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SECTION 26 0526 - GROUNDING AND BONDING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

B. The requirements listed in this document are applicable to Division 26, 27, and 28 specifications. 

1.2 SUMMARY 

A. This Section includes methods and materials for grounding systems and equipment. 

1.3 SUBMITTALS 

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

B. Other Informational Submittals:  Plans showing dimensioned as-built locations of grounding features specified in 
Part 3 "Field Quality Control" Article, including the following: 

1. Grounding arrangements and connections for separately derived systems. 

1.4 QUALITY ASSURANCE 

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

B. Comply with UL 467 for grounding and bonding materials and equipment. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by applicable Code or 
authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors:  ASTM B 3. 
2. Stranded Conductors:  ASTM B 8. 
3. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter. 
4. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor. 
5. Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches wide and 

1/16 inch thick. 

2.2 CONNECTORS 

A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having jurisdiction for 
applications in which used, and for specific types, sizes, and combinations of conductors and other items 
connected. 

B. Connectors for Conductors :  Mechanical crimp type, cast silicone bronze, long crimp barrel and two-bolt 
connection to ground bus bar. 

C. Connectors for Pipes: 

1. Pipe Connectors:  Copper or copper alloy.  Bolted, clamp type, sized for pipe. 

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

E. Aluminum bolted to cable type are not acceptable.   
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2.3 GROUNDING ELECTRODES 

A. Grounding electrodes are to remain. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors:  Install solid conductor for No.  10 AWG and smaller, and stranded conductors for No.  8 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 Structural Steel:  Welded connectors. 

3.2 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with the following items, in addition to those required by 
NFPA 70: 

1. Feeders and branch circuits. 
2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Armored and metal-clad cable runs. 

B. Install insulated #6 AWG equipment grounding conductor between normal branch and critical branch panelboards 
ground bards that serve the same area. 

C. Air-Duct Equipment Circuits:  Install insulated equipment grounding conductor to duct-mounted electrical devices 
operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other duct electrical 
equipment.  Bond conductor to each unit and to air duct and connected metallic piping. 

D. Signal and Communication Equipment:  For telephone, nurse call, voice and data, and other communication 
equipment, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding electrode 
system (ground bar in source panelboard) to each equipment location, terminal cabinet, wiring closet, and central 
equipment location. 

1. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal. 

3.3 INSTALLATION 

A. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise indicated or 
required by Code.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, 
or damage. 

B. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, except where routed 
through short lengths of conduit. 

1. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any adjacent parts. 
2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so vibration is not 

transmitted to rigidly mounted equipment. 
3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type connection is required, use 

a bolted clamp. 

C. Grounding and Bonding for Piping: 

1. Metal Water Service Pipe:  Existing to remain. 
2. Water Meter Piping:  Existing to remain. 
3. Gas Piping:  Existing to remain. 
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D. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated fans, 
blowers, electric heaters, and air cleaners.  Install bonding jumper to bond across flexible duct connections to 
achieve continuity. 

E. Install ground conductors connecting telecom racks to source panelboard’s ground bar. 

END OF SECTION 26 0526 
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SECTION 26 0529 - HANGERS AND SUPPORTS 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. 

B. The requirements listed in this document are applicable to Division 26, 27, and 28 specifications. 

1.2 SUMMARY 

A. Section includes: 

1. Hangers and supports for electrical equipment and systems. 
2. Construction requirements for concrete bases. 

1.3 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple raceways capable of supporting combined weight of supported systems and its 
contents. 

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

C. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or imposed for 
this Project, with a minimum structural safety factor of five times the applied force. 

1.4 QUALITY ASSURANCE 

A. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field assembly. 

1. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4. 
2. Channel Dimensions:  Selected for applicable load criteria. 

B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

C. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and associated fittings, designed for 
types and sizes of raceway or cable to be supported. 

D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body and 
insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.  Plugs shall have 
number, size, and shape of conductor gripping pieces as required to suit individual conductors or cables supported.  
Body shall be malleable iron. 

E. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or their supports to 
building surfaces include the following: 

1. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel, for use in hardened portland cement 
concrete with tension, shear, and pullout capacities appropriate for supported loads and building materials in 
which used. 

2. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS Type 18; complying 
with MFMA-4 or MSS SP-58. 

3. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached structural 
element. 

4. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325. 
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5. Toggle Bolts:  All-steel springhead type. 
6. Hanger Rods:  Threaded steel. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for conduit as required by 
NFPA 70.  Minimum rod size shall be 1/4 inch in diameter. 

B. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted support system, sized so 
capacity can be increased by at least 25 percent in future without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps. 

3.2 SUPPORT INSTALLATION 

A. Strength of Support Assemblies:  Select sizes of components so strength will be adequate to carry present and 
future static loads within specified loading limits.  Minimum static design load used for strength determination 
shall be weight of supported components plus 200 lb. 

B. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten electrical items 
and their supports to building structural elements by the following methods unless otherwise indicated by code: 

1. To Wood:  Fasten with lag screws or through bolts. 
2. To New Concrete:  Bolt to concrete inserts. 
3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on solid 

masonry units. 
4. To Existing Concrete:  Expansion anchor fasteners. 
5. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69 or spring-tension clamps. 
6. To Light Steel:  Sheet metal screws. 
7. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, panelboards, 

disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on slotted-
channel racks attached to substrate. 

C. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing bars. 

3.3 CONCRETE BASES 

A. Provide concrete bases for floor-mounted Division 26 equipment.  Construct concrete bases 4 inches larger in both 
directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the base.  
Coordinate exact dimensions with equipment to provide support and accommodate required equipment access 
and operation. 

B. Use 3000-psi, 28-day compressive-strength concrete.   

C. Anchor equipment to concrete base. 

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

2. Install anchor bolts to elevations required for proper attachment to supported equipment. 
3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
4. Install base and equipment level. 

3.4 PAINTING 

A. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to 
comply with ASTM A 780. 

END OF SECTION 26 0529 
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SECTION 26 0533 - RACEWAYS AND BOXES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

1.2 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

A. Rigid Steel Conduit:  ANSI C80.1. 

B. IMC:  ANSI C80.6. 

C. EMT:  ANSI C80.3. 

D. FMC:  Zinc-coated steel. 

E. LFMC:  Flexible steel conduit with PVC jacket. 

F. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  NEMA FB 1; listed for type 
and size raceway with which used, and for application and environment in which installed. 

1. Fittings for EMT:  Zinc-coated, steel or die-cast, set-screw or compression insulated throat type. 

2.2 NONMETALLIC CONDUIT AND TUBING 

A. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated. 

B. HDPE:  High density polyethylene. 

2.3 BOXES, ENCLOSURES, AND CABINETS 

A. Sheet Metal Outlet and Device Boxes:  NEMA OS 1. 

B. Cabinets: 

1. NEMA 250, Type 1, 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. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors:  Comply with the following applications.  Conceal conduit within finished walls, ceilings, floors, and 
below exterior grades unless surface mounting is specifically indicated on plans. 

1. Exposed Conduit:  Rigid steel conduit. 
2. Concealed Conduit, Aboveground:  EMT. 
3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or 

Motor-Driven Equipment):  LFMC. 
4. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R. 
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B. Indoor:  Comply with the following applications.  Conceal conduit within finished walls, ceilings, floors, and below 
exterior grades unless surface mounting is specifically indicated on plans.   

1. Exposed, Not Subject to Physical Damage:  EMT. 
2. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or 

Motor-Driven Equipment):  LFMC. 
4. Damp or Wet Locations:  Rigid steel conduit. 
5. Raceways for Optical Fiber or Communications Cable:  EMT. 
6. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, nonmetallic in damp or wet 

locations. 
7. Surface Raceways:  Only where specifically indicated on plans.   
8. Connection to Undercabinet and Wall-Mounting Lighting Fixtures:  Multi-conductor metal clad cable (Type 

HCF) may be used where installed concealed with lengths not exceeding 6 feet, if acceptable to Authority 
Having Jurisdiction for application and system branch.  This wiring method only applies to this specific light 
fixture application. 

9. Patient Care Areas:  Branch circuits shall be installed in a metal raceway system (suitable as a ground path in 
addition to an insulated equipment grounding conductor) to comply with NFPA 70 and NFPA 99.  Where 
branch circuits serving patient care areas are installed within concrete slabs or below slab-on-grade surfaces, 
threaded (thick wall), rigid metal conduit and metal floor boxes shall be used.  Patient care areas shall be 
those areas defined by NFPA and shall include patient toilets. 

C. Minimum Raceway Size:  3/4-inch trade size for branch circuit homeruns; 1/2-inch for interior work unless noted 
otherwise. 

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. 

3.2 INSTALLATION 

A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 except where 
requirements on Drawings or in this Article are stricter. 

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

C. Complete raceway installation before starting conductor installation. 

D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical Systems." 

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

F. 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. 

G. Raceways for Optical Fiber and Communications Cable:  Install as follows: 

1. 1-Inch Trade Size:  Install raceways in maximum lengths of 50 feet. 
2. Install raceways in maximum lengths of 100 feet. 
3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway unless Drawings 

show stricter requirements.  Separate lengths with pull or junction boxes or terminations at distribution 
frames or cabinets where necessary to comply with these requirements. 

H. Flexible Conduit Connections:  Use maximum of 72 inches of flexible conduit from fixed junction box to recessed 
and semirecessed lighting fixtures; equipment subject to vibration, noise transmission, or movement; and for 
transformers and motors. 

I. 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.  Adjust mounting height to match coursing on exposed block or brick.   

J. Set metal floor boxes level and flush with finished floor surface.   
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K. Back boxes installed within common wall stud space shall not be installed back-to-back.  Provide minimum 6-inch 
separation. 

L. Maintain fire rating of wall, floor, and ceiling assemblies as required by UL and applicable building codes.  Space 
boxes or provide putty backing as required.   

M. Provide back supports on device boxes. 

N. Coordinate device box and associated plaster ring selection to accommodate device/fixture served and to 
accommodate wall construction, wall finish, and casework/cabinets.   

O. Coordinate device and junction box knockouts to accommodate conduits specified. 

P. Minimum two securing screws on stud mounted device boxes.   

Q. Cable Protection:  Where conduits are utilized for routing of low voltage cables, provide plastic bushings as 
required to avoid bare conduit edges. 

R. Building Expansion Joints:  Provide conduit expansion fittings at building expansion joints. 

3.3 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-
resistance rating of assembly.   

END OF SECTION 26 0533 
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SECTION 26 0536 - CABLE TRAYS 

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 steel cable trays and accessories. 

1.3 SUBMITTALS 

A. Product Data:  Include data indicating dimensions and finishes for each type of cable tray indicated. 

B. Shop Drawings:  For each type of cable tray. 

1. Show fabrication and installation details of cable tray, including plans, elevations, and sections of components 
and attachments to other construction elements.  Designate components and accessories, including clamps, 
brackets, hanger rods, splice-plate connectors, expansion-joint assemblies, straight lengths, and fittings. 

C. Operation and Maintenance Data:  Provide product data. 

1.4 QUALITY ASSURANCE 

A. Source Limitations:  Obtain cable tray components through one source from a single manufacturer. 

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

C. Comply with NFPA 70. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Store indoors to prevent water or other foreign materials from staining or adhering to cable tray.  Unpack and dry 
wet materials before storage. 

B. Steel, mill galvanized cable tray shall be stored in a well-ventilated, dry location.  Unpack and dry wet materials 
before storage. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Cooper B-Line, Inc. 
2. Cablofil. 
3. Hubbell. 
4. Mono-Systems. 
5. Wiremold. 
6. Snaketray. 

2.2 MATERIALS AND FINISHES 

A. Cable tray shall be of type:  Basket wire mesh. 

B. Cable Trays, Fittings, and Accessories:  Steel, complying with NEMA VE 1. 

1. Safety Edge:  Continuous safety edge T-welded wire lip. 
2. Wire Mesh:  Welded at all intersections. 
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3. Mill galvanized before fabrication, complying with ASTM A 653/A 653M, G90 coating; with hardware 
galvanized according to ASTM B 633. 

C. Sizes and Configurations:  Refer to Drawings for specific requirements for sizes and configurations. 

1. Center-hanger supports may be used only when specifically indicated. 
a. Where center-hanger supports are allowed, provide additional bracing as necessary for a level 

installation. 

D. J-Hook Supports:  For locations without cable tray, support communications cabling with plenum rated, Velcro 
style j-hook supports.  Maximum of 5’-0” on center.  Bundle each system separately. 

2.3 CABLE TRAY ACCESSORIES 

A. Fittings:  Tees, crosses, risers, elbows, and other fittings as indicated, of same materials and finishes as cable tray. 

B. Cable tray supports and connectors, including bonding jumpers, as recommended by cable tray manufacturer. 

2.4 SOURCE QUALITY CONTROL 

A. Perform design and production tests according to NEMA VE 1. 

PART 3 - EXECUTION 

3.1 CABLE TRAY INSTALLATION 

A. Comply with recommendations in NEMA VE 2.  Install as a complete system, including all necessary fasteners, hold-
down clips, splice-plate support systems, barrier strips, hinged horizontal and vertical splice plates, elbows, 
reducers, tees, and crosses. 

B. Remove burrs and sharp edges from cable trays. 

C. Fasten cable tray supports to building structure. 

1. Place supports so that spans do not exceed maximum spans recommended by manufacturer. 
2. Construct supports from channel members, threaded rods, and other appurtenances furnished by cable tray 

manufacturer.  Arrange supports in trapeze or wall-bracket form as required by application. 
3. Support bus assembly to prevent twisting from eccentric loading. 
4. Locate and install supports according to NEMA VE 1. 

D. Make changes in direction and elevation using standard fittings. 

E. Make cable tray connections using standard fittings. 

F. Provide pre-manufactured sleeves at penetrations through fire and smoke barriers. 

G. Workspace:  Install cable trays with enough space to permit access for installing cables. 

H. Conduit sleeves shall be installed maximum of 12 inches above cable tray measured from top of tray to bottom of 
sleeve.   

I. The following systems shall be routed within cable tray where appropriate:  Bundle each system separate utilizing 
Velcro ties. 

1. Security cabling. 
2. CATV cabling. 
3. CCTV cabling. 
4. Voice/data cabling 
5. Nurse call (Owner-Furnished, Owner-Installed). 

