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SECTION 26 05 33 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Metal conduits, tubing, and fittings.
2. Nonmetal conduits, tubing, and fittings.
3. Metal wireways and auxiliary gutters.
4. Boxes, enclosures, and cabinets.

1.3 DEFINITIONS

A. GRC: Galvanized rigid steel conduit.

B. IMC: Intermediate metal conduit.

PART 2 - PRODUCTS

2.1 METAL CONDUITS, TUBING, AND FITTINGS

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

1. AFC Cable Systems; a part of Atkore International.
2. Allied Tube & Conduit; a part of Atkore International.
3. Anamet Electrical, Inc.
4. Calconduit.
5. FSR Inc.
6. Korkap.
7. Opti-Com Manufacturing Network, Inc (OMNI).
8. O-Z/Gedney; a brand of Emerson Industrial Automation.
9. Perma-Cote.
10. Picoma Industries, Inc.
11. Republic Conduit.
12. Southwire Company.
13. Thomas & Betts Corporation; A Member of the ABB Group.

B. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and application.
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C. GRC: Comply with ANSI C80.1 and UL 6.

D. IMC: Comply with ANSI C80.6 and UL 1242.

E. EMT: Comply with ANSI C80.3 and UL 797.

F. FMC: Comply with UL 1; zinc-coated steel or aluminum.

G. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.

H. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.

1. Fittings for EMT:

a. Material: Steel.
b. Type: Set-screw for conduits less than 2” and compression type for conduits 2” or 

larger.

2. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for 
environmental conditions where installed, and including flexible external bonding jumper.

I. Joint Compound for IMC or GRC: Approved, as defined in NFPA 70, by authorities having 
jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect 
threaded conduit joints from corrosion and to enhance their conductivity.

2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS

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

1. AFC Cable Systems; a part of Atkore International.
2. Anamet Electrical, Inc.
3. Arnco Corporation.
4. CANTEX INC.
5. Condux International, Inc.
6. Electri-Flex Company.
7. Kraloy.
8. Lamson & Sessions.
9. Niedax Inc.
10. RACO; Hubbell.

B. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended location and 
application.

C. RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.

D. LFNC: Comply with UL 1660.

E. RTRC: Comply with UL 1684A and NEMA TC 14.

F. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.
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G. Fittings for LFNC: Comply with UL 514B.

H. Solvents and Adhesives: As recommended by conduit manufacturer.

2.3 METAL WIREWAYS AND AUXILIARY GUTTERS

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

1. B-line, an Eaton business.
2. Hoffman; a brand of Pentair Equipment Protection.
3. MonoSystems, Inc.

B. Description: Sheet metal, complying with UL 870 and NEMA 250, NEMA Type 1 for interior and 
NEMA Type 3R for exterior unless otherwise indicated, and sized according to NFPA 70.

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.

C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, 
hold-down straps, end caps, and other fittings to match and mate with wireways as required for 
complete system.

D. Wireway Covers: Hinged type unless otherwise indicated.

E. Finish: Manufacturer's standard enamel finish.

2.4 BOXES, ENCLOSURES, AND CABINETS

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

1. Crouse-Hinds, an Eaton business.
2. FSR Inc.
3. Hoffman; a brand of Pentair Equipment Protection.
4. Hubbell Incorporated.
5. O-Z/Gedney; a brand of Emerson Industrial Automation.
6. RACO; Hubbell.
7. Spring City Electrical Manufacturing Company.
8. Thomas & Betts Corporation; A Member of the ABB Group.

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations.

C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, aluminum, Type FD, with 
gasketed cover.

E. Metal Floor Boxes:

1. Material: Steel.
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2. Type: Fully adjustable.
3. Shape: Rectangular.
4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application.
5. Manufacturers: Subject to compliance with requirements, provide products by the 

following:

a. FSR FL-500P or approved equal.

F. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb. 
Outlet boxes designed for attachment of luminaires weighing more than 50 lb. shall be listed 
and marked for the maximum allowable weight.

G. Paddle Fan Outlet Boxes: Nonadjustable, designed for attachment of paddle fan weighing 70 lb.

1. Listing and Labeling: Paddle fan outlet boxes shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application.

H. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

I. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast 
aluminum with gasketed cover.

J. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box.

K. Device Box Dimensions: 4 inches square by 2-1/8 inches deep.

L. Gangable boxes are prohibited.

M. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, NEMA Type 1 for interior and 
NEMA Type 3R for exterior with continuous-hinge cover with flush latch unless otherwise 
indicated.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

N. Cabinets:

1. NEMA 250, NEMA Type 1 for interior and NEMA Type 3R for exterior galvanized-steel 
box with removable interior panel and removable front, finished inside and out with 
manufacturer's standard enamel.

2. Hinged door in front cover with flush latch and concealed hinge.
3. Key latch to match panelboards.
4. Metal barriers to separate wiring of different systems and voltage.
5. Accessory feet where required for freestanding equipment.
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application.

O. Exterior Building-Mounted Boxes:  Arlington Industries InBox series with clear cover, or 
approved equal flush-mounted box.  Provide box type and depth appropriate for exterior 
cladding application.
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PART 3 - EXECUTION

3.1 RACEWAY APPLICATION

A. Outdoors: Apply raceway products as specified below unless otherwise indicated:

1. Exposed Conduit: GRC or IMC.
2. Concealed Conduit, Aboveground: GRC or IMC.
3. Underground Conduit: RNC, Type EPC-40-PVC.
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. Indoors: Apply raceway products as specified below unless otherwise indicated:

1. Exposed, Not Subject to Physical Damage: EMT.
2. Exposed, Not Subject to Severe Physical Damage: EMT.
3. Exposed and Subject to Severe Physical Damage: GRC or IMC. Raceway locations 

include the following:

a. Loading dock.
b. 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: GRC or IMC.
7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless 

steel in institutional and commercial kitchens and damp or wet locations.

C. Minimum Raceway Size: 3/4-inch 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. Comply with NEMA FB 2.10.

2. EMT: Use set screw for conduits less than 2” and compression type for conduits 2” or 
larger, steel fittings. Comply with NEMA FB 2.10.

3. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 
NEMA FB 2.20.

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.

F. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

3.2 INSTALLATION

A. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes. 
Install horizontal raceway runs above water and steam piping.

B. Complete raceway installation before starting conductor installation.
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C. Arrange stub-ups so curved portions of bends are not visible above finished slab.

D. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. 
Install conduits parallel or perpendicular to building lines.

E. Support conduit within 12 inches of enclosures to which attached.

F. Raceways Embedded in Slabs:

1. Run conduit larger than 1-inch trade size, parallel or at right angles to main 
reinforcement. Where at right angles to reinforcement, place conduit close to slab 
support. Secure raceways to reinforcement at maximum 10-foot intervals.

2. Arrange raceways to cross building expansion joints at right angles with expansion 
fittings.

3. Arrange raceways to keep a minimum of 1 inch of concrete cover in all directions.
4. Do not embed thread less fittings in concrete.

G. Stub-ups to Above Recessed Ceilings:

1. Use EMT for raceways.
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure.

H. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply 
listed compound to threads of raceway and fittings before making up joints. Follow compound 
manufacturer's written instructions.

I. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 
or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal 
bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated 
throat metal grounding bushings on service conduits.

J. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install 
locknuts hand tight plus 1/4 turn more.

K. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.

L. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use roll cutter 
or a guide to make cut straight and perpendicular to the length.

M. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not 
less than 200-lb tensile strength. Leave at least 12 inches of slack at each end of pull wire. Cap 
underground raceways designated as spare above grade alongside raceways in use.

N. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a 
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway 
sealing fittings according to NFPA 70.

O. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or 
boxes are between the seal and the following changes of environments. Seal the interior of all 
raceways at the following points:
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1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces.

2. Where an underground service raceway enters a building or structure.
3. Where otherwise required by NFPA 70.

P. Comply with manufacturer's written instructions for solvent welding RNC and fittings.

Q. Expansion-Joint Fittings:

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F and that has straight-run length that exceeds 25 feet. 
Install in each run of aboveground RMC and EMT conduit that is located where 
environmental temperature change may exceed 100 deg F and that has straight-run 
length that exceeds 100 feet.

2. Install type and quantity of fittings that accommodate temperature change listed for each 
of the following locations:

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F temperature change.
b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature change.
c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F 

temperature change.
d. Attics: 135 deg F temperature change.

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 
of length of straight run per deg F of temperature change for PVC conduits. Install 
fitting(s) that provide expansion and contraction for at least 0.000078 inch per foot of 
length of straight run per deg F of temperature change for metal conduits.

4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints.

5. Install each expansion-joint fitting with position, mounting, and piston setting selected 
according to manufacturer's written instructions for conditions at specific location at time 
of installation. Install conduit supports to allow for expansion movement.

R. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches of 
flexible conduit for recessed and semi-recessed luminaires, equipment subject to vibration, 
noise transmission, or movement; and for transformers and motors.

1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

S. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually 
indicated, give priority to ADA requirements. 

T. 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. Prepare block surfaces to provide a flat surface for a 
raintight connection between box and cover plate or supported equipment and box.

U. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel.

V. Locate boxes so that cover or plate will not span different building finishes.

W. Fasten junction and pull boxes to or support from building structure. Do not support boxes by 
conduits.
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X. Set metal floor boxes level and flush with finished floor surface.

Y. Where installed in fire-rated partitions, apply firestop putty pads or similar fire rated products on 
or around outlet boxes as required to maintain the fire rating of the partition.

Z. Support outlet boxes and switch boxes from two (2) adjacent studs.  Outlet boxes designed to 
attach to one metal stud and be “sandwiched” between the front and back layers of gypsum 
wallboard are not allowed.

AA. Back-to-back outlets in common walls are not permitted.  Outlet boxes shall be separated by at 
least one stud wherever possible.  In cases of outlet boxes of adjacent rooms in the same stud 
cavity at the same height, provide a layer of expandable spray foam insulation around each box 
in that cavity.  There must be a minimum of a 1” horizontal separation space between boxes of 
adjacent rooms.  If this condition occurs in a fire rated wall, provide a 1 hour fire rated putty pad 
to cover the back of outlets of one side of the partition.  Other junction box installations on fire 
rated walls shall comply with UL requirements.

BB. Where shown adjacent to receptacles, telephone, data and cable TV outlets shall be located no 
further than 6” on center from the center of the receptacle.  Cable television outlets shall be 
combined in a single faceplate in resident units.

CC. Contractor shall not install conductors or cables in a building that is not completely 
waterproofed, unless the conductors or cable is rated for wet location installations.

3.3 FIRESTOPPING

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Section 07 84 13 "Penetration Firestopping."

3.4 PROTECTION

A. Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer.

END OF SECTION 26 05 33
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SECTION 26 24 16 - PANELBOARDS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Distribution panelboards.
2. Lighting and appliance branch-circuit panelboards.

1.3 DEFINITIONS

A. ATS: Acceptance testing specification.

B. GFCI: Ground-fault circuit interrupter.

C. GFEP: Ground-fault equipment protection.

D. MCCB: Molded-case circuit breaker.

E. VPR: Voltage protection rating.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of panelboard.

1. Include materials, switching and overcurrent protective devices, accessories, and 
components indicated.

2. Include dimensions and manufacturers' technical data on features, performance, 
electrical characteristics, ratings, and finishes.

B. Shop Drawings: For each panelboard and related equipment.

1. Include dimensioned plans, elevations, sections, and details.
2. Show tabulations of installed devices with nameplates, conductor termination sizes, 

equipment features, and ratings.
3. Detail enclosure types including mounting and anchorage, environmental protection, 

knockouts, corner treatments, covers and doors, gaskets, hinges, and locks.
4. Detail bus configuration, current, and voltage ratings.
5. Short-circuit current rating of panelboards and overcurrent protective devices.
6. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components.
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7. Include wiring diagrams for power, signal, and control wiring.

1.5 INFORMATIONAL SUBMITTALS

A. Panelboard Schedules: For installation in panelboards. Submit final versions after load 
balancing. Coordinate room names and/or numbers to be used in panel schedules with final 
naming and numbering conventions.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For panelboards and components to include in emergency, 
operation, and maintenance manuals. In addition to items specified in Section 01 78 23 
"Operation and Maintenance Data," include the following:

1. Manufacturer's written instructions for testing and adjusting overcurrent protective 
devices.

2. Time-current curves, including selectable ranges for each type of overcurrent protective 
device that allows adjustments.

1.7 QUALITY ASSURANCE

A. Manufacturer Qualifications: ISO 9001 or 9002 certified.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Remove loose packing and flammable materials from inside panelboards; install temporary 
electric heating (250 W per panelboard) to prevent condensation.

B. Handle and prepare panelboards for installation according to NEMA PB 1.

1.9 FIELD CONDITIONS

A. Environmental Limitations:

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet 
work in spaces is complete and dry, work above panelboards is complete, and temporary 
HVAC system is operating and maintaining ambient temperature and humidity conditions 
at occupancy levels during the remainder of the construction period.

2. Rate equipment for continuous operation under the following conditions unless otherwise 
indicated:

a. Ambient Temperature: Not exceeding 23 deg F to plus 104 deg F.
b. Altitude: Not exceeding 6600 feet.

B. Service Conditions: NEMA PB 1, usual service conditions, as follows:

1. Ambient temperatures within limits specified.
2. Altitude not exceeding 6600 feet.
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1.10 WARRANTY

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in 
materials or workmanship within specified warranty period.

1. Panelboard Warranty Period: 18 months from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 PANELBOARDS COMMON REQUIREMENTS

A. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
panelboards including clearances between panelboards and adjacent surfaces and other items. 
Comply with indicated maximum dimensions.

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application.

C. Comply with NEMA PB 1.

D. Comply with NFPA 70.

E. Enclosures: Flush and Surface-mounted, dead-front cabinets.

1. Rated for environmental conditions at installed location.

a. Indoor Dry and Clean Locations: NEMA 250, Type 1.
b. Outdoor Locations: NEMA 250, Type 3R.
c. Kitchen Areas: NEMA 250, Type 4X, stainless steel.
d. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.

2. Height: 84 inches maximum.
3. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match 

box dimensions; for flush-mounted fronts, overlap box. Trims shall cover all live parts and 
shall have no exposed hardware.

4. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged 
trim cover. Trims shall cover all live parts and shall have no exposed hardware.

5. Finishes:

a. Panels and Trim: Steel, factory finished immediately after cleaning and pretreating 
with manufacturer's standard two-coat, baked-on finish consisting of prime coat 
and thermosetting topcoat.

b. Back Boxes: Galvanized steel.

F. Incoming Mains:

1. Location: Convertible between top and bottom.
2. Main Breaker: Main lug interiors up to 400 amperes shall be field convertible to main 

breaker.

G. Phase, Neutral, and Ground Buses:
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1. Material: Tin-plated aluminum.

a. Plating shall run entire length of bus.
b. Bus shall be fully rated the entire length.

2. Interiors shall be factory assembled into a unit. Replacing switching and protective 
devices shall not disturb adjacent units or require removing the main bus connectors.

3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding 
conductors; bonded to box.

4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance 
applications. Mount electrically isolated from enclosure. Do not mount neutral bus in 
gutter.

H. Conductor Connectors: Suitable for use with conductor material and sizes.

1. Material: Hard-drawn copper, 98 percent conductivity.
2. Terminations shall allow use of 75 deg C rated conductors without derating.
3. Size: Lugs suitable for indicated conductor sizes, with additional gutter space, if required, 

for larger conductors.
4. Main and Neutral Lugs: Mechanical type, with a lug on the neutral bar for each pole in the 

panelboard.
5. Ground Lugs and Bus-Configured Terminators: Mechanical type, with a lug on the bar for 

each pole in the panelboard.
6. Feed-Through Lugs: Mechanical type, suitable for use with conductor material. Locate at 

opposite end of bus from incoming lugs or main device.
7. Subfeed (Double) Lugs: Mechanical type suitable for use with conductor material. Locate 

at same end of bus as incoming lugs or main device.
8. Gutter-Tap Lugs: Mechanical type suitable for use with conductor material and with 

matching insulating covers. Locate at same end of bus as incoming lugs or main device.

I. NRTL Label: Panelboards shall be labeled by an NRTL acceptable to authority having 
jurisdiction for use as service equipment with one or more main service disconnecting and 
overcurrent protective devices. Panelboards shall have meter enclosures, wiring, connections, 
and other provisions for utility metering. Coordinate with utility company for exact requirements.

J. Future Devices: Panelboards shall have mounting brackets, bus connections, filler plates, and 
necessary appurtenances required for future installation of devices.

K. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current 
available at terminals. Assembly listed by an NRTL for 100 percent interrupting capacity.

1. Panelboards and overcurrent protective devices rated 240 V or less shall have short-
circuit ratings as shown on Drawings, but not less than 10,000 A RMS symmetrical.

2.2 POWER PANELBOARDS

A. Manufacturers: Match existing switchboard manufacturer.

B. Panelboards: NEMA PB 1, distribution type.

C. Doors: Secured with vault-type latch with tumbler lock; keyed alike.

1. For doors more than 36 inches high, provide two latches, keyed alike.

http://www.specagent.com/Lookup?ulid=11316
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D. Mains: Circuit breaker or lugs only.

E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller: 
Bolt-on circuit breakers.

F. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger than 125 A: Bolt-
on circuit breakers.

2.3 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

A. Manufacturers: Match existing switchboard manufacturer.

B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

C. Mains: Circuit breaker or lugs only.

D. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without disturbing 
adjacent units.

E. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.

2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

A. Manufacturers: Match switchboard manufacturer.

B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents.

1. Thermal-Magnetic Circuit Breakers:

a. Inverse time-current element for low-level overloads.
b. Instantaneous magnetic trip element for short circuits.
c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

2. GFCI Circuit Breakers: Single- and double-pole configurations with Class A ground-fault 
protection (6-mA trip).

3. GFEP Circuit Breakers: Class B ground-fault protection (30-mA trip).
4. Arc-Fault Circuit Interrupter Circuit Breakers: Comply with UL 1699; 120/240-V, single-

pole configuration.
5. Subfeed Circuit Breakers: Vertically mounted.
6. MCCB Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.
b. Breaker handle indicates tripped status.
c. UL listed for reverse connection without restrictive line or load ratings.
d. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor 

materials.
e. Application Listing: Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HID for feeding fluorescent and HID lighting circuits.
f. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on position 

for fire-alarm control panel circuits or emergency lighting circuits.

http://www.specagent.com/Lookup?ulid=11316
http://www.specagent.com/Lookup?ulid=11316
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2.5 IDENTIFICATION

A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of phases, 
and number of poles shall be located on the interior of the panelboard door.

