use with R-410A refrigerant and constructed of copper
tubes with aluminum fins mechanically bonded to the tubes and aluminum end
casings. Fin design shall be sine wave rippled.

2) Coil shall be standard capacity

3) Coils shall be helium hydrogen or helium leak tested.

4) Coils shall be furnished with factory installed thermostatic expansion valves.
6. Refrigeration System

a. Unit shall be factory charged with R-410A refrigerant.

b. Compressors shall be scroll type with thermal overload protection and carry a 5 year non-
prorated warranty, from the date of original equipment shipment from the factory.

c. Compressors shall be mounted in an isolated service compartment which can be accessed
without affecting unit operation. Lockable hinged compressor access doors shall be fabricated
of double wall, rigid polyurethane foam injected panels to prevent the transmission of noise
outside the cabinet.

d. Compressors shall be isolated from the base pan with the compressor manufacturer’s
recommended rubber vibration isolators, to reduce any transmission of noise from the
compressors into the building area.

e. Each refrigeration circuit shall be equipped with thermostatic expansion valve type refrigerant
flow control.

f. Each refrigeration circuit shall be equipped with automatic reset low pressure and manual
reset high pressure refrigerant safety controls, Schrader type service fittings on both the high
pressure and low pressure sides and a factory installed liquid line filter driers.

g. Unit shall include a variable capacity scroll compressor on the refrigeration circuit which shall
be capable of modulation from 10-100% of its capacity.

h. Unit shall include factory provided and installed compressor sound jackets on all compressors.

1. Refrigeration circuit shall be provided with hot gas reheat coil, modulating valves, electronic
controller, supply air temperature sensor and a control signal terminal which allow the unit to
have a dehumidification mode of operation, which includes supply air temperature control to
prevent supply air temperature swings and overcooling of the space.

J- The factory installed controls shall include a 3 minute off delay timer to prevent compressor
short cycling and an adjustable compressor lockout.

7. Condensers

a. Air-Cooled Condenser

1) Condenser fans shall be a vertical discharge, axial flow, direct drive fans.

2) Coils shall be designed for use with R-410A refrigerant.

3) Condenser coils shall be multi-pass and fabricated from aluminum microchannel
tubes.

4) Coils shall be designed for a minimum of 10°F of refrigerant sub-cooling.

5) Coils shall be hydrogen or helium leak tested.

0) Condenser fans shall be high efficiency electrically commutated motor driven with

factory installed head pressure control module. Condenser airflow shall continuously
modulate based on head pressure and cooling operation shall be allowed down to 35°F
with adjustable compressor lockout.

8. Gas Heating

a.

b.

Stainless steel heat exchanger furnace shall carry a 25 year non-prorated warranty, from the
date of original equipment shipment from the factory.

Gas furnace shall consist of stainless steel heat exchangers with multiple concavities, an
induced draft blower and an electronic pressure switch to lockout the gas valve until the
combustion chamber is purged and combustion airflow is established.

Furnace shall include a gas ignition system consisting of an electronic igniter to a pilot
system, which will be continuous when the heater is operating, but will shut off the pilot when
heating is not required.

Unit shall include a single gas connection and have gas supply piping entrances in the unit
base for through-the-curb gas piping and in the outside cabinet wall for across the roof gas

piping.
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9.

10.

11.

I. Curbs
1.

e. High Turndown Modulating Natural Gas Furnace shall be equipped with modulating gas
valves, adjustable speed combustion blowers, stainless steel tubular heat exchangers, and
electronic controller. Combustion blowers and gas valves shall be capable of modulation.
Electronic controller includes a factory wired, field installed supply air temperature sensor.
Sensor shall be field installed in the supply air ductwork. Supply air temperature setpoint shall
be adjustable on the electronic controller within the controls compartment. Gas heater shall be
capable of capacity turndown ratio as shown on the unit rating sheet. Heat trace shall be
include on the condensate drain line.

Filters

a. Unit shall include 2 inch thick, fiberglass throwaway filters with an ASHRAE MERYV rating
of 13, upstream of the cooling coil.

b. Provide with one additional set of filters for owner’s use.
Outside Air/Economizer
a. Unit shall include 100% motor operated outside air damper assembly constructed of extruded

aluminum, hollow core, airfoil blades with rubber edge seals and aluminum end seals.
Damper blades shall be gear driven and designed to have no more than 15 cfm of leakage per
sq. ft. of damper area when subjected to 2 inches w.g. air pressure differential across the
damper. Damper assembly shall be controlled by spring return, 2 position actuator. Unit shall
include outside air opening bird screen and outside air hood with rain lip.

Controls to be supplied by and installed by BAS contractor

Provide & install 24” high vibration isolation curb with spring isolators and spring isolator access
doors.

J.  Installation, Operation and Maintenance

1.
2.

3.

Installation, Operation and Maintenance manual shall be supplied with the unit.

Installing contractor shall install unit, including field installed components, in accordance with
Installation, Operation and Maintenance manual instructions.

Start up and maintenance requirements shall be complied with to ensure safe and correct operation of
the unit.

K. Provide & install accessories as scheduled on the plans.
2.9 DUCT MOUNTED ELECTRIC HEATING COIL

A. Construction

1.

2.

3.

4.

Frame shall be corrosion-resistant and made of galvanized steel of suitable gauge as required by
CSA.

Coils shall be made of high grade Nickel-Chrome alloy and shall be insulated by floating ceramic
bushings from the galvanized steel frame.

Coil terminal pins shall be in stainless steel, mechanically secured and insulated from the frame by
means of non-rotating ceramic bushing.

Coil support bushing shall be made of ceramic and shall be held in the frame by a lock which will
keep it floating and stress-free.

B. Safety Controls

1.

2.

Heaters shall be equipped with fail-safe automatic reset disc-type thermal cut-out(s) located in the top
frame component above the heating elements.

In addition to the automatic reset cut-out, heaters of 30KW and less, rated for voltages below 300
volts shall be equipped with a fail-safe manual reset disc-type thermal cut-out, semi-recessed in the
terminal box, facing the heating element hairpin as required by CSA.

The sensing element of the cut-out shall be stream mounted, shall be shielded from mechanical
damage and shall face the center portion of the heating section so as to make the heater non-sensitive
to air flow direction.

Cut-outs shall de-energize the heater in case of insufficient air flow.

For maintenance and safety purposes, the heater shall be equipped with a built-in disconnect to switch
the power off at the heater location and protective screens on both sides.
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H.

6. Load fuses shall be supplied as recommended by National Electrical Code.

Air Flow

1. Duct heaters shall be non-sensitive to air flow direction and interchangeable for horizontal or vertical
ducts without impairing safety.

2. Heaters shall be CSA approved for zero clearance in horizontal ducts.

Mounting Method

1. Heaters shall be open coil model SC slip-in type or model FC flanged type, as shown on the plans or
on the coil schedule.

2. Slip-in heaters shall be suitable for insertion in to the duct through and opening on its side and shall

have a flange for securing it to the duct side.

3. Flanged heaters shall be suitable for attaching to matching flanges on the duct.

4. Mounting flanges on both models shall be independent of the terminal box so as to allow installation
without opening the box or drilling into it.

Size & Capacity
1. Heater size, volts, phases, kilowatt and number of control stages shall be as per heater schedule.

Internal wiring

1. All internal wiring shall terminate on clearly identified terminal blocks.
2. A wiring diagram shall be installed on the control box cover.

3. Prior to shipping, heaters shall withstand tests as required by CSA.

Standard Built-In Controls
1. All duct heaters shall be complete with the following built-in controls:
a. High limit cut-outs, magnetic contactors as required, control transformer and air flow sensor
as standard components.
Include optional SCR proportional controller.

c. Include optional pilot lights to indicate staging, power supply on, overheating, no air flow,
heating on.
d. Include optional disconnect switch.

Controls are field provided and field installed by BAS contractor

2.10 IN-LINE EXHAUST FANS

A.

B.

Furnish and install inline exhaust fan where shown on the Drawings. Type, size, and performance shall be
as tabulated in the schedule and on the drawings. Provide & install accessories as scheduled on the plans.

Fan shall be duct mounted, direct driven centrifugal square inline.

Fan shall be manufactured at an ISO 9001 certified facility. Fan shall be listed by Underwriters Laboratories
(UL 705) and UL listed for Canada (cUL 705). Fan shall bear the AMCA certified ratings seal for sound
and air performance.

The fan shall be of bolted construction utilizing corrosion resistant fasteners. Housing shall be minimum 18
gauge galvanized steel with integral duct collars. Bolted access doors shall be provided on three sides,
sealed with closed cell neoprene gasketing. Housing shall be pre-drilled to accommodate universal
mounting feet for vertical or horizontal installation. Unit shall bear an engraved aluminum nameplate.
Nameplate shall indicate design CFM and static pressure. Unit shall be shipped in ISTA certified transit
tested packaging.

Wheel shall be centrifugal backward inclined, constructed of 100% aluminum, including a precision
machined cast aluminum hub. Wheel inlet shall overlap an aecrodynamic aluminum inlet cone to provide
maximum performance and efficiency. Wheel shall be balanced in accordance with AMCA standard 204-
05, balance quality and vibration levels for fans.

Motor shall be NEMA design B with a minimum of class B insulation rated for continuous duty and
furnished at the specified voltage, phase and enclosure.

Motor shall be a permanent split capacitor motor rated for continuous duty and furnished with factory wired
and mounted speed controller.
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H.

Provide and install options and accessories as described in schedule.

2.11 CEILING EXHAUST FAN

A.

B.

E.

Furnish and install ceiling exhaust fan where shown on the Drawings. Type, size, and performance shall be
as tabulated in the schedule and on the drawings.

Fan shall be manufactured at an ISO 9001 certified facility. Fan shall be listed by Underwriters Laboratories
(UL 705) and UL listed for Canada (CUL 705). Fan shall bear the AMCA certified ratings seal for sound
and air performance.

Wheel shall be centrifugal forward curved type, injection molded of polypropylene resin. Wheel shall be
balanced in accordance with AMCA Standard 204-96, Balance Quality and Vibration Levels for Fans.

Motor shall be open drip proof type with permanently lubricated sealed bearings and include impedance or
thermal overload protection and disconnect plug. Motor shall be furnished at the specified voltage and
phase.

Provide options and accessories as described in Fan Schedule

2.12  POWER ROOF VENTILATORS

A.

B.

G.
H.

Furnish and install power roof ventilator where shown on the Drawings. Type, size, and performance shall
be as tabulated in the schedule and on the drawings. Provide & install accessories as scheduled on the plans.

Spun aluminum exhaust fans shall be belt or direct drive type. The fan wheel shall be centrifugal backward
inclined, constructed of aluminum and shall include a wheel cone carefully matched to the inlet cone for
precise running tolerances. Wheels shall be statically and dynamically balanced. The fan housing shall be
constructed of heavy gauge aluminum with a rigid internal support structure.

Motors shall be heavy duty ball bearing type, carefully matched to the fan load, and furnished at the
specified voltage, phase and enclosure. Drive frame assembly shall be constructed of heavy gauge steel.
Motors and drives shall be constructed of heavy gauge steel. Motors and drives shall be mounted on
vibration isolators, out of the air stream. Fresh air for motor cooling shall be drawn into the motor
compartment through a large space between the fan shroud and the motor cover. Motors and drives shall be
readily accessible for maintenance.

Precision ground and polished fan shafts shall be mounted in permanently sealed, lubricated pillow block
ball bearings. Bearings shall be selected for a minimum (L10) life in excess of 100,000 hours at maximum
cataloged operating speed. Drives shall be sized for a minimum of 150% of driven horsepower. Pulleys
shall be of the cast type, keyed and securely attached to the wheel and motor shafts.

Motor pulleys shall be adjustable for final system balancing. A disconnect switch shall be factory installed
and wired from the fan motor to a junction box installed within the motor compartment. A conduit chase
shall be provided through the base to the motor compartment for ease of electrical wiring.

All fans shall bear the AMCA Certified Ratings Seal for sound and air performance. Each fan shall bear a
permanently affixed manufacturer’s engraved metal nameplate containing the model number and individual
serial number for future identification.

Provide and install options and accessories as described in schedule.

All power roof ventilator exhaust fan drops to have fully insulated field installed 3” deep watertight drip
pan.

2.13 RANGEHOOD EXHAUST FANS

A.
B.

Furnish and install rangehood exhaust fans where shown on the Drawings.

Provide and install options and accessories as described in schedule.

2.14 STATIONARY LOUVERS

A.

Furnish and install louvers as hereinafter specified where shown on plans or as described in schedules.
Louvers shall be stationary drainable type with drain gutters in each blade and downspouts in jambs and
mullions. Louvers shall have a minimum of 57% free area based on a 48” x 48” high size. Stationary
drainable blades shall be contained within a 4” frame. Louver components shall be factory assembled by
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B.
C.
D.

the louver manufacturer. Louver sizes too large for shipping shall be built up by the contractor from factory
assembled louver sections. Blades shall be 0.080 inch thick extruded aluminum at 37-1/2 degree angle on
approximately 5” centers. A birdscreen shall be contained within a removable frame.

Provide with a hinged frame where noted on plans.
Provide & install accessories as scheduled on the plans.

Submit 3 hard copies of color charts (in addition to separate architectural submittal) to architect.

2.15 REGISTERS, GRILLES, AND DIFFUSERS

A.

Furnish and install registers, grilles, and diffusers where shown on the Drawings. Type, size, and
performance shall be as tabulated in the schedule and on the drawings. Provide & install accessories as
scheduled on the plans.

2.16 THROWAWAY FILTERS

A.

B.
C.

Furnish and install throwaway type filters for air handling systems, 1,2, or 4-inch thick (per manufacturer’s
recommendation unless otherwise scheduled) disposable type, ASHRAE 52.1, U.L. Class 2, 30% Efficient
MERYV 8 (MERV 13 where noted), filters as manufactured by Flanders Airpure, American Air Filter, Farr,
Cambridge, or equal where shown on the Drawings.

Where noted, provide 4” MERV 13 filters disposable filters.

Provide one complete set of replaceable filters for the entire system.

2.17 AUTOMATIC TEMPERATURE CONTROL

A.

Install the automatic temperature control dampers, air flow monitoring devices, openings for air flow
switches, alarms and control devices as provided by the Automatic Temperature Control Contractor. These
dampers and devices shall be installed under the direct supervision of the Section 23 0900, CONTROLS &
CONTROL SEQUENCES Temperature Control Contractor and in strict accordance with the manufacturer’s
recommendations.

2.18 SPARE PARTS

A.

Provide all DOAS units with one complete additional set of disposable filters.

END OF SECTION 23 7000
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SECTION 260500 - COMMON WORK RESULTS FOR ELECTRICAL

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Sleeves for raceways and cables.

Sleeve seals.

Grout.

Common electrical installation requirements.

sl

1.2 SUBMITTALS

A. Product Data: For sleeve seals.

PART 2 - PRODUCTS

2.1 SLEEVES FOR RACEWAYS AND CABLES
A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain
ends.
B.  Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe,

with plain ends and integral waterstop, unless otherwise indicated.
C. Sleeves for Rectangular Openings: Galvanized sheet steel.

1. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no
side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches

(1270 mm) and 1 or more sides equal to, or more than, 16 inches (400 mm),
thickness shall be 0.138 inch (3.5 mm).

2.2 SLEEVE SEALS

A.  Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and raceway or cable.

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:
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23

A.

2. Basis-of-Design Product: ~ Subject to compliance with requirements, provide or
comparable product by one of the following:

Advance Products & Systems, Inc.
Calpico, Inc.

Metraflex Co.

Pipeline Seal and Insulator, Inc.

eo o

3. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit.
Include type and number required for material and size of raceway or cable.

4. Pressure Plates: Plastic. Include two for each sealing element.

5. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length
required to secure pressure plates to sealing elements. Include one for each sealing
element.

GROUT

Nonmetallic, Shrinkage-Resistant Grout: =~ ASTM C 1107, factory-packaged, nonmetallic
aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for
application and a 30-minute working time.

PART 3 - EXECUTION

3.1

A.

3.2

A.

B.

COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
Comply with NECA 1.

Measure indicated mounting heights to bottom of unit for suspended items and to center of unit
for wall-mounting items.

Headroom Maintenance: If mounting heights or other location criteria are not indicated,
arrange and install components and equipment to provide maximum possible headroom
consistent with these requirements.

Equipment: Install to facilitate service, maintenance, and repair or replacement of components
of both electrical equipment and other nearby installations. Connect in such a way as to

facilitate future disconnecting with minimum interference with other items in the vicinity.

Right of Way: Give to piping systems installed at a required slope.

SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways
penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.
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Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.

Cut sleeves to length for mounting flush with both surfaces of walls.
Extend sleeves installed in floors [2 inches (50 mm)] above finished floor level.

Size pipe sleeves to provide [1/4-inch (6.4-mm)] annular clear space between sleeve and
raceway or cable, unless indicated otherwise.

Seal space outside of sleeves with grout for penetrations of concrete and masonry

1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed
surfaces smooth; protect grout while curing.

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.
Comply with requirements in Division 07 Section "Joint Sealants.".

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at raceway and cable penetrations. Install sleeves and seal raceway and cable
penetration sleeves with firestop materials. Comply with requirements in Division 07 Section
"Penetration Firestopping."

Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible
boot-type flashing units applied in coordination with roofing work.

Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and
mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow
for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for installing
mechanical sleeve seals.

SLEEVE-SEAL INSTALLATION

Install to seal exterior wall penetrations.

Use type and number of sealing elements recommended by manufacturer for raceway or cable
material and size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve

seals and install in annular space between raceway or cable and sleeve. Tighten bolts against
pressure plates that cause sealing elements to expand and make watertight seal.
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34 FIRESTOPPING

A.  Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical
installations to restore original fire-resistance rating of assembly. Firestopping materials and
installation requirements are specified in Division 07 Section "Penetration Firestopping."

END OF SECTION 260500
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1 SUMMARY
A.  This Section includes the following:
1. Building wires and cables rated 600 V and less.

2. Connectors, splices, and terminations rated 600 V and less.
3. Sleeves and sleeve seals for cables.

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

B.  Field quality-control test reports.

1.3 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.  Comply with NFPA 70.

PART 2 - PRODUCTS

2.1 CONDUCTORS AND CABLES
A.  Copper Conductors: Comply with NEMA WC 70.
B.  Conductor Insulation: Comply with NEMA WC 70 for Types THHN-THWN.
C. Multiconductor Cable: Multiconductor cable shall not be used.
D.  Aluminum Conductors: Aluminum conductors maybe used for feeders 100 amps and larger
except where equipment is UL listed with copper conductors only.
2.2 CONNECTORS AND SPLICES

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:
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1. AFC Cable Systems, Inc.
2. Hubbell Power Systems, Inc.
3. 0O-Z/Gedney; EGS Electrical Group LLC.
4. 3M,; Electrical Products Division.
B.  Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type,

and class for application and service indicated.