J. The following systems shall not be routed within cable tray:  Support utilizing dedicated j-hooks for each system. 

1. 120 volt clock wire. 
2. Public address. 
3. Temperature control cabling. 
4. Intercom. 
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K. Cable tray shall be installed level.   

3.2 CABLE INSTALLATION 

A. Install cables only when cable tray installation has been completed and inspected. 

B. Fasten cables on horizontal runs with cable clamps or cable ties as recommended by NEMA VE 2.  Tighten clamps 
only enough to secure the cable, without indenting the cable jacket.  Install cable ties with a tool that includes an 
automatic pressure-limiting device. 

C. Install intermediate supports when cable weight exceeds the load-carrying capacity of the tray rungs. 

D. In existing construction, remove inactive or dead cables from cable tray. 

E. In length of cable tray specified on the plans, install existing to remain cables currently routed loose above ceiling 
tiles, into specified cable tray. 

3.3 CONNECTIONS 

A. Ground cable trays according to manufacturer's written instructions and NEC requirements. 

3.4 FIELD QUALITY CONTROL 

A. After installing cable trays and after electrical circuitry has been energized, survey for compliance with 
requirements.  Perform the following field quality-control survey: 

1. Visually inspect cable insulation for damage.  Correct sharp corners, protuberances in cable tray, vibration, 
and thermal expansion and contraction conditions, which may cause or have caused damage. 

2. Verify that the number, size, and voltage of cables in cable tray do not exceed that permitted by NFPA 70.  
Verify that communication or data-processing circuits are separated from power circuits by barriers. 

3. Verify that there is no intrusion of such items as pipe, hangers, or other equipment that could damage cables. 
4. Remove deposits of dust, industrial process materials, trash of any description, and any blockage of tray 

ventilation. 
5. Visually inspect each cable tray joint and each ground connection for mechanical continuity.  Check bolted 

connections between sections for corrosion.  Clean and retorque in suspect areas. 
6. Check for missing or damaged bolts, bolt heads, or nuts.  When found, replace with specified hardware. 
7. Perform visual and mechanical checks for adequacy of cable tray grounding. 

B. Report results in writing. 

3.5 PROTECTION 

A. Protect installed cable trays. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by cable tray manufacturer. 
2. Install temporary protection for cables in open trays to protect exposed cables from falling objects or debris 

during construction.  Temporary protection for cables and cable tray can be constructed of wood or metal 
materials until the risk of damage is over. 

END OF SECTION 26 0536 
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SECTION 26 0553 - ELECTRICAL IDENTIFICATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

B. The requirements listed in this document are applicable to Division 26, 27, and 28 specifications. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Identification for conductors. 
2. Equipment identification labels. 
3. Wiring device coverplates. 
4. Fire/smoke barrier/penetration labeling. 

1.3 QUALITY ASSURANCE 

A. Comply with NFPA 70. 

1.4 COORDINATION 

A. Coordinate identification names, colors, and other features with requirements in the Contract Documents, and 
with those required by codes.  Use consistent designations throughout Project. 

PART 2 - PRODUCTS 

2.1 CONDUCTOR IDENTIFICATION MATERIALS 

A. Colored Tape:  Vinyl, self-adhesive type. 

2.2 EQUIPMENT IDENTIFICATION LABELS 

A. Engraved or Melamine Label:  Adhesive backed, with white letters on a black background.  Minimum letter height 
shall be 3/8 inch. 

2.3 FIRE/SMOKE BARRIER PENETRATION 

A. Provide sticker complying with facility standard and penetration sealant product requirement listing product, date, 
company name, and initials of installer.  Sticker to be minimum 3 by 5 and red in color.   

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Equipment Identification Labels:  On each unit of equipment, install unique designation label that is consistent with 
plans. 

1. Labeling Instructions: 
a. Indoor Equipment:  Self-adhesive, engraved, laminated acrylic or melamine label. 
b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label, drilled for screw attachment. 
c. Elevated Components:  Increase sizes of labels and legend to those appropriate for viewing from the 

floor. 
d. Wiring Device Coverplates:  Machine printed adhesive film; clear with black printing. 

1) In lieu of machine printed adhesive film labels, provide engraved labels for device plates in the 
following rooms (black lettering for normal branch, red lettering for essential branches): 
a) Inpatient overnight rooms and associated inpatient toilet/shower rooms. 
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2. Equipment to Be Labeled: 
a. Transformers. 
b. Motor-control centers. 
c. Disconnect switches. 
d. Enclosed circuit breakers. 
e. Motor starters. 
f. Push-button stations. 
g. Power transfer equipment. 
h. Contactors. 
i. Lighting control panels. 
j. Ground bars. 
k. Control cabinets. 
l. Power supplies. 
m. Variable speed drives and other line-voltage motor controllers. 

3.2 INSTALLATION 

A. Verify identity of each item before installing identification products. 

B. Location:  Install identification materials and devices at locations for most convenient viewing without interference 
with operation and maintenance of equipment. 

C. Apply identification devices to surfaces that require finish after completing finish work. 

D. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and methods 
recommended by manufacturer of identification device. 

E. Attach nonadhesive signs and plastic labels with screws and auxiliary hardware appropriate to the location and 
substrate. 

F. Receptacle Coverplates:  List panel and branch circuit number.  Where served from a GFCI circuit breaker, 
indicated letter “G” at the end of the circuit number designation. 

G. Conduits Out of Panels:  Label conduits with marker indicating circuit number on conduits exiting switchboards, 
motor control centers, distribution panels, and lighting panels.  Label at the source as they exit the enclosure.   

H. Light Switches:  Where two or more switches are ganged together, provide description of area or function for each 
switch. 

I. Fire Alarm:  Label control modules, monitoring modules, relays, and remote test/indicating devices to identify their 
associated function.  

J. Mechanical Equipment:  Provide label indicating equipment name as well as panel name and circuit number 
feeding the equipment.  Locate on equipment disconnect.  Locate label within site of the equipment.   

K. Conductor Color-Coding for Phase Identification:   

1. Color shall be factory applied. 
2. Colors for 208/120-V Circuits: 

a. Phase A:  Black. 
b. Phase B:  Red. 
c. Phase C:  Blue. 
d. Neutral:  White. 

3. Colors for 480/277-V Circuits: 
a. Phase A:  Brown. 
b. Phase B:  Orange. 
c. Phase C:  Yellow. 
d. Neutral:  Gray. 

4. Neutral Identification:   
a. Where individual (dedicated) neutral conductors are required for single-phase 120 volt and 277 volt 

branch circuits, neutral conductor shall have factory applied color stripe (tracer) along the length of the 
conductor, with tracer color to match associated phase conductor.   
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L. Junction Box Covers:  Label junction box covers located above accessible ceilings or in unfinished spaces with black 
permanent ink marker indicating panel and circuit number, or equivalent system information.  Provide labeling of 
system name on covers for systems enclosed in conduit.  For example “Nurse Call” label cover Nurse Call.  In 
addition to labeling, paint covers as follows: 

1. Fire Alarm:  Red. 
2. Communications:  Blue. 

M. Ground Bars:  Provide polyester write-on tag for each grounding conductor attached to ground bars external to 
equipment enclosures.  Identify remote connection point of conductor on tag with permanent black ink marker 
and attach to conductor with nylon tie. 

N. Existing Panelboard Directories:  Provide updated-typed circuit directories for existing panels affected.   

1. Existing distribution panels, switchboards, and motor control centers shall include engraved labels at circuit 
breakers. 

3.3 FIRE/SMOKE BARRIER PENETRATION LABELING 

A. Affix label at every rated fire/smoke barrier penetrated with electrical systems, conduit, and systems pathways.   

END OF SECTION 26 0553 
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SECTION 26 0923 – AUTOMATIC LIGHTING CONTROL DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following lighting control equipment: 

1. Occupancy sensors with local power packs. 
2. Occupancy sensors with input to a lighting control panel. 
3. Emergency shunt relays. 

B. Related Sections include the following: 

1. Division 26 Section "Wiring Devices" for line-voltage wall-box dimmers and line-voltage wall switches. 

1.3 DEFINITIONS 

A. LED:  Light-emitting diode. 

B. PIR:  Passive infrared. 

1.4 SUBMITTALS 

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

B. Field quality-control test reports. 

C. Operation and Maintenance Data:  For each type of product to include in emergency, operation, and maintenance 
manuals. 

1.5 QUALITY ASSURANCE 

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

B. Source Limitations:  Obtain lighting control equipment and components through one source from a single 
manufacturer. 

C. Comply with NFPA 70. 

1.6 COORDINATION 

A. Coordinate layout and installation of ceiling-mounted devices with other construction that penetrates ceilings or is 
supported by them, including light fixtures, HVAC equipment, smoke detectors, fire-suppression system, and 
partition assemblies. 

B. Coordinate lighting control components to form an integrated interconnection of compatible components.  Select 
occupancy sensors that maximize occupancy coverage. 

PART 2 - PRODUCTS 

2.1 INDOOR OCCUPANCY SENSORS 

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

1. Cooper Controls. 
2. Hubbell Lighting. 
3. Leviton Mfg. Company Inc. 
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4. Sensor Switch, Inc. 
5. Watt Stopper (The). 

B. General Description:  Ceiling-mounting, solid-state low voltage units. 

1. Operation:  Unless otherwise indicated, turn lights on when covered area is occupied and off when 
unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 20 minutes.  
Automatic sensitivity adjustment. 

2. Sensor Type:  Sensors shall be dual-technology type (unless noted otherwise). 
a. Corridors and Vestibules:  PIR type sensors are acceptable.   

3. Sensor Output:  Contacts rated to operate the connected power pack, complying with UL 773A.  Sensor shall 
be powered from the power pack. 

4. Mounting: 
a. Sensor:  Suitable for mounting on a standard outlet box. 
b. Time-Delay and Sensitivity Adjustments:  Recessed and concealed behind accessible cover. 

5. Indicator:  LED, to show when motion is being detected during testing and normal operation of the sensor. 
6. Bypass Switch:  Override the on function in case of sensor failure. 

C. Power Pack: 

1. Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 20-A tungsten at 120-V ac, and for 1 hp at 
120-V ac.  Power supply to sensor shall be 24-V dc, 150-mA, Class 2 power source as defined by NFPA 70. 

2. Provide power packs to accommodate quantity of lighting zones and branch circuits per plans and details.   
3. Externally mounted through a 1/2-inch knockout in a standard electrical enclosure.   

D. Wall Switch Sensors: 

1. Where indicated as a wall switch occupancy sensor, sensor may be provided as line-voltage with integral 
relay unit.  Device and plate color/finish shall match that specified for wall switches.  Identify devices similar 
to that specified for wall switches.  

2. Control Panel Sensor Inputs:  Where occupancy sensors are indicated to provide control input to a lighting 
control panel, sensor may be powered from control panel.  Manufacturer shall provide required power 
supply capacity.   

E. Isolated Relay: 

1. Provide additional isolated relay integral to occupancy sensor for occupancy status monitoring for other 
building systems. 

F. Dual-Technology Type:  Ceiling mounting; detect occupancy by using a combination of PIR and 
ultrasonic/microphonic detection methods in area of coverage.  Particular technology or combination of 
technologies that controls on-off functions shall be selectable in the field by operating controls on unit. 

1. Sensitivity Adjustment:  Separate for each sensing technology. 
2. Detector Sensitivity:  Detect occurrences of 6-inch- minimum movement of any portion of a human body that 

presents a target of not less than 36 sq. in., and detect a person of average size and weight moving not less 
than 12 inches in either a horizontal or a vertical manner at an approximate speed of 12 inches/s. 

2.2 EMERGENCY SHUNT RELAY 

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

1. Lighting Control and Design, Inc. 
2. Watt Stopper (The). 

B. Description:  Normally closed, electrically held relay, arranged for wiring in parallel with manual or 
automatic switching contacts; complying with UL 924. 

1. Coil Rating:  Coordinate coil voltage. 

2.3 CONDUCTORS AND CABLES 

A. Power Wiring to Supply Side of Remote-Control Power Sources:  Not smaller than No. 12 AWG.  Comply with 
requirements in Division 26 Section "Conductors and Cables." 
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B. Classes 1, 2, and 3 Control Cable:  Multiconductor cable with stranded-copper conductors sized per manufacturer’s 
requirements.  Comply with requirements in Division 26 Section "Conductors and Cables." 

1. Lighting control cabling shall be plenum rated. 
2. Secure and support cables at intervals no exceeding 60 inches. 

PART 3 - EXECUTION 

3.1 SENSOR SELECTION AND INSTALLATION 

A. Select, install, and aim sensors to achieve not less than 90 percent coverage of installed areas.  Do not exceed 
coverage limits specified in manufacturer's written instructions. 

B. Arrange control zones per plans and details.  Individual rooms (defined by full height wall partitions or doors) shall 
be controlled independent of adjacent rooms.  Multiple occupancy sensors in same room or zone shall control all 
power packs or lighting control panel relays associated with that room or zone.  Rooms or zones shown with 
multiple branch circuits shall be provided with multiple power packs or lighting control panel relays to 
accommodate control.   

C. Set sensor time delay to 20 minutes.   

3.2 EMERGENCY SHUNT RELAY INSTALLATION 

A. Install emergency shunt relay on life safety lighting circuits indicated with automatic controls.  Relay shall bypass 
automatic controls and illuminate life safety lighting circuit upon loss of adjacent normal branch lighting circuit 
source voltage.  Locate near control panel in NEMA-1 enclosure.   

3.3 WIRING INSTALLATION 

A. Wiring Method:  Install wiring in raceways except where installed in accessible ceilings. 

B. Wiring within Enclosures:  Comply with NECA 1.  Separate power-limited and nonpower-limited conductors 
according to conductor manufacturer's written instructions.  Bundle, lace, and train conductors to terminal points. 

C. Size conductors according to lighting control device manufacturer's written instructions. 

D. Splices, Taps, and Terminations:  Make connections only on numbered terminal strips in junction, pull, and outlet 
boxes; terminal cabinets; and equipment enclosures. 

3.4 IDENTIFICATION 

A. Identify components and power and control wiring according to Division 26 Section "Electrical Identification." 

3.5 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports.  Engage a factory-authorized service 
representative to assist inspections, testing, and final programming/adjustments: 

1. After installing sensors, and after electrical circuitry has been energized, adjust and test for compliance with 
requirements. 