B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC 
rating.

C. Circuit Directory: Computer-generated circuit directory mounted inside panelboard door with 
transparent plastic protective cover.

1. Circuit directory shall identify specific purpose with detail sufficient to distinguish it from 
all other circuits.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify actual conditions with field measurements prior to ordering panelboards to verify that 
equipment fits in allocated space in, and comply with, minimum required clearances specified in 
NFPA 70.

B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1.

C. Examine panelboards before installation. Reject panelboards that are damaged, rusted, or have 
been subjected to water saturation.

D. Examine elements and surfaces to receive panelboards for compliance with installation 
tolerances and other conditions affecting performance of the Work.

E. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Coordinate layout and installation of panelboards and components with other construction that 
penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. 
Maintain required workspace clearances and required clearances for equipment access doors 
and panels.

B. Comply with NECA 1.

C. Install panelboards and accessories according to NEMA PB 1.1.

D. Equipment Mounting:

1. Attach panelboard to the vertical finished or structural surface behind the panelboard.

E. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from panelboards.
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F. Mount top of trim 90 inches above finished floor unless otherwise indicated.

G. Mount panelboard cabinet plumb and rigid without distortion of box.

H. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back 
box.

I. Mount surface-mounted panelboards to steel slotted supports 5/8 inch in depth. Orient steel 
slotted supports vertically.

J. Install overcurrent protective devices and controllers not already factory installed.

1. Set field-adjustable, circuit-breaker trip ranges.
2. Tighten bolted connections and circuit breaker connections using calibrated torque 

wrench or torque screwdriver per manufacturer's written instructions.

K. Make grounding connections and bond neutral for services and separately derived systems to 
ground. Make connections to grounding electrodes, separate grounds for isolated ground bars, 
and connections to separate ground bars.

L. Install filler plates in unused spaces.

M. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing 
load balancing.

3.3 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs.

B. Create a directory to indicate installed circuit loads after balancing panelboard loads; 
incorporate Owner's final room designations. Obtain approval before installing. Handwritten 
directories are not acceptable. Install directory inside panelboard door.

C. Panelboard Nameplates: Label each panelboard with a nameplate.

D. Device Nameplates: Label each branch circuit device in power panelboards with a nameplate.

E. Install warning signs.

3.4 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Acceptance Testing Preparation:

1. Test insulation resistance for each panelboard bus, component, connecting supply, 
feeder, and control circuit.

2. Test continuity of each circuit.

C. Panelboards will be considered defective if they do not pass tests and inspections.
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D. Prepare test and inspection reports, including a certified report that identifies panelboards 
included and that describes scanning results, with comparisons of the two scans. Include 
notation of deficiencies detected, remedial action taken, and observations after remedial action.

3.5 ADJUSTING

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer.

3.6 PROTECTION

A. Temporary Heating: Prior to energizing panelboards, apply temporary heat to maintain 
temperature according to manufacturer's written instructions.

END OF SECTION 26 24 16
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SECTION 26 27 26 - WIRING DEVICES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Straight-blade convenience, hospital-grade, and tamper-resistant receptacles.
2. GFCI receptacles.
3. Twist-locking receptacles.
4. Cord and plug sets.
5. Toggle switches.
6. Wall-box dimmers.
7. Wall plates.
8. Floor service outlets.

1.3 DEFINITIONS

A. Abbreviations of Manufacturers' Names:

1. Cooper: Cooper Wiring Devices; Division of Cooper Industries, Inc.
2. Hubbell: Hubbell Incorporated: Wiring Devices-Kellems.
3. Leviton: Leviton Mfg. Company, Inc.
4. GE: General Electric

B. EMI: Electromagnetic interference.

C. GFCI: Ground-fault circuit interrupter.

D. Pigtail: Short lead used to connect a device to a branch-circuit conductor.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
label warnings and instruction manuals that include labeling conditions.
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PART 2 - PRODUCTS

2.1 GENERAL WIRING-DEVICE REQUIREMENTS

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.

B. Comply with NFPA 70.

C. Devices for Owner-Furnished Equipment:

1. Receptacles: Match plug configurations.
2. Cord and Plug Sets: Match equipment requirements.

D. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer.

2.2 MANUFACTURERS

A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following 
manufacturers' names are used in other Part 2 articles:

1. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper).
2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
3. Leviton Mfg. Company Inc. (Leviton).

2.3 STRAIGHT-BLADE RECEPTACLES

A. Convenience Receptacles: 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 
Configuration 5-20R, UL 498, and FS W-C-596.

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

a. Cooper; 5362 (duplex).
b. Hubbell; CR20 (duplex).
c. Leviton; BR20 (duplex).

B. Tamper-Resistant Convenience Receptacles: 125 V, 20 A; comply with NEMA WD 1, 
NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.

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

a. Cooper; TR5362 (duplex).
b. Hubbell; CR20TR (duplex).
c. Leviton; TBR20 (duplex).

C. Hospital-Grade, Tamper-Resistant, Duplex Convenience Receptacles: 125 V, 20 A; comply with 
NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.

1. Products:  Subject to compliance with requirements, provide one of the following:
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a. Cooper; TR8300 (duplex).
b. Hubbell; 8300TR (duplex).
c. Leviton; 8300-SG (duplex).

2.4 GFCI RECEPTACLES

A. General Description:

1. Indoors:  125 V, 20 A, straight blade, tamper-resistant, non-feed-through type.
2. Outdoors:  125 V, 20 A, straight blade, tamper-resistant, weather-resistant, non-feed-

through type.
3. Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 943 Class A, 

and FS W-C-596.

B. Duplex GFCI Convenience Receptacles:

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

a. Cooper:  VGF20 (indoor), WRVGF20 (outdoor).
b. Hubbell:  GFST20 (indoor), GFWRST20 (outdoor).
c. Leviton:  GF2 (indoor), GFW2 (outdoor).

C. Tamper-Resistant, Duplex GFCI Convenience Receptacles:

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

a. Cooper:  TRVGF20 (indoor), TWRVGF20 (outdoor).
b. Hubbell:  GFTRST20 (indoor), GFTWRST20 (outdoor).
c. Leviton:  GFTR2 (indoor), GFWT2 (outdoor).

D. Hospital-Grade, Tamper-Resistant, Duplex GFCI Convenience Receptacles:  Comply with UL 
498 Supplement SD.

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

a. Cooper:  TRVGH20.
b. Hubbell:  GFR5362SG.
c. Leviton:  WT899-HG.

2.5 TWIST-LOCKING RECEPTACLES

A. Twist-Lock, Single Convenience Receptacles: 125 V, 20 A; comply with NEMA WD 1, 
NEMA WD 6 Configuration L5-20R, and UL 498.

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

a. Cooper:  AHL520R.
b. Hubbell:  HBL7210B.
c. Leviton:  2310.
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2.6 CORD AND PLUG SETS

A. Description:

1. Match voltage and current ratings and number of conductors to requirements of 
equipment being connected.

2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with 
green-insulated grounding conductor and ampacity of at least 130 percent of the 
equipment rating.

3. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for 
connection.

2.7 TOGGLE SWITCHES

A. Comply with NEMA WD 1, UL 20, and FS W-S-896.

B. Switches, 120/277 V, 20 A:

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

a. Cooper: CSB120 (single pole), CSB220 (two pole), CSB320 (three way), CSB420 
(four way).

b. Hubbell: CSB120 (single pole), CSB220 (double pole), CSB320 (three way), 
CSB420 (four way).

c. Leviton: CSB1-20 (single pole), CSB2-20 (double pole), CSB3-20 (three way), 
CSB4-20 (four way).

C. Pilot-Light Switches: 120/277 V, 20 A.

1. Description: Single pole, with LED-lighted handle, illuminated when switch is off.

D. Toggle Switches: Square Face, 120/277 V, 20 A; comply with NEMA WD 1, UL 20, and FS W-
S-896.

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

a. Cooper: 7621 (single pole), 7622 (two pole), 7623 (three way), 7624 (four way).
b. Hubbell: DS120 (single pole), DS220 (double pole), DS320 (three way), DS420 

(four way).
c. Leviton: 5621-2 (single pole), 5622-2 (double pole), 5623-2 (three way), 5624-2 

(four way).

Note:  All receptacles shall be standard (not Decora).  All switches shall be Decora style.

2.8 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.
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C. LED Lamp Dimmer Switches: Modular; compatible with LED lamps; trim potentiometer to adjust 
low-end dimming; capable of consistent dimming with low end not greater than 20 percent of full 
brightness.

2.9 WALL PLATES

A. Single and combination types shall match corresponding wiring devices.

1. Plate-Securing Screws: Metal with head color to match plate finish.
2. Material for Finished Spaces: Smooth, high-impact thermoplastic.
3. Material for Unfinished Spaces: Smooth, high-impact thermoplastic.
4. Material for Damp Locations: Thermoplastic with spring-loaded lift cover and listed and 

labeled for use in wet and damp locations.

Note:  Refer to drawings for locations in finished spaces where metal wall plates shall be 
utilized in lieu of thermoplastic wall plates.

B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-
resistant, die-cast aluminum with lockable cover.

2.10 FLOOR SERVICE FITTINGS

A. Type: Modular, flush-type, dual-service units suitable for wiring method used.

B. Compartments: Barrier separates power from voice and data communication cabling.

C. Service Plate: Rectangular, die-cast aluminum with satin finish.

D. Power Receptacle: NEMA WD 6 Configuration 5-20R, gray finish, unless otherwise indicated.

E. Voice and Data Communication Outlet: Two modular, keyed, color-coded, RJ-45 jacks for UTP 
cable complying with requirements in Section 27 15 00 "Communications Horizontal Cabling."

2.11 FINISHES

A. Device Color:

1. Coordinate both device and wall plate color with Interior Designer prior to submitting 
product data for review.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Coordination with Other Trades:

1. Protect installed devices and their boxes. Do not place wall finish materials over device 
boxes and do not cut holes for boxes with routers that are guided by riding against 
outside of boxes.
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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.

B. Conductors:

1. Do not strip insulation from conductors until right before they are spliced or terminated on 
devices.

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid 
scoring or nicking of solid wire or cutting strands from stranded wire.

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, 
Article 300, without pigtails.

C. Device Installation:

1. Replace devices that have been in temporary use during construction and that were 
installed before building finishing operations were complete.

2. Keep each wiring device in its package or otherwise protected until it is time to connect 
conductors.

3. Do not remove surface protection, such as plastic film and smudge covers, until the last 
possible moment.

4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length.
5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 

conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw.
6. Use a torque screwdriver when a torque is recommended or required by manufacturer.
7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice 

No. 12 AWG pigtails for device connections.
8. Tighten unused terminal screws on the device.
9. When mounting into metal boxes, remove the fiber or plastic washers used to hold 

device-mounting screws in yokes, allowing metal-to-metal contact.

D. Receptacle Orientation:

1. Install ground pin of vertically mounted receptacles down, and on horizontally mounted 
receptacles to the right.

2. Install hospital-grade receptacles in patient-care areas with the ground pin or neutral 
blade at the top.

E. 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.

F. Dimmers:

1. Install dimmers within terms of their listing.
2. 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.
4. Provide dimmers rated for the appropriate load type and wattage.  Follow manufacturer’s 

instructions for grouping devices in multi-gang boxes.  Derate dimmers as necessary.
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G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical 
and with grounding terminal of receptacles on top. Group adjacent switches under single, 
multigang wall plates.

H. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and 
furnishings.

I. Requirements for hospital grade receptacles:

a. Hospital grade receptacles shall be provided in Patient Room.

3.2 GFCI RECEPTACLES

A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is 
not required.

3.3 IDENTIFICATION

A. Comply with Section 26 05 53 "Identification for Electrical Systems."

B. Identify each receptacle with panelboard identification and circuit number on the front of the wall 
plate.  Match process used in Fishwick.

3.4 FIELD QUALITY CONTROL

A. Test Instruments: Use instruments that comply with UL 1436.

B. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or 
illuminated digital-display indicators of measurement.

C. Perform the following tests and inspections:

1. Prepare reports that comply with recommendations in NFPA 99.
2. Test Instruments: Use instruments that comply with UL 1436.
3. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout 

or illuminated digital-display indicators of measurement.

D. Tests for Convenience Receptacles:

1. Line Voltage: Acceptable range is 105 to 132 V.
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable.
3. Ground Impedance: Values of up to 2 ohms are acceptable.
4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.
5. Using the test plug, verify that the device and its outlet box are securely mounted.
6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit 

breaker, poor connections, inadequate fault current path, defective devices, or similar 
problems. Correct circuit conditions, remove malfunctioning units and replace with new 
ones, and retest as specified above.

E. Test straight-blade hospital-grade convenience outlets for the retention force of the grounding 
blade according to NFPA 99. Retention force shall be not less than 4 oz.
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F. Wiring device will be considered defective if it does not pass tests and inspections.

G. Prepare test and inspection reports.

H. Provide tamper resistant receptacles in all areas accessible by residents.

END OF SECTION 26 27 26
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SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

A. Fusible switches.
B. Nonfusible switches.
C. Enclosures.

1.3 DEFINITIONS

A. NC: Normally closed.

B. NO: Normally open.

C. SPDT: Single pole, double throw.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of enclosed switch, accessory, and component indicated. Include 
nameplate ratings, dimensioned elevations, sections, weights, and manufacturers' technical 
data on features, performance, electrical characteristics, ratings, accessories, and finishes.

A. Enclosure types and details for types other than NEMA 250, Type 1.
B. Current and voltage ratings.
C. Short-circuit current ratings (interrupting and withstand, as appropriate).
D. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components.

B. Shop Drawings: For enclosed switches and circuit breakers.

A. Include plans, elevations, sections, details, and attachments to other work.
B. Include wiring diagrams for power, signal, and control wiring.

1.5 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents.
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A. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type.

B. Fuse Pullers: Two for each size and type.

1.6 FIELD CONDITIONS

A. Environmental Limitations: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated:

A. Ambient Temperature: Not less than minus 22 deg F and not exceeding 104 deg F.
B. Altitude: Not exceeding 6600 feet.

1.7 WARRANTY

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace components that 
fail in materials or workmanship within specified warranty period.

A. Warranty Period: One year from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 
devices, components, and accessories, within same product category, from single 
manufacturer.

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by an NRTL, and marked for intended location and application.

C. Comply with NFPA 70.

2.2 FUSIBLE SWITCHES

A. Manufacturers: Match existing switchboard manufacturer.

B. Type HD, Heavy Duty:

A. Single throw.
B. Three pole.
C. 240-V ac.
D. 1200 A and smaller.
E. UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate 

specified fuses.
F. Lockable handle with capability to accept three padlocks, and interlocked with cover in 

closed position.

C. Accessories:

http://www.specagent.com/Lookup?ulid=2151
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A. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 
conductors.

B. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors.

C. Hookstick Handle: Allows use of a hookstick to operate the handle.
D. Lugs: Mechanical type, suitable for number, size, and conductor material.

2.3 NONFUSIBLE SWITCHES

A. Manufacturers: Match existing switchboard manufacturer.

B. Type HD, Heavy Duty, Three Pole, 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:

A. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 
conductors.

B. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors.

C. Hookstick Handle: Allows use of a hookstick to operate the handle.
D. Lugs: Mechanical type, suitable for number, size, and conductor material.

2.4 ENCLOSURES

A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to 
comply with environmental conditions at installed location.

B. Enclosure Finish: The enclosure shall be finished with gray baked enamel paint, 
electrodeposited on cleaned, phosphatized steel (NEMA 250 Type 1).

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine elements and surfaces to receive enclosed switches for compliance with installation 
tolerances and other conditions affecting performance of the Work.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

A. Commencement of work shall indicate Installer's acceptance of the areas and conditions 
as satisfactory.

3.2 ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS

A. Enclosed Switches: Provide enclosures at installed locations with the following environmental 
ratings.

http://www.specagent.com/Lookup?ulid=11316
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A. Indoor, Dry and Clean Locations: NEMA 250, Type 1.
B. Outdoor Locations: NEMA 250, Type 4X
C. Kitchen Areas: NEMA 250, Type 4X, stainless steel.

3.3 INSTALLATION

A. Coordinate layout and installation of switches, and components with equipment served and 
adjacent surfaces. Maintain required workspace clearances and required clearances for 
equipment access doors and panels.

B. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 
otherwise indicated.

C. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components.

D. Install fuses in fusible devices.

E. Comply with NFPA 70 and NECA 1.

3.4 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs.

B. Label each enclosure with laminated-plastic nameplate.

3.5 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Tests and Inspections for Switches:

A. Visual and Mechanical Inspection:

a. Inspect physical and mechanical condition.
b. Inspect anchorage, alignment, grounding, and clearances.
c. Verify that the unit is clean.
d. Verify blade alignment, blade penetration, travel stops, and mechanical operation.
e. Verify that fuse sizes and types match the Specifications and Drawings.
f. Verify that each fuse has adequate mechanical support and contact integrity.
g. Verify correct phase barrier installation.
h. Verify lubrication of moving current-carrying parts and moving and sliding surfaces.

3.6 ADJUSTING

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer.
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END OF SECTION 26 28 16
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SECTION 26 51 00 - 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. This Section includes interior lighting fixtures, lighting fixtures mounted on exterior building 
surfaces, lamps, ballasts, emergency lighting units, and accessories.

1.3 DEFINITIONS

A. CCT:  Correlated Color Temperature.

B. CRI:  Color Rendering Index.

C. Emergency Lighting Unit:  A lighting unit with internal or external emergency battery powered 
supply and the means for controlling and charging the battery and unit operation.

D. Fixture:  See “Luminaire.”

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 lighting fixture indicated, arranged in order of fixture 
designation.  Include data on features, accessories, and the following:

1. Physical description and dimensions of luminaires.
2. Include battery and charger data for emergency lighting units.
3. Ballast, including BF.
4. Include life, output (lumens, CCT and CRI), and energy efficiency data.
5. Include photometric data and adjustment factors based on laboratory tests, complying 

with IES LM45, 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 (NVLAP) for Energy Efficient Lighting Products.
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B. Shop Drawings:  For nonstandard or custom luminaires.

1. Include plans, elevations, sections, and mounting and attachment details.
2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection.

3. Include diagrams for power, signal, and control wiring.

C. Samples for Initial Selection: For each type of luminaire with custom factory-applied finishes.

1. Include Samples of color and finish selection.

D. Product Schedule: For luminaires and lamps.  Use same designations indicated on Drawings.

1.5 INFORMATIONAL SUBMITTALS

A. Sample warranty for all LED Luminaires. 

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:  For luminaires and lighting systems to include in 
maintenance manuals.