23 SLEEVES FOR CABLES

A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain
ends.

B.  Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe,
with plain ends and integral waterstop, unless otherwise indicated.

C.  Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 07 Section "Penetration Firestopping."

24 SLEEVE SEALS

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.  Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
C.  Basis-of-Design Product: Subject to compliance with requirements, provide or a comparable

product by one of the following:

Advance Products & Systems, Inc.
Calpico, Inc.

Metraflex Co.

Pipeline Seal and Insulator, Inc.

Sl e

D.  Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and cable.

1. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit.
Include type and number required for material and size of raceway or cable.

2. Pressure Plates: Plastic. Include two for each sealing element.

3. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length
required to secure pressure plates to sealing elements. Include one for each sealing
element.
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PART 3 - EXECUTION

3.1

3.2

A.

B.

CONDUCTOR MATERIAL APPLICATIONS

Feeders: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and
larger.

CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

Service Entrance: Type THHN-THWN, single conductors in raceway.

Exposed Feeders: Type THHN-THWN, single conductors in raceway.

Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN-THWN,
single conductors in raceway.

Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN-
THWN, single conductors in raceway.

Exposed Branch Circuits, Including in Crawlspaces: Type THHN-THWN, single conductors in
raceway.

Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN-THWN, single
conductors in raceway.

Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:
Type THHN-THWN, single conductors in raceway.

Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-
steel, wire-mesh, strain relief device at terminations to suit application.

Class 1 Control Circuits: Type THHN-THWN, in raceway.

Class 2 Control Circuits: Type THHN-THWN, in raceway.

INSTALLATION OF CONDUCTORS AND CABLES

Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.

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.
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Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and
follow surface contours where possible.

Support cables according to Division 26 Sections "Hangers and Supports for Electrical
Systems."

Identify and color-code conductors and cables according to Division 26 Section "Identification
for Electrical Systems."

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 and UL 486B.

Make splices 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 and tap conductor for aluminum conductors.

Wiring at Outlets: Install conductor at each outlet, with at least [6 inches (150 mm)] of slack.

SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 07 Section "Penetration Firestopping."

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.

Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.

Cut sleeves to length for mounting flush with both wall surfaces.
Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.

Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable
unless sleeve seal is to be installed.

Seal space outside of sleeves with grout for penetrations of concrete and masonry and with
approved joint compound for gypsum board assemblies.

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and cable, using joint sealant appropriate for size, depth, and location of joint according to
Division 07 Section "Joint Sealants."

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at cable penetrations. Install sleeves and seal with firestop materials according to
Division 07 Section "Penetration Firestopping."
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J. Roof-Penetration Sleeves: Seal penetration of individual cables with flexible boot-type flashing
units applied in coordination with roofing work.

K.  Aboveground Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical
sleeve seals. Size sleeves to allow for 1-inch (25-mm) annular clear space between pipe and
sleeve for installing mechanical sleeve seals.

L. Underground Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size
sleeves to allow for 1-inch (25-mm) annular clear space between cable and sleeve for installing
mechanical sleeve seals.

3.5 SLEEVE-SEAL INSTALLATION

A.  Install to seal underground exterior-wall penetrations.

B.  Use type and number of sealing elements recommended by manufacturer for cable material and
size. Position cable in center of sleeve. Assemble mechanical sleeve seals and install in annular

space between cable and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make watertight seal.

3.6 FIRESTOPPING

A.  Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original fire-resistance rating of assembly according to Division 07 Section "Penetration
Firestopping."

3.7 FIELD QUALITY CONTROL

A.  Perform tests and inspections and prepare test reports.
B.  Tests and Inspections:
1. After installing conductors and cables and before electrical circuitry has been energized,

test for compliance with requirements.

2. Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.

C.  Test Reports: Prepare a written report to record the following:
1. Test procedures used.
2. Test results that comply with requirements.
3. Test results that do not comply with requirements and corrective action taken to achieve

compliance with requirements.

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

END OF SECTION 260519
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A.  Section Includes: Grounding systems and equipment.

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

B.  Field quality-control reports.

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 CONDUCTORS

A. Insulated Conductors: Copper or tinned-copper wire or cable insulated for 600 V unless
otherwise required by applicable Code or authorities having jurisdiction.

B.  Bare Copper Conductors:

Solid Conductors: ASTM B 3.

Stranded Conductors: ASTM B 8.

Tinned Conductors: ASTM B 33.

Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in
diameter.

Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8
inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper
ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

Ll NS
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A.

B.

C.

23

A.

CONNECTORS
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.

Bolted Connectors for Conductors and Pipes: Copper or copper alloy, pressure type with at
least two bolts.

1. Pipe Connectors: Clamp type, sized for pipe.

Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for
materials being joined and installation conditions.

GROUNDING ELECTRODES

Ground Rods: Copper-clad steel; 3/4 inch by 10 feet (19 mm by 3 m) in diameter.

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

32

A.

APPLICATIONS

Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for
No. 6 AWG and larger unless otherwise indicated.

Underground Grounding Conductors: Install barecopper conductor, No. 2/0 AWG minimum.
Bury at least 24 inches (600 mm) below grade.

Isolated Grounding Conductors: Green-colored insulation with continuous yellow stripe. On
feeders with isolated ground, identify grounding conductor where visible to normal inspection,
with alternating bands of green and yellow tape, with at least three bands of green and two
bands of yellow.

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.

3. Connections to Ground Rods at Test Wells: Bolted connectors.

4. Connections to Structural Steel: Welded connectors.

EQUIPMENT GROUNDING

Install insulated equipment grounding conductors with the following items, in addition to those
required by NFPA 70:

1. Feeders and branch circuits.
2. Lighting circuits.
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Receptacle circuits.

Single-phase motor and appliance branch circuits.

Three-phase motor and appliance branch circuits.

Flexible raceway runs.

Computer and Rack-Mounted Electronic Equipment Circuits: Install insulated equipment
grounding conductor in branch-circuit runs from equipment-area power panels and
power-distribution units.

Nownhkw

Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated
equipment grounding conductor to each electric water heater and heat-tracing cable. Bond
conductor to heater units, piping, connected equipment, and components.

Signal and Communication Equipment: In addition to grounding and bonding required by
NFPA 70, provide a separate grounding system complying with requirements in TIA/ATIS J-
STD-607-A.

1. For telephone, alarm, voice and data, and other communication equipment, provide
No.4 AWG minimum insulated grounding conductor in raceway from grounding
electrode system to each service location, terminal cabinet, wiring closet, and central
equipment location.

2. Service and Central Equipment Locations and Wiring Closets: Terminate grounding
conductor on a 1/4-by-4-by-12-inch (6.3-by-100-by-300-mm) grounding bus.
3. Terminal Cabinets: Terminate grounding conductor on cabinet grounding terminal.

Metal Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate
insulated equipment grounding conductor in addition to grounding conductor installed with
branch-circuit conductors.

INSTALLATION
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 (50 mm) 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.

Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are
specified in Division 26 Section "Underground Ducts and Raceways for Electrical Systems,"
and shall be at least 12 inches (300 mm) deep, with cover.
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3.5

1. Test Wells: Install at least one test well for each service unless otherwise indicated.
Install at the ground rod electrically closest to service entrance. Set top of test well flush
with finished grade or floor.

Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance
except where routed through short lengths of conduit.

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate
any adjacent parts.

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install
bonding so vibration is not transmitted to rigidly mounted equipment.

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection
is required, use a bolted clamp.

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 using one of
the lug bolts of the flange. Where a dielectric main water fitting 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.

Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of
associated fans, blowers, electric heaters, and air cleaners. Installbonding jumper to bond
across flexible duct connections to achieve continuity.

LABELING

Comply with requirements in Division 26 Section "Identification for Electrical Systems" Article
for instruction signs. The label or its text shall be green.

Install labels at the telecommunications bonding conductor and grounding equalizer and at the
grounding electrode conductor where exposed.

1. Label Text: "If this connector or cable is loose or if it must be removed for any reason,
notify the facility manager."

FIELD QUALITY CONTROL
Perform the following tests and inspections and prepare test reports:

1. After installing grounding system but before permanent electrical circuits have been
energized, test for compliance with requirements.
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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, and at ground test
wells. Make tests at ground rods before any conductors are connected.

B.  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.
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms.
3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms.
4. Power Distribution Units or Panelboards Serving Electronic Equipment: 1 ohm(s).

C.  Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect
promptly and include recommendations to reduce ground resistance.

END OF SECTION 260526
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

1.2

1.3

A.

A.

B.

C.

D.

A.

B.

SUMMARY

Section includes:

1. Hangers and supports for electrical equipment and systems.

2. Construction requirements for concrete bases.

PERFORMANCE REQUIREMENTS

Delegated Design:  Design supports for multiple raceways, including comprehensive
engineering analysis by a qualified professional engineer, using performance requirements and

design criteria indicated.

Design supports for multiple raceways capable of supporting combined weight of supported
systems and its contents.

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

Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads
calculated or imposed for this Project, with a minimum structural safety factor of five times the
applied force.

QUALITY ASSURANCE

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

Comply with NFPA 70.

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

following:
a. Allied Tube & Conduit.
b. Cooper B-Line, Inc.; a division of Cooper Industries.
c. ERICO International Corporation.
d. GS Metals Corp.
e. Thomas & Betts Corporation.
f. Unistrut; Tyco International, Ltd.
g. Wesanco, Inc.
3. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to
MFMA-4.
4. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating

applied according to MFMA-4.

5. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-
4.

6. Channel Dimensions: Selected for applicable load criteria.

B.  Raceway and Cable Supports: As described in NECA 1 and NECA 101.

C.  Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, designed
for types and sizes of raceway or cable to be supported.

D.  Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of
threaded body and insulating wedging plug or plugs for non-armored electrical conductors or
cables in riser conduits. Plugs shall have number, size, and shape of conductor gripping pieces
as required to suit individual conductors or cables supported. Body shall be malleable iron.

E. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel plates,
shapes, and bars; black and galvanized.

F. 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.

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

1) Hilti Inc.

2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.

3) MKT Fastening, LLC.

4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit.
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A.

B.

2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel, for use in
hardened portland cement concrete with tension, shear, and pullout capacities appropriate
for supported loads and building materials in which used.

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

1) Cooper B-Line, Inc.; a division of Cooper Industries.

2) Empire Tool and Manufacturing Co., Inc.

3) Hilti Inc.

4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
5) MKT Fastening, LLC.

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.

Toggle Bolts: All-steel springhead type.

7. Hanger Rods: Threaded steel.

o

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions
of supported equipment.

Materials: Comply with requirements in Division 05 Section "Metal Fabrications" for steel
shapes and plates.

PART 3 - EXECUTION

3.1

A.

B.

C.

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 required by NFPA 70. Minimum rod size shall be 1/4 inch (6 mm) 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.
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1. Secure raceways and cables to these supports with single-bolt conduit clamps.

Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems
above suspended ceilings and for fastening raceways to trapeze supports.

SUPPORT INSTALLATION

Comply with NECA 1 and NECA 101 for installation requirements except as specified in this
Article.

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.

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 1b (90 kg).

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 (100 mm)
thick or greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs
less than 4 inches (100 mm) thick.

6. To Steel: Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69.

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.

Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing
bars.
INSTALLATION OF FABRICATED METAL SUPPORTS

Comply with installation requirements in Division 05 Section "Metal Fabrications" for site-
fabricated metal supports.

Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation
to support and anchor electrical materials and equipment.
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3.5

Field Welding: Comply with AWS D1.1/D1.1M.

CONCRETE BASES

Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in
both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters
from edge of the base.

Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete.  Concrete materials,
reinforcement, and placement requirements are specified in Division 03 Section "Cast-in-Place

Concrete."

Anchor equipment to concrete base.

1. Place and secure anchorage devices. Use supported equipment manufacturer's setting
drawings, templates, diagrams, instructions, and directions furnished with items to be
embedded.

2. Install anchor bolts to elevations required for proper attachment to supported equipment.

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

PAINTING

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

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05
mm).

Touchup: Comply with requirements in Division 09 painting Sections for cleaning and touchup
painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous
metal.

Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

END OF SECTION 260529
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SECTION 260533 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

A.

B.

1.2

A.

B.

1.3

A.

B.

SUMMARY

This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
See Division 26 Section "Underground Ducts and Raceways for Electrical Systems" for exterior
ductbanks and manholes, and underground handholes, boxes, and utility construction.
SUBMITTALS

Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover
enclosures, and cabinets.

Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections,
details, and attachments to other work.

QUALITY ASSURANCE

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

intended use.

Comply with NFPA 70.

PART 2 - PRODUCTS

2.1

A.

METAL CONDUIT AND TUBING

Rigid Steel Conduit: ANSI C80.1.

IMC: ANSI C80.6.

EMT: ANSI C80.3.

FMC: Zinc-coated steel.

LFMC: Flexible steel conduit with PVC jacket.

Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:

NEMA FB 1; listed for type and size raceway with which used, and for application and
environment in which installed.
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1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886.

2. Fittings for EMT: Steel, set-screw type.

NONMETALLIC CONDUIT AND TUBING

ENT: NEMA TC 13.

RNC: NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.

LFNC: UL 1660.

Fittings for ENT and RNC: NEMA TC 3; match to conduit or tubing type and material.

Fittings for LENC: UL 514B.

METAL WIREWAYS

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

1. Cooper B-Line, Inc.
2. Hoffman.
3. Square D; Schneider Electric.

Description: Sheet metal sized and shaped as indicated, NEMA 250, Type 1, unless otherwise
indicated.

Fittings and Accessories: Include 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.

Finish: Manufacturer's standard enamel finish.

NONMETALLIC WIREWAYS

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

1. Hoffman.
2. Lamson & Sessions; Carlon Electrical Products.

Description: PVC plastic, extruded and fabricated to size and shape indicated, with snap-on
cover and mechanically coupled connections with plastic fasteners.

Fittings and Accessories: Include 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.
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2.6

SURFACE RACEWAYS

Surface Metal Raceways: Galvanized steel with snap-on covers. Manufacturer's standard
enamel finish in color selected by Architect.

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

a. Thomas & Betts Corporation.
b. Walker Systems, Inc.; Wiremold Company (The).
c. Wiremold Company (The); Electrical Sales Division.

Surface Nonmetallic Raceways: Two-piece construction, manufactured of rigid PVC with
texture and color selected by Architect from manufacturer's standard colors.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Butler Manufacturing Company; Walker Division.
b. Enduro Systems, Inc.; Composite Products Division.
c. Hubbell Incorporated; Wiring Device-Kellems Division.
d. Lamson & Sessions; Carlon Electrical Products.
e. Panduit Corp.
f. Walker Systems, Inc.; Wiremold Company (The).
g. Wiremold Company (The); Electrical Sales Division.

BOXES, ENCLOSURES, AND CABINETS
Sheet Metal Outlet and Device Boxes: NEMA OS 1.

Cast-Metal Outlet and Device Boxes: NEMA FB 1, ferrous alloy, Type FD, with gasketed
cover.

Nonmetallic Outlet and Device Boxes: NEMA OS 2.

Metal Floor Boxes: Sheet metal, semi-adjustable, rectangular and equal to Steel City No. 664
with color selected by Architect from manufacturers standards.

Nonmetallic Floor Boxes: Nonmetallic floor boxes shall not be used.
Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

Cast-Metal Access, Pull, and Junction Boxes: NEMA FB 1, cast aluminum with gasketed
cover.

Hinged-Cover Enclosures: NEMA 250, Type 1, with continuous-hinge cover with flush latch,
unless otherwise indicated.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
2. Nonmetallic Enclosures: Plastic.
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L Cabinets:

1.
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NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable
front, finished inside and out with manufacturer's standard enamel.

Hinged door in front cover with flush latch and concealed hinge.

Key latch to match panelboards.

Metal barriers to separate wiring of different systems and voltage.

Accessory feet where required for freestanding equipment.

PART 3 - EXECUTION

3.1 RACEWAY APPLICATION
A.  Outdoors: Apply raceway products as specified below, unless otherwise indicated:
1. Exposed Conduit: Rigid steel conduit.
2. Concealed Conduit, Aboveground: EMT.
3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried.
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,

Electric Solenoid, or Motor-Driven Equipment): LFMC.

5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.

B.  Comply with the following indoor applications, unless otherwise indicated:

1. Exposed, Not Subject to Physical Damage: EMT.

. Exposed, Not Subject to Severe Physical Damage: EMT.

3. Exposed and Subject to Severe Physical Damage: Rigid steel conduit. Includes

raceways in the following locations:

a. Loading dock.

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
c. Mechanical rooms.

4. Concealed in Ceilings and Interior Walls and Partitions: EMT.

5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet
locations.

6. Damp or Wet Locations: Rigid steel conduit.

7. Raceways for Optical Fiber or Communications Cable: EMT.

8. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4, stainless
steel in damp or wet locations.

C. Minimum Raceway Size: 1/2-inch (16-mm) trade size.

D.  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.
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INSTALLATION

Comply with NECA 1 for installation requirements applicable to products specified in Part 2
except where requirements on Drawings or in this Article are stricter.

Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs above water and steam piping.

Complete raceway installation before starting conductor installation.

Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical
Systems."

Arrange stub-ups so curved portions of bends are not visible above the finished slab.

Install no more than the equivalent of three 90-degree bends in any conduit run except for
communications conduits, for which fewer bends are allowed.

Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise
indicated.

Raceways Embedded in Slabs:

1. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right angles to main
reinforcement. Where at right angles to reinforcement, place conduit close to slab
support.

2. Arrange raceways to cross building expansion joints at right angles with expansion
fittings.

3. Change from ENT to RNC, Type EPC-40-PVC, rigid steel conduit, or IMC before rising
above the floor.

Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings
to protect conductors, including conductors smaller than No. 4 AWG.

Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not
less than 200-1b (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end

of pull wire.

Raceways for Optical Fiber and Communications Cable: Install as follows:

1. 3/4-Inch (19-mm) Trade Size and Smaller: Install raceways in maximum lengths of 50
feet (15 m).

2. 1-Inch (25-mm) Trade Size and Larger: Install raceways in maximum lengths of 75 feet
(23 m).

3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway

unless Drawings show stricter requirements. Separate lengths with pull or junction boxes
or terminations at distribution frames or cabinets where necessary to comply with these
requirements.

Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a
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blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway
sealing fittings at the following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated
spaces.
2. Where otherwise required by NFPA 70.

Expansion-Joint Fittings for RNC: Install in each run of aboveground conduit that is located
where environmental temperature change may exceed 30 degF (17 deg C), and that has
straight-run length that exceeds 25 feet (7.6 m).

1. Install expansion-joint fittings for each of the following locations, and provide type and
quantity of fittings that accommodate temperature change listed for location:

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 degF (70 deg C)
temperature change.