2. Operational Test:   
a. Verify operation of each lighting control device, and adjust time delays. 
b. Test for circuit continuity. 
c. Verify that programming is complete and operating as intended.  
d. Check operation of local override controls. 

B. Lighting control devices that fail tests and inspections are defective work. 

C. Upon completion of initial programming, engage engineer, architect, and Owner while onsite to confirm time and 
scene controls/adjustments prior to final programming.  Provide 2 weeks notice.  Time may be required outside of 
normal business hours to confirm lighting for those hours of operation. 
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3.6 ADJUSTING 

A. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, provide on-site 
assistance in adjusting sensors to suit occupied conditions and to assist Owner’s personnel in making program 
changes.  Provide up to two visits to Project during other-than-normal occupancy hours for this purpose. 

END OF SECTION 26 0923 
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SECTION 26 2416 - 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. SVR:  Suppressed voltage rating. 

B. SPD:  Surge protective device. 

1.4 SUBMITTALS 

A. Product Data:  For each type of panelboard, overcurrent protective device, transient voltage suppression device, 
accessory, and component indicated.  Include dimensions and manufacturers' technical data on features, 
performance, electrical characteristics, ratings, and finishes. 

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

1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of installed devices, 
equipment features, and ratings. 

2. Detail enclosure types and details for types other than NEMA 250, Type 1. 
3. Detail bus configuration, current, and voltage ratings. 
4. Short-circuit current rating of panelboards and overcurrent protective devices. 
5. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and 

auxiliary components. 

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

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

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain panelboards, overcurrent protective devices, components, and accessories from single 
source from single manufacturer. 

B. Product Selection for Restricted Space:  Drawings represent maximum dimensions for panelboards including 
clearances between panelboards and adjacent surfaces and other items.  Coordinate and comply with required 
maximum dimensions. 

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. Comply with NEMA PB 1 and NECA-407. 

E. Comply with NFPA 70. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Remove loose packing and flammable materials from inside panelboards; store in a dry environment or install 
temporary electric heating (250 W per panelboard) as required to prevent condensation. 
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B. Handle and prepare panelboards for installation according NEMA PB 1 and NECA-407. 

1.7 COORDINATION 

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

B. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-bolt inserts into 
bases.   

1.8 EXTRA MATERIALS 

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

1. Keys:  Two spares for each type of panelboard cabinet lock. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR PANELBOARDS 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Enclosures:   

1. Rated for environmental conditions at installed location. 
a. Indoor Dry and Clean Locations:  NEMA 250, Type 1. 

2. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match box dimensions; for 
flush-mounted fronts, overlap box. 

3. Hinged Front Cover (Door-in-Door Construction):  Entire front trim hinged to box and with standard door 
within hinged trim cover. 

4. Door: 
a. Distribution panelboards. 

1) Secured with vault-type latch with tumbler lock; keyed alike. 
a) For doors more than 36 inches high, provide two latches, keyed alike. 

b. Lighting and appliance branch circuit panelboards. 
1) Concealed hinges; secured with flush latch with tumbler lock; keyed alike. 

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. 

6. Directory Card:  Inside panelboard door, mounted in metal frame with transparent protective cover. 
7. Mounting Configuration:  Coordinate flush and surface mounting types as scheduled or as required to 

accommodate construction. 

C. Phase, Neutral, and Ground Buses: 

1. Material:  Hard-drawn copper, 98 percent conductivity. 
2. Equipment Ground Bus:  Adequate for feeder and branch-circuit equipment grounding conductors; bonded to 

box. 
3. Neutral Bus:  Adequate for dedicated branch circuit neutrals. 

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

1. Material:  Hard-drawn copper, 98 percent conductivity. 
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2. Main and Neutral Lugs:  Mechanical type. 
3. Ground Lugs and Bus-Configured Terminators:  Mechanical type. 
4. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material.  Locate at opposite end of 

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

as incoming lugs or main device. 

E. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances required for 
future installation of devices. 

F. Gutters:  Sized to accommodate installed conductors and future conductors associated with spare and future 
available space of future overcurrent devices.   

2.2 PANELBOARD SHORT-CIRCUIT RATING 

A. Fully rated to interrupt symmetrical short-circuit current available at terminals.  Coordinate with drawings. 

2.3 DISTRIBUTION PANELBOARDS 

A. Panelboards:  NEMA PB 1, power and feeder distribution type. 

1. Lighting and appliance branch panelboards with sub-feed breakers are not acceptable as a substitute to 
distribution panelboards. 

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

C. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A:  Bolt-on circuit breakers; 
plug-in circuit breakers where individual positive-locking device requires mechanical release for removal. 

2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 

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

1. Load centers will not be accepted for lighting and appliance branch circuit panelboards. 

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

1. Maximum 42 branch circuit breakers per vertical section unless specifically noted.   

2.5 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet available fault 
currents. 

1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, and instantaneous 
magnetic trip element for short circuits.  Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A 
and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, field-adjustable 
trip setting. 

3. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault protection (6-mA trip). 
4. Molded-Case Circuit-Breaker (MCCB) Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 
b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials. 
c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; 

Type HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits. 
d. Ground-Fault Protection:  Integrally mounted relay and trip unit with push-to-test feature, and ground-

fault indicator. 
e. Multipole units enclosed in a single housing or factory assembled to operate as a single unit. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Receive, inspect, handle, and store panelboards according to NECA 407 and NEMA PB 1.1. 

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

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

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

3.2 INSTALLATION 

A. Install panelboards and accessories according to NECA 407 and NEMA PB 1.1. 

B. Equipment Mounting:  Install full-height, floor-mounted distribution panelboards on concrete bases, 4-inch 
nominal thickness.   

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

2. For panelboards, install epoxy-coated anchor bolts that extend through concrete base and anchor into 
structural concrete floor. 

3. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions 
furnished with items to be embedded. 

4. Install anchor bolts to elevations required for proper attachment to panelboards. 
5. Attach panelboard to the vertical finished or structural surface behind the panelboard. 

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

D. Mount top of trim 74 inches above finished floor unless panel height exceeds this.  Maintain NEC accessibility 
requirements for highest mounted device. 

E. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed panelboards with fronts 
uniformly flush with wall finish and mating with back box. 

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

1. Set field-adjustable, circuit-breaker trip ranges. 

G. Install filler plates in unused spaces. 

H. Recessed Panelboards:  Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space 
designated to be ceiling space in the future.  Provide with pull strings.  

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

J. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide labels complying with 
Division 26 Section "Electrical Identification."  Provide warning signs required by NEC. 

B. Create a directory to indicate installed circuit loads; incorporate Owner's final room designations.  Obtain approval 
before installing.  Use a computer or typewriter to create directory; handwritten directories are not acceptable. 

C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements for identification 
specified in Division 26 Section "Electrical Identification." 

D. Branch Device Nameplates:  Label each branch circuit device in distribution panelboards with a nameplate 
complying with requirements for identification specified in Division 26 Section "Electrical Identification." 
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3.4 FIELD QUALITY CONTROL 

A. Acceptance Testing Preparation: 

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

2. Test continuity of each circuit. 

B. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing 
Specification.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, 
replace with new units and retest. 

3. Perform the following infrared scan tests and inspections and prepare reports: 
a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 

Acceptance, perform an infrared scan of each panelboard.  Remove front panels so joints and 
connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each panelboard 11 
months after date of Substantial Completion. 

c. Instruments and Equipment: 
1) Use an infrared scanning device designed to measure temperature or to detect significant 

deviations from normal values.  Provide calibration record for device. 

C. Panelboards will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports that describes scanning results.  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. 

B. Load Balancing:  After Substantial Completion, but not more than 60 days after Final Acceptance, measure load 
balancing and make circuit changes. 

1. Measure as directed during period of normal system loading. 
2. Perform load-balancing circuit changes outside normal occupancy/working schedule of the facility and at 

time directed.  Avoid disrupting critical 24-hour services such as fax machines and on-line data processing, 
computing, transmitting, and receiving equipment. 

3. After circuit changes, recheck loads during normal load period.  Record all load readings before and after 
changes and submit test records. 

4. Tolerance:  Difference exceeding 20 percent between phase loads, within a panelboard, is not acceptable.  
Rebalance and recheck as necessary to meet this minimum requirement. 

3.6 PROTECTION 

A. Temporary Heating:  Apply temporary heat as required to maintain temperature according to manufacturer's 
written instructions. 

END OF SECTION 26 2416 
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SECTION 26 2726 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following: 

1. Receptacles, receptacles with integral GFCI, and associated device plates. 
2. Snap switches and wall-box dimmers. 

B. See Division 27 Section "Voice and Data Communication Cabling" for workstation outlets. 

C. See Division 26 Section "Electrical Identification" for device labeling requirements. 

1.2 SUBMITTALS 

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

B. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing label warnings and 
instruction manuals that include labeling conditions. 

C. Test reports. 

1.3 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 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). 
4. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour). 

2.2 STRAIGHT BLADE RECEPTACLES 

A. Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 configuration 5-20R, and UL 498. 

1. Products:  Subject to compliance with requirements, provide one of the following: 
a. Cooper; 5351 (single), 5352 (duplex). 
b. Hubbell; HBL5351 (single), CR5352 (duplex). 
c. Leviton; 5891 (single), 5352 (duplex). 
d. Pass & Seymour; 5381 (single), 5362 (duplex). 

B. Hospital Grade:   

1. Receptacles shall be Hospital Grade at the following locations: 
a. Throughout (all receptacle locations). 

2. Hospital grade receptacles shall be the hospital-grade equivalent to straight blade receptacles listed above.   

2.3 GFCI RECEPTACLES 

A. General Description:  Straight blade, non-feed-through type.  Comply with NEMA WD 1, NEMA WD 6, UL 498, and 
UL 943, Class A, and include indicator light that is lighted when device is tripped. 

B. Duplex GFCI Convenience Receptacles, 125 V, 20 A: 
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1. Products:  Subject to compliance with requirements.  Provide GFCI equivalent to Straight Blade Receptacles 
indicated above. 
a. Cooper; GF20. 
b. Pass & Seymour; 2095. 

C. Hospital Grade: 

1. Receptacles shall be Hospital Grade at the following locations: 
a. Throughout (all receptacle locations). 

2. GFCI Hospital grade receptacles shall be the GFCI hospital-grade equivalent to straight blade receptacles 
listed above.   

2.4 SNAP SWITCHES 

A. Comply with NEMA WD 1 and UL 20. 

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

1. Products:  Subject to compliance with requirements, provide one of the following: 
a. Cooper; 2221 (single pole), 2222 (two pole), 2223 (three way), 2224 (four way). 
b. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224 (four way). 
c. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four way). 
d. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 20AC4 (four way). 

C. Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches, 120/277 V, 20 A; for use with mechanically 
held lighting contactors. 

1. Products:  Subject to compliance with requirements, provide one of the following: 
a. Cooper; 1995. 
b. Hubbell; HBL1557. 
c. Leviton; 1257. 
d. Pass & Seymour; 1251. 

2.5 WALL-BOX DIMMERS 

A. Dimmer Switches:  Modular, full-wave, solid-state units with integral, quiet on-off switches, with audible frequency 
and EMI/RFI suppression filters.  Compatible with fixture being dimmed. 

1. Products:  Lutron “Skylark” Series slide dimmer with integral preset toggle on/off switch or equivalent 
dimmer with equivalent sized dimmer slide. 
a. Cooper. 
b. Hubbell. 
c. Leviton. 
d. Pass & Seymour. 

B. Control:  Continuously adjustable slider; with separately operated single-pole or three-way switch on common 
device.  Comply with UL 1472. 

C. LED Dimmer Switches:  Acuity Synergy “IDS-BC” Series for 0-10 volt dimming control.  Verify compatibility with 
fixture being dimmed.  

2.6 WALL PLATES 

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

1. Plate-Securing Screws:  Metal with head color to match plate finish. 
2. Material for Finished Spaces:  0.035-inch- thick, satin-finished stainless steel. 
3. Material for Unfinished Spaces:  Galvanized steel. 
4. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled for use in 

"wet locations." 
5. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with type 3R weather-resistant , die-cast 

aluminum with lockable, in-use style cover. 
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2.7 FINISHES 

A. Color:  Wiring device catalog numbers in Section Text do not designate device color. 

1. Wiring Devices Connected to Normal Power System:  As selected by Architect, unless otherwise indicated. 
2. Wiring Devices Connected to Emergency Power System:  Red device. 

PART 3 - EXECUTION 

3.1 COORDINATION 

A. Coordinate receptacles for Owner-furnished equipment.  Match equipment requirements.   

3.2 INSTALLATION 

A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise noted. 

B. Coordination with Other Trades: 

1. Take steps to insure that devices and their boxes are protected.  Do not place wall finish materials over device 
boxes and do not cut holes for boxes with routers that are guided by riding against outside of the boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other 
material that may contaminate the raceway system, conductors, and cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is 
troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1. Do not strip insulation from conductors until just before they are spliced or terminated on devices. 
2. Strip insulation evenly around the conductor using tools designed for the purpose.  Avoid scoring or nicking of 

solid wire or cutting strands from stranded wire. 
3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without 

pigtails. 
4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 
b. Straighten conductors that remain and remove corrosion and foreign matter. 
c. Pigtailing existing conductors is permitted provided the outlet box is large enough. 

D. Device Installation: 

1. Replace all devices that have been in temporary use during construction or that show signs that they were 
installed before building finishing operations were complete. 

2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors. 
3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment. 
4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length. 
5. When there is a choice, use side wiring with binding-head screw terminals.  Wrap solid conductor tightly 

clockwise, 2/3 to 3/4 of the way around terminal screw. 
6. Use a torque screwdriver when a torque is recommended or required by the manufacturer. 
7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG pigtails for 

device connections. 
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. 
10. GFCI devices shall not protect downstream devices.  Individual GFCI devices shall be installed. 
11. Do not connect under cabinet lighting downstream of a GFCI device. 
12. Provide physical barrier between adjacent 120 and 277 volt circuit conductors in ganged wall switch 

installations. 
13. Provide separate device boxes for normal power system and emergency power system devices to maintain 

proper system wiring separation.   
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E. Receptacle Orientation: 

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

F. Device Plates:  Do not use oversized or extra-deep plates.  Repair wall finishes and remount outlet boxes when 
standard device plates do not fit flush or do not cover rough wall opening. 