1. Provide a list of all lamp types used on Project; use ANSI and manufacturers’ codes.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents.

1. Lamps:  Five for every 100 of each type and rating installed. Furnish at least one of each 
type.

2. Diffusers and Lenses:  One for every 100 of each type and rating installed. Furnish at 
least one of each type.

3. Globes and Guards:  One for every 20 of each type and rating installed. Furnish at least 
one of each type.

4. LED Drivers: One for every 50 of each LED fixture type installed. Furnish at least one of 
each type.

1.8 QUALITY ASSURANCE

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's 
laboratory is accredited under the NVLAP for Energy Efficient Lighting Products.

1.9 DELIVERY, STORAGE AND HANDLING

A. Protect finished of exposed surfaces by applying a strippable, temporary protective covering 
before shipping.
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1.10 WARRANTY

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that 
fail in materials or workmanship within specified warranty period.

1. Warranty Period:  Five years minimum for all LED Luminaires and Two year(s) minimum 
for all other luminaires from date of Substantial Completion

B. Special Warranty for Emergency Lighting Batteries: Manufacturer's standard form in which 
manufacturer of battery-powered emergency lighting unit agrees to repair or replace 
components of rechargeable batteries that fail in materials or workmanship within specified 
warranty period.

1. Warranty Period for Emergency Power Unit Batteries:  5 years from date of Substantial 
Completion. Full warranty shall apply for the entire warranty period.

1.11 COORDINATION

A. Fixtures, Mounting Hardware, and Trim:  Coordinate layout and installation of lighting fixtures 
with ceiling system and other construction.

1.12 WARRANTY

A. General Warranty:  Special warranty specified in this Article shall not deprive Owner of other 
rights Owner may have under other provisions of the Contract Documents and shall be in 
addition to, and run concurrent with, other warranties made by Contractor under requirements of 
the Contract Documents.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Products:  Subject to compliance with requirements, provide one of the products indicated on 
Drawings.

2.2 LUMINAIRE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application.

B. NRTL Compliance:

1. Fabricated and label emergency lighting units, exit signs and batteries to comply with UL 
924.

C. Lamp base complying with ANSI C81.61 or IEC 60061-1.

D. Nominal Operating Voltage: As indicated on the Light Fixture Schedule.
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E. Recessed Luminaires: Comply with NEMA LE 4.

F. Comply with NFPA 70 and NFPA 101 for emergency lighting.

G. Bulb Shape:  Complying with ANSI C79.1 for incandescent, LED, and emergency lighting.

2.3 LED 

A. CRI of minimum 90. CCT of as indicated on Light Fixture Schedule.

B. Rated lamp life of minimum 35,000 hours.

C. Lamps dimmable from 100 percent to 0 percent of maximum light output.

D. Internal driver (unless indicated otherwise on the Light Fixture Schedule).

E. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.

F. Housings: 

1. Extruded-aluminum housing and heat sink.

G. Minimum allowable luminaire efficacy of 80. Lumens per watt.

H. Each LED luminaire shall be binned within a three-step macadam ellipse minimum to ensure 
color consistency among luminaires. 

2.4 EXIT SIGNS

A. General Requirements for Exit Signs: Comply with UL 924; for sign colors, visibility, luminance, 
and lettering size, comply with authorities having jurisdiction.

B. Internally Lighted Signs:

1. Operating at nominal voltage of as indicated on Light Fixture Schedule.
2. Lamps for AC Operation: LEDs; 50,000 hours minimum rated lamp life.

2.5 MATERIALS

A. 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.

B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 
operating conditions, and designed to permit relamping without use of tools. Designed to 
prevent doors, frames, lenses, diffusers, and other components from falling accidentally during 
relamping and when secured in operating position.

C. Diffusers and Globes:
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1. Glass: Annealed crystal glass unless otherwise indicated.
2. Acrylic Diffusers: One hundred percent virgin acrylic plastic, with high resistance to 

yellowing and other changes due to aging, exposure to heat, and UV radiation.
3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.

D. Housings: 

1. Extruded-aluminum housing and heat sink.

E. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels 
where they will be readily visible to service personnel, but not seen from normal viewing angles 
when lamps are in place.

1. Label shall include the following lamp characteristics:

a. "USE ONLY" and include specific lamp type.
b. Lamp diameter, shape, size, wattage, and coating.
c. CCT and CRI for all luminaires.

2.6 METAL FINISHES

A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining 
components are acceptable if they are within the range of approved Samples and if they can be 
and are assembled or installed to minimize contrast.

2.7 LIGHTING FIXTURE SUPPORT COMPONENTS

A. Comply with requirements in Section 26 05 29 "Hangers and Supports for Electrical Systems" 
for channel and angle iron supports and nonmetallic channel and angle supports.

B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. Finish 
shall match luminaire.

C. Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12 gage.

D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod

E. Aircraft Cable Support:  Use cable, anchorages, and intermediate supports recommended by 
fixture manufacturer.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of the Work.

B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical 
connections before fixture installation.
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C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 TEMPORARY LIGHTING

A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When 
construction is sufficiently complete, clean luminaires used for temporary lighting and install new 
lamps.

3.3 INSTALLATION

A. Comply with NECA 1.

B. Remote Mounting of Ballasts: Distance between the ballast and luminaire shall not exceed that 
recommended by ballast manufacturer. Verify, with ballast manufacturers, maximum distance 
between ballast and luminaire.

C. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.

D. Install lamps in each luminaire.

E. Coordinate layout and installation of luminaires and suspension system with other construction 
that penetrates ceilings or is supported by them.

F. Supports:

1. Sized and rated for luminaire weight.
2. Able to maintain luminaire position after cleaning and relamping.
3. Provide support for luminaire without causing deflection of ceiling or wall.
4. Luminaire mounting devices shall be capable of supporting a horizontal force of 100 

percent of luminaire weight and vertical force of 400 percent of luminaire weight.

G. Ceiling-Grid-Mounted Luminaire Supports: Use grid as a support element.

1. Install ceiling support system rods or wires independent of the ceiling suspension 
devices, for each luminaire. Locate not more than 6 inches from luminaire corners.

2. Support Clips: Fasten to luminaires and to ceiling grid members at or near each luminaire 
corner with clips that are UL listed for the application.

3. Luminaires of Sizes Less Than Ceiling Grid: Install as indicated on reflected ceiling plans 
or center in acoustical panel, and support luminaires independently with at least two 3/4-
inch metal channels spanning and secured to ceiling tees.

4. Install at least one independent support rod or wire from structure to a tab on luminaire. 
Wire or rod shall have breaking strength of the luminaire weight at a safety factor of 3.

H. Flush-Mounted Luminaire Support:

1. Secured to outlet box.
2. Attached to ceiling structural members at four points equally spaced around 

circumference of luminaire.
3. Trim ring flush with finished surface.

I. Wall-Mounted Luminaire Support: 
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1. Attached to structural members in walls or Attached to a minimum 20 gauge backing 
plate attached to wall structural members.

2. Do not attach luminaires directly to gypsum board.

J. Suspended Luminaire Support:

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging.
2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. Support with 

approved outlet box and accessories that hold stem and provide damping of luminaire 
oscillations. Support outlet box vertically to building structure using approved devices.

3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and wire 
support for suspension for each unit length of luminaire chassis, including one at each 
end.

4. Do not use ceiling grid as support for pendant luminaires. Connect support wires or rods 
to building structure.

K. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" and Section 260533 "Raceways and Boxes for Electrical Systems" for wiring 
connections and wiring methods.

3.4 CONNECTIONS

A. Ground equipment.

1. 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.

3.5 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals.  

3.6 FIELD QUALITY CONTROL

A. The Contractor shall inspect each installed fixture for damage.  Replace damaged fixtures and 
components.

B. The Contractor shall provide instruments to make and record test results.

C. Tests:  As follows:

1. Verify normal operation of each fixture after installation.
2. Emergency Lighting:  Interrupt electrical supply to demonstrate proper operation.

D. Malfunctioning Fixtures and Components:  The Contractor shall replace or repair, then retest.  
Repeat procedure until units operate properly.

E. Corrosive Fixtures:  Replace during warranty period.
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3.7 START-UP SERVICE

A. Burn-in all lamps that require specific aging period to operate properly, prior to occupancy by 
Owner.

B. Perform startup service:

1. Charge emergency power units and batteries minimum of one hour and depress switch to 
conduct short-duration test.

3.8 CLEANING AND ADJUSTING

A. Clean fixtures internally and externally after installation.  Use methods and materials 
recommended by manufacturer.  All luminaires shall be thoroughly cleaned and clear from dust, 
paint, construction debris and fingerprints after all other trades are complete, but prior to the 
date of substantial completion.

B. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, 
provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied 
conditions. Make up to two visits to Project during other-than-normal hours for this purpose. 
Some of this work may be required during hours of darkness.

1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are 
defective.

2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.
3. Adjust the aim of luminaires in the presence of the Architect.

END OF SECTION 26 51 00
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SECTION 27 05 26 - GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Grounding conductors.
2. Grounding connectors.
3. Grounding labeling.

1.3 DEFINITIONS

A. BCT: Bonding conductor for telecommunications.

B. EMT: Electrical metallic tubing.

C. TGB: Telecommunications grounding busbar.

PART 2 - PRODUCTS

2.1 SYSTEM COMPONENTS

A. Comply with TIA-607-B.

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

following, O.A.E.:

1. Burndy; Part of Hubbell Electrical Systems.
2. Panduit Corp.
3. Tyco Electronics Corp.

B. Comply with UL 486A-486B.

C. Insulated Conductors: Stranded copper wire, green or green with yellow stripe insulation, 
insulated for 600 V, and complying with UL 83.

http://www.specagent.com/LookUp/?ulid=7609&mf=04&mf=95&src=wd&mf=&src=wd
http://www.specagent.com/LookUp/?uid=123456853856&mf=&src=wd
http://www.specagent.com/LookUp/?uid=123456853854&mf=&src=wd
http://www.specagent.com/LookUp/?uid=123456853855&mf=&src=wd
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1. Ground wire for custom-length equipment ground jumpers shall be No. 6 AWG, 19-
strand, UL-listed, Type THHN wire.

D. Bare Copper Conductors:

1. Solid Conductors: ASTM B 3.
2. Stranded Conductors: ASTM B 8.
3. Tinned Conductors: ASTM B 33.
4. Bonding Cable: 28 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG copper conductor, 

and 1/4 inch (6.3 mm) in diameter.
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded copper conductor.
6. Bonding Jumper: Tinned-copper tape, braided conductors terminated with two-hole 

copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

2.3 CONNECTORS

A. Irreversible connectors listed for the purpose. Listed by an NRTL as complying with NFPA 70 
for specific types, sizes, and combinations of conductors and other items connected. Comply 
with UL 486A-486B.

1. Burndy; Part of Hubbell Electrical Systems.
2. Panduit Corp.
3. Tyco Electronics Corp.

B. Compression Wire Connectors: Crimp-and-compress connectors that bond to the conductor 
when the connector is compressed around the conductor. Comply with UL 467.

1. Electroplated tinned copper, C and H shaped.

C. Busbar Connectors: Cast silicon bronze, solderless compression-type, mechanical connector; 
with a long barrel and two holes spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-
bolt connection to the busbar.

D. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions.

2.4 GROUNDING BUSBARS

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

1. Burndy; Part of Hubbell Electrical Systems.

http://www.specagent.com/LookUp/?uid=123456853856&mf=&src=wd
http://www.specagent.com/LookUp/?uid=123456853859&mf=&src=wd
http://www.specagent.com/LookUp/?uid=123456853860&mf=&src=wd
http://www.specagent.com/LookUp/?uid=123456853856&mf=&src=wd
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine the ac grounding electrode system and equipment grounding for compliance with 
requirements for maximum ground-resistance level and other conditions affecting performance 
of grounding and bonding of the electrical system.

B. Inspect the test results of the ac grounding system measured at the point of BCT connection.

C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the 
Work.

D. Proceed with connection of the BCT only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Bonding shall include the ac utility power service entrance, the communications cable entrance, 
and the grounding electrode system. The bonding of these elements shall form a loop so that 
each element is connected to at least two others.

B. Comply with NECA 1.

C. Comply with TIA-607-B.

3.3 APPLICATION

A. Conductors: Install solid copper conductor for No. 8 AWG and smaller and stranded copper 
conductors for No. 6 AWG and larger unless otherwise indicated.

B. 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.

C. Conductor Support:

1. Secure grounding and bonding conductors at intervals of not less than 36 inches.

D. Grounding and Bonding Conductors:

1. Install in the straightest and shortest route between the origination and termination point, 
and no longer than required. The bend radius shall not be smaller than eight times the 
diameter of the conductor. No one bend may exceed 90 degrees.

2. Install without splices.
3. Support at not more than 36-inch intervals.
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4. Install grounding and bonding conductors in 3/4-inch PVC conduit until conduit enters a 
telecommunications room. The grounding and bonding conductor pathway through a 
plenum shall be in EMT. Conductors shall not be installed in EMT unless otherwise 
indicated.

a. If a grounding and bonding conductor is installed in ferrous metallic conduit, bond 
the conductor to the conduit using a grounding bushing that complies with 
requirements in Section 270528 "Pathways for Communications Systems," and 
bond both ends of the conduit to a TGB.

3.4 CONNECTIONS

A. Assemble the wire connector to the conductor, complying with manufacturer's written 
instructions and as follows:

1. Use crimping tool and the die specific to the connector.
2. Pre-twist the conductor.
3. Apply an antioxidant compound to all bolted and compression connections.

B. Electrical Power Panelboards: Where an electrical panelboard for telecommunications 
equipment is located in the same room or space, bond equipment to the ground bar of the 
panelboard.

C. Shielded Cable: Bond the shield of shielded cable to the TGB in communications rooms and 
spaces. Comply with TIA-568-C.1 and TIA-568-C.2 when grounding screened, balanced, 
twisted-pair cables.

END OF SECTION 27 05 26
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SECTION 27 05 28 - PATHWAYS FOR COMMUNICATIONS SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Metal conduits and fittings.
2. Nonmetallic conduits and fittings.
3. Optical-fiber-cable pathways and fittings.
4. Metal wireways and auxiliary gutters.
5. Nonmetallic wireways and auxiliary gutters.
6. Surface pathways.
7. Boxes, enclosures, and cabinets.
8. Handholes and boxes for exterior underground cabling.

B. Related Requirements:

1. Section 26 05 33 "Raceways and Boxes for Electrical Systems" for conduits, wireways, 
surface raceways, boxes, enclosures, cabinets, handholes, and faceplate adapters 
serving electrical systems.

2. All of Division 27.

1.3 DEFINITIONS

A. GRC:  Galvanized rigid steel conduit.

B. IMC:  Intermediate metal conduit.

1.4 ACTION SUBMITTALS

A. Product Data:  For surface pathways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets.

1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings:  Pathway routing plans, drawn to scale, on which the following items 
are shown and coordinated with each other, using input from installers of items involved:

1. Structural members in paths of pathway groups with common supports.
2. HVAC and plumbing items and architectural features in paths of conduit groups with 

common supports.
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B. Qualification Data:  For professional engineer.

C. Source quality-control reports.

PART 2 - PRODUCTS

2.1 METAL CONDUITS AND FITTINGS

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

1. AFC Cable Systems, Inc.
2. Allied Tube & Conduit.
3. Alpha Wire Company.
4. Electri-Flex Company.
5. Robroy Industries.
6. Western Tube and Conduit Corporation.

B. General Requirements for Metal Conduits and Fittings:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application.

2. Comply with TIA-569-B.

C. GRC:  Comply with ANSI C80.1 and UL 6Retain "ARC" Paragraph below for corrosion 
resistance and other special conditions.

D. IMC:  Comply with ANSI C80.6 and UL 1242.

E. PVC-Coated Steel Conduit:  PVC-coated rigid steel conduit.

1. Comply with NEMA RN 1.
2. Coating Thickness:  0.040 inch, minimum.

F. EMT:  Comply with ANSI C80.3 and UL 797.

G. Fittings for Metal Conduit:  Comply with NEMA FB 1 and UL 514B.

1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886 and 
NFPA 70.

2. Fittings for EMT:

a. Material:  Steel.
b. Type:  Setscrew.

3. Expansion Fittings:  PVC or steel to match conduit type, complying with UL-467, rated for 
environmental conditions where installed, and including flexible external bonding jumper.

4. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness of 0.040 inch, with 
overlapping sleeves protecting threaded joints.

http://www.specagent.com/LookUp/?ulid=2279&mf=04&mf=95&src=wd&mf=&src=wd
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H. Joint Compound for IMC, GRC, or ARC:  Approved, as defined in NFPA 70, by authorities 
having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and 
protect threaded conduit joints from corrosion and to enhance their conductivity.

2.2 NONMETALLIC CONDUITS AND FITTINGS

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

1. AFC Cable Systems, Inc.
2. Allied Tube & Conduit.
3. Arnco Corporation.
4. CANTEX Inc.
5. CertainTeed Corporation.
6. Condux International, Inc.
7. Electri-Flex Company.
8. Kraloy.
9. Lamson & Sessions; Carlon Electrical Products.
10. Niedax-Kleinhuis USA, Inc.
11. RACO; Hubbell.
12. Thomas & Betts Corporation.

B. General Requirements for Nonmetallic Conduits and Fittings:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application.

2. Comply with TIA-569-B.

C. RNC:  Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.

D. Rigid HDPE:  Comply with UL 651A.

E. Continuous HDPE:  Comply with UL 651B.

F. RTRC:  Comply with UL 1684A and NEMA TC 14.

G. Fittings for RNC:  Comply with NEMA TC 3; match to conduit or tubing type and material.

H. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, 
respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

I. Solvent cements and adhesive primers shall comply with the testing and product requirements 
of the California Department of Health Services' "Standard Practice for the Testing of Volatile 
Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

2.3 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS

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

1. Alpha Wire Company.
2. Arnco Corporation.
3. Endot Industries Inc.
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4. IPEX.
5. Lamson & Sessions; Carlon Electrical Products.

B. Description:  Comply with UL 2024; flexible-type pathway, approved for plenum installation 
unless otherwise indicated.

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application.

2. Comply with TIA-569-B.

2.4 BOXES, ENCLOSURES, AND CABINETS

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

1. Adalet.
2. Cooper Technologies Company; Cooper Crouse-Hinds.
3. EGS/Appleton Electric.
4. Erickson Electrical Equipment Company.
5. Hoffman.
6. Lamson & Sessions; Carlon Electrical Products.
7. O-Z/Gedney.
8. Quazite:Hubbell Power Systems, Inc.
9. RACO; Hubbell.
10. Spring City Electrical Manufacturing Company.
11. Stahlin Non-Metallic Enclosures.
12. Thomas & Betts Corporation.
13. Wiremold / Legrand.