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) temperature
change.

c. Indoor Spaces: Connected with the Outdoors without Physical Separation: 125
deg F (70 deg C) temperature change.

d. Attics: 135 deg F (75 deg C) temperature change.

2. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot
of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C)
of temperature change.

3. Install each expansion-joint fitting with position, mounting, and piston setting selected
according to manufacturer's written instructions for conditions at specific location at the
time of installation.

Flexible Conduit Connections: Use maximum of 72 inches (1830 mm) of flexible conduit for
recessed and semirecessed lighting fixtures, 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 in damp or wet locations not subject to severe physical damage.

Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block,
and install box flush with surface of wall.

Set metal floor boxes level and flush with finished floor surface.

Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.

INSTALLATION OF UNDERGROUND CONDUIT
Direct-Buried Conduit:
1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench

bottom as specified in Division 31 Section "Earth Moving" for pipe less than 6 inches
(150 mm) in nominal diameter.
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Install backfill as specified in Division 31 Section "Earth Moving."

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 (300 mm) of finished grade, make final conduit connection at end of run and
complete backfilling with normal compaction as specified in Division 31 Section "Earth
Moving."

Install manufactured duct elbows for stub-ups at poles and equipment and at building
entrances through the floor, unless otherwise indicated. Encase elbows for stub-up ducts
throughout the length of the elbow.

Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and
at building entrances through the floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches (75 mm) of concrete.
b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit

horizontally a minimum of 60 inches (1500 mm) from edge of equipment pad or
foundation. Install insulated grounding bushings on terminations at equipment.

Warning Planks: Bury warning planks approximately 12 inches (300 mm) above direct-
buried conduits, placing them 24 inches (600 mm) o.c. Align planks along the width and
along the centerline of conduit.

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original fire-resistance rating of assembly. Firestopping materials and installation requirements
are specified in Division 07 Section "Penetration Firestopping."

END OF SECTION 260533
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SECTION 260543 - UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1.
2.

Conduit, ducts, and duct accessories for direct-buried duct banks, and in single duct runs.
Handholes and pull boxes.

1.2 QUALITY ASSURANCE

A.  Comply with IEEE C2.

B.  Comply with NFPA 70.

PART 2 - PRODUCTS

2.1 CONDUIT

A.  Rigid Steel Conduit: Galvanized. Comply with ANSI C80.1.

B. RNC: NEMA TC 2, Type EPC-40-PVC, UL 651, with matching fittings by same manufacturer
as the conduit, complying with NEMA TC 3 and UL 514B.

2.2 HANDHOLES AND PULL BOXES

A.  Description: Comply with SCTE 77.

1.
2.

3.

4.
5

Color: Green.

Configuration: Units shall be designed for flush burial and have open bottom unless
otherwise indicated.

Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure.

Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

Cover Legend: Molded lettering,

a. As indicated for each service..
b. Tier level number, indicating that the unit complies with the structural load test for
that tier according to SCTE 77.

Duct Entrance Provisions: Duct-terminating fittings shall mate with entering ducts for
secure, fixed installation in enclosure wall.
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PART 3 -

3.1

32

33

A.

7. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger
shall have factory-installed inserts for cable racks and pulling-in irons.

Fiberglass Handholes and Pull Boxes with Polymer Concrete Frame and Cover: Complying
with SCTE 77 Tier 5 loading. Sheet-molded, fiberglass-reinforced, polyester resin enclosure
joined to polymer concrete top ring or frame.

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:

2. Basis-of-Design Product: ~ Subject to compliance with requirements, provide or

comparable product by one of the following:

a. Armorcast Products Company.

b. Carson Industries LLC.

c. Christy Concrete Products.

d. Synertech Moulded Products, Inc.; a division of Oldcastle Precast.
EXECUTION
CORROSION PROTECTION

Aluminum shall not be installed in contact with earth or concrete.

EARTHWORK

Excavation and Backfill: Comply with Division 31 Section "Earth Moving," but do not use
heavy-duty, hydraulic-operated, compaction equipment.

Restore surface features at areas disturbed by excavation and reestablish original grades unless
otherwise indicated. Replace removed sod immediately after backfilling is completed.

Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and
mulching. Comply with Division 32 Sections "Turf and Grasses" and "Plants."

Cut and patch existing pavement in the path of underground ducts and utility structures
according to Division 01 Section "Cutting and Patching."

DUCT INSTALLATION

Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away
from buildings and equipment. Slope ducts from a high point in runs between two manholes to
drain in both directions.

Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use
manufactured long sweep bends with a minimum radius of 48 inches (1220 mm), both
horizontally and vertically, at other locations unless otherwise indicated.
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C. Joints: Use solvent-cemented joints in ducts and fittings and make watertight according to
manufacturer's written instructions. Stagger couplings so those of adjacent ducts do not lie in
same plane.

D.  Duct Entrances to Manholes: Use end bells, spaced approximately 10 inches (250 mm) o.c. for
5-inch (125-mm) ducts, and vary proportionately for other duct sizes.

1. Begin change from regular spacing to end-bell spacing 10 ft. (3 m) from the end bell
without reducing duct line slope and without forming a trap in the line.

2. Direct-Buried Duct Banks: Install an expansion and deflection fitting in each conduit in
the area of disturbed earth adjacent to manhole or handhole.
3. Grout end bells into structure walls from both sides to provide watertight entrances.
E. Building Wall Penetrations: Make a transition from underground duct to rigid steel conduit at

least 10 ft. (3 m) outside the building wall without reducing duct line slope away from the
building and without forming a trap in the line. Use fittings manufactured for duct-to-conduit
transition. Install conduit penetrations of building walls as specified in Division 26 Section
"Common Work Results for Electrical.”

F. Sealing: Provide temporary closure at terminations of ducts that have cables pulled. Seal spare
ducts at terminations. Use sealing compound and plugs to withstand at least 15-psig (1.03-
MPa) hydrostatic pressure.

G.  Pulling Cord: Install 100-1bf- (445-N-) test nylon cord in ducts, including spares.

H. Direct-Buried Duct Banks:

1. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor
temperature.
2. Space separators close enough to prevent sagging and deforming of ducts, with not less

than 4 spacers per 20 ft. (6 m) of duct. Secure separators to earth and to ducts to prevent
displacement during backfill and yet permit linear duct movement due to expansion and
contraction as temperature changes. Stagger spacers approximately 6 inches (150 mm)
between tiers.

3. Excavate trench bottom to provide firm and uniform support for duct bank. Prepare

trench bottoms as specified in Division 31 Section "Earth Moving" for pipes less than 6

inches (150 mm) in nominal diameter.

Install backfill as specified in Division 31 Section "Earth Moving."

After installing first tier of ducts, backfill and compact. Start at tie-in point and work

toward end of duct run, leaving ducts at end of run free to move with expansion and

contraction as temperature changes during this process. Repeat procedure after placing

each tier. After placing last tier, hand-place backfill to 4 inches (100 mm) over ducts and

hand tamp. Firmly tamp backfill around ducts to provide maximum supporting strength.

Use hand tamper only. After placing controlled backfill over final tier, make final duct

connections at end of run and complete backfilling with normal compaction as specified

in Division 31 Section "Earth Moving."

6. Install ducts with a minimum of 3 inches (75 mm) between ducts for like services and 6
inches (150 mm) between power and signal ducts.

7. Depth: Install top of duct bank at least 36 inches (900 mm) below finished grade unless
otherwise indicated.

8. Set elevation of bottom of duct bank below the frost line.

oos
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3.5

9. Install manufactured duct elbows for stub-ups at poles and equipment and at building
entrances through the floor unless otherwise indicated. Encase elbows for stub-up ducts
throughout the length of the elbow.

10.  Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and
at building entrances through the floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches (75 mm) of concrete.
b. For equipment mounted on outdoor concrete bases, extend steel conduit

horizontally a minimum of 60 inches (1500 mm) from edge of equipment pad or
foundation. Install insulated grounding bushings on terminations at equipment.

INSTALLATION OF HANDHOLES AND PULL BOXES

Install handholes and pull boxes level and plumb and with orientation and depth coordinated
with connecting ducts to minimize bends and deflections required for proper entrances. Use
pull box extension if required to match depths of ducts, and seal joint between box and
extension as recommended by the manufacturer.

Unless otherwise indicated, support units on a level 6-inch- (15-cm-) thick bed of crushed stone
or gravel, graded from 1/2-inch (12.7-mm) sieve to No. 4 (4.75-mm) sieve and compacted to
same density as adjacent undisturbed earth.

Elevation: Set so cover surface will be flush with finished grade.
Install handholes and pull boxes with bottom below the frost line, below grade.

Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators,
as required for installation and support of cables and conductors and as indicated. Retain arm
lengths to be long enough to provide spare space for future cables, but short enough to preserve
adequate working clearances in the enclosure.

Field-cut openings for ducts and conduits according to enclosure manufacturer's written
instructions. Cut wall of enclosure with a tool designed for material to be cut. Size holes for
terminating fittings to be used, and seal around penetrations after fittings are installed.

For enclosures installed in asphalt paving and subject to occasional, nondeliberate, heavy-
vehicle loading, form and pour a concrete ring encircling, and in contact with, enclosure and
with top surface screeded to top of box cover frame. Bottom of ring shall rest on.

1. Concrete: 3000 psi (20 kPa), 28-day strength, complying with Division 03 Section "Cast-
in-Place Concrete," with a troweled finish.

2. Dimensions: 10 inches wide by 12 inches deep (250 mm wide by 300 mm deep).

GROUNDING

Ground underground ducts and utility structures according to Division 26 Section "Grounding
and Bonding for Electrical Systems."
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3.6 FIELD QUALITY CONTROL
A.  Perform the following tests and inspections:

1. Demonstrate capability and compliance with requirements on completion of installation
of underground ducts and utility structures.

B.  Correct deficiencies and retest as specified above to demonstrate compliance.

C.  Prepare test and inspection reports.

3.7 CLEANING

A.  Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.
Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout

ducts.
B.  Clean internal surfaces of manholes, including sump. Remove foreign material.
END OF SECTION 260543
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

1.2

1.3

A.

A.

A.

o Aa

SUMMARY
Section Includes:

Identification for raceways.

Identification of power and control cables.
Identification for conductors.
Underground-line warning tape.

Warning labels and signs.

Instruction signs.

Equipment identification labels.
Miscellaneous identification products.

S A s e

SUBMITTALS

Product Data: For each electrical identification product indicated.

QUALITY ASSURANCE

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.

PART 2 - PRODUCTS

2.1

A.

B.

POWER RACEWAY IDENTIFICATION MATERIALS

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of
color field for each raceway size.

Colors for Raceways Carrying Circuits at 600 V or Less:

1. Black letters on an orange field.
2. Legend: Indicate voltage.
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Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted,
flexible label laminated with a clear, weather- and chemical-resistant coating and matching
wraparound adhesive tape for securing ends of legend label.

Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less: Slit, pretensioned,
flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway
or cable it identifies and to stay in place by gripping action.

Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less: Slit,
pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter sized
to suit diameter of raceway or cable it identifies and to stay in place by gripping action.

Write-On Tags: Polyester tag, 0.015 inch (0.38 mm) 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. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker

recommended by printer manufacturer.

POWER AND CONTROL CABLE IDENTIFICATION MATERIALS

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of
color field for each raceway and cable size.

Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend
label.

Write-On Tags: Polyester tag, 0.015 inch (0.38 mm) 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. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker

recommended by printer manufacturer.

Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping
action.

Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2
inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and
to stay in place by gripping action.

CONDUCTOR IDENTIFICATION MATERIALS

Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils (0.08
mm) thick by 1 to 2 inches (25 to 50 mm) wide.
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2.6

Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend
label.

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, 0.015 inch (0.38 mm) thick, with corrosion-resistant grommet
and cable tie for attachment to conductor or cable.

1. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker
recommended by printer manufacturer.

FLOOR MARKING TAPE

2-inch- (50-mm-) wide, 5-mil (0.125-mm) pressure-sensitive vinyl tape, with black and white
stripes and clear vinyl overlay.

UNDERGROUND-LINE WARNING TAPE

Tape:

1. Recommended by manufacturer for the method of installation and suitable to identify and
locate underground electrical and communications 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, HIGH VOLTAGE,.
3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE,
COMMUNICATIONS CABLE, OPTICAL FIBER CABLE,.
WARNING LABELS AND SIGNS
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.

Baked-Enamel Warning Signs:

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size
required for application.
2. 1/4-inch (6.4-mm) grommets in corners for mounting.

3. Nominal size, 7 by 10 inches (180 by 250 mm).
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2.8

29

Warning label and sign shall include, but are not limited to, the following legends:

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENT HAS MULTIPLE POWER SOURCES."

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES
915 MM)."

INSTRUCTION SIGNS

Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch (1.6 mm) thick for signs
up to 20 sq. inches (129 sq. cm) and 1/8 inch (3.2 mm) thick for larger sizes.

1. Engraved legend with black letters on white face.

2. Punched or drilled for mechanical fasteners.

3. Framed with mitered acrylic molding and arranged for attachment at applicable
equipment.

Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process.
Minimum letter height shall be 3/8 inch (10 mm).

Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal
transfer or equivalent process. Minimum letter height shall be 3/8 inch (10 mm). Overlay shall
provide a weatherproof and UV-resistant seal for label.

EQUIPMENT IDENTIFICATION LABELS
Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal
transfer or equivalent process. Minimum letter height shall be 3/8 inch (10 mm). Overlay shall

provide a weatherproof and UV-resistant seal for label.

Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with white
letters on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm).

Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be
1 inch (25 mm).

MISCELLANEOUS IDENTIFICATION PRODUCTS

Paint: Comply with requirements in Division 09 painting Sections for paint materials and
application requirements. Select paint system applicable for surface material and location

(exterior or interior).

Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine
screws with nuts and flat and lock washers.
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PART 3 - EXECUTION

3.1 INSTALLATION

A.  Location: Install identification materials and devices at locations for most convenient viewing
without interference with operation and maintenance of equipment.

B.  Apply identification devices to surfaces that require finish after completing finish work.

C. Self-Adhesive Identification Products: Clean surfaces before application, using materials and
methods recommended by manufacturer of identification device.

D.  Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners
appropriate to the location and substrate.

E. System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band
shall completely encircle cable or conduit. Place adjacent bands of two-color markings in
contact, side by side. Locate bands at changes in direction, at penetrations of walls and floors,
at 50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals
in congested areas.

F. Underground-Line Warning Tape:  During backfilling of trenches install continuous
underground-line warning tape directly above line at 6 to 8 inches (150 to 200 mm) below
finished grade. Use multiple tapes where width of multiple lines installed in a common
trenchexceeds 16 inches (400 mm) overall.

G.  Painted Identification: Comply with requirements in Division 09 painting Sections for surface
preparation and paint application.
32 IDENTIFICATION SCHEDULE

A. Accessible Raceways, 600 V or Less, for Service, Feeder, and Branch Circuits More Than 30 A,
and 120 V to ground: Install labels at 30-foot (10-m) maximum intervals.

B.  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. System legends shall be as follows:

1. Emergency Power.
2. Power.
3. UPS.
C. 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 and Voltage Level Identification, 600 V or Less: Use colors
listed below for ungrounded service 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.
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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 (150 mm) 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.

D. Install instructional sign including the color-code for grounded and ungrounded conductors
using adhesive-film-type labels.

E. Conductors to Be Extended in the Future: Attach write-on tags to conductors and list source.

F. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control,
and signal connections.

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and
pull points. Identify by system and circuit designation.

2. Use system of marker tape designations that is uniform and consistent with system used
by manufacturer for factory-installed connections.

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the

Operation and Maintenance Manual.

G.  Locations of Underground Lines: Identify with underground-line warning tape for power,
lighting, communication, and control wiring and optical fiber cable.

1. Limit use of underground-line warning tape to direct-buried cables.
2. Install underground-line warning tape for both direct-buried cables and cables in
raceway.

H.  Workspace Indication: Install floor marking tape to show working clearances in the direction of
access to live parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless
otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in
finished spaces.

L. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-
adhesive warning labels.

Comply with 29 CFR 1910.145.

Identify system voltage with black letters on an orange background.

Apply to exterior of door, cover, or other access.

For equipment with multiple power or control sources, apply to door or cover of
equipment including, but not limited to, the following:

el s

a. Power transfer switches.
b. Controls with external control power connections.
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J. 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.

K.  Emergency Operating Instruction Signs: Install instruction signs with white legend on a red
background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at
equipment used for power transfer.

L. Equipment Identification Labels: On each unit of equipment, install unique designation label
that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.
Apply labels to disconnect switches and protection equipment, central or master units, control
panels, control stations, terminal cabinets, and racks of each system. Systems include power,
lighting, control, communication, signal, monitoring, and alarm systems unless equipment is
provided with its own identification.

1. Labeling Instructions:

a. Indoor Equipment: Self-adhesive, engraved, laminated acrylic or melamine label.
Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-)
high letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are
required, use labels 2 inches (50 mm) high.

b. Outdoor Equipment: Stenciled legend 4 inches (100 mm) high.

c. Elevated Components: Increase sizes of labels and letters to those appropriate for
viewing from the floor.
d. Unless provided with self-adhesive means of attachment, fasten labels with

appropriate mechanical fasteners that do not change the NEMA or NRTL rating of
the enclosure.

END OF SECTION 260553
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SECTION 260923 - LIGHTING CONTROL DEVICES

PART 1 - GENERAL

1.1

A.

B.

1.2

A.

B.

C.

1.3

A.

SUMMARY
This Section includes the following lighting control devices:

Time switches.

Outdoor photoelectric switches.
Indoor occupancy sensors.
Outdoor motion sensors.
Lighting contactors.
Emergency shunt relay.

A

See Division 26 Section "Wiring Devices" for wall-box dimmers, wall-switch occupancy
sensors, and manual light switches.

SUBMITTALS
Product Data: For each type of product indicated.
Field quality-control test reports.

Operation and maintenance data.

QUALITY ASSURANCE

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

PART 2 - PRODUCTS

2.1

A.

TIME SWITCHES

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

Area Lighting Research, Inc.; Tyco Electronics.

Grasslin Controls Corporation; a GE Industrial Systems Company.
Intermatic, Inc.

Leviton Mfg. Company Inc.

Lightolier Controls; a Genlyte Company.

Lithonia Lighting; Acuity Lighting Group, Inc.

kL=

LIGHTING CONTROL DEVICES 260923 - 1



7. Paragon Electric Co.; Invensys Climate Controls.
8. Square D; Schneider Electric.
9. TORK.
10.  Touch-Plate, Inc.
11.  Watt Stopper (The).
B.  Electronic Time Switches: Electronic, solid-state programmable units with alphanumeric

display; complying with UL 917.

1. Contact Configuration: DPDT.
2. Contact Rating: 30-A inductive or resistive, 240-V ac 20-A ballast load, 120/240-V ac.