G. Dimmers: 

1. Install dimmers within terms of their listing. 
2. Install unshared neutral conductors on line and load side of dimmers according to manufacturers' device 

listing conditions in the written instructions. 
3. Install dimmers in individual device box to avoid derating requirements. 

H. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical.  Group adjacent 
switches under single, multigang wall plates. 

3.3 IDENTIFICATION 

A. Comply with Division 26 Section "Electrical Identification." 

1. Receptacles:  Identify panelboard and circuit number from which served.  

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Test Instruments:  Use instruments that comply with UL 1436. 
2. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout or illuminated LED 

indicators of measurement. 

B. Tests for Convenience Receptacles (comply with testing requirements of NFPA 99): 

1. Physical Integrity:  Visually inspect. 
2. Retention Force:  Not less than 115 g (4 oz.) 
3. Line Voltage:  Acceptable range is 105 to 132 V.  Verify polarity. 
4. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is not acceptable. 
5. Ground Impedance:  Values of up to 2 ohms are acceptable. 
6. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943. 
7. Using the test plug, verify that the device and its outlet box are securely mounted. 
8. The tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor 

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

END OF SECTION 26 2726 
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SECTION 26 2813 - FUSES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Cartridge fuses rated 600 V ac and less for use in the following: 
a. Control circuits. 
b. Motor-control centers. 
c. Switchboards. 
d. Enclosed switches. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Cooper/Bussman 
2. Little Fuse. 

2.2 CARTRIDGE FUSES 

A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with voltage ratings consistent with 
circuit voltages. 

1. Type RK-1:  250 or 600-V, zero- to 600-A rating, 200 kAIC, time delay. 
2. Type RK-5:  250 or 600-V, zero- to 600-A rating, 200 kAIC, time delay. 
3. Type CC: 600-V, zero- to 30-A rating, 200 kAIC, fast acting. 
4. Type CD: 600-V, 31- to 60-A rating, 200 kAIC, fast acting. 
5. Type J: 600-V, zero- to 600-A rating, 200 kAIC, time delay. 
6. Type L: 600-V, 601- to 6000-A rating, 200 kAIC, time delay. 
7. Type T:  250-V, zero- to 1200-A or 600-V, zero- to 800-A rating, 200 kAIC, very fast acting. 

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 FU 1 for cartridge fuses. 

D. Comply with NFPA 70. 

E. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size and with system 
short-circuit current levels. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing fuse. 
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3.2 IDENTIFICATION 

A. Install labels complying with requirements for identification specified in Section 260553 "Identification for 
Electrical Systems" and indicating fuse replacement information inside of door of each fused switch and adjacent 
to each fuse block, socket, and holder. 

END OF SECTION 26 2813 
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SECTION 26 2816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Fusible switches. 
2. Nonfusible switches. 
3. Enclosures. 
4. Molded-case circuit breakers (MCCBs). 

1.3 DEFINITIONS 

A. NC:  Normally closed. 

B. NO:  Normally open. 

C. SPDT:  Single pole, double throw. 

1.4 SUBMITTALS 

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

1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current ratings (interrupting and withstand, as appropriate). 
4. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices, 

accessories, and auxiliary components. 

B. Operation and Maintenance Data:  For enclosed switches and circuit breakers to include in emergency, operation, 
and maintenance manuals.  In addition to items specified in Division 01 Section "Operation and Maintenance 
Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit breakers. 

1.5 QUALITY ASSURANCE 

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

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

C. Comply with NFPA 70. 

1.6 PROJECT CONDITIONS 

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

1. Ambient Temperature:  Not less than minus 22 deg F and not exceeding 104 deg F. 
2. Altitude:  Not exceeding 6600 feet. 
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1.7 COORDINATION 

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

PART 2 - PRODUCTS 

2.1 FUSIBLE SWITCHES 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Type HD, Heavy Duty, Single Throw, 240 or 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower 
rated, with clips or bolt pads to accommodate required fuses, lockable handle with capability to accept three 
padlocks, lockable cover latch, and interlocked with cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground conductors. 
2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and 

aluminum neutral conductors. 
3. Auxiliary Contact Kit:  One NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades 

open, when used as a motor disconnect on motors served from a VFD.   
4. Hookstick Handle:  Allows use of a hookstick to operate the handle. 
5. Lugs:  Mechanical type, suitable for number, size, and conductor material. 

2.2 NONFUSIBLE SWITCHES 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Type HD, Heavy Duty, Single Throw, 240 or 600-V ac:  UL 98 and NEMA KS 1, horsepower rated, lockable handle 
with capability to accept three padlocks, lockable cover latch, and interlocked with cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground conductors. 
2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and 

aluminum neutral conductors. 
3. Auxiliary Contact Kit:  One NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades 

open, when switch is used as a motor disconnect on motors served from VFD.   
4. Hookstick Handle:  Allows use of a hookstick to operate the handle. 
5. Lugs:  Mechanical type, suitable for number, size, and conductor material. 

2.3 MOLDED-CASE CIRCUIT BREAKERS 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 
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B. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply 
with available fault currents. 

C. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads and instantaneous 
magnetic trip element for short circuits.  Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and 
larger. 

D. Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 
2. Lugs:  Mechanical type, suitable for number, size, trip ratings, and conductor material. 
3. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID 

for feeding fluorescent and high-intensity discharge lighting circuits. 

2.4 ENCLOSURES 

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

1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1. 
2. Outdoor Locations:  NEMA 250, Type 3R. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

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

3.2 INSTALLATION 

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

B. Install fuses in fusible devices. 

C. Comply with NECA 1. 

D. Where enclosed switches are installed as a motor disconnect on motors served from a VFD, provide connection 
between switch auxiliary contacts and VFD.  Coordinate to disable VFD when disconnect is open.   

3.3 IDENTIFICATION 

A. Comply with requirements in Division 26 Section "Electrical Identification." 

1. Identify field-installed conductors, interconnecting wiring, and components. 
2. Label each enclosure with laminated-plastic nameplate. 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, 
assemblies, and equipment installations, including connections, and to assist in testing. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting supply, 
feeder, and control circuit. 

2. Test continuity of each circuit. 
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C. Tests and Inspections: 

1. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, 
replace with new units and retest. 

2. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections. 

3.5 ADJUSTING 

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

B. Set field-adjustable circuit-breaker trip ranges. 

END OF SECTION 26 2816 
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SECTION 26 2913 - ENCLOSED CONTROLLERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes the following enclosed controllers rated 600 V and less: 

1. Full-voltage magnetic. 

1.3 DEFINITIONS 

A. CPT:  Control power transformer. 

B. MCCB:  Molded-case circuit breaker. 

C. MCP:  Motor circuit protector. 

D. N.C.:  Normally closed. 

E. N.O.:  Normally open. 

F. OCPD:  Overcurrent protective device. 

G. SCR:  Silicon-controlled rectifier. 

1.4 SUBMITTALS 

A. Product Data:  For each type of enclosed controller.  Include manufacturer's technical data on features, 
performance, electrical characteristics, ratings, and enclosure types and finishes. 

B. Operation and Maintenance Data:  For enclosed controllers to include in emergency, operation, and maintenance 
manuals.  In addition to items specified in Division 01 Section "Operation and Maintenance Data," include the 
following: 

1. Routine maintenance requirements for enclosed controllers and installed components. 
2. Manufacturer's written instructions for setting field-adjustable overload relays. 

C. Load-Current and List of Settings of Adjustable Overload Relays:  Compile after motors have been installed, and 
arrange to demonstrate that switch settings for motor running overload protection suit actual motors to be 
protected. 

1.5 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Store enclosed controllers indoors in clean, dry space with uniform temperature to prevent condensation.  Protect 
enclosed controllers from exposure to dirt, fumes, water, corrosive substances, and physical damage. 

B. If stored in areas subject to weather, cover enclosed controllers to protect them from weather, dirt, dust, corrosive 
substances, and physical damage.  Remove loose packing and flammable materials from inside controllers. 

1.7 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation under the following conditions unless 
otherwise indicated: 
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1. Ambient Temperature:  Not less than minus 22 deg F and not exceeding 104 deg F. 
2. Altitude:  Not exceeding 6600 feet. 

1.8 COORDINATION 

A. Coordinate layout and installation of enclosed controllers with other construction including conduit, piping, 
equipment, and adjacent surfaces.  Maintain required workspace clearances and required clearances for 
equipment access doors and panels. 

PART 2 - PRODUCTS 

2.1 FULL-VOLTAGE CONTROLLERS 

A. General Requirements for Full-Voltage Controllers:  Comply with NEMA ICS 2, general purpose, Class A. 

B. Magnetic Controllers:  Full voltage, across the line, electrically held. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Rockwell Automation, Inc.; Allen-Bradley brand. 
d. Siemens Energy & Automation, Inc. 
e. Square D; a brand of Schneider Electric. 

2. Configuration:  Nonreversing. 
3. Contactor Coils:  Pressure-encapsulated type with coil transient suppressors. 

a. Operating Voltage:  Depending on contactor NEMA size and line-voltage rating, manufacturer's standard 
matching control power or line voltage. 

4. Power Contacts:  Totally enclosed, double-break, silver-cadmium oxide; assembled to allow inspection and 
replacement without disturbing line or load wiring. 

5. Control Circuits:  120-V ac; obtained from integral CPT, with primary and secondary fuses, with CPT of 
sufficient capacity to operate integral devices and remotely located pilot, indicating, and control devices. 
a. CPT Spare Capacity:  50 VA. 

6. Solid-State Overload Relay: 
a. Switch or dial selectable for motor running overload protection. 
b. Sensors in each phase. 
c. Class 20 tripping characteristic selected to protect motor against voltage and current unbalance and 

single phasing. 
7. External overload reset push button. 

C. Combination Magnetic Controller:  Factory-assembled combination of magnetic controller, OCPD, and 
disconnecting means. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 
a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Rockwell Automation, Inc.; Allen-Bradley brand. 
d. Siemens Energy & Automation, Inc. 
e. Square D; a brand of Schneider Electric. 

2. Nonfusible Disconnecting Means: 
a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 
b. Lockable Handle:  Accepts three padlocks and interlocks with cover in closed position. 

2.2 ENCLOSURES 

A. Enclosed Controllers:  NEMA ICS 6, to comply with environmental conditions at installed location. 

1. Dry and Clean Indoor Locations:  Type 1. 
2. Outdoor Locations:  Type 3R. 
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2.3 ACCESSORIES 

A. General Requirements for Control Circuit and Pilot Devices:  NEMA ICS 5; factory installed in controller enclosure 
cover unless otherwise indicated. 

1. Push Buttons, Pilot Lights, and Selector Switches:  Standard-duty, type. 
a. Push Buttons:  Unguarded types. 
b. Pilot Lights:  LED types; colors as indicated. 
c. Selector Switches:  Rotary type. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and surfaces to receive enclosed controllers, with Installer present, for compliance with 
requirements and other conditions affecting performance of the Work. 

B. Examine enclosed controllers before installation.  Reject enclosed controllers that are wet, moisture damaged, or 
mold damaged. 

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

3.2 INSTALLATION 

A. Wall-Mounted Controllers:  Install enclosed controllers on walls with tops at uniform height unless otherwise 
indicated, and by bolting units to wall or mounting on lightweight structural-steel channels bolted to wall.  For 
controllers not at walls, provide freestanding racks complying with Division 26 Section "Hangers and Supports for 
Electrical Systems." 

B. Install floor-mounted controller on concrete bases.  Construction concrete bases according to Division 26 “Hangers 
and Supports for Electrical Systems”. 

C. Install fuses in control circuits if not factory installed.   

D. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Identify enclosed controllers, components, and control wiring.  Comply with requirements for identification 
specified in Division 26 Section "Electrical Identification." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs. 
2. Label each enclosure with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 

3.4 FIELD QUALITY CONTROL 

A. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed controller, component, connecting supply, feeder, and control 
circuit. 

2. Test continuity of each circuit. 

B. Tests and Inspections: 

1. Inspect controllers, wiring, components, connections, and equipment installation. 
2. Test insulation resistance for each enclosed-controller element, component, connecting motor supply, 

feeder, and control circuits. 
3. Test continuity of each circuit. 
4. Verify that voltages at controller locations are within plus or minus 10 percent of motor nameplate rated 

voltages.  If outside this range for any motor, notify Engineer before starting the motor(s). 
5. Test each motor for proper phase rotation. 
6. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, 

replace with new units and retest. 
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7. Perform the following infrared (thermographic) scan tests and inspections and prepare reports: 
a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 

Acceptance, perform an infrared scan of each multi-pole enclosed controller.  Remove front panels so 
joints and connections are accessible to portable scanner. 

b. Instruments and Equipment:  Use an infrared scanning device designed to measure temperature or to 
detect significant deviations from normal values.  Provide calibration record for device. 

8. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

C. Enclosed controllers will be considered defective if they do not pass tests and inspections. 

3.5 ADJUSTING 

A. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay pickup and trip ranges. 

3.6 PROTECTION 

A. Replace controllers whose interiors have been exposed to water or other liquids prior to Substantial Completion. 

3.7 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain enclosed controllers. 

END OF SECTION 26 2913 
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SECTION 26 5100 - INTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Interior lighting fixtures, lamps, and ballasts. 
2. Building mounted exterior lighting fixtures, lamps, and ballasts. 

1.3 DEFINITIONS 

A. BF:  Ballast factor. 

B. CCT:  Correlated color temperature. 

C. CRI:  Color-rendering index. 

D. LER:  Luminaire efficacy rating. 

E. Lumen:  Measured output of lamp and luminaire, or both. 

F. Luminaire:  Complete lighting fixture, including ballast housing if provided. 

1.4 SUBMITTALS 

A. Product Data:  For each type of lighting fixture, arranged in order of fixture designation.  Include data on features, 
accessories, finishes, and the following: 

1. Physical description of lighting fixture including dimensions. 
2. Emergency lighting units including battery and charger. 
3. Ballast, including BF. 
4. Energy-efficiency data. 
5. Life, output (lumens, CCT, and CRI), and energy-efficiency data for lamps. 
6. Photometric data and adjustment factors based on laboratory tests, complying with IESNA Lighting 

Measurements Testing & Calculation Guides, of each lighting fixture type.  The adjustment factors shall be for 
lamps, ballasts, and accessories identical to those indicated for the lighting fixture as applied in this Project. 
a. Manufacturer Certified Data:  Photometric data shall be certified by a manufacturer's laboratory with a 

current accreditation under the National Voluntary Laboratory Accreditation Program for Energy 
Efficient Lighting Products. 