B. General Requirements for Boxes, Enclosures, and Cabinets:

1. Comply with TIA-569-B.
2. Boxes, enclosures and cabinets installed in wet locations shall be listed for use in wet 

locations.

C. Sheet-Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A.

D. Cast-Metal Outlet and Device Boxes:  Comply with NEMA FB 1, ferrous alloy , Type FD, with 
gasketed cover.

E. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box.

F. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.

G. Cast-Metal Access, Pull, and Junction Boxes:  Comply with NEMA FB 1 and UL 1773, cast 
aluminum with gasketed cover.

H. Device Box Dimensions:  4 inches by 2-1/8 inches by 2-1/8 inches deep.

I. Gangable boxes are allowed.

J. Nonmetallic Outlet and Device Boxes:  Comply with NEMA OS 2 and UL 514C.
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K. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, Type 1 for indoor use Type 3R 
for outdoor use with continuous-hinge cover with flush latch unless otherwise indicated.

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
2. Interior Panels:  Steel; all sides finished with manufacturer's standard enamel.

L. Cabinets:

1. NEMA 250, Type 1 for indoor, Type 3R for outdoor, galvanized-steel box with removable 
interior panel and removable front, finished inside and out with manufacturer's standard 
enamel.

2. Hinged door in front cover with flush latch and concealed hinge.
3. Key latch to match panelboards.
4. Metal barriers to separate wiring of different systems and voltage.
5. Accessory feet where required for freestanding equipment.
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application.

2.5 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND CABLING

A. General Requirements for Handholes and Boxes:

1. Boxes and handholes for use in underground systems shall be designed and identified as 
defined in NFPA 70, for intended location and application.

2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application.

3. Comply with TIA-569-B.

B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:  Molded of sand and 
aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a 
combination of the two.

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

a. Armorcast Products Company.
b. Carson Industries LLC.
c. NewBasis.
d. Oldcastle Precast, Inc; Christy Concrete Products.
e. Quazite: Hubbell Power System, Inc; Hubbell Power Systems.
f. Synertech Moulded Products.

2. Standard:  Comply with SCTE 77.
3. Configuration:  Designed for flush burial with open bottom unless otherwise indicated.
4. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure and handhole location.
5. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
6. Cover Legend:  Molded lettering, "COMMUNICATIONS.".
7. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall.
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PART 3 - EXECUTION

3.1 PATHWAY APPLICATION

A. Outdoors:  Apply pathway products as specified on drawings:

B. Indoors:  Apply pathway products as specified below unless otherwise indicated:

1. Exposed, Not Subject to Physical Damage:  EMT.
2. Exposed, Not Subject to Severe Physical Damage:  EMT.
3. Exposed and Subject to Severe Physical Damage:  GRC.  Pathway locations include the 

following:

a. Loading dock.
b. Mechanical rooms.

4. Damp or Wet Locations:  GRC.
5. Pathways for Optical-Fiber or Communications Cable in Spaces Used for Environmental 

Air:  Plenum-type, optical-fiber-cable pathway and EMT where indicated on drawings.
6. Pathways for Optical-Fiber or Communications-Cable Risers in Vertical Shafts:  Plenum-

type, optical-fiber-cable pathway and EMT where indicated on drawings.
7. Pathways for Concealed General-Purpose Distribution of Optical-Fiber or 

Communications Cable:  Plenum-type, optical-fiber-cable pathway or EMT where 
indicated on drawings.

8. Boxes and Enclosures:  NEMA 250 Type 1, except use NEMA 250 Type 4 stainless steel 
in institutional and commercial kitchens and damp or wet locations.

C. Minimum Pathway Size:  1-inch trade size.  Minimum size for optical-fiber cables is 1 1/4 inch.

D. Pathway Fittings:  Compatible with pathways and suitable for use and location.

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings unless 
otherwise indicated.  Comply with NEMA FB 2.10.

2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with this 
type of conduit.  Patch and seal all joints, nicks, and scrapes in PVC coating after 
installing conduits and fittings.  Use sealant recommended by fitting manufacturer and 
apply in thickness and number of coats recommended by manufacturer.

3. EMT:  Use setscrew or compression, steel fittings.  Comply with NEMA FB 2.10.

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.

F. Install surface pathways only where indicated on Drawings.

G. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

H. Comply with all local Code requirements.

3.2 INSTALLATION

A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements except where 
requirements on Drawings or in this article are stricter.  Comply with NECA 102 for aluminum 
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pathways.  Comply with NFPA 70 limitations for types of pathways allowed in specific 
occupancies and number of floors.

B. Keep pathways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.  
Install horizontal pathway runs above water and steam piping.

C. Complete pathway installation before starting conductor installation.

D. Stub-ups shall be between 1”-3” AFF.

E. Comply with requirements in Section 26 05 29 "Hangers and Supports for Electrical Systems" 
for hangers and supports.

F. Arrange stub-ups so curved portions of bends are not visible above finished slab.

G. Install no more than the equivalent of two 90-degree bends in any pathway run.  Support within 
12 inches of changes in direction.  Utilize long radius ells for all optical-fiber cables.

H. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.  
Install conduits parallel or perpendicular to building lines.

I. Support conduit within 12 inches of enclosures to which attached.

J. Pathways Embedded in Slabs:

1. Run conduit larger than 1-inch trade size, parallel or at right angles to main 
reinforcement.  Where at right angles to reinforcement, place conduit close to slab 
support.  Secure pathways to reinforcement at maximum 10-foot intervals.

2. Arrange pathways to cross building expansion joints at right angles with expansion 
fittings.

3. Arrange pathways to keep a minimum of 1 inch of concrete cover in all directions.
4. Do not embed threadless fittings in concrete unless specifically approved by Architect for 

each specific location.
5. Change from ENT to GRC- before rising above floor.

K. Stub-ups to Above Recessed Ceilings:

1. Use EMT, IMC, or RMC for pathways.
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure.

L. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply 
listed compound to threads of pathway and fittings before making up joints.  Follow compound 
manufacturer's written instructions.

M. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing conductive 
compound prior to assembly.

N. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 
or cabinets.  Install insulated bushings on conduits terminated with locknuts.

O. Install pathways square to the enclosure and terminate at enclosures with locknuts.  Install 
locknuts hand tight plus 1/4 turn more.
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P. Do not rely on locknuts to penetrate nonconductive coatings on enclosures.  Remove coatings 
in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.

Q. Cut conduit perpendicular to the length.  For conduits of 2-inch trade size and larger, use roll 
cutter or a guide to ensure cut is straight and perpendicular to the length.

R. Install pull wires in empty pathways.  Use polypropylene or monofilament plastic line with not 
less than 200-lbtensile strength.  Leave at least 12 inches of slack at each end of pull wire.  Cap 
underground pathways designated as spare above grade alongside pathways in use.

S. Surface Pathways:

1. Install surface pathway for surface telecommunications outlet boxes only where indicated 
on Drawings.

2. Install surface pathway with a minimum 2-inch radius control at bend points.
3. Secure surface pathway with screws or other anchor-type devices at intervals not 

exceeding 48 inches and with no less than two supports per straight pathway section.  
Support surface pathway according to manufacturer's written instructions.  Tape and glue 
are not acceptable support methods.

T. Pathways for Optical-Fiber and Communications Cable:  Install pathways, metal and 
nonmetallic, rigid and flexible, as follows where required:

1. 3/4-Inch Trade Size and Smaller:  Install pathways in maximum lengths of 50 feet.
2. 1-Inch Trade Size and Larger:  Install pathways in maximum lengths of 75 feet.
3. Install with a maximum of two 90-degree bends or equivalent for each length of pathway 

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.

U. Install pathway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound.  For concealed pathways, install each fitting in a flush steel box with a 
blank cover plate having a finish similar to that of adjacent plates or surfaces.  Install pathway 
sealing fittings according to NFPA 70.

V. Install devices to seal pathway interiors at accessible locations.  Locate seals so no fittings or 
boxes are between the seal and the following changes of environments.  Seal the interior of all 
pathways at the following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces.

2. Where an underground service pathway enters a building or structure.
3. Where otherwise required by NFPA 70.

W. Comply with manufacturer's written instructions for solvent welding PVC conduit and fittings.

X. Expansion-Joint Fittings:

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F, and that has straight-run length that exceeds 25 feet.  
Install in each run of aboveground RMC and EMT conduit that is located where 
environmental temperature change may exceed 100 deg F and that has straight-run 
length that exceeds 100 feet.
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2. Install type and quantity of fittings that accommodate temperature change listed for each 
of the following locations:

a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F temperature 
change.

b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F temperature change.
c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 deg F 

temperature change.
d. Attics:  135 deg F temperature change.

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 
of length of straight run per deg F of temperature change for PVC conduits.  Install 
fitting(s) that provide expansion and contraction for at least 0.000078 inch per foot of 
length of straight run per deg F of temperature change for metal conduits.

4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints.

5. Install each expansion-joint fitting with position, mounting, and piston setting selected 
according to manufacturer's written instructions for conditions at specific location at time 
of installation.  Install conduit supports to allow for expansion movement.

Y. Mount boxes at heights indicated on Drawings.  If mounting heights of boxes are not individually 
indicated, give priority to ADA requirements.  Install boxes with height measured to center of 
box unless otherwise indicated.

Z. 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.  Prepare block surface to provide a flat surface for a 
rain-tight connection between box and cover plate or supported equipment and box.

AA. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel.

BB. Support boxes of three gangs or more from more than one side by spanning two framing 
members or mounting on brackets specifically designed for the purpose.

CC. Fasten junction and pull boxes to or support from building structure.  Do not support boxes by 
conduits.

DD. Set metal floor boxes level and flush with finished floor surface.

EE. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface.

3.3 INSTALLATION OF UNDERGROUND CONDUIT

A. Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench 
bottom as specified in Section 31 20 00 "Earth Moving" for pipe less than 6 inches in 
nominal diameter.

2. Install backfill as specified in Section 31 20 00 "Earth Moving."
3. 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 
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of finished grade, make final conduit connection at end of run and complete backfilling 
with normal compaction as specified in Section 31 20 00 "Earth Moving."

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building 
entrances through floor unless otherwise indicated.  Encase elbows for stub-up ducts 
throughout length of elbow.

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and 
at building entrances through floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and 
encase coupling with 3 inches of concrete for a minimum of 12 inches on each 
side of the coupling.

b. For stub-ups at equipment mounted on outdoor concrete bases and where 
conduits penetrate building foundations, extend steel conduit horizontally a 
minimum of 60 inches from edge of foundation or equipment base.  Install 
insulated grounding bushings on terminations at equipment.

6. Warning Planks:  Bury warning planks approximately 12 inches above direct-buried 
conduits, but a minimum of 6 inches below grade.  Align planks along centerline of 
conduit.

7. Underground Warning Tape:  Comply with requirements in Section 26 05 53 
"Identification for Electrical Systems."

3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with 
connecting conduits to minimize bends and deflections required for proper entrances.

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 
1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.

C. Elevation:  In paved areas, set so cover surface will be flush with finished grade.  Set covers of 
other enclosures 1 inch above finished grade.

D. Install handholes with bottom below frost line, a minimum of 24” below grade.

E. 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.  
Select arm lengths to be long enough to provide spare space for future cables, but short enough 
to preserve adequate working clearances in enclosure.

F. Field cut openings for 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.

3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR COMMUNICATIONS PENETRATIONS

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply 
with requirements in Section 27 05 44 "Sleeves and Sleeve Seals for Communications 
Pathways and Cabling."

3.6 FIRESTOPPING

A. Install firestopping at penetrations of fire-rated floor and wall assemblies.  Comply with 
requirements in Section 07 84 13 "Penetration Firestopping."
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3.7 PROTECTION

A. Protect coatings, finishes, and cabinets from damage or deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer.

2. Repair damage to PVC coatings or paint finishes with matching touchup coating 
recommended by manufacturer.

END OF SECTION 27 05 28
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SECTION 27 11 00 – COMMUNICATIONS EQUIPMENT ROOM FITTINGS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Sections Includes:

1. Telecommunications mounting elements.
2. Backboards.
3. Telecommunications equipment racks and cabinets.
4. Telecommunication service entrance pathways.
5. Grounding.

B. Related Documents:

1. Section 27 13 00 “Communications Backbone Cabling” for voice and data cabling 
associated with system panels and devices.

2. Section 27 15 00 “Communications Horizontal Cabling” for voice and data cabling 
associated with system panels and devices.

1.3 DEFINITIONS

A. BICSI:  Building Industry Consulting Service International.

B. Ladder Cable Tray:  A fabricated structure consisting of two longitudinal side rails connected by 
individual transverse members (rungs).

C. LAN:  Local area network.

1.4 SUBMITTALS

A. Product Data:  For each type of product.

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finished for equipment racks and cabinets.

2. Include rated capacities, operating characteristics, electrical characteristics and furnished 
specialties and accessories.

B. Shop Drawings:  For communications equipment room fittings.  Include plans, elevations, 
sections, details and attachments to other work.
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1. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components and locations 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 showing 
standoff insulators and wall mounting brackets.

C. Qualification Data:  For Installer, layout technician, installation supervisor, and field inspector.

1.5 QUALITY ASSURANCE

A. BICSI is an industry trade association.  See Editing Instruction No. 2 in the Evaluations for 
summaries of qualifications for registration.

1. Layout Responsibility:  Prepare of Show Drawings shall be under the direct supervision of 
RCDD.

2. Installer Qualifications:  Cabling Installer must have personnel certified by BICSI on staff.  
3. Installation Supervisor:  Installation shall be under the direct supervision of Level 2 

Installer, who shall be present at all times when Work of this Section is performed at 
Project site.

4. Field Inspector.  Currently registered by BICSI as RCDD to perform the on-site 
inspection.

B. Electrical Components, devices and Accessories:  Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and applications.

C. Telecommunications Pathways and Spaces:  Comply with TIA-569-B.

D. Grounding:  Comply with TIA-607-B, NEC, and AHJ requirements.

1.6 PROJECT CONDITIONS

A. Environmental Limitations:  Do not deliver or install equipment frames and cable trays until 
spaces are enclosed and weather-tight wet work in spaces is complete and dry, and work above 
ceilings is complete.

1.7 COORDINATION

A. 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 supplier, 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.
3. Adjust arrangements and locations of equipment with distribution frames, cross-connects, 

and patch panels in equipment rooms to accommodate and optimize arrangements and 
space requirements of telephone switch and LAN equipment.
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4. Adjust arrangements and locations of equipment with distribution frames, cross-
connections.  And patch panels of cabling systems of other communications, electronic 
safety and security and relates systems that share space in equipment room.

B. Coordinate location of power raceways and receptacles with locations of communications 
equipment requiring electrical power to operate. 

PART 2 - PRODUCTS

2.1 PATHWAYS

A. General Requirements:  Comply with TIA-569-B.

B. 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 reusable straps to brackets.
3. Lacing bars, spools, J-hooks, and D-rings.
4. Straps and other devices.

C. Cable Trays:

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

a. Hubbell.

2. Cable Tray Materials:  Metal, suitable for indoor and protected against corrosion by hot-
dip galvanizing, complying with ASTM A 123/A 123M, Grade 0.55, not less than .002165 
thick.

a. Ladder Cable Trays:  Nominally 12 inches wide and a rung spacing of 9 inches.

D. Conduit and Boxes – Comply with requirements in Division 26 Section “Raceway and Boxes for 
Electrical Systems.” 

2.2 BACKBOARDS.

A. Backboards:  Plywood, fire-retardant treated, 3/4 by 48 by 96 inches.  Comply with 
requirements for plywood backing panels specified in Section 06 "Rough Carpentry.”

2.3 EQUIPMENT FRAMES

A. Manufacturers:  Provide equipment shown on drawings or an approved equal by one of the 
following:

1. Hubbell
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2.4 POWER STRIPS

A. Power Strips:  Comply with UL 1362.

1. Rack mounting.
2. Six, 20-A, 120-V ac, NEMA WD 6, Configuration 5-20R receptacles.
3. LED indicator lights for power and protection status.
4. LED indicator lights for reverse polarity and open outlet ground.
5. Circuit breaker and thermal fusing:  Unit continues to supply power if protection is lost.
6. Cord connected with 15 foot line cord.
7. Rocker –type on-off switch, illuminated when in one position.
8. Peak Single-Impulse Surge Current Rating:  26 kA per phase.
9. Protection modes shall be line to neutral, line to ground, and neutral to ground.  UL 1449 

clamping voltage for all 3 modes shall be not more than 330V.

2.5 GROUNDING

A. Comply with requirements in Section 26 05 26 "Grounding and Bonding for Electrical Systems" 
for grounding conductors and connectors.

B. Telecommunications Main Grounding Bus-bar.

1. Connectors:  Mechanical type, cast silicon bronze, solderless compression-type wire 
terminals, and long-barrel, two-bolt connections to ground bus bar.

2. Ground Bus Bar.  Copper minimum 1/4 inch thick by 4 inches wide with 9/32-inch holes 
spaced 1-1/8 inches apart.

3. Stand-Off Insulators:  Comply with UL 891 for use in switchboards, 600 V.  Lexan or 
PVC, impulse tested at 5000 V.

C. Telecommunications Grounding Bus-bar.

1. Connectors:  Mechanical type, cast silicon bronze, solderless compression-type wire 
terminals, and long barrel, two-bold connection to ground bus bar.

2. Ground Bus Bar.  Copper, minimum 1/4 inch thick by 2 inches wide with 9/32-inch holes 
spaced 1-1/8 inches apart.

3. Stand-Off Insulators:  Comply with UL 891 for use in switchboards, 600 V. Lexan or PVC, 
impulse tested at 5000 V.

D. Comply with TIA, NEC, and AHJ requirements.

2.6 LABELING

A. Comply with TIA-606-A and UL 969 for a system of labeling materials, including label stocks, 
laminating adhesives, and inks used by label printers.
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PART 3 - EXECUTION

3.1 ENTRANCE FACILITIES

A. Contact telecommunications service provider and arrange for installation of demarcation point, 
protected entrance terminals, and a housing when so directed by service provider.

B. Comply with requirements in Section 27 05 28 "Pathways for Communications Systems" for 
materials and installation requirements for underground pathways.

3.2 INSTALLATION

A. Comply with NECA 1.

B. Comply with BICSI TDMM for layout and installation of communications equipment rooms.

C. Bundle, lace, and train conductors and cables to terminal points without exceeding 
manufacturer's limitations on bending radii.  Install lacing bars and distribution spools.