3. Program: 8 on-off set points on a 24-hour schedule and an annual holiday schedule that
overrides the weekly operation on holidays.

4. Programs: Two channels; each channel shall be individually programmable with 8 on-off
set points on a 24-hour schedule.

5. Circuitry: Allow connection of a photoelectric relay as substitute for on-off function of a

program on selected channels.
Astronomic Time: All channels.
7. Battery Backup: For schedules and time clock.

o

22 OUTDOOR PHOTOELECTRIC SWITCHES

A.  Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Area Lighting Research, Inc.; Tyco Electronics.
2. Grasslin Controls Corporation; a GE Industrial Systems Company.
3. Intermatic, Inc.
4. Lithonia Lighting; Acuity Lighting Group, Inc.
5. Novitas, Inc.
6. Paragon Electric Co.; Invensys Climate Controls.
7. Square Dj; Schneider Electric.
8. TORK.
9. Touch-Plate, Inc.
10.  Watt Stopper (The).

B.  Description: Solid state, with SPST dry contacts rated for 1800-VA tungsten or 1000-VA
inductive, to operate connected relay, contactor coils, or microprocessor input; complying with
UL 773A.

1. Light-Level Monitoring Range: 1.5 to 10 fc (16.14 to 108 1x), with an adjustment for
turn-on and turn-off levels within that range, and a directional lens in front of photocell to
prevent fixed light sources from causing turn-off.

2. Time Delay: 15-second minimum, to prevent false operation.

3. Surge Protection: Metal-oxide varistor, complying with IEEE C62.41.1, IEEE C62.41.2,
and IEEE 62.45 for Category Al locations.
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23 INDOOR OCCUPANCY SENSORS

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

1. Hubbell Lighting.

2. Leviton Mfg. Company Inc.

3. Lithonia Lighting; Acuity Lighting Group, Inc.

4. Novitas, Inc.

5. RAB Lighting, Inc.

6. Sensor Switch, Inc.

7. TORK.

8. Watt Stopper (The).

B.  General Description: Wall- or ceiling-mounting, solid-state units with a separate relay unit.

1. Operation: Unless otherwise indicated, turn lights on when covered area is occupied and
off when unoccupied; with a time delay for turning lights off, adjustable over a minimum
range of 1 to 15 minutes.

2. Sensor Output: Contacts rated to operate the connected relay, complying with UL 773A.
Sensor shall be powered from the relay unit.

3. Relay Unit: 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. Power supply to sensor shall be 24-V dc,
150-mA, Class 2 power source as defined by NFPA 70.

4. Mounting:

a. Sensor: Suitable for mounting in any position on a standard outlet box.

b. Relay: Externally mounted through a 1/2-inch (13-mm) knockout in a standard
electrical enclosure.

c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged
door.

5. Indicator: LED, to show when motion is being detected during testing and normal
operation of the sensor.

6. Bypass Switch: Override the on function in case of sensor failure.

7. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc (21.5 to 2152 Ix); keep

lighting off when selected lighting level is present.

C. PIR Type: Ceiling mounting; detect occupancy by sensing a combination of heat and
movement in area of coverage.

1.

2.

Detector Sensitivity: Detect occurrences of 6-inch- (150-mm-) minimum movement of
any portion of a human body that presents a target of not less than 36 sq. in. (232 sq. cm).
Detection Coverage (Room): Detect occupancy anywhere in a circular area of 1000 sq.
ft. (93 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling.

Detection Coverage (Corridor): Detect occupancy within 90 feet (27.4 m) when mounted
on a 10-foot- (3-m-) high ceiling.
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24

2.5

A.

B.

A.

B.

C.

LIGHTING CONTACTORS

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

Allen-Bradley/Rockwell Automation.

ASCO Power Technologies, LP; a division of Emerson Electric Co.
Eaton Electrical Inc.; Cutler-Hammer Products.

GE Industrial Systems; Total Lighting Control.

Grasslin Controls Corporation; a GE Industrial Systems Company.
Hubbell Lighting.

Lithonia Lighting; Acuity Lighting Group, Inc.

MicroLite Lighting Control Systems.

9. Square Dj; Schneider Electric.

10. TORK.

11.  Touch-Plate, Inc.

12. Watt Stopper (The).

PN RE LD =

Description:  Electrically operated and electrically held, combination type with nonfused
disconnect, complying with NEMA ICS 2 and UL 508.

1. Current Rating for Switching: Listing or rating consistent with type of load served,
including tungsten filament, inductive, and high-inrush ballast (ballast with 15 percent or
less total harmonic distortion of normal load current).

2. Fault Current Withstand Rating: Equal to or exceeding the available fault current at the
point of installation.

3. Enclosure: Comply with NEMA 250.

CONDUCTORS AND CABLES

Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12
AWG. Comply with requirements in Division 26 Section "Low-Voltage Electrical Power
Conductors and Cables."

Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not
smaller than No. 22 AWG. Comply with requirements in Division 26 Section "Low-Voltage
Electrical Power Conductors and Cables."

Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than
No. 16 AWG. Comply with requirements in Division 26 Section "Low-Voltage Electrical
Power Conductors and Cables."

PART 3 - EXECUTION

3.1

A.

SENSOR INSTALLATION

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.
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B.  When requested within 12 months of date of Substantial Completion, provide on-site assistance
in adjusting sensors to suit actual occupied conditions. Provide up to two visits to Project
during other than normal occupancy hours for this purpose.

32 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.

33 WIRING INSTALLATION

A.  Wiring Method: Comply with Division 26 Section "Low-Voltage Electrical Power Conductors
and Cables." Minimum conduit size shall be 1/2 inch (13 mm).

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.

34 IDENTIFICATION

A.  Identify components and power and control wiring according to Division 26 Section
"Identification for Electrical Systems."

1. Identify controlled circuits in lighting contactors.
2. Identify circuits or luminaries controlled by photoelectric and occupancy sensors at each
Sensor.
B.  Label time switches and contactors with a unique designation.

35 FIELD QUALITY CONTROL

A.  Perform the following field tests and inspections and prepare test reports:

1. After installing time switches and sensors, and after electrical circuitry has been
energized, adjust and test for compliance with requirements.
2. Operational Test: Verify operation of each lighting control device, and adjust time
delays.
B.  Lighting control devices that fail tests and inspections are defective work.
END OF SECTION 260923
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SECTION 262416 - PANELBOARDS

PART 1 - GENERAL

1.1 SUMMARY

A.  Section includes distribution panelboards and lighting and appliance branch-circuit panelboards.

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

Detail enclosure types and details for types other than NEMA 250, Type 1.

Detail bus configuration, current, and voltage ratings.

Short-circuit current rating of panelboards and overcurrent protective devices.

Include evidence of NRTL listing for series rating of installed devices.

Detail features, characteristics, ratings, and factory settings of individual overcurrent

protective devices and auxiliary components.

Include wiring diagrams for power, signal, and control wiring.

8. Include time-current coordination curves for each type and rating of overcurrent
protective device included in panelboards.

SNk W
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C.  Field quality-control reports.
D.  Panelboard schedules for installation in panelboards.

E. Operation and maintenance data.

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 NEMA PB 1.

C.  Comply with NFPA 70.

1.4 WARRANTY
A.  Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or

replace transient voltage suppression devices that fail in materials or workmanship within
specified warranty period.
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1. Warranty Period: Five years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

A.

GENERAL REQUIREMENTS FOR PANELBOARDS

Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in
Division 26 Section "Vibration and Seismic Controls for Electrical Systems."

Enclosures: Flush- and surface-mounted cabinets.
1. Rated for environmental conditions at installed location.

Indoor Dry and Clean Locations: NEMA 250, Type 1.
Outdoor Locations: NEMA 250, Type 3R.

Kitchen Areas: NEMA 250, Type 4X, stainless steel.

Other Wet or Damp Indoor Locations: NEMA 250, Type 4.

oo

2. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match
box dimensions; for flush-mounted fronts, overlap box.

3. Hinged Front Cover: Entire front trim hinged to box and with standard door within
hinged trim cover.

4. Directory Card: Inside panelboard door, mounted in transparent card holder.

Incoming Mains Location: Top and bottom.
Phase, Neutral, and Ground Buses: Hard-drawn copper, 98 percent conductivity.
Conductor Connectors: Suitable for use with conductor material and sizes.

Material: Tin-plated aluminum.

Main and Neutral Lugs: Mechanical type.

Ground Lugs and Bus Configured Terminators: Mechanical type.

Feed-Through Lugs: Mechanical type, suitable for use with conductor material. Locate
at opposite end of bus from incoming lugs or main device.

5. Subfeed (Double) Lugs: Mechanical type suitable for use with conductor material.
Locate at same end of bus as incoming lugs or main device.

bl e

Service Equipment Label: NRTL labeled for use as service equipment for panelboards with one
or more main service disconnecting and overcurrent protective devices.

Future Devices: Mounting brackets, bus connections, filler plates, and necessary appurtenances
required for future installation of devices.

Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit
current available at terminals.
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DISTRIBUTION PANELBOARDS

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.

4. Square D; a brand of Schneider Electric.

Panelboards: NEMA PB 1, power and feeder distribution type.

Doors: Secured with vault-type latch with tumbler lock; keyed alike.

Mains: Circuit breaker.

Branch Overcurrent Protective Devices: For Circuit-Breaker Frame Sizes 125 A and Smaller:
Bolt-on 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.

LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

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

1 Eaton Electrical Inc.; Cutler-Hammer Business Unit.

2 General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.

4 Square D; a brand of Schneider Electric.

Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

Mains: Circuit breaker or lugs only.

Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without
disturbing adjacent units.

Contactors in Main Bus: NEMA ICS 2, Class A, electrically held, general-purpose controller,
with same short-circuit interrupting rating as panelboard.

1. External Control-Power Source: 120-V branch circuit.

Doors: Door in Door type, concealed hinges; secured with flush latch with tumbler lock; keyed
alike.
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24 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.

4. 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.

2. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-
replicable electronic trip; and the following field-adjustable settings:

a. Instantaneous trip.
b. Long- and short-time pickup levels.
c. Long- and short-time time adjustments.
d. Ground-fault pickup level, time delay, and I’t response.
3. Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller; let-through ratings

less than NEMA FU 1, RK-5.

4. GFCI Circuit Breakers: Single- and two-pole configurations with Class A ground-fault
protection (6-mA trip).

5. Ground-Fault Equipment Protection (GFEP) Circuit Breakers: Class B ground-fault
protection (30-mA trip).

6. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers: Comply with UL 1699; 120/240-
V, single-pole configuration.

7. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.
b. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor
materials.

c. Application Listing:  Appropriate for application; Type SWD for switching
fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity
discharge (HID) lighting circuits.

d. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable
pickup and time-delay settings, push-to-test feature, and ground-fault indicator.

e. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 55 percent
of rated voltage.

f. Handle Padlocking Device: Fixed attachment, for locking circuit-breaker handle
in off position.

g. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on
position.
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PART 3 - EXECUTION

3.1

A.

32

33

INSTALLATION
Receive, inspect, handle, store and install panelboards and accessories according to NECA 407.
Mount top of trim 84 inches above finished floor unless otherwise indicated.

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.

Install overcurrent protective devices and controllers not already factory installed.

1. Set field-adjustable, circuit-breaker trip ranges.

Install filler plates in unused spaces.

Stub four 1-inch (27-GRC) empty conduits from panelboard into accessible ceiling space or
space designated to be ceiling space in the future. Stub four 1-inch (27-GRC) empty conduits
into raised floor space or below slab not on grade.

Arrange conductors in gutters into groups and bundle and wrap with wire ties.

Comply with NECA 1.

IDENTIFICATION

Identify field-installed conductors, interconnecting wiring, and components; provide warning
signs complying with Division 26 Section "Identification for Electrical Systems."

Create a directory to indicate installed circuit loads and incorporating Owner's final room
designations. Obtain approval before installing. Use a computer or typewriter to create

directory; handwritten directories are not acceptable.

Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements
for identification specified in Division 26 Section "Identification for Electrical Systems."

Device Nameplates: Label each branch circuit device in distribution panelboards with a
nameplate complying with requirements for identification specified in Division 26 Section
"Identification for Electrical Systems."

FIELD QUALITY CONTROL

Perform tests and inspections.

Acceptance Testing Preparation:

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder,
and control circuit.
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2. Test continuity of each circuit.

C.  Tests and Inspections:
1. 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.
D.  Panelboards will be considered defective if they do not pass tests and inspections.
E. Prepare test and inspection reports, including a certified report that identifies panelboards

included and that describes scanning results. Include notation of deficiencies detected, remedial
action taken, and observations after remedial action.

END OF SECTION 262416
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SECTION 262726 - WIRING DEVICES

PART 1 - GENERAL

1.1

A.

B.

1.2

A.

B.

C.

1.3

A.

B.

SUMMARY
This Section includes the following:

Receptacles, receptacles with integral GFCI, and associated device plates.
Wall-box motion sensors.

Snap switches and wall-box dimmers.

Solid-state fan speed controls.

Wall-switch and exterior occupancy sensors.

M NS

See Division 27 Section "Communications Horizontal Cabling" for workstation outlets.

SUBMITTALS
Product Data: For each type of product indicated.

Shop Drawings: List of legends and description of materials and process used for premarking
wall plates.

Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing
label warnings and instruction manuals that include labeling conditions.

QUALITY ASSURANCE

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

intended use.

Comply with NFPA 70.

PART 2 - PRODUCTS

2.1

A.

MANUFACTURERS

Manufacturers' Names:  Shortened versions (shown in parentheses) of the following
manufacturers' names are used in other Part 2 articles:

Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper).
Hubbell Incorporated; Wiring Device-Kellems (Hubbell).

Leviton Mfg. Company Inc. (Leviton).

Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour).

Sl
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2.2 STRAIGHT BLADE RECEPTACLES

A. Convenience Receptacles, 125V, 20 A: Comply with NEMA WD 1, NEMA WD 6
configuration 5-20R, and UL 498.

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

Cooper; 5351 (single), 5352 (duplex).
Hubbell; HBL5351 (single), CR5352 (duplex).
Leviton; 5891 (single), 5352 (duplex).
Pass & Seymour; 5381 (single), 5352 (duplex).

go o

23 GFCI RECEPTACLES

A.  General Description: Straight blade, feed-through type. Comply with NEMA WD 1,
NEMA WD 6, UL 498, and UL 943, Class A, and include indicator light that is lighted when
device is tripped.

B.  Duplex GFCI Convenience Receptacles, 125 V, 20 A:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper; GF20.
b. Pass & Seymour; 2084.
C. Hubbell;
d. Leviton;

24 SNAP SWITCHES
A.  Comply with NEMA WD 1 and UL 20.
B. Switches, 120/277 V, 20 A:
1. Products: Subject to compliance with requirements, provide one of the following:

a. Cooper; 2221 (single pole), 2222 (two pole), 2223 (three way), 2224 (four way).
b. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224

(four way).

c. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four
way).

d. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way),
20AC4 (four way).

C.  Pilot Light Switches, 20 A:
1. Products: Subject to compliance with requirements, provide one of the following:

a. Cooper; 2221PL for 120 V and 277 V.
b. Hubbell; HPL1221PL for 120 V and 277 V.
c. Leviton; 1221-PLR for 120 V, 1221-7PLR for 277 V.
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d. Pass & Seymour; PS20AC1-PLR for 120 V.
2. Description: Single pole, with neon-lighted handle, illuminated when switch is "ON."

D.  Key-Operated Switches, 120/277 V, 20 A:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper; 2221L.
b. Hubbell; HBL1221L.
C. Leviton; 1221-2L.
d. Pass & Seymour; PS20ACI-L.

2. Description: Single pole, with factory-supplied key in lieu of switch handle.

E. Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches, 120/277 V, 20 A; for
use with mechanically held lighting contactors.

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper; 1995.
b. Hubbell; HBL1557.
c. Leviton; 1257.
d. Pass & Seymour; 1251.

F. Key-Operated, Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches,
120/277 V, 20 A; for use with mechanically held lighting contactors, with factory-supplied key
in lieu of switch handle.

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper; 1995L.
b. Hubbell; HBL1557L.
C. Leviton; 1257L.
d. Pass & Seymour; 1251L.

2.5 WALL-BOX DIMMERS

A. Dimmer Switches: Modular, full-wave, solid-state units with integral, quiet on-off switches,
with audible frequency and EMI/RFI suppression filters.

B.  Control: Continuously adjustable slider; with single-pole or three-way switching. Comply with
UL 1472.
C.  Incandescent Lamp Dimmers: 120 V; control shall follow square-law dimming curve. On-off

switch positions shall bypass dimmer module.

1. 1500 W; dimmers shall require no derating when ganged with other devices.
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D.

2.6

A.

2.7

A.

B.

2.8

A.

Fluorescent Lamp Dimmer Switches: Modular; compatible with dimmer ballasts; trim
potentiometer to adjust low-end dimming; dimmer-ballast combination capable of consistent
dimming with low end not greater than 20 percent of full brightness.

OCCUPANCY SENSORS

Wall or Ceiling -Switch Sensors:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper;
b. Hubbell;
C. Leviton;.
d. Pass & Seymour;
e. Watt Stopper (The);

2. Description: Passive-infrared and ultra sonic type, 120/277 V, adjustable time delay up
to 30 minutes, 180-degree field of view, with a minimum coverage area of 900 sq. ft. (84

sq. m).

WALL PLATES
Single and combination types to match corresponding wiring devices.

Plate-Securing Screws: Metal with head color to match plate finish.

Material for Finished Spaces: Stainless steel 302.

Material for Unfinished Spaces: Galvanized steel.

Material for Damp Locations: Cast aluminum with spring-loaded lift cover, and listed
and labeled for use in "wet locations."
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Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with type 3R weather-
resistant, die-cast aluminum with lockable cover.

FINISHES

Color: Wiring device catalog numbers in Section Text do not designate device color.

1. Wiring Devices Connected to Normal Power System: grey, unless otherwise indicated or
required by NFPA 70 or device listing.

PART 3 - EXECUTION

3.1

A.

INSTALLATION

Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise
noted.
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B. Coordination with Other Trades:

1. Take steps to insure that devices and their boxes are protected. 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 the 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 just 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.

c. Pigtailing existing conductors is permitted provided the outlet box is large enough.

D. Device Installation:

1. Replace all devices that have been in temporary use during construction or that show
signs that they 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 (152 mm)
in length.

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid

conductor tightly clockwise, 2/3 to 3/4 of the way around terminal screw.

Use a torque screwdriver when a torque is recommended or required by the 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.

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.

o

o

E. Receptacle Orientation:

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted
receptacles to the left.
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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.  Dimmers:
1. Install dimmers within terms of their listing.
Verify that dimmers used for fan speed control are listed for that application.
3. Install unshared neutral conductors on line and load side of dimmers according to

manufacturers' device listing conditions in the written instructions.