B. Operation and Maintenance Data:  For lighting equipment and fixtures to include in emergency, operation, and 
maintenance manuals. 

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

1.5 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

1.6 COORDINATION 

A. Coordinate layout and installation of lighting fixtures and suspension system with other construction that 
penetrates ceilings or is supported by them, including HVAC equipment, fire-suppression system, and partition 
assemblies. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Lighting Fixtutres:  Subject to compliance with requirements, provide lighting fixture product indicated on 
Drawings.  Substitutions will only be allowed where specifically indicated on drawings. 

B. Lamps:  Subject to compliance with requirements, provide products by one of the following: 

1. GE. 
2. Osram-Sylvania. 
3. Phillips. 

C. Ballasts:  Subject to compliance with requirements, provide products by one of the following: 
1. GE. 
2. Lutron. 
3. Osram-Sylvania. 
4. Phillips. 

D. LED:  As specified. 

2.2 GENERAL REQUIREMENTS FOR LIGHTING FIXTURES AND COMPONENTS 

A. Recessed Fixtures:  Comply with NEMA LE 4 for ceiling compatibility for recessed fixtures. 

B. Fluorescent Fixtures:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5 and NEMA LE 5A 
as applicable. 

C. Metal Parts:  Free of burrs and sharp corners and edges. 

D. Sheet Metal Components:  Steel unless otherwise indicated.  Form and support to prevent warping and sagging. 

E. 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. 

F. Diffusers and Globes: 

1. Acrylic Lighting Diffusers:  100 percent virgin acrylic plastic.  High resistance to yellowing and other changes 
due to aging, exposure to heat, and UV radiation. 
a. Lens Thickness:  At least 0.125 inch minimum unless otherwise indicated. 
b. UV stabilized. 

G. Factory-Applied Labels:  Comply with UL 1598.  Include recommended lamps and ballasts.  Labels shall be located 
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 and ballast characteristics: 
a. "USE ONLY" and include specific lamp type. 
b. Lamp diameter code (T-4, T-5, T-8, T-12, etc.), tube configuration (twin, quad, triple, etc.), base type, 

and nominal wattage for fluorescent and compact fluorescent luminaires.  Wattage label shall match 
lamp wattage installed, not ballast maximum lamp wattage. 

c. Start type (preheat, rapid start, instant start, etc.) for fluorescent and compact fluorescent luminaires. 

2.3 LED LUMINAIRES 

A. Comply with UL 1598 and UL 8750. 

B. Each luminaire shall be rated for a minimum operational life (L70) of 50,000 hours as defined by IES LM-80 and TM-
21. 

C. Absolute photometrics shall be available for each luminaire based on IES LM-79. 

D. Individual LEDs within the luminaire shall be connected such that loss or failure of a single LED will not result in the 
loss of the entire array. 
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E. LED lamps shall have a minimum CRI of 80. 

F. Luminaire Power Factor:  0.90 or higher. 

G. Total Harmonic Distortion Rating:  Less than 20 percent. 

2.4 BALLASTS FOR LINEAR FLUORESCENT LAMPS 

A. General Requirements for Electronic Ballasts: 

1. Comply with UL 935 and with ANSI C82.11. 
2. Designed for type and quantity of lamps served. 
3. Ballasts shall be designed for full light output unless another BF, dimmer, or bi-level control is indicated. 
4. Sound Rating:  Class A. 
5. Total Harmonic Distortion Rating:  Less than 10 percent. 
6. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better. 
7. Operating Frequency:  42 kHz or higher. 
8. Lamp Current Crest Factor:  1.7 or less. 
9. BF:  0.85 or higher.  Not to exceed 1.00 unless specifically noted. 
10. Power Factor:  0.98 or higher. 

B. Electronic Programmed-Start Ballasts for Fluorescent Lamps:  Comply with ANSI C82.11 and the following: 

1. Lamp end-of-life detection and shutdown circuit for T5 diameter lamps. 
2. Automatic lamp starting after lamp replacement. 

C. Ballasts for Low-Temperature Environments: 

1. Temperatures 0 Deg F and Higher:  Electronic or electromagnetic type rated for 0 deg F starting and operating 
temperature with indicated lamp types. 

D. Ballasts for Dimmer-Controlled Lighting Fixtures:  Electronic type. 

1. Dimming Range:  Per plans. 
2. Compatibility:  Certified by manufacturer for use with specific dimming control device and lamp type used. 
3. Control:  Coordinate wiring from ballast to control device to ensure that the ballast, controller, and 

connecting wiring are compatible. 

E. Ballasts for Bi-Level Controlled Lighting Fixtures:  Electronic type. 

1. Operating Modes:  Ballast circuit and leads provide for remote control of the light output of the associated 
lamp between high- and low-level and off. 
a. High-Level Operation:  100 percent of rated lamp lumens. 
b. Low-Level Operation:  50 percent of rated lamp lumens. 

2. Ballast shall provide equal current to each lamp in each operating mode. 
3. Compatibility:  Certified by manufacturer for use with specific bi-level control system and lamp type 

indicated. 

2.5 BALLASTS FOR COMPACT FLUORESCENT LAMPS 

A. Description:  Electronic-programmed rapid-start type, complying with UL 935 and with ANSI C 82.11, designed for 
type and quantity of lamps indicated.  Ballast shall be designed for full light output unless dimmer or bi-level 
control is indicated: 

1. Lamp end-of-life detection and shutdown circuit. 
2. Automatic lamp starting after lamp replacement. 
3. Sound Rating:  Class A. 
4. Total Harmonic Distortion Rating:  Less than 10 percent. 
5. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better. 
6. Operating Frequency:  20 kHz or higher. 
7. Lamp Current Crest Factor:  1.7 or less. 
8. BF:  0.95 or higher unless otherwise indicated. 
9. Power Factor:  0.98 or higher. 
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10. Interference:  Comply with 47 CFR 18, Ch. 1, Subpart C, for limitations on electromagnetic and radio-
frequency interference for nonconsumer equipment. 

2.6 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. Lamps:  LEDs, 50,000 hours minimum rated lamp life. 

2.7 FLUORESCENT LAMPS 

A. T8 rapid-start lamps, rated 32 W maximum, nominal length of 48 inches, 2800 initial lumens (minimum), CRI 78 
(minimum), color temperature 3500 K, and minimum average rated life 20,000 hours at 3 hours per start. 

B. T8 rapid-start lamps, rated 17 W maximum, nominal length of 24 inches, 1300 initial lumens (minimum), CRI 78 
(minimum), color temperature 3500 K, and minimum average rated life of 20,000 hours 3 hours per start. 

C. Compact Fluorescent Lamps:  4-Pin, CRI 78 (minimum), color temperature 3500 K, average rated life of 10,000 
hours at three hours operation per start. 

1. 13 W:  T4, double or triple tube, rated 900 initial lumens (minimum). 
2. 18 W:  T4, double or triple tube, rated 1200 initial lumens (minimum). 
3. 26 W:  T4, double or triple tube, rated 1800 initial lumens (minimum). 
4. 32 W:  T4, triple tube, rated 2400 initial lumens (minimum). 
5. 42 W:  T4, triple tube, rated 3200 initial lumens (minimum). 
6. 57 W:  T4, triple tube, rated 4300 initial lumens (minimum). 
7. 70 W:  T4, triple tube, rated 5200 initial lumens (minimum). 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Lighting fixtures: 

1. Set level, plumb, and square with ceilings and walls unless otherwise indicated. 
2. Install lamps in each luminaire. 

B. Two by Two Lighting Fixtures: 

1. Unless otherwise indicated, install fixtures such that lamps are perpendicular to the long dimension of the 
room.   

C. Lay-in Ceiling Lighting Fixtures Supports:  Use grid as a support element. 

1. Support Clips:  Fasten to lighting fixtures and to ceiling grid members at or near each fixture corner with clips 
that are UL listed for the application. 

2. Fixtures of Sizes Less Than Ceiling Grid:  Install as indicated on architectural reflected ceiling plans, and 
support fixtures independently with at least two 3/4-inch metal channels spanning and secured to ceiling 
tees. 

D. Suspended Lighting Fixture Support: 

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

E. Connect wiring according to Division 26 Section "Conductors and Cables." 

F. Fixture Whip Conductor Coordination: 

1. Coordinate conductor quantity within fixture whips with fixture selection and lighting control requirements. 
a. 0-10 V dimming fixtures require additional conductors for lighting control.  
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3.2 IDENTIFICATION 

A. Mark concealed junction and outlet boxes with panel and circuit numbers.  Comply with requirements for 
identification specified in Division 26 Section "Electrical Identification." 

3.3 FIELD QUALITY CONTROL 

A. Test for Emergency Lighting:  Interrupt power supply to demonstrate proper operation.   

3.4 ADJUSTING 

A. Adjust aimable luminaires in the presence of Architect. 

END OF SECTION 26 5100 
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SECTION 27 0000 – GENERAL COMMUNICATIONS REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0000 for requirements. 

END OF SECTION 27 0000 
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SECTION 27 0500 - COMMON WORK RESULTS FOR COMMUNICATIONS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0500 for requirements. 

END OF SECTION 27 0500 
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SECTION 27 0526 - GROUNDING AND BONDING FOR COMMUNICATIONS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0526 for requirements. 

END OF SECTION 27 0526 
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SECTION 27 0529 - HANGERS AND SUPPORTS FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0529 for requirements. 

END OF SECTION 27 0529 
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SECTION 27 0553 - COMMUNICATIONS IDENTIFICATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0553 for requirements. 

END OF SECTION 27 0553 
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SECTION 27 1100 - 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 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Telecommunications mounting elements. 
2. Telecommunications equipment racks and cabinets. 
3. Grounding. 

1.3 DEFINITIONS 

A. Basket Cable Tray:  A fabricated structure consisting of wire mesh bottom and side rails. 

B. BICSI:  Building Industry Consulting Service International. 

C. LAN: Local area network. 

D. RCDD:  Registered Communications Distribution Designer. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include construction details, material descriptions, dimensions 
of individual components and profiles, and finishes for equipment racks and cabinets.  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. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field 
assembly, components, and location and size of each field connection. 

2. Equipment Racks and Cabinets:  Include workspace requirements and access for cable connections. 

1.5 QUALITY ASSURANCE 

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

1. Layout Responsibility:  Preparation of Shop Drawings shall be under the direct supervision of RCDD. 
2. Installation Supervision:  Installation shall be under the direct supervision of Level 2 Installer, who shall be 

present at all times when Work of this Section is performed at Project site. 
3. 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 application. 

C. Telecommunications Pathways and Spaces:  Comply with TIA/EIA-569-A. 

1.6 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 suppliers, 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. 
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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. 

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/EIA-569-A. 

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 cable ties to brackets. 
3. Lacing bars, spools, J-hooks, and D-rings. 
4. Straps and other devices. 

2.2 EQUIPMENT FRAMES 

A. General Frame Requirements: 

1. Distribution Frames:  Wall-mounting, modular-steel units designed for telecommunications terminal support 
and coordinated with dimensions of units to be supported. 

2. Module Dimension:  Width compatible with EIA 310 standard, 19-inch panel mounting. 
3. Finish:  Manufacturer's standard, baked-polyester powder coat. 

B. Cable Management for Equipment Frames: 

1. Metal, with integral wire retaining fingers. 
2. Baked-polyester powder coat finish. 
3. Vertical cable management panels shall have front and rear channels, with covers. 
4. Provide horizontal crossover cable manager at the top of each relay rack, with a minimum height of two rack 

units each. 

C. Modular Wall Cabinets: 

1. Wall mounting. 
2. Steel construction. 
3. Treated to resist corrosion. 
4. Lockable front doors. 
5. Cable access provisions top and bottom. 
6. Grounding lug. 
7. Power strip. 
8. All cabinets keyed alike. 
9. Black Box Products:  RMT072A-R2 or prior approved equal (20U). 

2.3 GROUNDING 

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

2.4 LABELING 

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

3.1 ENTRANCE FACILITIES 

A. Existing to remain. 

3.2 INSTALLATION 

A. Comply with NECA 1. 

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

C. Cable Trays:  Comply with NEMA VE 2 and TIA/EIA-569-A-7. 

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

3.3 FIRESTOPPING 

A. Comply with TIA/EIA-569-A, Annex A, "Firestopping." 

B. Comply with BICSI TDMM, "Firestopping Systems" Article. 

3.4 GROUNDING 

A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection" Chapter. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA/EIA-606-A.  Comply with requirements in 
Section "Electrical Identification." 

END OF SECTION 27 1100 
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SECTION 27 1200 – VOICE AND DATA COMMUNICATIONS CABLING 

PART 1 ‐ GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Pathways. 
2. UTP cabling. 
3. Cable connecting hardware, patch panels, and cross‐connects. 
4. Mounting Hardware. 
5. Telecommunications outlet/connectors. 
6. Cabling identification products. 
7. Cabling administration system 

1.2 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‐connection. 

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. 

C. Backbone cabling and associated cross‐connects, terminations, patch panels, and patch cords or jumpers shall be 
Owner‐furnished and Owner‐installed. 

1.3 HORIZONTAL CABLING DESCRIPTION 

A. Horizontal  cable  and  its  connecting  hardware  provide  the  means  of  transporting  signals  between  the 
telecommunications outlet/connector and the horizontal cross‐connect located in the communications equipment 
room.   This cabling and  its connecting hardware are called  "permanent  link," a  term  that  is used  in  the  testing 
protocols. 

1. TIA/EIA‐568‐B.1 requires that a minimum of two telecommunications outlet/connectors be installed for each 
work area. 

2. Horizontal  cabling  shall  contain  no more  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. 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.   The maximum allowable  length does 
not include an allowance for the length of 16 feet in the horizontal cross‐connect. 

1.4 PERFORMANCE REQUIREMENTS 

A. General  Performance:   Horizontal  cabling  system  shall  comply with  transmission  standards  in  TIA/EIA‐568‐B.1, 
when tested according to test procedures of this standard. 