D. 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.
3. 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.

4. Adjust arrangements and locations of equipment with distribution frames, cross-connects, 
and patch panels of cabling systems of other communications, electronic safety and 
security, and related systems that share space in the equipment room.

E. Coordinate location of power raceways and receptacles with locations of communications 
equipment requiring electrical power to operate.

F. Ladder Rack installation requirements.

1. Provide all components of the ladder rack system (ladder rack, turns, splices, supports, 
and accessories) from a single manufacturer.

2. Ladder rack shall be secured to the structural ceiling, building truss system, wall, floor or 
the tops of equipment racks and/or cabinets using the manufacturer’s recommended 
supports and appropriate hardware as defined by local code or the authority having 
jurisdiction (AHJ).

3. Ladder rack shall be supported every 5’ or less in accordance with TIA-569-B. Ladder 
rack shall be supported within 2’ on both/all sides of every splice or intersection. Support 
ladder rack on both sides of every change in elevation.

4. Secure ladder rack to each support with included hardware so that at minimum ladder 
rack is connected to each support by two fasteners.

5. Ladder rack splices will be made in mid-span, not over a support, with the manufacturer’s 
recommended splice hardware.
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6. Heavy-duty splices are recommended for ladder rack in excess of 18” width. Heavy-duty 
splices are required for any splice formed in the vertical orientation including changes in 
elevation formed using vertical-to-horizontal 90° turns or horizontal-to-vertical 90° turns. 
Use heavy-duty splices to secure all overhead turns to the overhead horizontal 
pathway(s).

7. When the pathway is overhead, ladder rack shall be installed with a minimum clearance 
of 12” above the ladder rack. Leave a minimum of 12” in between ladder rack and 
ceiling/building truss structure. Leave a minimum of 3” in between ladder rack and the 
tops of equipment racks and/or cabinets. Multiple tiers of ladder rack shall be installed 
with a minimum clearance of 12” in between the ladder rack. When located above an 
acoustical drop ceiling, ladder rack shall be installed a minimum of 3” above the drop 
ceiling tiles.

8. Within each telecommunications room, ladder rack should be bonded together, 
electrically continuous, and bonded to the TGB, unless otherwise noted in the 
specifications and contract documents. Ladder rack and turns shall be bonded across 
each splice with a UL Classified Splice Kit or other accepted method as recommended by 
the AHJ. Ladder rack shall be bonded to the Telecommunications Grounding Busbar 
(TGB) using an approved ground lug on the ladder rack and a minimum #6 grounding 
wire or as recommended by the AHJ. Verify the bonds at splices and intersections 
between individual ladder rack sections and turns and the bond to the TGB.

9. The quantity of cables within the ladder rack will not exceed a whole number value equal 
to 50% of the interior area of the ladder rack divided by the cross-sectional area of the 
cable. The interior area of ladder rack will be considered to be the width of the ladder 
rack multiplied by a height of 2”, unless cable retaining posts are added to the ladder 
rack. The interior area of ladder rack equipped with cable retaining posts will be 
considered to be the width of the ladder rack multiplied by a height of 6”. Actual cable fill 
for ladder rack that is not equipped with cable retaining posts will not exceed 2” in height. 
Actual cable fill for ladder rack equipped with cable retaining posts will not exceed 6” in 
height.

10. The combined weight of cables within the ladder rack will not exceed the stated load 
capacity of the ladder rack as stated in the manufacturer’s product specifications or 
design tables.

11. Cables (cable bundles) will be secured to the cross members of ladder rack with ¾” wide 
reusable straps. Straps are not required when ladder rack is equipped with cable 
retaining posts.

12. Separate different cable media types within the ladder rack pathway. Treat each type of 
cable media separately when determining cable fill limits.

13. Where cable exits or enters the side of overhead ladder rack to access a rack, frame, 
cabinet or wall-mounted rack, cabinet or termination field, a radius drop will be used to 
guide the cable.

14. Maintain a minimum separation of 2’ between ladder rack used for communications 
cables and pathways for other utilities or building services.

3.3 FIRE-STOPPING

A. Comply with requirements in Section 07 "Penetration Fire-stopping."

B. Comply with TIA-569-B, Annex A, "Fire-stopping."

C. Comply with BICSI TDMM, "Fire-stopping Systems" Article.
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3.4 GROUNDING

A. Comply with NEC and AHJ requirements.

B. Locate grounding bus bar to minimize the length of bonding conductors.  Fasten to wall allowing 
at least 2-inch clearance behind the grounding bus bar.  Connect grounding bus bar with a 
minimum No. 4 AWG copper grounding electrode conductor from grounding bus bar to suitable 
electrical building ground.

C. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG copper 
equipment grounding conductor.

D. Bond the shield of shielded cable to the grounding bus bar in communications rooms and 
spaces.

3.5 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with TIA-606-A.  Comply with 
requirements in Section 26 05 53 "Identification for Electrical Systems."

B. Comply with requirements in Section 09 91 23 "Interior Painting" for painting backboards.  For 
fire-resistant plywood, do not paint over manufacturer's label.

C. See Section 27 15 00 "Communications Horizontal Cabling" for additional identification 
requirements.  See Evaluations for discussion of TIA standard as it applies to this Section

D. Labels shall be preprinted or computer-printed type.

END OF SECTION 27 11 00
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SECTION 27 13 00 – COMMUNICATIONS BACKBONE CABLING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Pathways.
2. UTP cable.
3. 50/125-micrometer, OM3, Multimode, all dielectric, armored, optical fiber cabling.
4. Coaxial cable.
5. Cable connecting hardware, patch panels, and cross-connects.
6. Cabling identification products.

B. Related Sections:

1. Section 27 15 00 “Communications Horizontal Cabling” for voice and data cabling 
associated with system panels and devices.

1.3 DEFINITIONS

A. BICSI:  Building Industry Consulting Service International.

B. Cross-Connect:  A facility enabling the termination of cable elements and their interconnection 
or cross-connection.

C. EMI:  Electromagnetic interference.

D. IDC:  Insulation displacement connector.

E. LAN:  Local area network.

F. RCDD:  Registered Communications Distribution Designer.

G. UTP:  Unshielded twisted pair.

1.4 BACKBONE CABLING DESCRIPTION

A. Backbone cabling system shall provide interconnections between communications equipment 
rooms, main terminal space, and entrance facilities in the telecommunications cabling system 
structure.  Cabling system consists of backbone cables, intermediate and main cross-connects, 
mechanical terminations, and patch cords or jumpers used for backbone-to-backbone cross-
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connection.  All backbone and horizontal cabling including associated hardware shall be by the 
same Manufacturer.

B. Backbone cabling cross-connects may be located in communications equipment rooms or at 
entrance facilities.  Bridged taps and splitters shall not be used as part of backbone cabling.

1.5 PERFORMANCE REQUIREMENTS

A. General Performance:  Backbone cabling system shall comply with transmission standards in 
TIA-568-C.1, when tested according to test procedures of this standard.

1.6 SUBMITTALS

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

1. For coaxial cable, include the following installation data for each type used:

a. Nominal OD.
b. Minimum bending radius.
c. Maximum pulling tension.

B. Shop Drawings:

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:

a. Vertical and horizontal offsets and transitions.
b. Clearances for access above and to side of cable trays.
c. Vertical elevation of cable trays above the floor or bottom of ceiling structure.
d. Load calculations to show dead and live loads as not exceeding manufacturer’s 

rating for tray and its support elements.

1.7 QUALITY ASSURANCE

A. Installer Qualifications:  Cabling Installer must have personnel certified by BICSI on staff.

1. Layout Responsibility:  Preparation of Shop Drawings, Cabling Administration Drawings, 
and field testing program development by an RCDD.



RENOVATIONS AND ADDITIONS TO 2019091 28 AUGUST 2020
BRANDON OAKS FISHWICK & NRC 
FOR VIRGINIA LUTHERAN HOMES PHASES 2D & 3

     COMMUNICATIONS BACKBONE CABLING                                                                            27 13 00 - 3
    

2. Installation Supervision:  Installation shall be under the direct supervision of Level 2 
Installer, who shall be present at all times when Work of this Section is performed at 
Project site.

3. Testing Supervisor:  Currently certified by BICSI as an RCDD to supervise o-site testing.

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-569-B.

E. Grounding:  Comply with NEC and the AHJ requirements.

1.8 DELIVERY, STORAGE AND HANDLING

A. Test cables upon receipt at Project site.

1. Test optical fiber cable to determine the continuity of the strand end to end.  Use optical 
loss test set.

2. Test optical fiber cable while on reels.  Use an optical time domain reflectometer to verify 
the cable length and locate cable defects, splices, and connector, including the loss value 
of each.  Retain test data and include the record in maintenance data.

3. Test each pair of UTP cable for open and short circuits.

1.9 PROJECT CONDITIONS

A. Environmental Limitations:  Do not deliver or install 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.

1.10 COORDINATION

A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's 
telecommunications and LAN equipment and service suppliers.

PART 2 - PRODUCTS

2.1 PATHWAYS

A. General Requirements:  Comply with TIA-569-B.

B. Cable Support:  NRTL labeled for support of Category 6 cabling, designed to prevent 
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degradation of cable performance and pinch points that could damage cable.

1. Support brackets with Velcro slots for securing cable with Velcro.
2. Lacing bars, spools, J-hooks, and D-rings.
3. Straps and other devices.

2.2 UTP CABLE

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

1. Hubbell NextSpeed.
2. Systemax GigaSpeed Products.
3. The Siemon Company.

B. Description:  100-ohm, Multi-pair UTP, formed into 25-pair binder groups covered with a 
thermoplastic jacket.

1. Comply with ICEA S-90-661 for mechanical properties.
2. Comply with TIA-568-C.1 for performance specifications.
3. Comply with TIA-568-C.2, Category 3.
4. 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, comply with UL 1666.

2.3 UTP CABLE HARDWARE

A. Manufacturers:  Subject to compliance with requirements and operate as a warrantied system 
with cabling, provide products by one of the following O.A.E:

1. Hubbell NextSpeed.
2. Systemax GigaSpeed Products.

The Siemon Company. 

B. General Requirements for Cable Connecting Hardware:  Comply with TIA-568-C.2, IDC type, 
with modules designed for punch-down caps or tools.  Cables shall be terminated with 
connecting hardware of same category or higher.

C. Connecting Blocks:  110-style IDC 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.

D. Cross-Connect:  Modular array of connecting blocks arranged to terminate building cables and 
permit interconnection between cables.

1. Number of Terminals per Field:  Four for each conductor in assigned cables.

E. 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.
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1. Number of Jacks per Field:  One for each four-pair UTP cable indicated.

F. Jacks and Jack Assemblies:  Modular, color-coded, eight-position modular receptacle units with 
integral IDC-type terminals.

G. Patch Cords:  Factory-made, 4-pair cables in lengths suitable for proper patching with 12” of 
slack in each cord; terminated with 8-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. Patch cords shall have color-coded boots for circuit identification.

2.4 OPTICAL FIBER CABLE

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

1. Hubbell NextSpeed.
2. Systemax GigaSpeed Products.
3. The Siemon Company.

B. Description:  Multimode, 50/125 micrometer, OM3, Loose-tube, Interlocking-Armored, 
Indoor/Outdoor, Optical-fiber cable.

1. Comply with TIA-492AAAC-B, IEC-60793-2-10 type A1A.2, ITU-T G.651.1 for detailed 
specifications.

2. Comply with TIA568-C.3 for optical fiber component standards.
3. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying 

with UL 444, UL 1651, and NFPA 70 for the following types:

a. National Electrical Code® (NEC®) OFCP, CSA FT-6 
b. Outdoor aerial and duct; indoor vertical riser and general purpose horizontal 

according to NEC Article 770.
c. ANSI/ICEA S-104-696; NFPA 262 (for plenum, riser and general building 

applications).

4. Maximum attenuation:  2.8 dB/km / 1.0 dB/km.

C. Jacket:

1. Cable cordage jacket, fiber, unit, and group color shall be according to TIA-598-C.
2. Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to 

exceed 40 inches.

2.5 OPTICAL FIBER CABLE HARDWARE

A. Manufacturers:  Subject to compliance with requirements and operate as a warrantied system 
with cabling, provide products by one of the following, O.A.E.:
1. Hubbell NextSpeed.
2. Systemax GigaSpeed Products.

http://www.specagent.com/LookUp/?ulid=2348&mf=04&src=wd
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3. The Siemon Company.

B. Cross-Connect sand Patch Panels:  Modular panels housing multiple-numbered, duplex cable 
connectors.

1. Number of Connectors per Field:  One for each pair of fiber cables assigned to field, plus 
spares and blank positions adequate to suit a minimum of 25% expansion criteria.

C. Patch Cords:  Factory-made, dual-fiber cables in custom lengths to provide a maximum of 24” 
of slack post termination.

D. Cable Connecting Hardware:

1. Comply with Optical Fiber Connector Intermateability Standards (FOCIS) specifications of 
TIA-604-2, TIA-604-3-A, and TIA-604-12.  Comply with TIA-568-C.3.

2. Quick-connect, duplex, Type LC connectors.  Insertion loss not more than 0.75 dB
3. Type SFF connectors may be used in termination racks, panels, and equipment 

packages.
4. Fusion-spliced pigtails only.  No crimp connectors.

2.6 COAXIAL CABLE

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

1. Belden CDT Inc.; Electronics Division.
2. CommScope, Inc.
3. Superior Essex

B. General Coaxial Cable Requirements:  Broadband type, recommended by cable manufacturer 
specifically for broadband data transmission applications.  Coaxial cable and accessories shall 
have 75-ohm nominal impedance with a return loss of 20 dB maximum from 7 to 806 MHz.

C. RG-11/U:  NFPA 70, Type CATV.

1. No. 14 AWG, solid, copper-covered steel conductor.
2. Gas-injected, foam-PE insulation.
3. Double shielded with 100 percent aluminum polyester tape and 60 percent aluminum 

braid.
4. Jacketed with sunlight-resistant, black PVC or PE.
5. Suitable for outdoor installations in ambient temperatures ranging from minus 40 to plus 

85 deg. C.

D. RG-6/U:  NFPA 70, Type CATV or CM.

1. Quad Shield
2. Jacketed with black PVC or PE.
3. Suitable for indoor installations.

E. NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having 
jurisdiction as complying with UL 1655 and with NFPA 70, "Radio and Television Equipment" 
and "Community Antenna Television and Radio Distribution" Articles.  Types are as follows:

http://www.specagent.com/LookUp/?ulid=2353&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818552&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803332&mf=04&src=wd
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1. CATV Cable:  Type CATV.
2. CATV Plenum Rated:  Type CATVP, complying with NFPA 262.
3. CATV Riser Rated:  Type CATVR, complying with UL 1666.
4. CATV Limited Rating: Type CATVX.

2.7 COAXIAL CABLE HARDWARE

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

1. Belden
2. Leviton Voice & Data Division.
3. Siemon Co. (The).

B. Coaxial-Cable Connectors:  Type F, 75 ohms.

2.8 GROUNDING

A. Comply with requirements in Section 26 05 26 "Grounding and Bonding for Electrical Systems" 
for grounding conductors and connectors.

B. Comply with TIA-607-B.

2.9 IDENTIFICATION PRODUCTS

A. Comply with TIA-606-A and UL 969 for a system of labeling materials, including label stocks, 
laminating adhesives, and inks used by label printers.

2.10 SOURCE QUALITY CONTROL

A. Testing:  All cable testing shall be performed by a BICSI certified technician and reviewed and 
stamped by an RCDD.

B. Factory test cables on reels according to TIA -568-C.1.

C. Factory test UTP cables according to TIA -568-C.2.

D. Factory test multimode optical fiber cables according to TIA-526-14-A and TIA-568-C.3.

E. Cable will be considered defective if it does not pass tests and inspections.

F. Prepare test and inspection reports.

PART 3 - EXECUTION

http://www.specagent.com/LookUp/?ulid=2356&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803334&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803335&mf=04&src=wd
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3.1 ENTRANCE FACILITIES

A. Coordinate backbone cabling with the protectors and demarcation point provided by 
communications service provider.

3.2 WIRING METHODS

A. Wiring Method:  Conceal conductors and cables in accessible ceilings, walls, and floors.

B. Wiring within Enclosures:  Bundle, lace, and train cables within enclosures.  Connect to terminal 
points with no excess and without exceeding manufacturer's limitations on bending radii.  
Provide and use lacing bars and distribution spools. Use a minimum of ¾” wide Velcro, no 
plastic “zip-ties”.

3.3 INSTALLATION OF PATHWAYS

A. Comply with requirements for demarcation point, pathways, cabinets, and racks specified in 
Section 27 11 00 "Communications Equipment Room Fittings." Drawings indicate general 
arrangement of pathways and fittings.

B. Comply with TIA/EIA-569-B for pull-box sizing and length of conduit and number of bends 
between pull points.

C. Comply with requirements in Section 26 05 33 "Raceway and Boxes for Electrical Systems" for 
installation of conduits and wireways.

D. Install manufactured conduit sweeps and long-radius elbows whenever possible.

E. 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 above finished floor.
5. Install metal conduits with grounding bushings and connect with grounding conductor to 

grounding system.

F. Backboards:  Install backboards with 96-inch dimension vertical.  Butt adjacent sheets tightly, 
and form smooth gap-free corners and joints.

3.4 INSTALLATION OF CABLES

A. Comply with NECA 1.

B. General Requirements for Cabling:

1. Comply with TIA-568-C.1.
2. Comply with BICSI ITSIMM, Ch. 6, "Cable Termination Practices."
3. Install 110-style IDC termination hardware unless otherwise indicated.
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4. Terminate all conductors; no cable shall contain unterminated elements.  Make 
terminations only at indicated outlets, terminals, cross-connects, and patch panels.

5. Cables may not be spliced.  Secure and support cables at intervals not exceeding 30 
inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, 
and terminals.

6. Install lacing bars to restrain cables, to prevent straining connections, and to prevent 
bending cables to smaller radii than minimums recommended by manufacturer.

7. 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.  Use lacing bars and distribution spools.

8. 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.

9. Cold-Weather Installation:  Bring cable to room temperature before de-reeling.  Heat 
lamps shall not be used for heating.

10. In the communications equipment room, install a 10-foot- long service loop on each end 
of cable.

11. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor cable pull 
tensions.

C. UTP Cable Installation:

1. Comply with TIA-568-C.2.
2. Do not untwist UTP cables more than 1/2 inch from the point of termination to maintain 

cable geometry.