H. 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.

32 IDENTIFICATION

A.  Comply with Division 26 Section "Identification for Electrical Systems."

1. Receptacles: Identify panelboard and circuit number from which served for all electrical
devices connected to the emergency generator. Use hot, stamped or engraved machine
printing with black-filled lettering on face of plate, and durable wire markers or tags
inside outlet boxes.

33 FIELD QUALITY CONTROL

A.  Perform tests and inspections and prepare test reports.

1. Test Instruments: Use instruments that comply with UL 1436.

B.  Tests for Convenience Receptacles:
1. Line Voltage: Acceptable range is 105 to 132 V.
2. Ground Impedance: Values of up to 2 ohms are acceptable.
3. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.
4. Using the test plug, verify that the device and its outlet box are securely mounted.
5. The 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,
and retest as specified above.

END OF SECTION 262726
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SECTION 262813 - FUSES

PART 1 - GENERAL

1.1

A.

1.2

A.

B.

1.3

A.

B.

C.

SUMMARY

Section Includes: Cartridge fuses rated 600-V ac and less for use in control circuits, enclosed
and switches enclosed controllers.

SUBMITTALS

Product Data: For each type of product indicated.

Operation and maintenance data.

QUALITY ASSURANCE

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.

Comply with NEMA FU 1 for cartridge fuses.

Comply with NFPA 70.

PART 2 - PRODUCTS

2.1

A.

2.2

A.

FUSES

MANUFACTURERS

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

1. Cooper Bussmann, Inc.
2. Edison Fuse, Inc.

3. Ferraz Shawmut, Inc.
4. Littelfuse, Inc.
CARTRIDGE FUSES

Characteristics: NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent
with circuit voltages.
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PART 3 - EXECUTION

3.1 FUSE APPLICATIONS
A.  Motor Branch Circuits: Class RKS, time delay.
B. Other Branch Circuits: Class RKS5, time delay.

C. Control Circuits: Class CC, fast acting.

3.2 INSTALLATION

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without
removing fuse.

33 IDENTIFICATION

A.  Install labels complying with requirements for identification specified in Division 26 Section
"Identification for Electrical Systems" and indicating fuse replacement information on inside
door of each fused switch and adjacent to each fuse block and holder.

END OF SECTION 262813
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1

A.

1.2

1.3

14

SUMMARY

Section Includes:

1. Fusible switches.

2. Nonfusible switches.

3. Receptacle switches.

4. Shunt trip switches.

5. Molded-case circuit breakers (MCCBs).
6. Enclosures.

DEFINITIONS

NC: Normally closed.
NO: Normally open.

SPDT: Single pole, double throw.

SUBMITTALS

Product Data: For each type of enclosed switch, circuit breaker, accessory, and component
indicated.

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.

Seismic Qualification Certificates: For enclosed switches and circuit breakers, accessories, and
components, from manufacturer.

Field quality-control reports.

Operation and maintenance data.

QUALITY ASSURANCE

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.

Comply with NFPA 70.
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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 Electrical Inc.; Cutler-Hammer Business Unit.

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.

4. Square D; a brand of 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 specified 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. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded;
labeled for copper and aluminum neutral conductors.

3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are
specified.
4. Lugs: Suitable for number, size, and conductor material.

b

Service-Rated Switches: Labeled for use as service equipment.

22 NONFUSIBLE SWITCHES

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

1 Eaton Electrical Inc.; Cutler-Hammer Business Unit.

2 General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.

4 Square D; a brand of 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. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded;
labeled for copper and aluminum neutral conductors.

3. Lugs: Suitable for number, size, and conductor material.
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24

MOLDED-CASE CIRCUIT BREAKERS

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.

4. Square D; a brand of Schneider Electric.

General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with
interrupting capacity to comply with available fault currents.

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.

Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with the following
field-adjustable settings:

Instantaneous trip.

Long- and short-time pickup levels.

Long- and short-time time adjustments.

Ground-fault pickup level, time delay, and I’t response.

el

Features and Accessories:

—

Standard frame sizes, trip ratings, and number of poles.

Lugs: Suitable for number, size, trip ratings, and conductor material.

3. Application Listing: Appropriate for application; Type SWD for switching fluorescent
lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting
circuits.

4. Ground-Fault Protection: Comply with UL 1053; integrally mounted, self-powered type

with mechanical ground-fault indicator; relay with adjustable pickup and time-delay

settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-
sequence current transformer/sensor.

>

ENCLOSURES

Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50,
to comply with environmental conditions at installed location.

Indoor, Dry and Clean Locations: NEMA 250, Type 1.

Outdoor Locations: NEMA 250, Type 3R.

Kitchen Areas: NEMA 250, Type 4X, stainless steel.

Other Wet or Damp, Indoor Locations: NEMA 250, Type 4.

Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:
NEMA 250, Type 12.

MRS
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PART 3 - EXECUTION

3.1 INSTALLATION
A.  Install individual wall-mounted switches and circuit breakers with tops at uniform height unless
otherwise indicated.
B.  Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and
temporary blocking of moving parts from enclosures and components.
C.  [Install fuses in fusible devices.
D.  Comply with NECA 1.
32 IDENTIFICATION
A.  Comply with requirements in Division 26 Section "Identification for Electrical Systems."
1. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.
2. Label each enclosure with engraved metal or laminated-plastic nameplate.
33 FIELD QUALITY CONTROL
A.  Perform tests and inspections.
B.  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.
C.  Tests and Inspections:
1. 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.
D.  Enclosed switches and circuit breakers will be considered defective if they do not pass tests and
inspections.
END OF SECTION 262816
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SECTION 265119 - LED INTERIOR LIGHTING

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 the following types of LED luminaires:

1. Downlight.

2. Linear industrial.

3. Lowbay.

4. Recessed, linear.

5. Strip light.

6. Surface mount, linear.

B.  Related Requirements:
1. None.

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.

Arrange in order of luminaire designation.

Include data on features, accessories, and finishes.

Include physical description and dimensions of luminaires.
Include emergency lighting units, including batteries and chargers.

Ll
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b

Include life, output (lumens, CCT, and CRI), and energy-efficiency data.

Photometric data and adjustment factors based on laboratory tests[, complying with IES
"Lighting Measurements Testing and Calculation Guides" for each luminaire type. The
adjustment factors shall be for lamps and accessories identical to those indicated for the
luminaire as applied in this Project] [IES LM-79] [and] [IES LM-80].

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.

B. Shop Drawings: For nonstandard or custom luminaires.

1.

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.

C.  Product Schedule: For luminaires and lamps.Use same designations indicated on Drawings.

1.5 INFORMATIONAL SUBMITTALS

A.  Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, on which the
following items are shown and coordinated with each other, using input from installers of the
items involved:

1.

3.

SN

7.

Luminaires.

Suspended ceiling components.

Partitions and millwork that penetrate the ceiling or extend to within 12 inches (300 mm)
of the plane of the luminaires.

Structural members to which luminaires will be attached.

Initial access modules for acoustical tile, including size and locations.

Items penetrating finished ceiling, including the following:

Other luminaires.

Air outlets and inlets.
Speakers.

Sprinklers.

Access panels.
Ceiling-mounted projectors.

mo a0 o

Moldings.

B. Qualification Data: For testing laboratory providing photometric data for luminaires.

C.  Sample warranty.
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1.6

1.7

1.8

1.9

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.
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.  Provide luminaires from a single manufacturer for each luminaire type.

C.  Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color
consistency among luminaires.
DELIVERY, STORAGE, AND HANDLING

A.  Protect finishes of exposed surfaces by applying a strippable, temporary protective covering
before shipping.
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.  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.

C.  Recessed luminaires shall comply with NEMA LE 4.
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2.2

23

24

NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated
class and division of hazard by an NRTL.

FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for
indicated class and division of hazard by FM Global.

California Title 24 compliant.

With integral mounting provisions.

1. UL Listing: Listed for damp location.

MATERIALS

Metal Parts:

1. Free of burrs and sharp corners and edges.

2. Sheet metal components shall be steel unless otherwise indicated.
3. Form and support to prevent warping and sagging.

Steel:

1. ASTM A 36/A 36M for carbon structural steel.
2. ASTM A 568/A 568M for sheet steel.

Stainless Steel:

1. 1. Manufacturer's standard grade.
2. 2. Manufacturer's standard type, ASTM A 240/240 M.

Galvanized Steel: ASTM A 653/A 653M.

Aluminum: ASTM B 209.

METAL FINISHES

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.

LUMINAIRE SUPPORT

Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems"
for channel and angle iron supports and nonmetallic channel and angle supports.

Single-Stem Hangers: 1/2-inch (13-mm) steel tubing with swivel ball fittings and ceiling
canopy. Finish same as luminaire.

Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, [12 gage (2.68 mm)] .
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D.

E.

Rod Hangers: 3/16-inch (5-mm) minimum diameter, cadmium-plated, threaded steel rod.

Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with
threaded attachment, cord, and locking-type plug.

PART 3 - EXECUTION

3.1

A.

B.

C.

32

A.

33

A.

B.

D.

EXAMINATION

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 luminaire installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

TEMPORARY LIGHTING

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.

INSTALLATION

Comply with NECA 1.

Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.

Install lamps in each luminaire.

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 a vertical force of 400 percent of luminaire weight.
Flush-Mounted Luminaires:
1. Secured to outlet box.
Attached to ceiling structural members at four points equally spaced around
circumference of luminaire.

3. Trim ring flush with finished surface.

Wall-Mounted Luminaires:
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3.5

3.6

1.
2.

Attached to structural members in walls.
Do not attach luminaires directly to gypsum board.

Suspended Luminaires:

1.

Ceiling Mount:

a. Two 5/32-inch- (4-mm-) diameter aircraft cable supports adjustable to10 feet (3 m)
in length.

b. Hook mount.

Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and wire
support for suspension for each unit length of luminaire chassis, including one at each
end.

Do not use ceiling grid as support for pendant luminaires. Connect support wires or rods
to building structure.

Ceiling-Grid-Mounted Luminaires:

1.

Secure to any required outlet box.

Secure luminaire to the luminaire opening using approved fasteners in a minimum of four
locations, spaced near corners of luminaire.

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.

Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and
Cables" for wiring connections.

IDENTIFICATION

Identify system components, wiring, cabling, and terminals. Comply with requirements for
identification specified in Section 260553 "Identification for Electrical Systems."

FIELD QUALITY CONTROL

Perform the following tests and inspections:

1.

2.

Operational Test: After installing luminaires, switches, and accessories, and after
electrical circuitry has been energized, test units to confirm proper operation.
Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation.
Verify transfer from normal power to battery power and retransfer to normal.

Luminaire will be considered defective if it does not pass operation tests and inspections.

Prepare test and inspection reports.

STARTUP SERVICE

Comply with requirements for startup specified in Section 260943.16 "Addressable-Luminaire
Lighting Controls."
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B.  Comply with requirements for startup specified in Section 260943.23 "Relay-Based Lighting
Controls."

END OF SECTION 265119
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SECTION 270500 - COMMON WORK RESULTS FOR COMMUNICATIONS

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Sleeves for pathways and cables.

Sleeve seals.

Grout.

Common communications installation requirements.

sl

1.2 SUBMITTALS

A. Product Data: For sleeve seals.

PART 2 - PRODUCTS

2.1 SLEEVES FOR PATHWAYS AND CABLES
A. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain
ends.
B.  Sleeves for Rectangular Openings: Galvanized sheet steel.

1. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no
side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches

(1270 mm) and 1 or more sides equal to, or more than, 16 inches (400 mm),
thickness shall be 0.138 inch (3.5 mm).
2.2 SLEEVE SEALS

A.  Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and pathway or cable.

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

a. Advance Products & Systems, Inc.

b. Calpico, Inc.
C. Metraflex Co.
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A.

d. Pipeline Seal and Insulator, Inc.

2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit.
Include type and number required for material and size of pathway or cable.

3. Pressure Plates: Plastic. Include two for each sealing element.

4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length
required to secure pressure plates to sealing elements. Include one for each sealing
element.

GROUT

Nonmetallic, Shrinkage-Resistant Grout: =~ ASTM C 1107, factory-packaged, nonmetallic
aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for
application and a 30-minute working time.

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

E.

32

A.

B.

C.

D.

COMMON REQUIREMENTS FOR COMMUNICATIONS INSTALLATION
Comply with NECA 1.

Measure indicated mounting heights to bottom of unit for suspended items and to center of unit
for wall-mounting items.

Headroom Maintenance: If mounting heights or other location criteria are not indicated,
arrange and install components and equipment to provide maximum possible headroom
consistent with these requirements.

Equipment: Install to facilitate service, maintenance, and repair or replacement of components
of both communications equipment and other nearby installations. Connect in such a way as to

facilitate future disconnecting with minimum interference with other items in the vicinity.

Right of Way: Give to piping systems installed at a required slope.

SLEEVE INSTALLATION FOR COMMUNICATIONS PENETRATIONS

Communications penetrations occur when pathways, cables, wireways, or cable trays penetrate
concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies

unless openings compatible with firestop system used are fabricated during construction of floor
or wall.
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34

Cut sleeves to length for mounting flush with both surfaces of walls.
Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.

Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and pathway
or cable, unless indicated otherwise.

Seal space outside of sleeves with grout for penetrations of concrete and masonry

1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed
surfaces smooth; protect grout while curing.

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and pathway or cable, using joint sealant appropriate for size, depth, and location of joint.
Comply with requirements in Division 07 Section "Joint Sealants.".

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at pathway and cable penetrations. Install sleeves and seal pathway and cable
penetration sleeves with firestop materials. Comply with requirements in Division 07 Section
"Penetration Firestopping."

Roof-Penetration Sleeves: Seal penetration of individual pathways and cables with flexible
boot-type flashing units applied in coordination with roofing work.

Aboveground, Exterior-Wall Penetrations: Seal penetrations using [steel] [cast-iron] pipe
sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular
clear space between pipe and sleeve for installing mechanical sleeve seals.

Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow
for 1-inch (25-mm) annular clear space between pathway or cable and sleeve for installing
mechanical sleeve seals.

SLEEVE-SEAL INSTALLATION

Install to seal exterior wall penetrations.

Use type and number of sealing elements recommended by manufacturer for pathway or cable
material and size. Position pathway or cable in center of sleeve. Assemble mechanical sleeve
seals and install in annular space between pathway or cable and sleeve. Tighten bolts against
pressure plates that cause sealing elements to expand and make watertight seal.
FIRESTOPPING

Apply firestopping to penetrations of fire-rated floor and wall assemblies for communications

installations to restore original fire-resistance rating of assembly. Firestopping materials and
installation requirements are specified in Division 07 Section "Penetration Firestopping."

END OF SECTION 270500
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SECTION 271100 - COMMUNICATIONS EQUIPMENT ROOM FITTINGS

PART 1 - GENERAL

1.1

1.2

1.3

A.

SUMMARY

Section Includes:

1. Telecommunications mounting elements.

2. Backboards.

3. Telecommunications service entrance pathways.
4. Grounding.

Related Sections:

1. Division 27 Section "Communications Backbone Cabling" for voice and data cabling
associated with system panels and devices.

2. Division 27 Section "Communications Horizontal Cabling" for voice and data cabling
associated with system panels and devices.

3. Division 28 Section "Conductors and Cables for Electronic Safety and Security" for voice

and data cabling associated with system panels and devices.

SUBMITTALS
Product Data: For each type of product indicated.

Shop Drawings: For communications equipment room fittings. Include plans, elevations,
sections, details, and attachments to other work.

1. Detail equipment assemblies, and location and size of each field connection.

2. Equipment racks and cabinets: Include workspace requirements and access for cable
connections.

3. Grounding: Indicate location of grounding bus bar and its mounting detail.

Qualification Data: For Installer, qualified layout technician, installation supervisor, and field
inspector.

QUALITY ASSURANCE
Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.

1. Layout Responsibility:  Preparation of Shop Drawings shall be under the direct
supervision of RCDD.

2. Installation Supervision: Installation shall be under the direct supervision of Registered
Technician, who shall be present at all times when Work of this Section is performed at
Project site.
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1.5

A.

A.

3. Field Inspector: Currently registered by BICSI as RCDD to perform the on-site
inspection.

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.

Telecommunications Pathways and Spaces: Comply with TIA/EIA-569-A.

Grounding: Comply with ANSI-J-STD-607-A.

PROJECT CONDITIONS

Environmental Limitations: Do not deliver or install equipment frames and cable trays until
spaces are enclosed and weathertight, wet work in spaces is complete and dry, and work above
ceilings is complete.

COORDINATION

Coordinate layout and installation of communications equipment with Owner's
telecommunications and LAN equipment and service suppliers. Coordinate service entrance
arrangement with local exchange carrier.

1. Meet jointly with telecommunications and LAN equipment suppliers, local exchange
carrier representatives, and Owner to exchange information and agree on details of
equipment arrangements and installation interfaces.

2. Record agreements reached in meetings and distribute them to other participants.

Adjust arrangements and locations of distribution frames, cross-connects, and patch

panels in equipment rooms to accommodate and optimize arrangement and space

requirements of telephone switch and LAN equipment.

e

PART 2 - PRODUCTS

2.1

A.

B.

PATHWAYS
Cable Support: NRTL labeled. Cable support brackets shall be designed to prevent degradation
of cable performance and pinch points that could damage cable. Cable tie slots fasten cable ties

to brackets.

1. Comply with NFPA 70 and UL 2043 for fire-resistant and low-smoke-producing

characteristics.
2. Support brackets with cable tie slots for fastening cable ties to brackets.
3. Lacing bars, spools, J-hooks, and D-rings.
4. Straps and other devices.

Conduit and Boxes: Comply with requirements in Division 26 Section "Raceway and Boxes for
Electrical Systems." Flexible metal conduit shall not be used.
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A.

A.

B.

C.

A.

1. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and
2-1/2 inches (64 mm) deep.

BACKBOARDS

Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm).
Comply with requirements for plywood backing panels specified in Division 06 Section "Rough
Carpentry."

GROUNDING

Comply with requirements in Division 26 Section "Grounding and Bonding for Electrical
Systems" for grounding conductors and connectors.

Telecommunications Main Bus Bar:

1. Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire
terminals, and long-barrel, two-bolt connection to ground bus bar.

2. Ground Bus Bar: Copper, minimum 1/4 inch thick by 4 inches wide (6 mm thick by 100
mm wide) with 9/32-inch (7.14-mm) holes spaced 1-1/8 inches (28 mm) apart.

3. Stand-Off Insulators: Comply with UL 891 for use in switchboards, 600 V. Lexan or
PVC, impulse tested at 5000 V.

Comply with ANSI-J-STD-607-A.