1.5 SUBMITTALS 

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

B. Shop Drawings: 

1. System Labeling Schedules:  Electronic copy of labeling schedules, in software and format selected by Owner. 
2. Cabling administration drawings and printouts. 
3. Include telecom room rack and wall elevations labeling each individual component. 
4. Wiring diagrams to show typical wiring schematics, including the following: 

a. Cross‐connects. 
b. Patch panels. 
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c. Patch cords. 
5. Shop drawings shall be submitted to Engineer and Owner’s IS/IT rep for review. 
6. Cross‐connects and patch panels.  Detail mounting assemblies, and show elevations and physical relationship 

between the installed components. 
7. Cable  tray  layout,  showing  cable  tray  route  to  scale,  with  relationship  between  the  tray  and  adjacent 

structural, electrical, and mechanical elements. 

C. Qualification Data:  For installer.  

D. Source quality‐control reports. 

E. Field quality‐control reports. 

F. Maintenance data. 

1.6 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. LAN:  Local area network. 

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

F. RCDD:  Registered Communications Distribution Designer. 

G. UTP:  Unshielded twisted pair.   

1.7 QUALITY ASSURANCE 

A. Installer Qualifications:  Cabling installer must have on staff personnel certified by BICSI or approved equal. 

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

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

3. Testing  Agency's  Field  Supervisor:    Person  currently  certified  by  BICSI  or  approved  equal  as  an  RCDD  or 
approved equal to supervise field quality‐control testing. 

B. Source Limitations:  Obtain all products except cables through one source from a single manufacturer. 

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

D. Comply with NFPA 70, "National Electrical Code." 

E. Testing Agency Qualifications:  An NRTL. 

1. Testing Agency’s Field Supervisor:  Currently certified by BICSI as an RCDD or approved equal to supervise on‐
site testing. 

F. 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. 

G. Telecommunications Pathways and Spaces:  Comply with TIA/EIA‐569‐A. 

H. Grounding:  Comply with ANSI‐J‐STD‐607‐A. 
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1.8 COORDINATION 

A. Coordinate layout and installation of voice and data communication cabling 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 to other participants. 
3. Adjust arrangements and  locations of distribution frames and cross‐connect and patch panels  in equipment 

rooms and wiring closets to accommodate and optimize arrangement and space requirements of telephone, 
switch, and LAN equipment. 

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. 

1.10 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site.   

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

PART 2 ‐ PRODUCTS 

2.1 SYSTEM REQUIREMENTS 

A. Coordinate the features of materials and equipment so they form an integrated system.  Match components and 
interconnections for optimum future performance. 

B. Expansion Capability:  Unless otherwise indicated, provide spare fibers and conductor pairs in cables, positions in 
cross‐connect and patch panels, and terminal strips to accommodate 20 percent future increase in the number of 
workstations  shown  on  Drawings.    This  expansion  requirement  does  not  apply  to  horizontal  cable  from 
workstation outlet to first terminal board. 

C. Owner desires T568B connectors and terminations. 

2.2 PATHWAYS 

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

1. Support brackets with cable tie slots for fastening cable ties to brackets. 
2. Lacing bars, spools, J‐hooks, and D‐rings. 
3. Straps and other devices. 

B. Provide and utilize cable trays as specified.  Provide metallic j‐hooks in 4th and 5th Floors corridor ceilings sized to 
accommodate specified cable. 

C. Conduit and Boxes:  Comply with requirements in Division 26 Section "Raceways and Boxes." 

2.3 BACKBONE CABLE 

A. Copper Tie Cable:  Will be Owner‐furnished and Owner‐installed. 

1. Description:  100‐ohm, 25 PR for 5th Floor and 50 PR for 4th Floor pair UTP, formed into 25‐pair binder groups 
covered with a gray thermoplastic jacket. 

2. 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 or MPP, complying with NFPA 262. 
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2.4 HORIZONTAL CABLE 

A. Manufacturers:  Subject to compliance with requirements, provide products by Panduit. 

B. Description:  100‐ohm, 4‐pair UTP. 

1. Comply with ICEA S‐90‐661 for mechanical properties. 
2. Comply with TIA/EIA‐568‐B.1 for performance specifications. 
3. Comply with TIA/EIA‐568‐B.2, Category 5e. 
4. Cable jacket color:  Blue for data and Blue for voice. 
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. 

2.5 UTP CABLE HARDWARE 

A. Manufacturers:  Subject to compliance with requirements, provide products by Panduit. 

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

C. 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. 
2. Panduit 48 port, CP48BLY, patch panel jacks; Panduit CJ5E88TBL (Black). 

D. Jacks and Jack Assemblies:   Modular, color‐coded, eight‐position modular receptacle units with  integral  IDC‐type 
terminals. 
1. Panduit:  CJ5E88TEI (electric ivory). 
2. Blank Filler Plates:  Panduit CMBEI‐X (electric ivory). 
3. Wall Plates:  Panduit CFPE4EI (electric ivory). 

E. Patch Cords:  All patch cords will be provided by the Owner. 

2.6 OPTICAL FIBER CABLE HARDWARE 

A. Manufacturers:  Subject to compliance with requirements, provide products by Panduit. 

B. Provide the following Panduit fiber optic items in quantities to support specified and existing outlets on respective 
floors. 
1. 19” F.O. Tray:  FMD24 (FMD1). 
2. 5C adapter panel for F.O. Tray FAP6WBUSC. 
3. 5T Adapter Panel for F.O. Tray FAP6WST. 
4. Fiber Breakout Box:  FWME2. 
5. Fiber Breakout Box ST Adapter Panel (6 CON):  FAP6WST. 
6. Fiber Breakout Box Blank Panel:  FABP. 

C. Fiber Optic Patch Cords:  All patch cords will be provided by the Owner.   

D. Cable Connecting Hardware: 

1. The Owner will provide cable connecting hardware. 
2. Quick‐connect, simplex and duplex, Type SC connectors.  Insertion loss not more than 0.75 dB. 
3. Type SFF connectors may be used in termination racks, panels, and equipment packages. 

2.7 TELECOMMUNICATIONS OUTLET/CONNECTORS 

A. Jacks:   100‐ohm, balanced,  twisted‐pair connector;  four‐pair, eight‐position modular.   Comply with TIA/EIA‐568‐
B.1.  Panduit:  CJ5E88TE1. 

B. Workstation Outlets:  Provide quad connector assemblies and single gang faceplate.  Unused and spare opening in 
faceplates shall be blanked off with color to match faceplate.   



AVERA SACRED HEART HOSPITAL  06/06/14  VOICE AND DATA COMMUNICATIONS CABLING 
MEDICAL/SURGICAL PATIENT ROOM RENOVATION    27 1200 ‐ 5 

1. Faceplate:  Color and finish electric ivory.  Panduit:  CFPE4E1. 
2. Mounting:  Flush, unless otherwise indicated. 
3. Legend:  Factory‐labeled, by silk‐screening or engraving utilizing Owner’s designated labeling scheme.  Label 

type shall match electrical within each area. 
4. Legend:   Machine‐printed, adhesive tape  label  identifying the circuit for plastic faceplates.   Label type shall 

match electrical for each space. 
5. Legend:    Engraved  faceplate  to match  electrical  receptacles  for  stainless  steel  faceplates.   Engraving  shall 

match electrical for each space. 
6. Jack Colors:   

a. Voice Jacks:  Blue. 
b. Data Jacks:  Blue. 

2.8 MOUNTING ELEMENTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by Panduit. 

B. Telecommunications Racks: 

1. Racks shall be 19 inches wide.   
2. Provide rack with vertical cable management from top to bottom on each of two sides.  
3. Rack  shall  be  wall  mounted,  modular‐steel  units  designed  for  telecommunications  terminal  support.  

Coordinate rack dimensions with units to be supported.   
4. Finish:  Baked‐polyester powder coat. 
5. Provide rack with top and bottom cable troughs.   
6. Provide rack with grounding lug. 
7. Provide rack horizontal cable management between  interconnecting patch panels or  interconnecting patch 

panel and Owner equipment.   
8. Black Box 20U:  RMT072A‐R2. 

C. Power  Strips:    For mounting  in  the  rack, with 20‐A, 120‐V  ac, NEMA WD 6, Configuration 5‐20R  receptacles no 
fewer than 6, and including the following: 

1. LED indicator lights for power and protection status. 
2. LED indicator lights for reverse polarity and open outlet ground. 
3. Circuit breaker and thermal fusing.  When protection is lost, circuit opens and cannot be reset. 
4. Circuit breaker and thermal fusing.  Unit continues to supply power if protection is lost. 
5. Cord connected with 15‐foot line cord. 
6. Rocker‐type on‐off switch, illuminated when in on position. 
7. Peak Single‐Impulse Surge Current Rating:  33 kA per phase. 
8. 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 330 V. 
9. One RJ11/12C  telephone  line protector,  suitable  for modem  connection.   Maximum  clamping  voltage 220 

peak on pins No. 3 and No. 4. 

2.9 GROUNDING 

A. Comply with requirements in Section "Grounding and Bonding" for grounding conductors and connectors. 

B. Comply with ANSI‐J‐STD‐607‐A. 

2.10 IDENTIFICATION PRODUCTS 

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

B. Comply with requirements in Section "Electrical Identification." 

2.11 SOURCE QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to evaluate cables. 

B. Factory test UTP cables on reels according to TIA/EIA‐568‐B.1. 
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C. Factory test UTP cables according to TIA/EIA‐568‐B.2. 

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

E. Prepare test and inspection reports. 

PART 3 ‐ EXECUTION 

3.1 ENTRANCE FACILITIES 

A. Existing to remain. 

3.2 WIRING METHODS 

A. Wiring Method:   Install cables  in raceways and cable trays except within consoles, cabinets, desks, and counters.  
Conceal raceway and cables except in unfinished spaces. 

1. Install plenum cable in environmental air spaces, including plenum ceilings. 
2. Comply with requirements for raceways and boxes specified in Division 26 Section "Raceways and Boxes." 

B. Wiring Method:  Conceal conductors and cables in accessible ceilings, walls, and floors where possible. 

C. Wiring within Enclosures:  Bundle, lace, and train cables to terminal points with no excess and without exceeding 
manufacturer's limitations on bending radii.  Provide and use lacing bars and distribution spools. 

3.3 INSTALLATION OF PATHWAYS 

A. Cable Trays:  Comply with NEMA VE 2 and TIA/EIA‐569‐A‐7. 

B. Comply with  requirements  for  pathways,  cabinets,  and  racks  specified  in  Section  "Communications  Equipment 
Room Fittings."  Drawings indicate general arrangement of pathways and fittings. 

C. Comply with TIA/EIA‐569‐A for pull‐box sizing and length of conduit and number of bends between pull points. 

D. Comply with requirements in Section "Raceways and Boxes" for installation of conduits and wireways. 

E. Install manufactured conduit sweeps and long‐radius elbows whenever possible. 

F. Pathway Installation in Communications Equipment Rooms: 

1. Position conduit ends adjacent to a corner on backboard where a single piece of plywood is installed. 
2. Secure conduits to backboard when entering room from overhead. 
3. Install metal conduits with grounding bushings and connect with grounding conductor to grounding system. 

G. Backboards:  Install backboards with 8’ 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/EIA‐568‐B.1. 
2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices." 
3. Terminate conductors; no cable shall contain unterminated elements.   Make terminations only at  indicated 

outlets, terminals, cross‐connects, and patch panels. 
4. Cables may not be spliced.  Secure and support cables at intervals not exceeding 60 inches and not more than 

6 inches from cabinets, boxes, fittings, outlets, racks, frames, and terminals. 
5. Install  lacing  bars  to  restrain  cables,  to  prevent  straining  connections,  and  to  prevent  bending  cables  to 

smaller radii than minimums recommended by manufacturer. 
6. Bundle,  lace,  and  train  conductors  to  terminal  points  without  exceeding  manufacturer's  limitations  on 

bending radii, but not less than radii specified in BICSI ITSIM, "Cabling Termination Practices" Chapter.  Install 
lacing bars and distribution spools. 
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7. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not splice cable between termination, 
tap, or  junction points.   Remove and discard  cable  if damaged during  installation and  replace  it with new 
cable. 

8. Cold‐Weather Installation:  Bring cable to room temperature before dereeling.  Heat lamps shall not be used 
for heating. 

9. In the communications equipment room, install a 10‐foot‐ long service loop on each end of cable. 
10. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor cable pull tensions. 

C. UTP Cable Installation: 

1. Comply with TIA/EIA‐568‐B.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. Group connecting hardware for cables into separate logical fields. 

F. Separation from EMI Sources: 

1. Comply with BICSI TDMM and TIA/EIA‐569‐A for separating unshielded copper voice and data communication 
cable from potential EMI sources, including electrical power lines and equipment. 

2. Separation between open communications cables or cables  in nonmetallic raceways and unshielded power 
conductors and electrical equipment shall be as follows: 
a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 5 inches. 
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 TIA/EIA‐569‐A, Annex A, "Firestopping." 

B. Comply with BICSI TDMM, "Firestopping Systems" Article. 

3.6 GROUNDING 

A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection" Chapter. 

B. Comply with ANSI‐J‐STD‐607‐A. 

C. 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/EIA‐606‐A.   Comply with  requirements  for 
identification specified in Division 26 Section "Electrical Identification." 

1. Administration Class:  2. 
2. Color‐code cross‐connect fields.  Apply colors to voice and data service backboards, connections, covers, and 

labels. 

B. For fire‐resistant plywood, do not paint over manufacturer's label. 

C. Paint  and  label  colors  for  equipment  identification  shall  comply  with  TIA/EIA‐606‐A  for  Class 2  level  of 
administration. 

D. Cable Schedule:  Post in prominent location in each equipment room and wiring closet.  List incoming and outgoing 
cables and their designations, origins, and destinations.  Protect with rigid frame and clear plastic cover.  Furnish 
an electronic copy of final comprehensive schedules for Project. 

E. Cabling Administration Drawings:   Show building  floor plans with cabling administration‐point  labeling.    Identify 
labeling convention and show labels for telecommunications closets, terminal hardware and positions, horizontal 
cables, work areas and workstation terminal positions, grounding buses and pathways, and equipment grounding 
conductors.  Follow convention of TIA/EIA‐606‐A.  Furnish electronic record of all drawings, in software and format 
selected by Owner. 

F. Cable and Wire Identification: 

1. Label each cable within 4 inches 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. 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. 
4. 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. 

5. Uniquely identify and label work area cables extending from the MUTOA to the work area.  These cables may 
not exceed the length stated on the MUTOA label. 