D. Optical fiber Cable Installation:

1. Comply with TIA-568-C.3.
2. Cable may be terminated on connecting hardware that is rack mounted.

E. 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 wire-way or pathway, a minimum of 8 inches above ceilings 
by cable supports not more than 60 inches apart.

3. Cable shall not be run through structural members or in contact with pipes, ducts, or 
other potentially damaging items.

F. Outdoor Coaxial Cable Installation:

1. Install outdoor connections in enclosures complying with NEMA 250, Type 4X.  Install 
corrosion-resistant connectors with properly designed O-rings to keep out moisture.

2. Attach antenna lead-in cable to support structure at intervals not exceeding 36 inches.

G. Group connecting hardware for cables into separate logical fields.

H. 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:
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a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 5 inches.
b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 12 inches.
c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 24 inches.

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.
b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6 inches.
c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12 inches.

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.
c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches.

5. Separation between Communications Cables and Electrical Motors and Transformers, 5 
kVA or HP and Larger:  A minimum of 48 inches.

6. Separation between Communications Cables and Fluorescent Fixtures:  A minimum of 5 
inches.

3.5 FIRESTOPPING

A. Comply with requirements in Section 07 "Penetration Firestopping.”

B. Comply with TIA-569-B, 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 TIA-607-B, NEC, and the AHJ requirements.

C. Locate grounding bus bar to minimize the length of bonding conductors.  Fasten to wall allowing 
at least 2-inch 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.
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3.7 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with TIA-606-B.  Comply with 
requirements for identification specified in Section 26 05 53 "Identification for Electrical 
Systems.”

1. Administration Class: 2.
2. Color-code cross-connect fields and apply colors to voice and data service backboards, 

connections, covers, and labels.

B. Comply with requirements in Section 09 91 23 "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-606-B for Class 2 level 
of administration including optional identification requirements of this standard.

D. Cable Schedule:  Install in a 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, entrance pathways and cables, terminal hardware and 
positions, horizontal cables, work areas and workstation terminal positions, grounding buses 
and pathways, and equipment grounding conductors.

F. Cable and Wire Identification:

1. Label each cable within 4 inches 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. 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 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.

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-606-B, for the 
following:

1. Cables use flexible vinyl or polyester that flexes as cables are bent.
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3.8 FIELD QUALITY CONTROL

A. Contractor shall perform tests and inspections.

B. Tests and Inspections:

1. Visually inspect UTP and optical fiber 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-568-C.1.

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment 
and patch cords, and labeling of all components.

3. Test UTP 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-568-C.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.

4. Optical Fiber Cable Tests:

a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.1.  
Use only test cords and adapters that are qualified by test equipment manufacturer 
for channel or link test configuration.

b. Link End-to-End Attenuation Tests:

1) Horizontal and multimode backbone link measurements:  Test at 850 or 
1300 nm in 1 direction according to TIA-526-14-A, Method B, One 
Reference Jumper.

2) Attenuation test results for backbone links shall be less than 2.0 dB.  
Attenuation test results shall be less than that calculated according to 
equation in TIA-568-C.1.

C. Data for each measurement shall be documented.  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.

D. Remove and replace cabling where test results indicate that they do not comply with specified 
requirements.

E. End-to-end cabling will be considered defective if it does not pass tests and inspections.

F. Prepare test and inspection reports that have been reviewed and stamped by an RCDD.

END OF SECTION 27 13 00
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SECTION 27 15 00 - COMMUNICATIONS HORIZONTAL CABLING 

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. UTP cabling.
2. Coaxial cable.
3. Cable connecting hardware, patch panels, and cross-connects.
4. Telecommunications outlet/connectors.
5. Cabling system identification products.
6. Cable management system.

B. Related Requirements:

1. Division 27 All Sections.

1.3 DEFINITIONS

A. BICSI:  Building Industry Consulting Service International.

B. Cross-Connect:  A facility enabling the termination of cable elements and their interconnection 
or cross-connection.

C. EMI:  Electromagnetic interference.

D. IDC:  Insulation displacement connector.

E. LAN:  Local area network.

F. Outlet/Connectors:  A connecting device in the work area on which horizontal cable or outlet 
cable terminates.

G. RCDD:  Registered Communications Distribution Designer.

H. UTP:  Unshielded twisted pair.

1.4 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 a 
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"permanent link," a term that is used in the testing protocols.
1. TIA-568-C.1 requires that a minimum of two telecommunications outlet/connectors be 

installed for each work area.
2. Horizontal cabling shall contain no more than 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.
4. Splitters shall not be installed as part of the optical fiber cabling.

B. A work area is approximately 100 sq. ft., and includes the components that extend from the 
telecommunications outlet/connectors to the station equipment.

C. The maximum allowable horizontal cable length is 295 feet.  This maximum allowable length 
does not include an allowance for the length of 16 feet to the workstation equipment and in the 
horizontal cross-connect.

1.5 PERFORMANCE REQUIREMENTS

A. General Performance:  Horizontal cabling system shall comply with transmission standards in 
TIA-568-C.1 when tested according to test procedures of this standard.

1.6 SUBMITTALS

A. Product Data:  For each type of product.

1. For coaxial cable, include the following installation data for each type used:

a. Nominal OD.
b. Minimum bending radius.
c. Maximum pulling tension.

B. Shop Drawings:

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.

C. Qualification Data:  For Installer, qualified layout technician, installation supervisor, and field 
inspector.

D. Field quality-control reports.

E. Maintenance Data:  For splices and connectors to include in maintenance manuals.
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1.7 QUALITY ASSURANCE

A. Installer Qualifications:  Cabling Installer must have personnel certified by BICSI on staff.

1. Layout Responsibility:  Preparation of Shop Drawings, Cabling Administration Drawings, 
and field testing program development by an RCDD.

2. Installation Supervision:  Installation shall be under the direct supervision of Registered 
Technician Level 2 Installer, who shall be present at all times when Work of this Section is 
performed at Project site.

3. Testing Supervisor:  Currently certified by BICSI as an RCDD to supervise on-site testing.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Test cables upon receipt at Project site.

1. Test each pair of UTP cable for open and short circuits.

1.9 PROJECT CONDITIONS

A. Environmental Limitations:  Do not deliver of install 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.

1.10 COORDINATION

A. Coordinate layout and installation of telecommunications pathways and cabling with the 
Owner’s telecommunications and LAN equipment and service suppliers.  Arrange for a pre-
installation meeting with the Owner prior to beginning any rough-in, or installing any cables.

B. Coordinate telecommunications outlet/connector locations with location of power receptacles at 
each work area.

PART 2 - PRODUCTS

2.1 PATHWAYS

A. General Requirements:  Comply with TIA-569-B.

B. 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 slots for reusable straps.  Use reusable straps, not cable ties.
2. Lacing bars, spools, J-hooks, and D-rings.
3. Straps and other devices.
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2.2 UTP CABLE

A. Surface-Burning Characteristics:  Comply with ASTM E 84; testing 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.

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application.

C. Grounding:  Comply with NEC and the AHJ requirements.

D. Manufacturers:  All cable, hardware, and patch cords shall be by the same Manufacturer. 
Subject to compliance with requirements, provide products by one of the following O.A.E.:

1. Hubbell NextSpeed.
2. Systemax GigaSpeed Products.
3. The Siemon Company.

E. Description:  100-ohm, four-pair UTP covered with a thermoplastic jacket.  Coordinate cable 
colors with Owner. Basis of Design; Hubbell PN# C6RPB

1. Comply with ICEA S-90-661 for mechanical properties.
2. Comply with TIA-568-C.1 for performance specifications.
3. Comply with TIA-568-C.2, Category 6.
4. Sweep Tested to 500Mhz
5. 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. Multipurpose, Plenum Rated:  Type MPP, complying with NFPA 262.

2.3 UTP CABLE HARDWARE

A. Manufacturers:  All cable, hardware, and patch cords shall be by the same Manufacturer. 
Subject to compliance with requirements, provide products by one of the following O.A.E.: 

1. Hubbell NextSpeed.
2. Systemax GigaSpeed Products.
3. The Siemon Company.

B. General Requirements for Cable Connecting Hardware:  Comply with TIA-568-C.2, IDC type, 
with modules designed for punch-down caps or tools.  Cables shall be terminated with 
connecting hardware of same category or higher.

C. Connecting Blocks:  110-style IDC 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.

D. 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 UTP cable indicated plus spares and 
blank positions adequate to suit specified expansion criteria.
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E. Jacks and Jack Assemblies:  Modular, color-coded, eight-position modular receptacle units with 
integral IDC-type terminals.

F. Patch Cords:  Factory-made, 4-pair cables in lengths, by the same manufacturer as the 
horizontal cable, suitable for proper patching with 12” of slack in each cord plus or minus 3 
inches; terminated with 8-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. Patch cords shall have color-coded boots for circuit identification.

2.4 COAXIAL CABLE

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

1. Hubbell NextSpeed.Systemax GigaSpeed Products.
3. The Siemon Company.

B. Cable Characteristics:  Broadband type, recommended by cable manufacturer specifically for 
broadband data transmission applications.  Coaxial cable and accessories shall have 75-ohm 
nominal impedance with a return loss of 20 dB maximum from 7 to 806 MHz.

C. RG-6/U:  NFPA 70, Type CATV or CM.

1. Quadshield
2. Jacketed with black PVC or PE.
3. Suitable for indoor installations.

D. NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having 
jurisdiction as complying with UL 1655 and with NFPA 70 "Radio and Television Equipment" 
and "Community Antenna Television and Radio Distribution" Articles.  Types are as follows:

1. CATV Cable:  Type CATV.
2. CATV Plenum Rated:  Type CATVP, complying with NFPA 262.

2.5 COAXIAL CABLE HARDWARE

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

1. Hubbell Premise Wiring.
2. Systemax GigaSpeed Products.
3. Panduit Corp.

B. Coaxial-Cable Connectors:  Type F, 75 ohms.

2.6 TELECOMMUNICATIONS OUTLET/CONNECTORS

A. Jacks:  100-ohm, balanced, twisted-pair connector; four-pair, eight-position modular.  Comply 
with TIA-568-C.1.

http://www.specagent.com/LookUp/?uid=123456818571&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818575&mf=04&src=wd
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B. Outlets:  Refer to floor plans for number of ports per faceplate.  Coordinate with Architect for 
faceplate colors.

1. For use with snap-in jacks accommodating any combination of UTP, optical fiber, and 
coaxial work area cords.

a. Flush mounting jacks, positioning the cord at a 45-degree angle.

2. Legend:  Snap-in, clear-label covers and machine-printed paper inserts.  Coordinate with 
service provider for CATV labels.

2.7 GROUNDING

A. Comply with requirements in Division 26 Section “Grounding and Bonding for Electrical 
Systems” for grounding conductors and connectors.

B. Comply with TIA-607-B, the NEC, and the AHJ requirements.

2.8 IDENTIFICATION PRODUCTS

A. Comply with TIA-606-A and UL 969 for labeling materials, including label stocks, laminating 
adhesives, and inks used by label printers.

B. Confirm cabling color scheme with Owner prior to purchasing cable.

C. Comply with requirements in Section 26 05 53 "Identification for Electrical Systems."

2.9 SOURCE QUALITY CONTROL

A. Testing Agency:  Contractor shall evaluate cables.

B. Factory test UTP and optical fiber cables on reels according to TIA-568-C.1.

C. Factory test UTP cables according to TIA-568-C.2.

D. Factory test multimode optical fiber cables according to TIA-526-14-A and TIA-568-C.3.

E. Factory-sweep test coaxial cables at frequencies from 5 MHz to 1 GHz.  Sweep test shall test 
the frequency response, or attenuation over frequency, of a cable by generating a voltage 
whose frequency is varied through the specified frequency range and graphing the results.

F. Cable will be considered defective if it does not pass tests and inspections.

G. Prepare test and inspection reports.
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PART 3 - EXECUTION

3.1 WIRING METHODS

A. Install cables in pathways and cable trays except within consoles, cabinets, desks, and 
counters and except in accessible ceiling spaces and in gypsum board partitions where 
unenclosed wiring method may be used.  Conceal pathways 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.”

B. Wiring within Enclosures:

1. Bundle, lace, and train conductors to terminal points with no excess and without 
exceeding manufacturer's limitations on bending radii.

2. Install lacing bars and distribution spools.
3. Install conductors parallel with or at right angles to sides and back of enclosure.

3.2 INSTALLATION OF PATHWAYS

A. Comply with requirements for demarcation point, pathways, cabinets, and racks specified in 
Division 27Section “Communications Equipment Room Fittings.”  Drawings indicate general 
arrangement of pathways and fittings.

B. Comply with TIA-569-A for pull-box sizing and length of conduit and number of bends between 
pull points.

C. Comply with requirements in Division 26 Section “Raceway and Boxes for Electrical Systems” 
for installation of conduits and wireways.

D. Install manufactured conduit sweeps and long-radius elbows whenever possible.

E. 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 overhead.
4. Extend conduits 3 inches above finished floor.
5. Install metal conduits with grounding bushings and connect with grounding conductor to 

grounding system.

3.3 INSTALLATION OF CABLES

A. Comply with NECA 1.

B. General Requirements for Cabling:

1. Comply with TIA-568-C.1.
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2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices."
3. Install 110-style IDC termination hardware unless otherwise indicated.

a. Do not use consolidation point as a cross-connect point, as a patch connection, or 
for direct connection to workstation equipment.

b. Locate consolidation points for UTP at least 49 feet from communications 
equipment room.

4. Terminate conductors; Make terminations only at indicated outlets, terminals, cross-
connects, and patch panels.

5. Cables may not be spliced.  Secure and support cables at intervals not exceeding 30 
inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, 
and terminals.

6. Install lacing bars to restrain cables, to prevent straining connections, and to prevent 
bending cables to smaller radii than minimums recommended by manufacturer.

7. 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.

8. 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.

9. Cold-Weather Installation:  Bring cable to room temperature before de-reeling.  Heat 
lamps shall not be used for heating.

10. In the communications equipment room, install a 10-foot- long service loop on each end of 
cable.

11. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor cable pull 
tensions.

C. UTP Cable Installation:

1. Comply with TIA-568-C.2.
2. Do not untwist UTP cables more than 1/2 inch 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 above ceilings by 
cable supports not more than 60 inches apart.

3. Cable shall not be run through structural members or in contact with pipes, ducts, or other 
potentially damaging items.

E. Outdoor Coaxial Cable Installation:

1. Install outdoor connections in enclosures complying with NEMA 250, Type 4X.  Install 
corrosion-resistant connectors with properly designed O-rings to keep out moisture.

2. Attach antenna lead-in cable to support structure at intervals not exceeding 36 inches.

F. Group connecting hardware for cables into separate logical fields.

G. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA-569-B for separating unshielded copper voice and 
data communication cable from potential EMI sources, including electrical power lines and 
equipment.
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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.
b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 12 inches.
c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 24 inches.

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.
b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6 inches.
c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12 inches.

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.
c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches.

5. Separation between Communications Cables and Electrical Motors and Transformers, 5 
kVA or HP and Larger:  A minimum of 48 inches.

6. Separation between Communications Cables and Fluorescent Fixtures:  A minimum of 5 
inches.

3.4 FIRESTOPPING

A. Comply with requirements in Section 07 "Penetration Firestopping."

B. Comply with TIA-569-B, Annex A, "Firestopping."

C. Comply with BICSI TDMM, "Firestopping Systems" Article.

3.5 GROUNDING

A. Install grounding according to BICSI TDMM, “Grounding, Bonding, and Electrical Protection” 
Chapter.

B. Comply with TIA-607-B, the NEC, and the AHJ requirements.

C. Locate grounding bus bar to minimize the length of bonding conductors.  Fasten to wall allowing 
at least 2-inch 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.
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3.6 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with TIA-606-A.  Comply with 
requirements for identification specified in Section 26 05 53 "Identification for Electrical 
Systems."

1. Administration Class:  2.
2. Color-code cross-connect fields.  Apply colors to voice and data service backboards, 

connections, covers, and labels.

B. Paint and label colors for equipment identification shall comply with TIA-606-A for Class 2 level 
of administration, including optional identification requirements of this standard.

C. 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.

D. 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, entrance 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-606-A.  Furnish 
electronic record of all drawings, in software and format selected by Owner.

E. Cable and Wire Identification:

1. Label each cable within 4 inches 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. 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.

F. 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-606-A.

1. Cables use flexible vinyl or polyester that flex as cables are bent.
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3.7 FIELD QUALITY CONTROL

A. Contractor shall submit test results to Owner at project completion in paper and electronic 
format.

B. Perform the following tests and inspections.

1. Visually inspect UTP and optical fiber 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-568-C.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-568-C.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 and MUTOA.  Perform the following tests according to TIA-
568-C.1 and TIA-568-C.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.

6. Coaxial Cable Tests:  Conduct tests according to Section 27 41 33 "Master Antenna 
Television System."

7. Final Verification Tests:  Perform verification tests for UTP and optical fiber systems after 
the complete communications cabling and workstation outlet/connectors are installed.

a. Voice Tests:  These tests assume that dial tone service has been installed.  
Connect to the network interface device at the demarcation point.  Go off-hook and 
listen and receive a dial tone.  If a test number is available, make and receive a 
local, long distance, and digital subscription line telephone call.

b. Data Tests:  These tests assume the Information Technology Staff has a network 
installed and is available to assist with testing.  Connect to the network interface 
device at the demarcation point.  Log onto the network to ensure proper 
connection to the network.
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C. 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.

D. End-to-end cabling will be considered defective if it does not pass tests and inspections.

E. Prepare test and inspection reports.

3.8 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 
keeping records of cabling assignments and revisions when extending wiring to establish new 
workstation outlets.

3.9 Cabling System certification and mission critical warranty

A. Must Provide Manufacturer’s 25-year warranty

B. Mission Critical Warranty coverage includes application assurance and compliance to 
applicable performance specifications. 

C. Installed Category 6 cabling systems may be granted a full channel warranty by Manufacturer 
under the conditions stated below.  

1. A certified installer registered with the Manufacturer’s training program performs the 
construction.

2. Contractors performing the certified installation are properly registered in the 
Manufacturer’s warranty program.

3. The channel components are supplied entirely by Manufacturer (including patch cords for 
channel warranty).

4. Cable used in the installation is supplied by Manufacturer.
5. Installed channel systems are properly documented and tested with a “PASS” result.
6. Field test equipment used for augmented category 6 cabling is minimum level IIIe 

classification and complies with TIA/EIA-568-C.2 requirements.
7. Required test results, stored on a CD, and project documentation including as-built 

drawings, are submitted to Manufacturer by the registered contractor.  