LABELING

Comply with TIA/EIA-606-A and UL 969 for a system of labeling materials, including label
stocks, laminating adhesives, and inks used by label printers.

PART 3 - EXECUTION

3.1

32

A.

A.

B.

ENTRANCE FACILITIES

Contact telecommunications service provider and arrange for installation of demarcation point,
protected entrance terminals, and a housing when so directed by service provider.

Install underground entrance pathway complying with Division 26 Section "Raceway and
Boxes for Electrical Systems."INSTALLATION

Comply with NECA 1.

Comply with BICSI TDMM for layout and installation of communications equipment rooms.
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34

3.5

FIRESTOPPING

Comply with requirements in Division 07 Section "Penetration Firestopping."Comply with
TIA/EIA-569-A, Annex A, "Firestopping."

Comply with BICSI TDMM, "Firestopping Systems" Article.

GROUNDING

Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection"
Chapter.

Comply with ANSI-J-STD-607-A.

Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall
allowing at least 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding
bus bar with a minimum No. 4 AWG grounding electrode conductor from grounding bus bar to
suitable electrical building ground.

Bond metallic equipment to the grounding bus bar, using not smaller than No.6 AWG
equipment grounding conductor.

IDENTIFICATION

Identify system components, wiring, and cabling complying with TIA/EIA-606-A. Comply
with requirements in Division 26 Section "Identification for Electrical Systems."Comply with
requirements in Division 09 Section "Interior Painting" for painting backboards. For fire-
resistant plywood, do not paint over manufacturer's label.

See Division 27 Section "Communications Horizontal Cabling" for additional identification
requirements. See Evaluations for discussion of TIA/EIA standard as it applies to this
Section.Paint and label colors for equipment identification shall comply with TIA/EIA-606-A
for Class2 level of administration including optional identification requirements of this
standard.

Labels shall be preprinted or computer-printed type.

END OF SECTION 271100
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SECTION 271500 - COMMUNICATIONS HORIZONTAL CABLING

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Pathways.

UTP cabling.

Cable connecting hardware, patch panels, and cross-connects.
Telecommunications outlet/connectors.

Cabling identification products.

Cabling administration system

kL=

B. Related Sections:

1. Division 27 Section "Communications Backbone Cabling" for voice and data cabling
associated with system panels and devices.
2. Division 28 Section "Conductors and Cables for Electronic Safety and Security" for voice

and data cabling associated with system panels and devices.

1.2 HORIZONTAL CABLING DESCRIPTION

A.  Horizontal cable and its connecting hardware provide the means of transporting signals between
the telecommunications outlet/connector and the horizontal cross-connect located in the
communications equipment room. This cabling and its connecting hardware are called
"permanent link," a term that is used in the testing protocols.

1. TIA/EIA-568-B.1 requires that a minimum of two telecommunications outlet/connectors
be installed for each work area.
2. Horizontal cabling shall contain no more that one transition point or consolidation point

between the horizontal cross-connect and the telecommunications outlet/connector.
3. Bridged taps and splices shall not be installed in the horizontal cabling.

1.3 PERFORMANCE REQUIREMENTS

A.  General Performance: Horizontal cabling system shall comply with transmission standards in
TIA/EIA-568-B.1, when tested according to test procedures of this standard.

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

B.  Shop Drawings:
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1. System Labeling Schedules: Electronic copy of labeling schedules, in software and
format selected by Owner.

2. System Labeling Schedules: Electronic copy of labeling schedules that are part of the
cabling and asset identification system of the software.

3. Cabling administration drawings and printouts.
4. Wiring diagrams to show typical wiring schematics, including the following:
a. Cross-connects.
b. Patch panels.
c. Patch cords.
5. Cross-connects and patch panels. Detail mounting assemblies, and show elevations and
physical relationship between the installed components.
6. Cable tray layout, showing cable tray route to scale, with relationship between the tray
and adjacent structural, electrical, and mechanical elements. Include the following:
C. Qualification Data: For Installer, qualified layout technician, installation supervisor, and field
inspector.
D.  Source quality-control reports.

E. Field quality-control reports.

F. Maintenance data.

1.5 QUALITY ASSURANCE
A.  Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.

1. Layout Responsibility: Preparation of Shop Drawings and Cabling Administration
Drawings by an RCDD.

2. Installation Supervision: Installation shall be under the direct supervision of Registered
Technician, who shall be present at all times when Work of this Section is performed at
Project site.

B. Surface-Burning Characteristics: As determined by testing identical products according to
ASTM E 84 by a qualified testing agency. Identify products with appropriate markings of
applicable testing agency.

1. Flame-Spread Index: 25 or less.
2. Smoke-Developed Index: 50 or less.

C. 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.

D.  Telecommunications Pathways and Spaces: Comply with TIA/EIA-569-A.

E. Grounding: Comply with ANSI-J-STD-607-A.
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1.6 DELIVERY, STORAGE, AND HANDLING

A.  Test cables upon receipt at Project site. Test each pair of UTP cable for open and short circuits.

PART 2 - PRODUCTS

2.1 PATHWAYS

A.  Cable Support: NRTL labeled for support of Category 6 cabling, designed to prevent
degradation of cable performance and pinch points that could damage cable.

1. Support brackets with cable tie slots for fastening cable ties to brackets.
2. Lacing bars, spools, J-hooks, and D-rings.
3. Straps and other devices.
B.  Conduit and Boxes: Comply with requirements in Division 26 Section "Raceway and Boxes for

Electrical Systems." Flexible metal conduit shall not be used.
1. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and
2-1/2 inches (64 mm) deep.
2.2 BACKBOARDS
A.  Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm).

Comply with requirements in Division 06 Section "Rough Carpentry" for plywood backing
panels.

23 UTP CABLE

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

following:

1. Belden CDT Inc.; Electronics Division.

2. Berk-Tek; a Nexans company.

3. CommScope, Inc.

4. Draka USA.

5. Genesis Cable Products; Honeywell International, Inc.
6. KRONE Incorporated.

7. Mohawk; a division of Belden CDT.

8. Nordex/CDT; a subsidiary of Cable Design Technologies.
9. Superior Essex Inc.

10.  SYSTIMAX Solutions; a CommScope, Inc. brand.

11. 3M.

12.  Tyco Electronics/AMP Netconnect; Tyco International Ltd.

B.  Description: 100-ohm, 4-pair UTP, covered with a blue thermoplastic jacket, Category 6.
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Comply with ICEA S-90-661 for mechanical properties.

Comply with TIA/EIA-568-B.1 for performance specifications.

Comply with TIA/EIA-568-B.2, Category 6.

Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying
with UL 444 and NFPA 70 for the following types:

a. Communications, Plenum Rated: Type CMP, complying with NFPA 262.

b. Communications, Riser Rated: Type CMR, complying with UL 1666.

el .

UTP CABLE HARDWARE

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

1. Panduit Corp.

General Requirements for Cable Connecting Hardware: Comply with TIA/EIA-568-B.2, IDC
type, with modules designed for punch-down caps or tools. Cables shall be terminated with

connecting hardware of same category or higher.

Patch Panel: Modular panels housing multiple-numbered jack units with IDC-type connectors
at each jack for permanent termination of pair groups of installed cables.

1. Number of Jacks per Field: One for each four-pair conductor group of indicated cables,
plus spares and blank positions adequate to suit specified expansion criteria.

Jacks and Jack Assemblies: Modular, color-coded, eight-position modular receptacle units with
integral IDC-type terminals.

Patch Cords: Factory-made, four-pair cables in 36-inch (900 mm) lengths; terminated with
eight-position modular plug at each end.

1. Patch cords shall have bend-relief-compliant boots and color-coded icons to ensure
Category 6 performance. Patch cords shall have latch guards to protect against snagging.

2. Provide two patch cords for each communications jack installed.

Provide floor mounted data racks as shown on the drawings for termination of communications
cabling. Provide cable management devices for rack.

TELECOMMUNICATIONS OUTLET/CONNECTORS

Jacks: 100-ohm, balanced, twisted-pair connector; four-pair, eight-position modular. Comply
with TIA/EIA-568-B.1.
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2.6

A.

B.

2.7

A.

B.

2.8

A.

B.

C.

D.

GROUNDING

Comply with requirements in Division 26 Section "Grounding and Bonding for Electrical
Systems" for grounding conductors and connectors.

Comply with ANSI-J-STD-607-A.

IDENTIFICATION PRODUCTS

Comply with TIA/EIA-606-A and UL 969 for a system of labeling materials, including label
stocks, laminating adhesives, and inks used by label printers.

Comply with requirements in Division 26 Section "Identification for Electrical Systems."

SOURCE QUALITY CONTROL

Factory test UTP cables on reels according to TIA/EIA-568-B.1.

Factory test UTP cables according to TIA/EIA-568-B.2.

Cable will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

PART 3 - EXECUTION

3.1

A.

32

A.

B.

ENTRANCE FACILITIES

Coordinate backbone cabling with the protectors and demarcation point provided by
communications service provider.

WIRING METHODS

Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets,
desks, and counters and except in accessible ceiling spaces, in attics, where unenclosed wiring
method may be used. Conceal raceway and cables except in unfinished spaces.

1. Install plenum cable in environmental air spaces, including plenum ceilings.
2. Comply with requirements for raceways and boxes specified in Division 26 Section
"Raceway and Boxes for Electrical Systems."

Wiring within Enclosures: Bundle, lace, and train cables to terminal points with no excess and
without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars and
distribution spools.
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INSTALLATION OF PATHWAYS

Cable Trays: Comply with NEMA VE 2 and TIA/EIA-569-A-7.

Comply with requirements for demarcation point, pathways, cabinets, and racks specified in
Division 27 Section "Communications Equipment Room Fittings." Drawings indicate general

arrangement of pathways and fittings.

Comply with TIA/EIA-569-A for pull-box sizing and length of conduit and number of bends
between pull points.

Comply with requirements in Division 26 Section "Raceway and Boxes for Electrical Systems"
for installation of conduits and wireways.

Install manufactured conduit sweeps and long-radius elbows whenever possible.
Pathway Installation in Communications Equipment Rooms:
1. Position conduit ends adjacent to a corner on backboard where a single piece of plywood

is installed, or in the corner of room where multiple sheets of plywood are installed
around perimeter walls of room.

2. Install cable trays to route cables if conduits cannot be located in these positions.
3. Secure conduits to backboard when entering room from overhead.
4, Extend conduits 3 inches (76 mm) above finished floor.

Backboards: Install backboards with 96-inch (2440-mm) dimension vertical. Butt adjacent
sheets tightly, and form smooth gap-free corners and joints.

INSTALLATION OF CABLES

Comply with NECA 1.

General Requirements for Cabling:

1. Comply with TIA/EIA-568-B.1.

. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices."
3. Terminate conductors; no cable shall contain unterminated elements. Make terminations

only at indicated outlets, terminals, cross-connects, and patch panels.
4. Cables may not be spliced. Secure and support cables at intervals not exceeding 30

inches (760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings,
outlets, racks, frames, and terminals.

5. Install lacing bars to restrain cables, to prevent straining connections, and to prevent
bending cables to smaller radii than minimums recommended by manufacturer.
6. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's

limitations on bending radii, but not less than radii specified in BICSI ITSIM, "Cabling
Termination Practices" Chapter. Install lacing bars and distribution spools.

7. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable
between termination, tap, or junction points. Remove and discard cable if damaged
during installation and replace it with new cable.
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8. Cold-Weather Installation: Bring cable to room temperature before de-reeling. Heat
lamps shall not be used for heating.

9. In the communications equipment room, install a 10-foot- (3-m-) long service loop on
each end of cable.

10.  Pulling Cable: Comply with BICSI ITSIM, Ch. 4, "Pulling Cable." Monitor cable pull
tensions.

11.  Provide three communications drops for each communications outlet shown, three
communications drops for each cubicle, and one communications drop for each wall
mounted telephone shown on the drawings routed to the data rack located at the data
room. Coordinate labeling format with owners IT representative.

C. UTP Cable Installation:

1. Comply with TIA/EIA-568-B.2.
2. Do not untwist UTP cables more than 1/2 inch (12 mm) from the point of termination to
maintain cable geometry.

D.  Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces
with terminating hardware and interconnection equipment.

2. Suspend UTP cable not in a wireway or pathway a minimum of 8 inches (200 mm) above
ceilings by cable supports not more than 60 inches (1524 mm) apart.

3. Cable shall not be run through structural members or in contact with pipes, ducts, or other

potentially damaging items.
E. Group connecting hardware for cables into separate logical fields.
F. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA/EIA-569-A for separating unshielded copper voice
and data communication cable from potential EMI sources, including electrical power
lines and equipment.

2. Separation between open communications cables or cables in nonmetallic raceways and
unshielded power conductors and electrical equipment shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches (127

mm).
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 12 inches (300
mm).
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches (610
mm).
3. Separation between communications cables in grounded metallic raceways and

unshielded power lines or electrical equipment shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2 inches (64
mm).

b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 6 inches (150
mm).
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c. Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches (300
mm).

4. Separation between communications cables in grounded metallic raceways and power
lines and electrical equipment located in grounded metallic conduits or enclosures shall
be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: No requirement.
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 3 inches (76

mm).
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches (150
mm).
5. Separation between Communications Cables and Electrical Motors and Transformers, 5
kVA or HP and Larger: A minimum of 48 inches (1200 mm).
6. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5

inches (127 mm).

3.5 FIRESTOPPING
A.  Comply with requirements in Division 07 Section "Penetration Firestopping."
B.  Comply with TIA/EIA-569-A, Annex A, "Firestopping."

C.  Comply with BICSI TDMM, "Firestopping Systems" Article.

3.6 GROUNDING

A.  Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection"
Chapter.

B.  Comply with ANSI-J-STD-607-A.

C.  Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall
allowing at least 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding
bus bar with a minimum No. 4 AWG grounding electrode conductor from grounding bus bar to
suitable electrical building ground.

D. Bond metallic equipment to the grounding bus bar, using not smaller than No.6 AWG
equipment grounding conductor.
3.7 IDENTIFICATION
A.  Identify system components, wiring, and cabling complying with TIA/EIA-606-A. Comply
with requirements for identification specified in Division 26 Section "Identification for

Electrical Systems."

1. Administration Class: [1] [2].
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2. Color-code cross-connect fields. Apply colors to voice and data service backboards,
connections, covers, and labels.

B.  Comply with requirements in Division 09 Section "Interior Painting" for painting backboards.
For fire-resistant plywood, do not paint over manufacturer's label.

C.  Paint and label colors for equipment identification shall comply with TIA/EIA-606-A for
Class 2 level of administration, including optional identification requirements of this standard.

D.  Cable Schedule: Post in prominent location in each equipment room and wiring closet. List
incoming and outgoing cables and their designations, origins, and destinations. Protect with
rigid frame and clear plastic cover. Furnish an electronic copy of final comprehensive
schedules for Project.

E. Cabling Administration Drawings: Show building floor plans with cabling administration-point
labeling. Identify labeling convention and show labels for telecommunications closets,
backbone pathways and cables, terminal hardware and positions, horizontal cables, work areas
and workstation terminal positions, grounding buses and pathways, and equipment grounding
conductors. Follow convention of TIA/EIA-606-A. Furnish electronic record of all drawings,
in software and format selected by Owner.

F. Cable and Wire Identification:

1. Label each cable within 4 inches (100 mm) of each termination and tap, where it is
accessible in a cabinet or junction or outlet box, and elsewhere as indicated.
2. Each wire connected to building-mounted devices is not required to be numbered at

device if color of wire is consistent with associated wire connected and numbered within
panel or cabinet.

3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at
intervals not exceeding 15 feet (4.5 m).

4. Label each terminal strip and screw terminal in each cabinet, rack, or panel.

a. Individually number wiring conductors connected to terminal strips, and identify
each cable or wiring group being extended from a panel or cabinet to a building-
mounted device shall be identified with name and number of particular device as

shown.
b. Label each unit and field within distribution racks and frames.
5. Identification within Connector Fields in Equipment Rooms and Wiring Closets: Label

each connector and each discrete unit of cable-terminating and connecting hardware.
Where similar jacks and plugs are used for both voice and data communication cabling,
use a different color for jacks and plugs of each service.

6. Uniquely identify and label work area cables extending from the MUTOA to the work
area. These cables may not exceed the length stated on the MUTOA label.

G.  Labels shall be preprinted or computer-printed type with printing area and font color that
contrasts with cable jacket color but still complies with requirements in TIA/EIA-606-A.

1. Cables use flexible vinyl or polyester that flex as cables are bent.
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3.8 FIELD QUALITY CONTROL

A.  Tests and Inspections:

1. Visually inspect UTP cable jacket materials for NRTL certification markings. Inspect
cabling terminations in communications equipment rooms for compliance with color-
coding for pin assignments, and inspect cabling connections for compliance with
TIA/EIA-568-B.1.

2. Visually confirm Category 6, marking of outlets, cover plates, outlet/connectors, and
patch panels.

3. Visually inspect cable placement, cable termination, grounding and bonding, equipment
and patch cords, and labeling of all components.

4. Test UTP backbone copper cabling for DC loop resistance, shorts, opens, intermittent
faults, and polarity between conductors. Test operation of shorting bars in connection
blocks. Test cables after termination but not cross-connection.

a. Test instruments shall meet or exceed applicable requirements in TIA/EIA-568-
B.2. Perform tests with a tester that complies with performance requirements in
"Test Instruments (Normative)" Annex, complying with measurement accuracy
specified in "Measurement Accuracy (Informative)" Annex. Use only test cords
and adapters that are qualified by test equipment manufacturer for channel or link
test configuration.

5. UTP Performance Tests:

a. Test for each outlet. Perform the following tests according to TIA/EIA-568-B.1
and TIA/EIA-568-B.2:
1) Wire map.
2) Length (physical vs. electrical, and length requirements).
3) Insertion loss.
4) Near-end crosstalk (NEXT) loss.
5) Power sum near-end crosstalk (PSNEXT) loss.
6) Equal-level far-end crosstalk (ELFEXT).
7) Power sum equal-level far-end crosstalk (PSELFEXT).
8) Return loss.
9) Propagation delay.
10) Delay skew.
B.  Document data for each measurement. Data for submittals shall be printed in a summary report

that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the instrument to
the computer, saved as text files, and printed and submitted.

C.  Prepare test and inspection reports.

39 DEMONSTRATION

A. Train Owner's maintenance personnel in cable-plant management operations, including
changing signal pathways for different workstations, rerouting signals in failed cables, and
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keeping records of cabling assignments and revisions when extending wiring to establish new
workstation outlets.

END OF SECTION 271500
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SECTION 280500 - COMMON WORK RESULTS FOR ELECTRONIC SAFETY AND SECURITY

PART 1 - GENERAL

1.1

A.

1.2

A.