G. The Contractor shall be responsible for labels for all cables and patch cords, distribution frames, and information 
outlets according to Telecommunications specifications.  Label 48 port patch panels sequentially by floor; First = A, 
Second = B, etc.    Label  jack  termination  to match patch panel; e.g., A1, A2, A3, etc.   Coordinate exact  labeling 
scheme with Owner prior to starting work.   

H. Labels  shall be preprinted or computer‐printed  type with printing area and  font color  that contrasts with cable 
jacket color but still complies with requirements in TIA/EIA‐606‐A.  No hand written labels will be accepted. 

1. Cables use flexible vinyl or polyester that flex as cables are bent. 

3.8 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Visually  inspect UTP and Fiber Optic cable  jacket materials  for NRTL certification markings.    Inspect cabling 
terminations in communications equipment rooms for compliance with color‐coding for pin assignments, and 
inspect cabling connections for compliance with TIA/EIA standards. 

2. Visually confirm cable category 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. 
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4. Test UTP  backbone  copper  cabling  for DC  loop  resistance,  shorts,  opens,  intermittent  faults,  and polarity 
between conductors.  Test operation of shorting bars in connection blocks.  Test cables after termination but 
not cross‐connection. 
a. Test instruments shall meet or exceed applicable requirements in TIA/EIA‐568‐B.2.  Perform tests with a 

tester  that  complies  with  performance  requirements  in  "Test  Instruments  (Normative)"  Annex, 
complying with measurement accuracy specified in "Measurement Accuracy (Informative)" Annex.  Use 
only test cords and adapters that are qualified by test equipment manufacturer for channel or link test 
configuration. 

5. UTP Performance Tests: 
a. Test for each outlet and MUTOA.  Perform the following tests according to TIA/EIA‐568‐B.1 and TIA/EIA‐

568‐B.2: 
1) Wire map. 
2) Length (physical vs. electrical, and length requirements). 
3) Insertion loss. 
4) Near‐end crosstalk (NEXT) loss. 
5) Power sum near‐end crosstalk (PSNEXT) loss. 
6) Equal‐level far‐end crosstalk (ELFEXT). 
7) Power sum equal‐level far‐end crosstalk (PSELFEXT). 
8) Return loss. 
9) Propagation delay. 
10) Delay skew. 

6. Final  Verification  Tests:    Perform  verification  tests  for  UTP  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. 

B. Document data for each measurement.  Data for submittals shall be printed in a summary report that is formatted 
similar to Table 10.1 in BICSI TDMM, or transferred from the instrument to the computer, saved as text files, and 
printed and submitted. 

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

D. Prepare test and inspection reports. 

3.9 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. 

END OF SECTION 27 1200 
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SECTION 27 4133 - CATV COMMUNICATION CABLING 

PART 1 - GENERAL 

1.1 PROJECT SCOPE 

A. Provide RG11 cable from CATV entrance to Telecom Room head end location on each level as indicated per plans.  
Coordinate with service provider to provide necessary mixers, splitters, amps, etc for a complete system.   

B. From telecom room on 4th and 5th Floors, provide one RG6 cable routed to specified user outlets.  Provide 
necessary splitters, mixers, and amps for a complete system. 

1.2 SUMMARY 

A. This Section includes the following items for wiring and pathways used in CATV systems: 

1. Coaxial cable. 
2. Workstation outlets. 
3. Identification products. 

1.3 DEFINITIONS 

A. BICSI:  Building Industry Consulting Service International. 

B. RCDD:  Registered Communications Distribution Designer. 

C. RMC:  Rigid metallic conduit. 

D. UTP:  Unshielded twisted pair. 

1.4 SUBMITTALS 

A. Product Data:  For features, ratings, and performance of each component specified. 

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. Cabling Administration Drawings. 
3. Wiring diagrams to show typical wiring schematics including the following: 

a. Workstation outlets, jacks, and jack assemblies. 
b. Patch cords. 
c. Patch panels. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Cabling installer must have on staff personnel certified by BICSI or approved equal. 

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

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

B. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the testing 
indicated, that is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7. 

1. Testing Agency's Field Supervisor:  Person currently certified by BICSI or approved equal as an RCDD to 
supervise field quality-control testing. 

C. Source Limitations:  Obtain all products except cables through one source from a single manufacturer. 
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D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing 
agency acceptable to authorities having jurisdiction, and marked for intended use. 

E. Comply with NFPA 70, "National Electrical Code." 

1.6 COORDINATION 

A. Coordinate layout and installation of CATV cabling with Owner’s representative.   

B. Provide coaxial cabling approved by Owner’s designated service provider.   

PART 2 - PRODUCTS 

2.1 SYSTEM REQUIREMENTS 

A. Coordinate the features of materials and equipment so they form an integrated system.  Match components and 
interconnections for optimum future performance. 

2.2 COAXIAL CABLE 

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

1. Advanced Digital Cable, Inc. 
2. Alpha Wire Company. 
3. B & L Coaxial Connections Ltd.. 
4. Belden Inc.; Electronics Division. 
5. Coleman Cable. 
6. CommScope Properties, LLC. 
7. Helix/HiTemp Cables, Inc. 
8. JSC Wire & Cable. 
9. West Penn Wire/CDT; a division of Cable Design Technologies. 

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, and shall be listed to comply with NFPA 70, Articles 810 and 820. 

C. RG-11/U:  NFPA 70, Type CATV (Plenum Rated): 

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 (Plenum Rated). 

1. No. 16 AWG, solid, copper-covered steel conductor; gas-injected, foam-PE insulation. 
2. Double shielded with 100 percent aluminum-foil shield and 60 percent aluminum braid.  
3. Jacketed with black PVC or PE. 
4. 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: 

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

F. Coaxial-Cable Connectors:  Type BNC, 75 ohms.  Of three-piece construction, consisting of a crimp-type center tit, 
sleeve, and main body. 

G. User End Outlets: 

1. Cable Connector:  Female, Type F, 75 ohms. 
2. Wall Plates:  Match materials and finish of power outlets in same space. 
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3. Attenuation:  less than 0.1 dB. 
4. Voltage Standing-Wave Ratio:  Less than 1.15 to 1.   

2.3 GROUNDING AND BONDING 

A. Materials:  Comply with NFPA 70, TIA/EIA-607, and UL 467. 

2.4 IDENTIFICATION PRODUCTS 

A. Manufacturers: 

1. Brady Worldwide, Inc. 
2. HellermannTyton. 
3. Kroy LLC. 
4. Panduit Corp. 

B. Comply with TIA/EIA-606-A and with applicable requirements in Section "Electrical Identification." 

2.5 SOURCE QUALITY CONTROL 

A. Coaxial Cable:  Each cable spool sweep tested at the factory before shipping at frequencies from 5 MHz to 1 GHz.  
Sweep test shall test frequency response, or attenuation over frequency, of a cable by generating a voltage whose 
frequency is varied through specified frequency range and graphing the results. 

B. Testing Agency:  Engage a qualified testing agency to evaluate cables. 

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

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

E. Prepare test and inspection reports.   

PART 3 - EXECUTION 

3.1 INSTALLATION STANDARDS 

A. Comply with BICSI TCI, TIA/EIA-568-B.1, TIA/EIA-568-B.2, TIA/EIA-568-B.3, and TIA/EIA-569-A. 

3.2 EXAMINATION 

A. Examine pathway elements intended for cables. 

1. Verify proposed routes of pathways.  Check raceways, cable trays, and other elements for compliance with 
space allocations, clearances, installation tolerances, hazards to cable installation, and other conditions 
affecting installation.  Verify that cabling can be installed complying with EMI clearance requirements. 

2. Prepare wall penetrations and verify that penetrations of rated fire walls are made using products labeled for 
type of wall penetrated. 

3. Identify plan to support cables and raceways in suspended ceilings.  Verify weight of individual types and sizes 
of cables.  Verify that load capacity of cable support structures is adequate for each pathway. 

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

3.3 INSTALLATION 

A. Comply with NECA 1. 

B. Wiring Method:  Install cables in raceway and cable tray 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.  
Use UL-listed plenum cable in environmental air spaces, including plenum ceilings.  Conceal raceway and cables 
except in unfinished spaces.  Cable trays are specified in Section "Cable Trays."  Raceways and boxes are specified 
in Section "Raceways and Boxes." 
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C. Cable Installation: 

1. Install exposed cables parallel and perpendicular to surfaces or exposed structural members and follow 
surface contours where possible.  Utilize j-hook support system for routing coax cable.   

2. Make splices, taps, and terminations only at indicated outlets, terminals, and cross-connect and patch panels. 
3. Pulling Cable:  Do not exceed manufacturer's written recommended pulling tensions.  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. 

4. Secure and support cables at intervals not exceeding 5 feet and not more than 6 inches from cabinets, boxes, 
fittings, outlets, racks, frames, and terminals. 

3.4 GROUNDING 

A. Comply with Section "Grounding and Bonding" and with TIA/EIA 607. 

B. Grounding Points: 

1. Locate grounding terminals in each equipment room, wiring closet, rack, and cabinet. 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing and inspecting agency to perform field tests and inspections and 
prepare test reports. 

B. 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 TDM, or transferred from the instrument to the computer, saved as text 
files, and printed and submitted. 

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

D. Retest and inspect cabling to determine compliance of replaced or additional work with specified requirements. 

END OF SECTION 27 4133 
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SECTION 27 5116 - PUBLIC ADDRESS AND MASS NOTIFICATION SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Additional loudspeakers added to the exiting public address system. 
2. Conductors and cables. 
3. Raceways. 

1.2 SUBMITTALS 

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

B. Field quality-control reports. 

C. Operation and maintenance data. 

1.3 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

1. Alpha Communications. 
2. Altec Lansing Technologies, Inc. 
3. Atlas Sound LP. 
4. Bogen Communications, Inc. 
5. Dukane Communication Systems; part of GE Infrastructure, Security. 
6. Edwards Signaling & Security Systems; part of GE Infrastructure, Security. 
7. Electro-Voice; Telex Communications, Inc. 
8. Federal Signal Corporation; Electrical Products Division. 
9. Peavey Electronics. 
10. Rauland-Borg Corporation. 
11. Whelen Engineering Company, Inc. 

2.2 FUNCTIONAL DESCRIPTION OF SYSTEM 

A. System Functions:  Match exiting functions. 

2.3 GENERAL EQUIPMENT AND MATERIAL REQUIREMENTS 

A. Compatibility of Components:  Coordinate component features to form an integrated system.  Match components 
and interconnections for optimum performance of specified functions. 

B. Equipment:  Comply with UL 813.  Equipment shall be modular, using solid-state components, and fully rated for 
continuous duty unless otherwise indicated.  Select equipment for normal operation on input power usually 
supplied at 110 to 130 V, 60 Hz. 

C. Weather-Resistant Equipment:  Listed and labeled by a qualified testing agency for duty outdoors or in damp 
locations. 
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2.4 PREAMPLIFIERS 

A. Existing to remain. 

2.5 POWER AMPLIFIERS 

A. Existing to remain. 

2.6 LOUDSPEAKERS 

A. Cone-Type Loudspeakers: 

1. Minimum Axial Sensitivity:  91 dB at one meter, with 1-W input. 
2. Frequency Response:  Within plus or minus 3 dB from 50 to 15,000 Hz. 
3. Size:  8 inches with 1-inch voice coil and minimum 5-oz. ceramic magnet. 
4. Minimum Dispersion Angle:  100 degrees. 
5. Rated Output Level:  10 W. 
6. Matching Transformer:  Full-power rated with four taps.  Maximum insertion loss of 0.5 dB. 
7. Surface-Mounting Units:  Ceiling, wall, or pendant mounting, as indicated, in steel back boxes, acoustically 

dampened.  Front face of at least 0.0478-inch steel and whole assembly rust proofed and shop primed for 
field painting. 

8. Flush-Ceiling-Mounting Units:  In steel back boxes, acoustically dampened.  Metal ceiling grille with white 
baked enamel. 

2.7 CONDUCTORS AND CABLES 

A. Jacketed, twisted pair and twisted multipair, untinned solid copper. 

1. Insulation for Wire in Conduit:  Thermoplastic, not less than 1/32 inch thick. 
2. Plenum Cable:  Listed and labeled for plenum installation. 

2.8 RACEWAYS 

A. Conduit and Boxes:  Comply with Division 26 Section "Raceways and Boxes."  Flexible metal conduit shall not be 
used. 

1. Outlet boxes shall be not less than 2 inches wide, 3 inches high, and 2-1/2 inches deep. 

PART 3 - EXECUTION 

3.1 WIRING METHODS 

A. Wiring Method:  Install cables in raceways 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 raceway and cables except in unfinished spaces. 

1. Install plenum cable in environmental air spaces, including plenum ceilings. 
2. Comply with requirements for raceways and boxes specified in Division 26 Section "Raceways and Boxes." 

B. Wiring Method:  Conceal conductors and cables in accessible ceilings, walls, and floors where possible. 

C. Wiring within Enclosures:  Bundle, lace, and train cables to terminal points with no excess and without exceeding 
manufacturer's limitations on bending radii.  Provide and use lacing bars and distribution spools. 

3.2 INSTALLATION OF RACEWAYS 

A. Comply with requirements in Division 26 Section "Raceways and Boxes" for installation of conduits and wireways. 

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

3.3 INSTALLATION OF CABLES 

A. Comply with NECA 1. 
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B. General Cable Installation Requirements: 

1. Terminate conductors; no cable shall contain unterminated elements.  Make terminations only at outlets and 
terminals. 

2. Splices, Taps, and Terminations:  Arrange on numbered terminal strips in junction, pull, and outlet boxes; 
terminal cabinets; and equipment enclosures.  Cables may not be spliced. 

3. 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. 

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

5. 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. 

6. Cold-Weather Installation:  Bring cable to room temperature before dereeling.  Heat lamps shall not be used. 

C. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating 
hardware and interconnection equipment. 

2. Suspend speaker cable not in a wireway or pathway a minimum of 8 inches above ceiling by cable supports 
not more than 60 inches apart. 

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

D. Separation of Wires:  Separate speaker-microphone, line-level, speaker-level, and power wiring runs.  Install in 
separate raceways or, where exposed or in same enclosure, separate conductors at least 12 inches apart for 
speaker microphones and adjacent parallel power and telephone wiring.  Separate other intercommunication 
equipment conductors as recommended by equipment manufacturer. 