END OF SECTION 27 15 00
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SECTION 27 51 24 - INTEGRATED AUDIO VISUAL SYSTEMS AND EQUIPMENT

PART 1 - GENERAL REQUIREMENTS

1.1 SUMMARY

A. The audiovisual systems shall be provided for each space listed.  The audiovisual contractor 

shall provide turnkey delivery of the specified audiovisual systems to include: hardware/product, 

installation, configuration, software programming, testing, performance verification, final 

documentation and user training.

B. All AV controls shall be programmed per the Owner’s needs. Meetings shall be held to discuss 

the exact layout, functioning and naming conventions for all of the touchscreen controls asked 

for below. 

C. All work outline in this specification section shall be an Add Alternate to the project. Please price 

accordingly.

1.2 TERMS AND ABBREVIATIONS

A. AV = Audiovisual

B. AVC = Audiovisual Contractor

C. AVD = Audiovisual Designer

D. CATV = Cable Television

E. VTC = Video Teleconferencing

F. ATC = Audio Teleconferencing

G. DSP = Digital Signal Processor

H. PC = Personal Computer

1.3 REFERENCES

A. Building Codes

1. NFPA 70, The National Electrical Code
2. ADA Standards for Accessible Design

B. Industry Standards

1. ANSI/INFOCOMM 2M-2010 Standard Guide for Audiovisual Systems Design and 
Coordination Processes.
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2. ANSI/INFOCOMM 10:2013 Audiovisual Systems Performance Verification

C. Manufacturer Standards

1. Crestron DigitalMedia Design Guide (Doc. 4546E)
2. Middle Atlantic Products Integrating Electronic Equipment and Power into Rack 

Enclosures (Rev. 4b)

1.4 VENDOR QUALIFICATIONS

A. The selected AV contractor shall have significant experience with similar projects and must 

currently employ staff with the following minimum certifications (provide certificates upon 

request):

1. InfoComm CTS-D
2. Crestron Certified Master Programmer
3. Crestron DMC-D-4K Certified
4. HDBaseT Alliance - HDBaseT Expert Installer

1.5 PRELIMINARY SUBMITTALS

A. Product Data

1. The AVC shall submit equipment cut sheets and product information for review, 
coordination and/or finish selection. 

2. Equipment shall be indexed by room/system then by primary system function (video, 
audio, control, misc.) and finally alphabetically by Manufacturer and Model.   Accessories 
shall directly follow the associated primary component.

3. Where equipment cut sheets include multiple part numbers or finish options, the AVC 
shall denote the intended part number and finish along with any applicable accessories or 
options.

4. Provide finish samples as required for review/approval prior to equipment/furniture order.

B. Shop Drawings

1. The AVC shall submit system shop drawings allowing the Owner and Owner’s 
Representative(s) to review details of the systems prior to equipment ordering and 
implementation.  

2. Shop drawings shall include adequate detail to fully understand the intended installation, 
connectivity and operation of the systems.

1.6 CLOSEOUT SUBMITTALS

A. Drawings of Record

1. Following systems acceptance, the AVC shall provide electronic (PDF is acceptable) and 
full-size hard copies of the final system wiring and configuration.  At a minimum, the 
documentation shall include cable numbers, wiring details and make and model for all 
components.  All documentation shall be accurate based on final configurations at the 
time of systems acceptance. Include test reports/results as appropriate.
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2. As-built drawings shall include all wiring and configuration information needed to restore 
the systems to their original state.

3. System settings shall be recorded and inserted into the drawings of record and/or 
submitted as a separate file.  The following minimum settings shall be recorded:

a. Firmware version of all applicable, major components
b. Level/value settings for any hard adjustments such as volume knobs, dip switches, 

rotary dials, format selection switches and similar.
c. Patch panel/port numbers for connection to any networked equipment
d. EDID information used at all input connections within the systems
e. Internal video scaler/processing settings as applicable
f. Video output parameters: resolution, frame rate, color space, etc.
g. Primary camera settings as applicable: white balance, focus, gain, color, etc.
h. Primary image adjustment settings for display devices: brightness, contrast, color 

temperature, sharpness, color, etc…
i. All system and/or device passwords
j. Device address: proprietary device ID, IP address/subnet info, etc.

4. The AVC shall provide an AV Device Network Table for any devices furnished by the AV 
contractor which are connected to an IP network (either standalone or facility network).  
The network table shall list relevant network information for each device such as: 
Location, Model, Description of Device, IP Address, Default Gateway and Subnet Mask.  

B. Custom Software Files

1. The AVC shall provide the Owner with the complete and unlocked source code for any 
custom software and DSP or device configurations.  The owner shall have all rights of 
ownership. All programming related files shall be provided to the customer on a flash 
drive in an organized fashion.

2. All files shall be accurate as of the final systems’ configurations.  Any changes from 
subsequent work shall be captured, and updated files shall be created and distributed.

C. Custom Control Systems User Guides

1. The AVC shall provide user guides for all custom developed user interfaces.  User guides 
shall be provided in electronic and paper formats. In all cases, user guides shall be 
specific and custom to each system provided; generic guides will not be accepted.

2. Hard copy versions shall be bound and printed in full color.
3. Equipment Owner’s Manuals
4. Provide indexed PDF and/or binder with all equipment owner’s manuals.

1.7 DELIVERY, STORAGE AND HANDLING

A. All equipment shall be stored and delivered by the AVC. Equipment shall be stored within the 

AVC’s facility or in an appropriate storage facility with conditions suitable for the stored material.

B. The AVC is responsible for all costs associated with the delivery, storage and handling of the 

provided equipment.

C. The AVC is responsible for the storage and protection of all provided materials delivered to the 

project site until owner acceptance.
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PART 2 - PRODUCTS

2.1 MULTIPURPOSE ROOM ROOM A112

A. System Description

1. Provide the following system in the space listed above.
2. Display system

a. Provide a flat panel 98” diag., NEC C981Q 4KUltraHD TV. Provide all 
programming and interface with the TV as required by the AV controls system.

3. Presentation Sources and Connectivity

a. Provide the following connection points for user-provided sources:

1) DVD Player–Provided by AVC: Located in AV Equipment Rack (quantity 1)
Basis of Design: Samsung UBD-M8500.

2) Wall Input Plates as shown on plans: HDMI, VGA and Stereo Analog Audio 
(see plans for location, quantity 2).
Basis of Design: Crestron DM-TX-200-C-2G

3) Digital Cable box (quantity 1, coordinate with network vendor). Cable box 
provided by Owner, installed and programmed by AVC.

4) Apple TV4K. 

4. Audio System

a. Provide an audio system consisting of distributed ceiling speakers (see plans)
Basis of Design: QSC AD-Ci52T

b. Provide programmed DSP for ceiling speakers supporting configuration and preset 
recall.

Basis of Design: Crestron DMPS3-4K-300-C

c. Provide (2) wireless microphone systems: (1) lavalier and (1) handheld.

Basis of Design: Shure SLX Series

d. Provide assistive listening induction hearing loop system. Williams PLA 
DL210NET, (5) body packs, ADA wall sign (t-coil), and all associated accessories 
and required components. Provide loop layout and design during the submittal 
process.

5. Switching and Control

a. Provide (1) wall-mounted controller with 5” touch screen display to control the 
system.  The touch panel shall provide the user with system on/off and volume 
controls. Coordinate with Owner for specific programming requirements.

Basis of Design Touch Panel Controller: Crestron TSW-760-X
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6. Integrations

a. The AVC shall provide integration to the lighting control system being provided by 
the GC/EC. The AVC shall meet with the Owner/GC/EC to discuss lighting levels 
and lighting scenes for the different room set up options. Further lighting control 
shall be by manual on-screen “sliders” to raise and lower the lighting levels per 
zone.

7. Miscellaneous

a. Equipment Rack

1) Provide a standalone equipment rack to house central AV components.  The 
equipment rack shall include appropriate ventilation, cable management 
hardware, wheels for ease of access and integrated power distribution. See 
floor plans for location. Provide Middle Atlantic ERK Series rack.

b. Cabling

1) Provide all cabling as required to provide a complete and operational 
system. Provide manufacturer recommended cables. Provide plenum rated 
cables.

2) Provide a 12”x12”x4” junction box and (2) 2” conduit to accessible ceiling at 
rack for all cabling for the system to be concealed within the wall.

c. Broadcast Camera

1) Provide a wall mounted PTZ camera to be controllable from the Owner’s 
LAN. This camera shall be injected into the Owner’s CATV distribution 
system through existing equipment (coordinate with Owner). AVC shall 
provide all required cabling.
Basis of Design: Marshall CV620-NDI ceiling-mount, White 

a) Provide audio-video feed to in-house cable channel broadcast 
equipment (coordinate with Owner). AVC shall provide all required 
cabling, video extenders, etc. for a complete and operational system.

b) Provide output stream to Owner-provided PC for recording or live 
streaming to LAN.

c) Provide (4) preset camera views for choosing from the control 
system. Coordinate with Owner.

d. Electrical

1) The electrical contractor will provide 120-volt power and pathway 
requirements as coordinated with the AVC.

2) AVC to provide surge suppression/power conditioning hardware for all 
components connected to building power.

3) Provide appropriately sized junction box and conduit to accessible ceiling at 
rack for all cabling for the system to be concealed within the wall.

PART 3 - EXECUTION
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3.1 PREPARATION

A. The AV contractor shall maintain regular attendance to project meetings and perform site 

surveys as beneficial to the project. 

B. Field measure and verify all dimensions and conditions as needed throughout the project and 

identify any discrepancies before performing the work.

C. The AV contractor shall coordinate all aspects of the installation of any provided equipment.  

This typically includes, but is not limited to: delivery, staging, custom cutouts, infrastructure and 

network or other systems connectivity.

D. Installed cabling and rough-in work shall be completed when appropriate based on the 

construction schedule

E. Systems shall be staged and tested to the extent possible prior to delivery to the project site to 

identify any defective/damaged components and minimize on-site time.

3.2 INSTALLATION

A. Install equipment as specified and in accordance with the following requirements as applicable 

(listed in order of precedence):

1. Local regulatory/safety requirements as specified by the Authority Having Jurisdiction
2. Project Documentation
3. National/International Standards
4. Manufacturer Documentation
5. Standard Guides
6. Best Practices

B. All components shall be installed in a professional and responsible manner.  Devices shall be 

plumb, level and appropriately secured.  The AV contractor shall clean all components before 

final delivery of the systems to remove any dirt or residue from on-site activities.

C. All cables shall be labeled at both ends using a printed label.  Labels shall be consistent with 

the system drawings. 

D. Equipment, plates/panels and any other components with system connections shall have a 

unique device identifier which correlates to the systems drawings; the physical device shall be 

labeled with this identifier in a discrete location.

3.3 EQUIPMENT MOUNTING

A. All mounted/suspended equipment shall be installed using appropriate mounting methods, 

hardware and safety measures.  Enlist services of a licensed professional to certify mounting 

methods as required.

3.4 CABLING AND WIRING

A. All cabling shall be installed in a professional manner. Provide all cable support and 

management hardware for audiovisual cabling and related cabling which connects to 

audiovisual equipment such as telecom cabling. Provide all connectors and terminate 
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tools/hardware required.

B. Label all cables with unique identifiers.  Labels shall correspond to the AVC’s installation/shop 

drawings for easy reference.

C. Certify all installed, field-terminated cables used for video extension and/or Ethernet 

communications and provide test results.  Verify cable performance against manufacturer 

specifications.

D. Proper signal separation and bundling techniques shall be used.  Separate signals based on 

application and signal level/type to minimize cable interference. Isolate signal cabling from AC 

power to the practical extent possible. If required, cross AC power cabling at 90 degrees when 

possible.

3.5 EQUIPMENT RACKS

A. Ensure that equipment racks are properly vented and that component placement and wiring 

promote unrestricted airflow.  Utilize vents, vent blockers, variable thermostatic controllers and 

similar air flow control measures to optimize efficiency and improve ventilation effectiveness.

B. Cables shall be properly supported with appropriate strain relief and cable ties/wraps.

C. Components shall be secure and accessible.  Ensure appropriate ventilation and access around 

each component. Position components to minimize the amount of internal rack cabling when 

possible.

3.6 DEVICE CONFIGURATIONS

A. Products which support features to optimize and improve the operation of the systems shall be 

configured appropriately to implement these features.  The AV contractor shall consult the 

operational manual for all components and perform and verify that optimal settings have been 

configured.  This typically includes, but is not limited to, the following:

1. Perform basic brightness and contrast adjustment using a suitable test pattern under 
typical lighting for all displays (save settings as a preset)

2. Rename inputs and outputs used for system connections with a relevant system/device 
name

3. Capture and store EDID information at all applicable locations in the system: 
Transmitters, switchers, processors/scalers, signal converters/extractors, etc.

B. Scaler and signal converter settings shall be set appropriately to the optimal resolution, color-

space, timing and format to provide the best performance and reliability.

C. Sound systems shall be equalized and balanced for optimal frequency response and coverage 

within each location.  Audio processing shall be utilized to enhance performance as well as to 

ensure safe and reliable operation of the system.

3.7 TRAINING

A. General User Training

1. Provide training on the general use and operations of the systems to include:
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a. Overview of system features
b. Startup and shutdown procedures
c. Operation of each system capability and function
d. Best practices and recommendations

2. Complete and provide system user guides prior to training so they may be 
referenced/utilized during training.

B. Technical/Support Staff Training

1. Provide training on all general operation items above in addition to the following:

a. Closeout documentation review
b. Component and subsystem overview
c. Basic troubleshooting steps
d. Admin/Advanced user functions
e. System maintenance

2. Training shall be video recorded for Owner’s future use.

3.8 ACCEPTANCE TESTING

A. Perform systems acceptance testing to ensure proper operation and performance.  

B. The AV contractor shall provide all test/measurement equipment required to effectively verify 

that the system meets the stated requirements.

C. Record component settings as stated in the closeout submittals section indicating the as-built 

state of the systems at the time of acceptance

3.9 SYSTEMS WARRANTY

A. Provide a one year warranty on all provided equipment and workmanship.  

B. The warranty shall cover, at no additional cost, any defects, failures or incidents which are not a 

result of misuse or neglect.

END OF SECTION 27 51 24
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SECTION 31 20 13 – EARTHWORK WITHIN PERIMETER OF BUILDING FOOTPRINT

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:

1. Preparing subgrades for slabs-on-grade.
2. Excavating and backfilling for buildings and structures.
3. Drainage course for slabs-on-grade.
4. Subsurface drainage backfill for walls and trenches.
5. Excavating and backfilling trenches within building lines.

B. Related Sections include the following:

1. Division 01 Section "Temporary Facilities and Controls."

1.3 DEFINITIONS

A. Backfill:  Soil materials used to fill an excavation.

1. Initial Backfill:  Backfill placed beside and over pipe in a trench, including haunches to 
support sides of pipe.

2. Final Backfill:  Backfill placed over initial backfill to fill a trench.

B. Bedding Course:  Layer placed over the excavated subgrade in a trench before laying pipe.

C. Borrow:  Satisfactory soil imported from off-site for use as fill or backfill.

D. Drainage Course:  Layer supporting slab-on-grade used to minimize capillary flow of pore water.

E. Excavation:  Removal of material encountered above subgrade elevations.

1. Additional Excavation:  Excavation below subgrade elevations as directed by Architect.  
Additional excavation and replacement material will be paid for according to Contract 
provisions for changes in the Work.

2. Bulk Excavation:  Excavations more than 10 feet in width and pits more than 30 feet in 
either length or width.

3. Unauthorized Excavation:  Excavation below subgrade elevations or beyond indicated 
dimensions without direction by Architect.  Unauthorized excavation, as well as remedial 
work directed by Architect, shall be without additional compensation.

F. Fill:  Soil materials used to raise existing grades.
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G. Rock:  Rock material in beds, ledges, unstratified masses, and conglomerate deposits and 
boulders of rock material exceeding 1 cu. yd. for bulk excavation or 3/4 cu. yd. for footing, 
trench, and pit excavation that cannot be removed by rock excavating equipment equivalent to 
the following in size and performance ratings, without systematic drilling, ram hammering, 
ripping, or blasting, when permitted:

1. Excavation of Footings, Trenches, and Pits:  Late-model, track-mounted hydraulic 
excavator; equipped with a 42-inch- wide, short-tip-radius rock bucket; rated at not less 
than 120-hp flywheel power with bucket-curling force of not less than 25,000 lbf and stick-
crowd force of not less than 18,700 lbf; measured according to SAE J-1179.

2. Bulk Excavation:  Late-model, track-mounted loader; rated at not less than 210-hp 
flywheel power and developing a minimum of 45,000-lbf breakout force; measured 
according to SAE J-732.

H. Structures:  Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, mechanical 
and electrical appurtenances, or other man-made stationary features constructed above or 
below the ground surface.

I. Subgrade:  Surface or elevation remaining after completing excavation, or top surface of a fill or 
backfill immediately below subbase, drainage fill, or topsoil materials.

J. Utilities include on-site underground pipes, conduits, ducts, and cables, as well as underground 
services within buildings.

1.4 SUBMITTALS

A. Material Test Reports:  From a qualified testing agency indicating and interpreting test results 
for compliance of the following with requirements indicated:

1. Classification according to ASTM D 2487 of each on-site or borrow soil material proposed 
for fill and backfill.

2. Laboratory compaction curve according to ASTM D 698 for each on-site or borrow soil 
material proposed for fill and backfill.

3. Laboratory compaction curve according to ASTM D 1557 for each on-site or borrow soil 
material proposed for fill and backfill.

1.5 QUALITY ASSURANCE

A. Geotechnical Testing Agency Qualifications:  An independent testing agency qualified according 
to ASTM E 329 to conduct soil materials and rock-definition testing, as documented according 
to ASTM D 3740 and ASTM E 548.

1.6 PROJECT CONDITIONS

A. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others unless 
permitted in writing by Architect and then only after arranging to provide temporary utility 
services according to requirements indicated:

1. Notify Owner not less than two days in advance of proposed utility interruptions.
2. Do not proceed with utility interruptions without Owner's written permission.
3. Contact utility-locator service for area where Project is located before excavating.
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B. Demolish and completely remove from site existing underground utilities indicated to be 
removed.  Coordinate with utility companies to shut off services if lines are active.

PART 2 - PRODUCTS

2.1 SOIL MATERIALS

A. General:  Provide borrow soil materials when sufficient satisfactory soil materials are not 
available from excavations.

B. Satisfactory Soils:  ASTM D 2487 soil classification groups GW, GP, GM, GC, SW, SP, SC, ML, 
CL, and SM, or a combination of these group symbols; free of rock or gravel larger than 3 
inches in any dimension, debris, waste, frozen materials, vegetation, and other deleterious 
matter.