SUMMARY

Section Includes:

1. Sleeves for raceways and cables.

2. Sleeve seals.

3. Grout.

4. Common electronic safety and security installation requirements.
SUBMITTALS

Product Data: For sleeve seals.

PART 2 - PRODUCTS

2.1

A.

B.

C.

22

A.

SLEEVES FOR RACEWAYS AND CABLES

Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain
ends.

Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe,
with plain ends and integral waterstop, unless otherwise indicated.

Sleeves for Rectangular Openings: Galvanized sheet steel.

1. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no
side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches

(1270 mm) and 1 or more sides equal to, or more than, 16 inches (400 mm),
thickness shall be 0.138 inch (3.5 mm).
SLEEVE SEALS

Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and raceway or cable.

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

Advance Products & Systems, Inc.
Calpico, Inc.

Metraflex Co.

Pipeline Seal and Insulator, Inc.

oo

2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit.
Include type and number required for material and size of raceway or cable.

3. Pressure Plates: Plastic. Include two for each sealing element.

4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length
required to secure pressure plates to sealing elements. Include one for each sealing
element.

GROUT

Nonmetallic, Shrinkage-Resistant Grout: =~ ASTM C 1107, factory-packaged, nonmetallic
aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for
application and a 30-minute working time.

PART 3 - EXECUTION

3.1

A.

D.

3.2

A.

B.

COMMON REQUIREMENTS FOR ELECTRONIC SAFETY AND SECURITY
INSTALLATION

Comply with NECA 1.

Measure indicated mounting heights to bottom of unit for suspended items and to center of unit
for wall-mounting items.

Headroom Maintenance: If mounting heights or other location criteria are not indicated,
arrange and install components and equipment to provide maximum possible headroom
consistent with these requirements.

Equipment: Install to facilitate service, maintenance, and repair or replacement of components
of both electronic safety and security equipment and other nearby installations. Connect in such
a way as to facilitate future disconnecting with minimum interference with other items in the
vicinity.

Right of Way: Give to piping systems installed at a required slope.

SLEEVE INSTALLATION FOR ELECTRONIC SAFETY AND SECURITY
PENETRATIONS

Electronic safety and security penetrations occur when raceways, pathways, cables, wireways,
or cable trays penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall

assemblies.

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.
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Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.

Cut sleeves to length for mounting flush with both surfaces of walls.
Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.

Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway
or cable, unless indicated otherwise.

Seal space outside of sleeves with grout for penetrations of concrete and masonry

1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed
surfaces smooth; protect grout while curing.

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.
Comply with requirements in Division 07 Section "Joint Sealants.".

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at raceway and cable penetrations. Install sleeves and seal raceway and cable
penetration sleeves with firestop materials. Comply with requirements in Division 07 Section
"Penetration Firestopping."

Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible
boot-type flashing units applied in coordination with roofing work.

Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and
mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow
for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for installing
mechanical sleeve seals.

SLEEVE-SEAL INSTALLATION

Install to seal exterior wall penetrations.

Use type and number of sealing elements recommended by manufacturer for raceway or cable
material and size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve

seals and install in annular space between raceway or cable and sleeve. Tighten bolts against
pressure plates that cause sealing elements to expand and make watertight seal.
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34 FIRESTOPPING
A.  Apply firestopping to penetrations of fire-rated floor and wall assemblies for electronic safety
and security installations to restore original fire-resistance rating of assembly. Firestopping

materials and installation requirements are specified in Division 07 Section "Penetration
Firestopping."

END OF SECTION 280500
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SECTION 280513 - CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

UTP cabling.

Coaxial cabling.

RS-232 cabling.

RS-485 cabling.
Low-voltage control cabling.
Control-circuit conductors.
Fire alarm wire and cable.
Identification products.

S A e e

1.2 DEFINITIONS

A.  BICSI: Building Industry Consulting Service International.

B. EMI: Electromagnetic interference.
C. IDC: Insulation displacement connector.
D.  Open Cabling: Passing telecommunications cabling through open space (e.g., between the studs

of a wall cavity).

E. RCDD: Registered Communications Distribution Designer.

1.3 PERFORMANCE REQUIREMENTS

14 SUBMITTALS

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

B. Qualification Data: For qualified layout technician, installation supervisor, and field inspector.
C. Source quality-control reports.

D.  Field quality-control reports.

E. Operation and maintenance data.

CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY 280513 - 1



1.5

A.

B.

1.6

A.

1.7

A.

B.

QUALITY ASSURANCE
Surface-Burning Characteristics: As determined by testing identical products according to
ASTM E 84 by a qualified testing agency. Identify products with appropriate markings of
applicable testing agency.

1. Flame-Spread Index: 25 or less.
2. Smoke-Developed Index: 50 or less.

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.

DELIVERY, STORAGE, AND HANDLING

Test cables upon receipt at Project site.

1. Test each pair of UTP cable for open and short circuits.

PROJECT CONDITIONS

Do not install conductors and cables that are wet, moisture damaged, or mold damaged.

1. Indications that wire and cables are wet or moisture damaged include, but are not limited
to, discoloration and sagging of factory packing materials.

Environmental Limitations: Do not deliver or install UTP, optical fiber, and coaxial cables and
connecting materials until wet work in spaces is complete and dry, and temporary HVAC
system is operating and maintaining ambient temperature and humidity conditions at occupancy
levels during the remainder of the construction period.

PART 2 - PRODUCTS

2.1

A.

B.

22

A.

PATHWAYS

Support of Open Cabling: NRTL labeled for support of Category 6 cabling, designed to prevent
degradation of cable performance and pinch points that could damage cable.

Conduit and Boxes: Comply with requirements in Division 26 Section "Raceway and Boxes for
Electrical Systems." Flexible metal conduit shall not be used.

1. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and
2-1/2 inches (64 mm) deep.

BACKBOARDS

Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm).

Comply with requirements for plywood backing panels in Division 06 Section "Rough
Carpentry".
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23 UTP CABLE

A. Manufacturers:

following:

1. ADC.

2. AMP Netconnect; a brand of Tyco Electronics Corporation.
3. Belden CDT Networking Division/NORDX.

4. Belden Inc.

5. Berk-Tek; a Nexans company.

6. CommScope, Inc.

7. Draka Cableteq USA.

8. Genesis Cable Products; Honeywell International, Inc.
9. Mohawk; a division of Belden.

10.  Superior Essex Inc.

11.  SYSTIMAX Solutions; a CommScope, Inc. brand.

12.  3M; Communication Markets Division.

B.  Description: 100-ohm, 4-pair UTP, covered with a blue thermoplastic jacket.

bl e

Comply with ICEA S-90-661 for mechanical properties.
Comply with TIA/EIA-568-B.1 for performance specifications.
Comply with TIA/EIA-568-B.2, Category 6.

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

Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying

with UL 444 and NFPA 70 for the following types:

a. Communications, Plenum Rated: Type CMP, complying with NFPA 262.
b. Communications, Riser Rated: Type CMR[; or MPP, CMP, or MPR], complying

with UL 1666.
Communications, Limited Purpose: Type CMX.
Multipurpose: Type MP or MPG.

o Qoo

24 UTP CABLE HARDWARE

A. Manufacturers:

following:

S0k W=

ADC.

American Technology Systems Industries, Inc.

AMP Netconnect; a brand of Tyco Electronics Corporation.
Belden CDT Networking Division/NORDX.

Dynacom Corporation.

Hubbell Incorporated; Hubbell Premise Wiring.

Leviton Voice & Data Division.

Molex Premise Networks; a division of Molex, Inc.
PANDUIT CORP.

Siemon.

CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY

Multipurpose, Plenum Rated: Type MPP, complying with NFPA 262.
Multipurpose, Riser Rated: Type MPR, complying with UL 1666.

Subject to compliance with requirements, provide products by one of the
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2.6

UTP Cable Connecting Hardware: IDC type, using modules designed for punch-down caps or
tools. Cables shall be terminated with connecting hardware of the same category or higher.

Connecting Blocks: 110-style for Category 6. Provide blocks for the number of cables
terminated on the block, plus 25 percent spare. Integral with connector bodies, including plugs
and jacks where indicated.

RS-232 CABLE
Standard Cable: NFPA 70, Type CM.

Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors.

Polypropylene insulation.

Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.
PVC jacket.

Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain
wire.

6. Flame Resistance: Comply with UL 1581.

NS

Plenum-Rated Cable: NFPA 70, Type CMP.

1. Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors.

2. Plastic insulation.

3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.

4. Plastic jacket.

5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain
wire.

6. Flame Resistance: Comply with NFPA 262.

RS-485 CABLE

Standard Cable: NFPA 70, Type CM.

1. Paired, 2 pairs, twisted, No. 22 AWG, stranded (7x30) tinned copper conductors.
2. PVC insulation.

3. Unshielded.

4. PVC jacket.

5.

Flame Resistance: Comply with UL 1581.
Plenum-Rated Cable: NFPA 70, Type CMP.

Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors.
Fluorinated ethylene propylene insulation.

Unshielded.

Fluorinated ethylene propylene jacket.

Flame Resistance: NFPA 262, Flame Test.

RN
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2.7

2.8

29

LOW-VOLTAGE CONTROL CABLE
Paired Cable: NFPA 70, Type CMG.

1. 1 pair, twisted, No. 16 AWG, stranded (19x29) and No. 18 AWG, stranded (19x30)
tinned copper conductors.

2. PVC insulation.
3. Unshielded.

4. PVC jacket.

5.

Flame Resistance: Comply with UL 1581.
Plenum-Rated, Paired Cable: NFPA 70, Type CMP.

1. 1 pair, twisted, No. 16 AWG, stranded (19x29) No. 18 AWG, stranded (19x30) tinned
copper conductors.

2. PVC insulation.
3. Unshielded.

4. PVC jacket.

5.

Flame Resistance: Comply with NFPA 262.

CONTROL-CIRCUIT CONDUCTORS

Class 1 Control Circuits: Stranded copper, Type THHN-THWN, complying with UL 83, in
raceway.

Class 2 Control Circuits: Stranded copper, power-limited cable, complying with UL 83,
concealed in building finishes.

Class 3 Remote-Control and Signal Circuits: Stranded copper, Type TW or TF, complying with
UL 83.

FIRE ALARM WIRE AND CABLE

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

Comtran Corporation.

Draka Cableteq USA.

Genesis Cable Products; Honeywell International, Inc.
Rockbestos-Suprenant Cable Corp.

West Penn Wire; a brand of Belden Inc.

M.

General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70,
Article 760.

Signaling Line Circuits: Twisted, shielded pair, size as recommended by system manufacturer.
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D.

2.10

A.

B.

C.

2.11

A.

B.

C.

D.

1. Circuit Integrity Cable: Twisted shielded pair, NFPA 70, Article 760, Classification CI,
for power-limited fire alarm signal service Type FPL. NRTL listed and labeled as
complying with UL 1424 and UL 2196 for a 2-hour rating.

Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded
insulation.

1. Low-Voltage Circuits: No. 16 AWG, minimum.
2. Line-Voltage Circuits: No. 12 AWG, minimum.
IDENTIFICATION PRODUCTS

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

1. Brady Corporation.
2. HellermannTyton.

3. Kroy LLC.

4. PANDUIT CORP.

Comply with UL 969 for a system of labeling materials, including label stocks, laminating
adhesives, and inks used by label printers.

Comply with requirements in Division 26 Section "Identification for Electrical Systems."

SOURCE QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to evaluate cables.
Factory test UTP cables according to TIA/EIA-568-B.2.

Cable will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

INSTALLATION OF PATHWAYS
Cable Trays: Comply with NEMA VE 2 and TIA-569-B.

Comply with TIA-569-B for pull-box sizing and length of conduit and number of bends
between pull points.

Comply with requirements in Division 26 Section "Raceway and Boxes for Electrical Systems."
for installation of conduits and wireways.

Install manufactured conduit sweeps and long-radius elbows whenever possible.
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33

34

Pathway Installation in Equipment Rooms:

1. Position conduit ends adjacent to a corner on backboard where a single piece of plywood
is installed or in the corner of room where multiple sheets of plywood are installed
around perimeter walls of room.

Install cable trays to route cables if conduits cannot be located in these positions.

Secure conduits to backboard when entering room from overhead.

Extend conduits 3 inches (75 mm) above finished floor.

Install metal conduits with grounding bushings and connect with grounding conductor to
grounding system.

Nk

Backboards: Install backboards with 96-inch (2440-mm) dimension vertical. Butt adjacent
sheets tightly, and form smooth gap-free corners and joints.

INSTALLATION OF HANGERS AND SUPPORTS

Comply with requirements in Division 26 Section "Hangers and Supports for Electrical
Systems." for installation of supports for pathways, conductors and cables.

WIRING METHOD

Install wiring in metal raceways and wireways. Conceal raceway except in unfinished spaces
and as indicated. Minimum conduit size shall be [3/4 inch (21 mm)] <Insert size>. Control and
data transmission wiring shall not share conduit with other building wiring systems.

Install wiring in raceways except in accessible indoor ceiling spaces where cable may be used.
Conceal raceways and wiring except in unfinished spaces and as indicated. Minimum conduit
size shall be [1/2 inch]. Control and data transmission wiring shall not share conduit with other
building wiring systems.

Install cable, concealed in accessible ceilings, walls, and floors when possible.

Wiring within Enclosures: Bundle, lace, and train conductors to terminal points. Use lacing
bars and distribution spools. Separate power-limited and non-power-limited conductors as
recommended in writing by manufacturer. Install conductors parallel with or at right angles to
sides and back of enclosure. Connect conductors that are terminated, spliced, or interrupted in
any enclosure associated with intrusion system to terminal blocks. Mark each terminal
according to system's wiring diagrams. Make all connections with approved crimp-on terminal
spade lugs, pressure-type terminal blocks, or plug connectors.

INSTALLATION OF CONDUCTORS AND CABLES
Comply with NECA 1.

Conductors: Size according to system manufacturer's written instructions unless otherwise
indicated.

General Requirements for Cabling:
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1. Comply with TIA/EIA-568-B.1.
2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices."
3. Terminate all conductors; no cable shall contain unterminated elements. Make

terminations only at indicated outlets, terminals, and cross-connect and patch panels.

4. Cables may not be spliced. Secure and support cables at intervals not exceeding 30
inches (760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings,
outlets, racks, frames, and terminals.

5. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's
limitations on bending radii, but not less than radii specified in BICSI ITSIM, "Cabling
Termination Practices" Chapter. Install lacing bars and distribution spools.

6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable
between termination, tap, or junction points. Remove and discard cable if damaged
during installation and replace it with new cable.

7. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat
lamps shall not be used for heating.

8. Pulling Cable: Comply with BICSI ITSIM, Ch. 4, "Pulling Cable." Monitor cable pull
tensions.

D.  UTP Cable Installation: Install using techniques, practices, and methods that are consistent with
Category 6 rating of components and that ensure Category 6 performance of completed and
linked signal paths, end to end.

1. Comply with TIA/EIA-568-B.2.

2. Install 110-style IDC termination hardware unless otherwise indicated.

3. Do not untwist UTP cables more than 1/2 inch (12 mm) from the point of termination to
maintain cable geometry.

E. Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces
with terminating hardware and interconnection equipment.

2. Suspend copper cable not in a wireway or pathway a minimum of 8 inches (200 mm)
above ceilings by cable supports not more than 60 inches (1525 mm) apart.

3. Cable shall not be run through structural members or in contact with pipes, ducts, or other

potentially damaging items.
F. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA-569-B recommendations for separating unshielded
copper voice and data communication cable from potential EMI sources, including
electrical power lines and equipment.

2. Separation between open communications cables or cables in nonmetallic raceways and
unshielded power conductors and electrical equipment shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches (127

mm).

b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 12 inches (300
mm).

c. Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches (600
mm).
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3.5

3. Separation between communications cables in grounded metallic raceways and
unshielded power lines or electrical equipment shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2 inches (64

mm).
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 6 inches (150
mm).
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches (300
mm).
4. Separation between communications cables in grounded metallic raceways and power

lines and electrical equipment located in grounded metallic conduits or enclosures shall
be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: No requirement.
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 3 inches (75

mm).
c. Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches (150
mm).
5. Separation between Cables and Electrical Motors and Transformers, 5 kVA or HP and
Larger: A minimum of 48 inches (1200 mm).
6. Separation between Cables and Fluorescent Fixtures: A minimum of 5 inches (127 mm).

FIRE ALARM WIRING INSTALLATION
Comply with NECA 1 and NFPA 72.
Wiring Method:

1. Cables may be installed above accessible ceiling spaces without raceway. Cables shall be
installed in concealed raceways in walls and finished areas. Cables and raceways used
for fire alarm circuits, and equipment control wiring associated with the fire alarm
system, may not contain any other wire or cable.

2. Signaling Line Circuits: Power-limited fire alarm cables may be installed in the same
cable or raceway as signaling line circuits.

Wiring within Enclosures:  Separate power-limited and non-power-limited conductors as
recommended by manufacturer. Install conductors parallel with or at right angles to sides and
back of the enclosure. Bundle, lace, and train conductors to terminal points with no excess.
Connect conductors that are terminated, spliced, or interrupted in any enclosure associated with
the fire alarm system to terminal blocks. Mark each terminal according to the system's wiring
diagrams. Make all connections with approved crimp-on terminal spade lugs, pressure-type
terminal blocks, or plug connectors.

Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes, cabinets, or
equipment enclosures where circuit connections are made.

Color-Coding: Color-code fire alarm conductors differently from the normal building power
wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. Color-

CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY 280513 -9



3.6

3.7

3.8

3.10

code audible alarm-indicating circuits differently from alarm-initiating circuits. Use different
colors for visible alarm-indicating devices. Paint fire alarm system junction boxes and covers
red.

Wiring to Remote Alarm Transmitting Device: 1-inch (25-mm) conduit between the fire alarm

control panel and the transmitter. Install number of conductors and electrical supervision for
connecting wiring as needed to suit monitoring function.

POWER AND CONTROL-CIRCUIT CONDUCTORS

120-V Power Wiring: Install according to Division 26 Section "Low-Voltage Electrical Power
Conductors and Cables" unless otherwise indicated.

Minimum Conductor Sizes:

1. Class 1 remote-control and signal circuits, No. 14 AWG.

2. Class 2 low-energy, remote-control and signal circuits, No. 16 AWG.

3. Class 3 low-energy, remote-control, alarm and signal circuits, No. 12 AWG.
CONNECTIONS

Comply with requirements in Division 28 Section "Digital Addressable Fire-Alarm System" for
connecting, terminating, and identifying wires and cables.

FIRESTOPPING
Comply with requirements in Division 07 Section "Penetration Firestopping."
Comply with TIA-569-B, "Firestopping" Annex A.

Comply with BICSI TDMM, "Firestopping Systems" Article.

GROUNDING

For communications wiring, comply with ANSI-J-STD-607-A and with BICSI TDMM,
"Grounding, Bonding, and Electrical Protection" Chapter.

For low-voltage wiring and cabling, comply with requirements in Division 26 Section
"Grounding and Bonding for Electrical Systems."

IDENTIFICATION

Identify system components, wiring, and cabling complying with TIA/EIA-606-A. Comply
with requirements for identification specified in Division 26 Section "Identification for
Electrical Systems."
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3.11 FIELD QUALITY CONTROL
A.  Testing Agency: Engage a qualified testing agency to perform tests and inspections.
B.  Perform tests and inspections.
C.  Tests and Inspections:

1. Visually inspect UTP and optical fiber cable jacket materials for NRTL certification
markings. Inspect cabling terminations to confirm color-coding for pin assignments, and
inspect cabling connections to confirm compliance with TIA/EIA-568-B.1.

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment
and patch cords, and labeling of all components.

3. Test UTP cabling for DC loop resistance, shorts, opens, intermittent faults, and polarity
between conductors. Test operation of shorting bars in connection blocks. Test cables
after termination but not cross connection.

a. Test instruments shall meet or exceed applicable requirements in TIA/EIA-568-
B.2. Perform tests with a tester that complies with performance requirements in
"Test Instruments (Normative)" Annex, complying with measurement accuracy
specified in "Measurement Accuracy (Informative)" Annex. Use only test cords
and adapters that are qualified by test equipment manufacturer for channel or link
test configuration.

D.  Document data for each measurement. Print data for submittals in a summary report that is
formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument
to the computer, save as text files, print, and submit.

E. End-to-end cabling will be considered defective if it does not pass tests and inspections.
F. Prepare test and inspection reports.
END OF SECTION 280513
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SECTION 283111 - DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM

PART 1 - GENERAL

1.1

1.2

1.3

A.

SUMMARY

Section Includes:

1. Fire-alarm control unit.

2. Manual fire-alarm boxes.

3. System smoke detectors.

4, Heat detectors.

5. Notification appliances.

6. Magnetic door holders.

7. Remote annunciator.

8. Addressable interface device.

9. Digital alarm communicator transmitter.
SYSTEM DESCRIPTION

Expansion to a Noncoded, addressable system, with multiplexed signal transmission, dedicated

to fire-alarm service only.

SUBMITTALS

General Submittal Requirements:

1. Submittals shall be approved by authorities having jurisdiction prior to submitting them
to Architect.

2. Shop Drawings shall be prepared by persons with the following qualifications:

a. Trained and certified by manufacturer in fire-alarm system design.
b. NICET-certified fire-alarm technician, Level III minimum.

Product Data: For each type of product indicated.

Shop Drawings: For fire-alarm system. Include plans, elevations, sections, details, and
attachments to other work.

1. Comply with recommendations in the "Documentation” Section of the "Fundamentals of
Fire Alarm Systems" Chapter in NFPA 72.

2. Include voltage drop calculations for notification appliance circuits.

3. Include battery-size calculations.

4. Include performance parameters and installation details for each detector, verifying that

each detector is listed for complete range of air velocity, temperature, and humidity
possible when air-handling system is operating.
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D.

E.

F.

A.

B.

5. Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts,
drawn to scale and coordinating installation of duct smoke detectors and access to them.
Show critical dimensions that relate to placement and support of sampling tubes, detector
housing, and remote status and alarm indicators. Locate detectors according to
manufacturer's written recommendations.

Qualification Data: For qualified Installer.
Field quality-control reports.
Operation and Maintenance Data: For fire-alarm systems and components to include in

emergency, operation, and maintenance manuals. In addition to items specified in Division 01
Section "Operation and Maintenance Data," include the following:

1. Comply with the "Records" Section of the "Inspection, Testing and Maintenance"
Chapter in NFPA 72.
2. Provide "Record of Completion Documents" according to NFPA 72 article "Permanent

Records" in the "Records" Section of the "Inspection, Testing and Maintenance" Chapter.

Record copy of site-specific software.

4. Provide "Maintenance, Inspection and Testing Records" according to NFPA 72 article of
the same name and include the following:

et

a. Frequency of testing of installed components.

b. Frequency of inspection of installed components.

c. Requirements and recommendations related to results of maintenance.

d. Manufacturer's user training manuals.
5. Manufacturer's required maintenance related to system warranty requirements.
6. Abbreviated operating instructions for mounting at fire-alarm control unit.
QUALITY ASSURANCE

Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm
Level III technician.

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

A.

MANUFACTURERS

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

1. Siemens Building Technologies, Inc.; Fire Safety Division.
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SYSTEMS OPERATIONAL DESCRIPTION

Fire-alarm signal initiation shall be by one or more of the following devices and systems with
the exception of the smoke detectors located in the guest units which shall initiate a trouble
condition and operate the sounder bases in the corresponding guest room only:

Manual stations.

Heat detectors.

Smoke detectors.

Duct smoke detectors.
Fire-extinguishing system operation.

MRS

Fire-alarm signal shall initiate the following actions:

Continuously operate alarm-notification appliances.

Identify alarm at the fire-alarm control unit and remote annunciators.

Transmit an alarm signal to the remote alarm receiving station.

Unlock electric door locks in designated egress paths.

Release fire and smoke doors held open by magnetic door holders.

Recall elevators to primary or alternate recall floors.

Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode.
Record events in the system memory.

NN B DD =

Supervisory signal initiation shall be by one or more of the following devices and actions:

1. Valve supervisory switch.
2. Low-air-pressure switch of a dry-pipe sprinkler system.
3. Elevator shunt-trip supervision.

System trouble signal initiation shall be by one or more of the following devices and actions:

—

Open circuits, shorts, and grounds in designated circuits.

Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating
devices.

Loss of primary power at fire-alarm control unit.

Ground or a single break in fire-alarm control unit internal circuits.

Abnormal ac voltage at fire-alarm control unit.

Break in standby battery circuitry.

Failure of battery charging.

Abnormal position of any switch at fire-alarm control unit or annunciator.

N
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System Trouble and Supervisory Signal Actions: Initiate notification appliance and annunciate
at fire-alarm control unit and remote annunciators.

FIRE-ALARM CONTROL UNIT

General Requirements for Fire-Alarm Control Unit:
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1. Field-programmable, microprocessor-based, modular, power-limited design with
electronic modules, complying with UL 864 and listed and labeled by an NRTL.

a. System software and programs shall be held in flash electrically erasable
programmable read-only memory (EEPROM), retaining the information through
failure of primary and secondary power supplies.

b. Include a real-time clock for time annotation of events on the event recorder and
printer.
2. Addressable control circuits for operation of mechanical equipment.
B.  Alphanumeric Display and System Controls: Arranged for interface between human operator at

fire-alarm control unit and addressable system components including annunciation and
supervision. Display alarm, supervisory, and component status messages and the programming
and control menu.

1. Annunciator and Display: Liquid-crystal type, 2 line(s) of 80 characters, minimum.

2. Keypad: Arranged to permit entry and execution of programming, display, and control
commands and to indicate control commands to be entered into the system for control of
smoke-detector sensitivity and other parameters.

C. Circuits:

1. Initiating Device, Notification Appliance, and Signaling Line Circuits: NFPA 72,
Class B.

Initiating Device Circuits: Style B.

Notification Appliance Circuits: Style X.

Signaling Line Circuits: Style 4.

Install no more than 50 addressable devices on each signaling line circuit.

ao o

D.  Notification Appliance Circuit: Operation shall sound in a temporal code.
E. Elevator Recall:
1. Smoke detectors at the following locations shall initiate automatic elevator recall.

a. Elevator lobby detectors except the lobby detector on the designated floor.

b. Smoke detector in elevator machine room.
c. Smoke detectors in elevator hoistway.

2. Elevator lobby detectors located on the designated recall floors shall be programmed to
move the cars to the alternate recall floor.

3. Water-flow alarm connected to sprinkler in an elevator shaft and elevator machine room

shall shut down elevators associated with the location without time delay.

a. Water-flow switch associated with the sprinkler in the elevator pit may have a
delay to allow elevators to move to the designated floor.

F. Door Controls: Door hold-open devices that are controlled by smoke detectors at doors in
smoke barrier walls shall be connected to fire-alarm system.
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G.  Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, supervisory,
and trouble signals to a remote alarm station.

H.  Primary Power: 24-V dc obtained from 120-V ac service and a power-supply module.
Initiating devices, notification appliances, signaling lines, trouble signals, supervisory and
digital alarm communicator transmitters shall be powered by 24-V dc source.

1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent of the power-
supply module rating.

L Secondary Power: 24-V dc supply system with batteries, automatic battery charger, and
automatic transfer switch.

1. Batteries: Sealed lead calcium.

J. Instructions: Computer printout or typewritten instruction card mounted behind a plastic or
glass cover in a stainless-steel or aluminum frame. Include interpretation and describe
appropriate response for displays and signals. Briefly describe the functional operation of the
system under normal, alarm, and trouble conditions.

24 MANUAL FIRE-ALARM BOXES

A.  General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38. Boxes shall be
finished in red with molded, raised-letter operating instructions in contrasting color; shall show
visible indication of operation; and shall be mounted on recessed outlet box. If indicated as
surface mounted, provide manufacturer's surface back box.

1. Single-action mechanism, breaking-glass or plastic-rod type. With integral addressable
module arranged to communicate manual-station status (normal, alarm, or trouble) to
fire-alarm control unit.

2. Station Reset: Key- or wrench-operated switch.

2.5 SYSTEM SMOKE DETECTORS
A.  General Requirements for System Smoke Detectors:

1. Comply with UL 268; operating at 24-V dc, nominal.

Integral Addressable Module: Arranged to communicate detector status (normal, alarm,
or trouble) to fire-alarm control unit.

3. Base Mounting: Detector and associated electronic components shall be mounted in a
twist-lock module that connects to a fixed base. Provide terminals in the fixed base for
connection to building wiring.

4. Self-Restoring: Detectors do not require resetting or readjustment after actuation to
restore them to normal operation.

5. Integral Visual-Indicating Light: LED type indicating detector has operated and power-
on status.

6. Sounder bases for smoke detectors installed in resident rooms.
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2.6

Photoelectric Smoke Detectors:

1. Detector address shall be accessible from fire-alarm control unit and shall be able to
identify the detector's location within the system and its sensitivity setting.
2. An operator at fire-alarm control unit, having the designated access level, shall be able to

manually access the following for each detector:

Primary status.

Device type.

Present average value.

Present sensitivity selected.
Sensor range (normal, dirty, etc.).

©ao os

Duct Smoke Detectors: Photoelectric type complying with UL 268A.

1. Detector address shall be accessible from fire-alarm control unit and shall be able to
identify the detector's location within the system and its sensitivity setting.
2. An operator at fire-alarm control unit, having the designated access level, shall be able to

manually access the following for each detector:

Primary status.

Device type.

Present average value.

Present sensitivity selected.

Sensor range (normal, dirty, etc.).

3. Each sensor shall have multiple levels of detection sensitivity.

4. Sampling Tubes: Design and dimensions as recommended by manufacturer for specific
duct size, air velocity, and installation conditions where applied.

5. Relay Fan Shutdown: Rated to interrupt fan motor-control circuit.

oo

o

HEAT DETECTORS
General Requirements for Heat Detectors: Comply with UL 521.

Heat Detector, Combination Type: Actuated by either a fixed temperature of 135 deg F (57
deg C) or arate of rise that exceeds 15 deg F (8 deg C) per minute unless otherwise indicated.

1. Mounting: Twist-lock base interchangeable with smoke-detector bases.
2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm,
or trouble) to fire-alarm control unit.

Heat Detector, Fixed-Temperature Type: Actuated by temperature that exceeds a fixed
temperature of 190 deg F (88 deg C).

1. Mounting: Twist-lock base interchangeable with smoke-detector bases.
2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm,
or trouble) to fire-alarm control unit.
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2.7

2.8

29

NOTIFICATION APPLIANCES

General Requirements for Notification Appliances: Connected to notification appliance signal
circuits, zoned as indicated, equipped for mounting as indicated and with screw terminals for
system connections.

1. Combination Devices: Factory-integrated audible and visible devices in a single-
mounting assembly, equipped for mounting as indicated and with screw terminals for
system connections.

Horns: Electric-vibrating-polarized type, 24-V dc; with provision for housing the operating
mechanism behind a grille. Comply with UL 464. Horns shall produce a sound-pressure level
of 90 dBA, measured 10 feet (3 m) from the horn, using the coded signal prescribed in UL 464
test protocol.

Visible Notification Appliances: Xenon strobe lights comply with UL 1971, with clear or
nominal white polycarbonate lens mounted on an aluminum faceplate. The word "FIRE" is
engraved in minimum 1-inch- (25-mm-) high letters on the lens.

1. Mounting: Wall mounted unless otherwise indicated.

2. For units with guards to prevent physical damage, light output ratings shall be determined
with guards in place.

3. Flashing shall be in a temporal pattern, synchronized with other units.

4. Strobe Leads: Factory connected to screw terminals.

5. Mounting Faceplate: Factory finished, white.

6. High output strobes located in sensory impaired guest rooms as shown on the drawings.

MAGNETIC DOOR HOLDERS

Description: Units are equipped for wall or floor mounting as indicated and are complete with
matching doorplate.

1. Electromagnet: Requires no more than 3 W to develop 25-Ibf (111-N) holding force.
2. Wall-Mounted Units: Flush mounted unless otherwise indicated.
3. Rating: 24-V ac or dc.

Material and Finish: Match door hardware.

REMOTE ANNUNCIATOR

Description: Annunciator functions shall match those of fire-alarm control unit for alarm,
supervisory, and trouble indications. Manual switching functions shall match those of fire-
alarm control unit, including acknowledging, silencing, resetting, and testing.

1. Mounting: Flush cabinet, NEMA 250, Type 1.

Display Type and Functional Performance: Alphanumeric display and LED indicating lights
shall match those of fire-alarm control unit. Provide controls to acknowledge, silence, reset,
and test functions for alarm, supervisory, and trouble signals.
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2.10

A.

2.11

A.

B.

C.

D.

E.

ADDRESSABLE INTERFACE DEVICE

Description: Microelectronic monitor module, NRTL listed for use in providing a system
address for alarm-initiating devices for wired applications with normally open contacts.

DIGITAL ALARM COMMUNICATOR TRANSMITTER

Digital alarm communicator transmitter shall be acceptable to the remote central station and
shall comply with UL 632 and be listed and labeled by an NRTL.

Functional Performance: Unit shall receive an alarm, supervisory, or trouble signal from fire-
alarm control unit and automatically capture two telephone line(s) and dial a preset number for
a remote central station. When contact is made with central station(s), signals shall be
transmitted. If service on either line is interrupted for longer than 45 seconds, transmitter shall
initiate a local trouble signal and transmit the signal indicating loss of telephone line to the
remote alarm receiving station over the remaining line. Transmitter shall automatically report
telephone service restoration to the central station. If service is lost on both telephone lines,
transmitter shall initiate the local trouble signal.

Local functions and display at the digital alarm communicator transmitter shall include the
following:

Verification that both telephone lines are available.

Programming device.

LED display.

Manual test report function and manual transmission clear indication.
Communications failure with the central station or fire-alarm control unit.

NS

Digital data transmission shall include the following:

Address of the alarm-initiating device.
Address of the supervisory signal.
Address of the trouble-initiating device.
Loss of ac supply or loss of power.
Low battery.

Abnormal test signal.

Communication bus failure.

IR

Self-Test: Conducted automatically every 24 hours with report transmitted to central station.

PART 3 - EXECUTION

3.1

A.

B.

EQUIPMENT INSTALLATION
Comply with NFPA 72 for installation of fire-alarm equipment.

Smoke- or Heat-Detector Spacing:
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3.2

33

34

1. Comply with NFPA 72, "Smoke-Sensing Fire Detectors" Section in the "Initiating
Devices" Chapter, for smoke-detector spacing.

2. Comply with NFPA 72, "Heat-Sensing Fire Detectors" Section in the "Initiating Devices"
Chapter, for heat-detector spacing.

3. Smooth ceiling spacing shall not exceed 30 feet (9 m).

4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for high
ceiling areas shall be determined according to Appendix Ain NFPA 72.

5. HVAC: Locate detectors not closer than 3 feet (1 m) from air-supply diffuser or return-
air opening.

6. Lighting Fixtures: Locate detectors not closer than 12 inches (300 mm) from any part of
a lighting fixture.

Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they
extend the full width of duct.

Remote Status and Alarm Indicators: Install near each smoke detector and each sprinkler water-
flow switch and valve-tamper switch that is not readily visible from normal viewing position.

Audible Alarm-Indicating Devices: Install not less than 6 inches (150 mm) below the ceiling.
Install bells and horns on flush-mounted back boxes with the device-operating mechanism

concealed behind a grille.

Visible Alarm-Indicating Devices: Install adjacent to each alarm bell or alarm horn and at least
6 inches (150 mm) below the ceiling.

Device Location-Indicating Lights: Locate in public space near the device they monitor.

Fire-Alarm Control Unit: Surface mounted, with tops of cabinets not more than 72 inches
(1830 mm) above the finished floor.

Annunciator: Install with top of panel not more than 72 inches (1830 mm) above the finished
floor.

IDENTIFICATION

Identify system components, wiring, cabling, and terminals. Comply with requirements for
identification specified in Division 26 Section "Identification for Electrical Systems."

Install framed instructions in a location visible from fire-alarm control unit.

GROUNDING

Ground fire-alarm control unit and associated circuits; comply with IEEE 1100. Install a
ground wire from main service ground to fire-alarm control unit.

FIELD QUALITY CONTROL

Field tests shall be witnessed by authorities having jurisdiction.
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B.  Tests and Inspections:
1. Visual Inspection: Conduct visual inspection prior to testing.

a. Inspection shall be based on completed Record Drawings and system
documentation that is required by NFPA 72 in its "Completion Documents,
Preparation" Table in the "Documentation" Section of the "Fundamentals of Fire
Alarm Systems" Chapter.

b. Comply with "Visual Inspection Frequencies" Table in the "Inspection” Section of
the "Inspection, Testing and Maintenance" Chapter in NFPA 72; retain the
"Initial/Reacceptance” column and list only the installed components.

2. System Testing: Comply with "Test Methods" Table in the "Testing" Section of the
"Inspection, Testing and Maintenance" Chapter in NFPA 72.

3. Factory-authorized service representative shall prepare the "Fire Alarm System Record of
Completion” in the "Documentation” Section of the "Fundamentals of Fire Alarm
Systems" Chapter in NFPA 72 and the "Inspection and Testing Form" in the "Records"
Section of the "Inspection, Testing and Maintenance" Chapter in NFPA 72.

C.  Fire-alarm system will be considered defective if it does not pass tests and inspections.
D.  Prepare test and inspection reports.
END OF SECTION 283111
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