C. Unsatisfactory Soils:  ASTM D 2487 soil classification groups  MH, CH, OL, OH, and PT, or a 
combination of these group symbols.

1. Unsatisfactory soils also include satisfactory soils not maintained within 2 percent of 
optimum moisture content at time of compaction.

D. Engineered Fill:  Naturally or artificially graded mixture of natural or crushed gravel, crushed 
stone, and natural or crushed sand; ASTM D 2940; with at least 90 percent passing a 1-1/2-inch 
sieve and not more than 12 percent passing a No. 200 sieve.

E. Bedding:  Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, and 
natural or crushed sand; ASTM D 2940; except with 100 percent passing a 1-inch sieve and not 
more than 8 percent passing a No. 200 sieve.

F. Slab-0n-Grade Subgrade:  VDOT No. 21-A dense graded aggregate.

G. Filter Material:  Narrowly graded mixture of natural or crushed gravel, or crushed stone and 
natural sand; ASTM D 448; coarse-aggregate grading Size 67; with 100 percent passing a 1-
inch sieve and 0 to 5 percent passing a No. 4 sieve.

PART 3 - EXECUTION

3.1 PREPARATION

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by 
settlement, lateral movement, undermining, washout, and other hazards created by earthwork 
operations.

B. Protect subgrades and foundation soils against freezing temperatures or frost.  Provide 
protective insulating materials as necessary.

C. Provide erosion-control measures to prevent erosion or displacement of soils and discharge of 
soil-bearing water runoff or airborne dust to adjacent properties and walkways.
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3.2 DEWATERING

A. Prevent surface water and ground water from entering excavations, from ponding on prepared 
subgrades, and from flooding Project site and surrounding area.

B. Protect subgrades from softening, undermining, washout, and damage by rain or water 
accumulation.

1. Reroute surface water runoff away from excavated areas.  Do not allow water to 
accumulate in excavations.  Do not use excavated trenches as temporary drainage 
ditches.

2. Install a dewatering system to keep subgrades dry and convey ground water away from 
excavations.  Maintain until dewatering is no longer required.

3.3 EXPLOSIVES

A. Explosives:  Blasting is not permitted on the project.

3.4 EXCAVATION, GENERAL

A. Unclassified Excavation:  Excavate to subgrade elevations regardless of the character of 
surface and subsurface conditions encountered.  Unclassified excavated materials may include 
rock, soil materials, and obstructions.  No changes in the Contract Sum or the Contract Time 
will be authorized for rock excavation or removal of obstructions.

1. If excavated materials intended for fill and backfill include unsatisfactory soil materials 
and rock, replace with satisfactory soil materials.

2. Remove rock to lines and grades indicated to permit installation of permanent 
construction without exceeding the following dimensions: 

a. 24 inches outside of concrete forms other than at footings.
b. 12 inches outside of concrete forms at footings.
c. 6 inches outside of minimum required dimensions of concrete cast against grade.
d. Outside dimensions of concrete walls indicated to be cast against rock without 

forms or exterior waterproofing treatments.
e. 6 inches beneath bottom of concrete slabs-on-grade.
f. 6 inches beneath pipe in trenches, and the greater of 24 inches wider than pipe or 

42 inches wide.

3.5 EXCAVATION FOR STRUCTURES

A. Excavate to indicated elevations and dimensions within a tolerance of plus or minus 1 inch.  
Extend excavations a sufficient distance from structures for placing and removing concrete 
formwork, for installing services and other construction, and for inspections.

1. Excavations for Footings and Foundations:  Do not disturb bottom of excavation.  
Excavate by hand to final grade just before placing concrete reinforcement.  Trim bottoms 
to required lines and grades to leave solid base to receive other work.

3.6 EXCAVATION FOR UTILITY TRENCHES
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A. Excavate trenches to indicated gradients, lines, depths, and elevations.

B. Excavate trenches to uniform widths to provide a working clearance on each side of pipe or 
conduit.  Excavate trench walls vertically from trench bottom to 12 inches higher than top of pipe 
or conduit, unless otherwise indicated.

1. Clearance:  12 inches on each side of pipe or conduit.

C. Trench Bottoms:  Excavate trenches 4 inches deeper than bottom of pipe elevation to allow for 
bedding course.  Hand excavate for bell of pipe.

1. Excavate trenches 6 inches deeper than elevation required in rock or other unyielding 
bearing material to allow for bedding course.

3.7 APPROVAL OF SUBGRADE

A. Notify Geotechnical Engineer when excavations have reached required subgrade.

B. If Geotechnical Engineer determines that unsatisfactory soil is present, continue excavation and 
replace with compacted backfill or fill material as directed.

1. Additional excavation and replacement material will be paid for according to Contract 
provisions for changes in the Work.

C. Proof roll subgrade with suitable equipment approved by the Geotechnical Engineer to identify 
soft pockets and areas of excess yielding.  Do not proof roll wet or saturated subgrades.

D. Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated water, or 
construction activities, as directed by Geotechnical Engineer.

3.8 UNAUTHORIZED EXCAVATION

A. Fill unauthorized excavation under foundations or wall footings by extending bottom elevation of 
concrete foundation or footing to excavation bottom, without altering top elevation.  Lean 
concrete fill may be used when approved by Architect.

1. Fill unauthorized excavations under other construction or utility pipe as directed by 
Architect.

3.9 STORAGE OF SOIL MATERIALS

A. Stockpile borrow materials and satisfactory excavated soil materials.  Stockpile soil materials 
without intermixing.  Place, grade, and shape stockpiles to drain surface water.  Cover to 
prevent windblown dust.

1. Stockpile soil materials away from edge of excavations.  Do not store within drip line of 
remaining trees.

3.10 BACKFILL
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A. Place and compact backfill in excavations promptly, but not before completing the following:

1. Construction below finish grade including, where applicable, dampproofing, 
waterproofing, and perimeter insulation.

2. Surveying locations of underground utilities for record documents.
3. Inspecting and testing underground utilities.
4. Removing concrete formwork.
5. Removing trash and debris.
6. Removing temporary shoring and bracing, and sheeting.
7. Installing permanent or temporary horizontal bracing on horizontally supported walls.

3.11 UTILITY TRENCH BACKFILL

A. Place and compact bedding course on trench bottoms and where indicated.  Shape bedding 
course to provide continuous support for bells, joints, and barrels of pipes and for joints, fittings, 
and bodies of conduits.

B. Backfill trenches excavated under footings and within 18 inches of bottom of footings; fill with 
concrete to elevation of bottom of footings.

C. Coordinate backfilling with utilities testing.

D. Fill voids with approved backfill materials while shoring and bracing, and as sheeting is 
removed.

E. Place and compact final backfill of satisfactory soil material to final subgrade.

F. Install warning tape directly above utilities, 12 inches below finished grade, except 6 inches 
below subgrade under slabs.

3.12 FILL

A. Preparation:  Remove vegetation, topsoil, debris, unsatisfactory soil materials, obstructions, and 
deleterious materials from ground surface before placing fills.

B. Plow, scarify, bench, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so fill 
material will bond with existing material.

C. Place and compact fill material in layers to required elevations as follows:

1. Under building slabs, use satisfactory fill.
2. Under footings and foundations, use engineered fill.

3.13 MOISTURE CONTROL

A. Uniformly moisten or aerate subgrade and each subsequent fill or backfill layer before 
compaction to within 3 percent of optimum moisture content.

1. Do not place backfill or fill material on surfaces that are muddy, frozen, or contain frost or 
ice.
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2. Remove and replace, or scarify and air-dry, otherwise satisfactory soil material that 
exceeds optimum moisture content by 3 percent and is too wet to compact to specified 
dry unit weight.

3.14 COMPACTION OF BACKFILLS AND FILLS

A. Place backfill and fill materials in layers not more than 8 inches in loose depth for material 
compacted by heavy compaction equipment, and not more than 4 inches in loose depth for 
material compacted by hand-operated tampers.

B. Place backfill and fill materials evenly on all sides of structures to required elevations, and 
uniformly along the full length of each structure.

C. Compact soil to not less than the following percentages of maximum dry unit weight according 
to ASTM D 698:

1. Under structures, building slabs, and steps, scarify and recompact top 12 inches of 
existing subgrade and each layer of backfill or fill material at 95 percent.

3.15 GRADING

A. General:  Uniformly grade areas to a smooth surface, free from irregular surface changes.  
Comply with compaction requirements and grade to cross sections, lines, and elevations 
indicated.

1. Provide a smooth transition between adjacent existing grades and new grades.
2. Cut out soft spots, fill low spots, and trim high spots to comply with required surface 

tolerances.

B. Grading inside Building Lines:  Finish subgrade to a tolerance of 1/2 inch when tested with a 10-
foot  straightedge.

3.16 FIELD QUALITY CONTROL

A. Testing Agency: Owner will engage a qualified independent geotechnical engineering testing 
agency to perform field quality-control testing.

B. Allow testing agency to inspect and test subgrades and each fill or backfill layer.  Proceed with 
subsequent earthwork only after test results for previously completed work comply with 
requirements.

C. Footing Subgrade:  At footing subgrades, at least one test of each soil stratum will be performed 
to verify design bearing capacities.  Subsequent verification and approval of other footing 
subgrades may be based on a visual comparison of subgrade with tested subgrade when 
approved by Architect.

D. Testing agency will test compaction of soils in place according to ASTM D 1556, ASTM D 2167, 
ASTM D 2922, and ASTM D 2937, as applicable.  Tests will be performed at the following 
locations and frequencies:
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1. Building Slab Areas:  At subgrade and at each compacted fill and backfill layer, at least 
one test for every 2000 sq. ft. or less of paved area or building slab, but in no case fewer 
than three tests.

2. Foundation Wall Backfill:  At each compacted backfill layer, at least one test for each 100 
feet or less of wall length, but no fewer than two tests.

3. Trench Backfill:  At each compacted initial and final backfill layer, at least one test for 
each 150 feet or less of trench length, but no fewer than two tests.

E. When testing agency reports that subgrades, fills, or backfills have not achieved degree of 
compaction specified, scarify and moisten or aerate, or remove and replace soil to depth 
required; recompact and retest until specified compaction is obtained.

3.17 PROTECTION

A. Protecting Graded Areas:  Protect newly graded areas from traffic, freezing, and erosion.  Keep 
free of trash and debris.

B. Repair and reestablish grades to specified tolerances where completed or partially completed 
surfaces become eroded, rutted, settled, or where they lose compaction due to subsequent 
construction operations or weather conditions.

1. Scarify or remove and replace soil material to depth as directed by Architect; reshape 
and recompact.

C. Where settling occurs before Project correction period elapses, remove finished surfacing, 
backfill with additional soil material, compact, and reconstruct surfacing.

1. Restore appearance, quality, and condition of finished surfacing to match adjacent work, 
and eliminate evidence of restoration to the greatest extent possible.

3.18 DISPOSAL OF SURPLUS AND WASTE MATERIALS

A. Disposal:  Remove surplus satisfactory soil and waste material, including unsatisfactory soil, 
trash, and debris, and legally dispose of it off Owner's property.

END OF SECTION 02305
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SECTION 32 13 16 DECORATIVE CONCRETE PAVING

PART 1 - GENERAL

1.1 SUMMARY

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

B. Section Includes:

1. Integrally colored concrete driveway under porte cochere.

2. Stamping/Imprinting.

3. Curing of integrally colored and imprinted concrete.

C. Related Sections:

1. Division 03 Section "Cast-in-Place Concrete" for general applications of concrete and 
coordination of sample submittal [and color selection].

2. Division 07 Section "Joint Sealants" for colored sealants for joints.

1.2 REFERENCES

A. American Concrete Institute (ACI):

1. ACI 301 "Specification for Structural Concrete for Buildings."

2. ACI 302 IR "Recommended Practice for Concrete Floor and Slab Construction."

3. ACI 303.1 "Standard Specification for Cast-In-Place Architectural Concrete."

4. ACI 304 "Recommended Practice for Measuring, Mixing, Transporting and Placing of 
Concrete."

5. ACI 305R "Recommended Practice for Hot Weather Concreting."

6. ACI 306R "Recommended Practice for Cold Weather Concreting."

B. American Society for Testing and Materials (ASTM):

1. ASTM C309 "Liquid Membrane-Forming Compounds for Curing Concrete."

2. ASTM C494 "Standard Specification for Chemical Admixtures for Concrete."

3. ASTM C979 "Standard Specification for Pigments for Integrally Colored Concrete."

C. American Association of State Highway and Transportation Officials (AASHTO):

1. AASHTO M194 "Chemical Admixtures."
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1.3 SUBMITTALS

A. Product Data:  Submit manufacturer’s complete technical data sheets for the following:

1. Colored admixture.

2. Powder antiquing release agent.

3. Imprinting/Texturing tools.

4. Curing compound.

B. Design Mixes:  For each type of integrally colored concrete.

C. Qualification Data:  For firms indicated in "Quality Assurance" Article, including list of completed 
projects.

1.4 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Manufacturer with 10-years experience in production of specified 
products.

B. Installer Qualifications:  An installer with 5-years experience with work of similar scope and 
quality.

C. Comply with the requirements of ACI 301.

D. Obtain each specified material from same source and maintain high degree of consistency in 
workmanship throughout Project.

E. Notification of manufacturer's authorized representative shall be given at least 1-week before 
start of Work.

F. Integrally Colored Concrete Field Samples:

1. At location on Project selected by Architect, place and finish two (2) 8 by 8 feet areas, one 
area shall have the powder antiquing release agent applied and the other sample shall not 
have the antiquing agent applied.

2. For accurate color, the quantity of concrete mixed to produce the sample should not be less 
than 3 cubic yards (or not less than 1/3 the capacity of the mixing drum on the ready-mix 
truck) and should always be in full cubic yard increments. Excess material shall be 
discarded according to local regulations.

3. Construct sample panel using processes and techniques intended for use on permanent 
work, including curing procedures.  Include samples of control, construction, and expansion 
joints in sample panels. Field sample shall be produced by the individual workers who will 
perform the work for the Project.

4. Retain samples of cements, sands, aggregates and color additives used in mockup for 
comparison with materials used in remaining work.

5. Accepted field sample provides visual standard for work of Section.

6. Field sample shall remain through completion of the work for use as a quality standard for 
finished work.

7. Remove field sample when directed.
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1.5 DELIVERY, STORAGE AND HANDLING

A. Colored Admixture:  Comply with manufacturer's instructions.  Deliver colored admixtures in 
original, unopened packaging.  Store in dry conditions.

1.6 PROJECT CONDITIONS

A. Integrally Colored Concrete Environmental Requirements:

1. Schedule placement to minimize exposure to wind and hot sun before curing materials are 
applied.

2. Avoid placing concrete if rain, snow, or frost is forecast within 24-hours.  Protect fresh 
concrete from moisture and freezing.

3. Comply with professional practices described in ACI 305R and ACI 306R.

B. Schedule delivery of concrete to provide consistent mix times from batching until discharge.  
Mix times shall meet manufacturer’s written recommendations.

1.7 PRE-JOB CONFERENCE

A. One week prior to placement of integrally colored concrete, a meeting shall be held to discuss 
the Project and application methods.

B. General Contractor, Subcontractor, Ready-Mix Concrete Representative, and a Manufacturer's 
Representative be present.
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PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURER

A. Sika Corporation (Scofield brand).

2.2 MATERIALS

A. Colored Admixture for Integrally Colored Concrete:  CHROMIX® P Admixtures, CHROMIX® G 
Admixtures, and CHROMIX®  L Admixtures, Sika Corporation.

1. Admixture shall be a colored, water-reducing, admixture containing no calcium chloride with 
coloring agents that are lime proof and UV resistant.

2. Colored admixture shall conform to the requirements of ACI 303.1, ASTM C979, 
ASTM C494, and AASHTO M194.

B. Stamping/Imprinting Tools and Materials: LITHOTEX Pavecrafters imprinting tools, Sika 
Corporation.

C.  Powder Antiquing Release Agent: LITHOCHROME Antiquing Release Pro, Sika Corporation.

1. Powder antiquing release agent shall be recommended by pattern tool manufacturer and 
compatible with integral color additives.

D. Curing and Sealing Compound:  Scofield® Cureseal-W Semi Gloss, Sika Corporation.  Curing 
and sealing compound shall comply with ASTM C309 and be of same manufacturer as colored 
admixture, for use with integrally colored concrete.

2.3 COLORS AND PATTERNS

A. Concrete Colors:

1. Cement:  Color shall be gray.

2. Sand:  Color shall be locally available natural sand.

3. Aggregate:  Concrete producer's standard aggregate complying with specifications.

4. Colored Admixture:  C-12, Mesa Beige.

5. Stamp/Imprinting Pattern: Rugged Texture, Heavy Stone. 

6. Powder Antiquing Release Agent: As selected by Architect from manufacturer's standard 
colors..

B. Curing Compound:  Color to match colored concrete.

2.4 CONCRETE MIX DESIGN

A. Refer to Division 3 Section "Cast-In-Place Concrete.".

B. Slump of concrete shall be consistent throughout Project at 4-inches or less.  At no time shall 
slump exceed 5-inches.
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C. Do not add calcium chloride to mix as it causes mottling and surface discoloration.

D. Supplemental admixtures shall not be used unless approved by manufacturer.

E. Do not add water to the mix in the field.

F. Add colored admixture to the mix according to manufacturer’s written instructions in 
premeasured bags, not by weight of cement content.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install concrete according to requirements of Division 3 Section "Cast-In-Place Concrete."

B. Do not add water to the mix in the field.

C. Surfaces shall be finished uniformly with the following finish:

1. Stamped/Imprinted:  Apply pattern according to tool manufacturer's instructions.  Touch-up 
pattern and finish edges with hand tools as necessary.

3.2 CURING

A. Integrally Colored Concrete:  Apply curing and sealing compound for integrally colored concrete 
according to manufacturer's instructions using manufacturer's recommended application 
techniques.  Apply curing and sealing compound at consistent time for each pour to maintain 
close color consistency.

B. Curing compound shall be same color as the colored concrete and supplied by same 
manufacturer of the colored admixture.

C. Precautions shall be taken in hot weather to prevent plastic cracking resulting from excessively 
rapid drying at surface as described in CIP 5 Plastic Shrinkage Cracking published by the 
National Ready Mixed Concrete Association.

D. Do not cover concrete with plastic sheeting.

3.3 TOLERANCES

A. Minor variations in appearance of colored concrete, which are similar to natural variations in 
color and appearance of uncolored concrete, are acceptable.

3.4 APPLICATORS

A. For a list of qualified contractors, contact your local Scofield representative.
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