3.4 INSTALLATION 

A. Match input and output impedances and signal levels at signal interfaces.  Provide matching networks where 
required. 

B. Identification of Conductors and Cables:  Color-code conductors and apply wire and cable marking tape to 
designate wires and cables so they identify media in coordination with system wiring diagrams. 

C. Wall-Mounted Outlets:  Flush mounted. 

D. Conductor Sizing:  Unless otherwise indicated, size speaker circuit conductors from racks to loudspeaker outlets 
not smaller than No. 18 AWG and conductors from microphone receptacles to amplifiers not smaller than 
No. 22 AWG. 

E. Speaker-Line Matching Transformer Connections:  Make initial connections using tap settings indicated on 
Drawings. 

F. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.5 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, 
assemblies, and equipment installations, including connections, and to assist in testing. 

B. Tests and Inspections: 

1. Schedule tests with at least seven days' advance notice of test performance. 
2. After installing public address and mass notification systems and after electrical circuitry has been energized, 

test for compliance with requirements. 
3. Operational Test:  Perform tests that include originating program and page messages at microphone outlets, 

preamplifier program inputs, and other inputs.  Verify proper routing and volume levels and that system is 
free of noise and distortion. 
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4. Acoustic Coverage Test:  Feed pink noise into system using octaves centered at 500 and 4000 Hz.  Use sound-
level meter with octave-band filters to measure level at five locations in each zone.  For spaces with seated 
audiences, maximum permissible variation in level is plus or minus 2 dB.  In addition, the levels between 
locations in same zone and between locations in adjacent zones must not vary more than plus or minus 3 dB. 

5. Power Output Test:  Measure electrical power output of each power amplifier at normal gain settings of 50, 
1000, and 12,000 Hz.  Maximum variation in power output at these frequencies must not exceed plus or 
minus 1 dB. 

C. Inspection:  Verify that units and controls are properly labeled and interconnecting wires and terminals are 
identified.  Prepare a list of final tap settings of paging speaker-line matching transformers. 

D. Public address and mass notification systems will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports. 

1. Include a record of final speaker-line matching transformer-tap settings, and signal ground-resistance 
measurement certified by Installer. 

END OF SECTION 27 5116 
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SECTION 28 0000 – GENERAL ELECTRONIC SAFETY AND SECURITY REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0000 for requirements. 

END OF SECTION 28 0000 
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SECTION 28 0500 - COMMON WORK RESULTS FOR ELECTRONIC SAFETY AND SECURITY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0500 for requirements. 

END OF SECTION 28 0500 
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SECTION 28 0526 - GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND SECURITY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0526 for requirements. 

END OF SECTION 28 0526 
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SECTION 28 0529 - HANGERS AND SUPPORTS FOR ELECTRONIC SAFETY AND SECURITY SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0529 for requirements. 

END OF SECTION 28 0529 
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SECTION 28 0553 – ELECTRONIC SAFETY AND SECURITY IDENTIFICATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Refer to Section 26 0553 for requirements. 

END OF SECTION 28 0553 
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SECTION 28 3111 - DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes : 

1. Expansion of existing system. 
2. System smoke detectors. 
3. Notification appliances. 

1.2 DEFINITIONS 

A. LED:  Light-emitting diode. 

B. NICET:  National Institute for Certification in Engineering Technologies. 

1.3 EXISTING SYSTEM DESCRIPTION 

A. Noncoded, UL-certified addressable system, with automatic sensitivity control of certain smoke detectors and 
multiplexed signal transmission, dedicated to fire-alarm service only. 

1.4 SUBMITTALS 

A. General Submittal Requirements: 

1. Submittals shall be approved by authorities having jurisdiction prior to submitting them to Architect.  
Submittal of product data and shop drawings to Architect shall be provided together and shall show evidence 
of review by authorities having jurisdiction. 

2. Shop Drawings shall be prepared by persons with the following qualifications: 
a. Trained and certified by manufacturer in fire-alarm system design. 
b. NICET-certified fire-alarm technician, Level III minimum. 
c. Licensed or certified by authorities having jurisdiction. 

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

C. Shop Drawings:  For fire-alarm system.  Include plans and details. 

1. Comply with recommendations in the "Documentation" Section of the "Fundamentals of Fire Alarm Systems" 
Chapter in NFPA 72. 

2. Include voltage drop calculations for notification appliance circuits. 
3. Include floor plans to indicate final outlet locations showing address of each addressable device.  Show size 

and route of cable and conduits. 

D. Field quality-control reports. 

E. Operation and Maintenance Data:  For fire-alarm systems and components to include in emergency, operation, 
and maintenance manuals.  In addition to items specified in Division 01 Section "Operation and Maintenance 
Data," include the following: 

1. Comply with the "Records" Section of the "Inspection, Testing and Maintenance" Chapter in NFPA 72. 
2. Provide "Record of Completion Documents" according to NFPA 72 article "Permanent Records" in the 

"Records" Section of the "Inspection, Testing and Maintenance" Chapter. 
3. Record copy of site-specific software. 
4. Provide "Maintenance, Inspection and Testing Records" according to NFPA 72 article of the same name and 

include the following: 
a. Frequency of testing of installed components. 
b. Frequency of inspection of installed components. 
c. Requirements and recommendations related to results of maintenance. 
d. Manufacturer's user training manuals. 

5. Manufacturer's required maintenance related to system warranty requirements. 
6. Abbreviated operating instructions for mounting at fire-alarm control unit. 
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1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Personnel shall be trained and certified by manufacturer for installation of units required 
for this Project, and shall be directly supervised by a NICET Level III technician.   

B. Existing System Source Limitations:  Obtain fire-alarm system and components from single source from single 
manufacturer.  Components shall be compatible with, and operate as, an extension of existing system.  
Manufacturer of system and components shall match the existing manufacturer. 

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. NFPA Certification:  Obtain certification according to NFPA 72 by a UL-listed alarm company. 

1.6 PROJECT CONDITIONS 

A. Interruption of Existing Fire-Alarm Service:  Do not interrupt fire-alarm service to facilities occupied by Owner or 
others. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by Johnson Controls (IFCZ-3030 
Control Panel). 

2.2 SYSTEMS OPERATIONAL DESCRIPTION 

A. Fire-alarm signal initiation shall be by one or more of the following devices and systems: 

1. Smoke detectors (verified automatic alarm operation). 
2. Duct smoke detectors. 

B. Fire-alarm signal shall initiate as existing. 

C. System trouble signal initiation shall be as existing. 

D. Equipment:  Provide fire alarm equipment, devices, conductors, connections, etc. to match existing functions.  
Where monitoring and control points are located on equipment furnished by others, the fire alarm system shall 
extend to those equipment locations. 

2.3 FIRE-ALARM CONTROL UNIT 

A. Existing to remain. 

B. Circuits: 

1. Initiating Device, Notification Appliance, and Signaling Line Circuits:  NFPA 72, Class B. 
a. Limit the quantity of installed addressable devices to 80 percent of the signaling line circuit capacity. 

C. Door Controls:  Door hold-open devices that are controlled by smoke detectors at doors in smoke barrier walls 
shall be connected to fire-alarm system. 

D. Transmission to Remote Alarm Receiving Station:  Existing to remain. 

2.4 MANUAL FIRE-ALARM BOXES 

A. Existing to remain. 

2.5 SYSTEM SMOKE DETECTORS 

A. General Requirements for System Smoke Detectors: 

1. Comply with UL 268; operating at 24-V dc, nominal. 
2. Integral Addressable Module:  Arranged to communicate detector status (normal, alarm, or trouble) to fire-

alarm control unit. 
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3. Base Mounting:  Detector and associated electronic components shall be mounted in a twist-lock module that 
connects to a fixed base.  Provide terminals in the fixed base for connection to building wiring. 

4. Self-Restoring:  Detectors do not require resetting or readjustment after actuation to restore them to normal 
operation. 

5. Integral Visual-Indicating Light:  LED type indicating detector has operated and power-on status. 

B. Photoelectric Smoke Detectors: 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to identify the detector's 
location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to manually access the 
following for each detector: 
a. Primary status. 
b. Device type. 
c. Present average value. 
d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 

C. Duct Smoke Detectors:  Photoelectric type complying with UL 268A. 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to identify the detector's 
location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to manually access the 
following for each detector: 
a. Primary status. 
b. Device type. 
c. Present average value. 
d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 

3. Weatherproof Duct Housing Enclosure:  NEMA 250, Type 4X; NRTL listed for use with the supplied detector. 
4. Each sensor shall have multiple levels of detection sensitivity. 
5. Sampling Tubes:  Design and dimensions as recommended by manufacturer for specific duct size, air velocity, 

and installation conditions where applied. 
6. Relay Fan Shutdown:  Rated to interrupt fan motor-control circuit.  Interconnect to shutdown associated fan. 

2.6 HEAT DETECTORS 

A. General Requirements for Heat Detectors:  Comply with UL 521. 

B. Heat Detector, Combination Type:  Actuated by either a fixed temperature of 135 deg F or a rate of rise that 
exceeds 15 deg F Insert temperature per minute unless otherwise indicated. 

1. Mounting:  Twist-lock base interchangeable with smoke-detector bases. 
2. Integral Addressable Module:  Arranged to communicate detector status (normal, alarm, or trouble) to fire-

alarm control unit. 

2.7 NOTIFICATION APPLIANCES 

A. General Requirements for Notification Appliances:  Connected to notification appliance signal circuits, zoned as 
required, equipped for mounting as specified and with screw terminals for system connections. 

1. Combination Devices:  Factory-integrated audible and visible devices in a single-mounting assembly, 
equipped for mounting as indicated and with screw terminals for system connections. 

2. Device Color:  Factory finished, white. 

B. Horns:  Electric-vibrating-polarized type, 24-V dc; with provision for housing the operating mechanism behind a 
grille.  Comply with UL 464.  Horns shall produce a sound-pressure level of 90 dBA, measured 10 feet from the 
horn, using the coded signal prescribed in UL 464 test protocol. 

C. Visible Notification Appliances:  Xenon strobe lights comply with UL 1971, with clear or nominal white 
polycarbonate lens mounted on an aluminum faceplate.  The word “FIRE” is engraved on the device. 
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1. Rated Light Output: 
a. 15/30/75/110 cd, selectable in the field.  Set to required valves identified on shop drawings. 

2. Mounting:  Per plans. 
3. For units with guards to prevent physical damage, light output ratings shall be determined with guards in 

place. 
4. Flashing shall be in a temporal pattern, synchronized with other units. 
5. Strobe Leads:  Factory connected to screw terminals. 
6. Face Plate Label:  Fire. 

2.8 MAGNETIC DOOR HOLDERS 

A. Existing to remain. 

B. Material and Finish:  Match door hardware. 

2.9 REMOTE ANNUNCIATOR 

A. Existing to remain. 

2.10 WIRE AND CABLE 

A. Wire and cable for fire alarm systems shall be UL listed and labeled as complying with NFPA 70, Article 760.  Wire 
and cable shall be plenum rated.   

B. Signaling Line Circuits:  Twisted, shielded pair, size as recommended by system manufacturer. 

1. Circuit Integrity Cable (for Riser Cable):  Twisted shield pair, NFPA 70, Article 760, Classification CI, for power-
limited fire alarm signal service.  UL listed as Type FPL, and complying with requirements in UL 1424 and in UL 
2196 for a 2-hour rating.   

C. Non-Power-Limited Circuits:  Solid-copper conductors with 600-V rtaed, 75 deg C, color-coded insulation. 

1. Low-Voltage Circuits:  No. 16 AWG, minimum. 
2. Line-Voltage Circuits:  No. 12 AWG, minimum. 

PART 3 - EXECUTION 

3.1 EQUIPMENT INSTALLATION 

A. Comply with NFPA 72 for installation of fire-alarm equipment. 

B. Install wall-mounted equipment, with tops of cabinets not more than 72 inches above the finished floor. 

C. Connecting to Existing Equipment:  Verify that existing fire-alarm system is operational before making changes or 
connections. 

1. Connect new equipment to existing control panel in existing part of the building. 
2. Expand, modify, and supplement existing equipment as necessary to extend existing functions to the new 

points.  New components shall be capable of merging with existing configuration without degrading the 
performance of either system. 

D. Smoke- or Heat-Detector Spacing: 

1. Comply with NFPA 72, "Smoke-Sensing Fire Detectors" Section in the "Initiating Devices" Chapter, for smoke-
detector spacing. 

2. HVAC:  Locate detectors not closer than 3 feet from air-supply diffuser or return-air opening. 

E. Duct Smoke Detectors:  Comply with NFPA 72 and NFPA 90A.  Install sampling tubes so they extend the full width 
of duct. 

F. Existing Strobe Synchronization:  Synchronize new strobes and existing strobes within common view.  Maintain 
synchronization of existing strobes.  Provide additional equipment or system modifications as required. 

G. Smoke Detector Protection:  Avoid installing detection heads until final cleanup of all trades is complete.  If this is 
unavoidable, protect detectors and provide cleaning prior to final fire alarm testing.   
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3.2 WIRING 

A. Comply with requirements in Division 26. 

B. Wiring Method:  Install cables in metal conduit throughout.  Comply with additional pathway survivability 
requirements of NFPA 72 for the application. 

1. Conceal conduit and wiring except in unfinished spaces. 

3.3 CONNECTIONS 

A. Connect hardware and devices to fire-alarm system. 

1. Verify that hardware and devices are NRTL listed for use with fire-alarm system in this Section before making 
connections. 

B. Make addressable connections with a supervised interface device to the following devices and systems.  Install the 
interface device less than 3 feet from the device controlled.  Make an addressable confirmation connection when 
such feedback is available at the device or system being controlled. 

1. Smoke dampers in air ducts of HVAC duct systems. 
2. Fan shutdown connection at fans serving ducts with duct smoke detectors or smoke dampers. 

C. Selective Shutdown:  Fire alarm shutdown/closure sequences shall be isolated to only initiate shutdown/closure 
for components directly associated with the specific location/zone/area where fire/smoke has been detected.  
Where allowed by code, and not in conflict with smoke control sequences, shutdown/closure shall not be initiated 
in adjacent locations/zones/areas until fire/smoke has been detected there. 

D. Line Voltage Source Connections:  Provide dedicated 120 volt line voltage branch circuit and connection to each 
fire alarm equipment item or device requiring a line voltage source.  In buildings with an emergency generator, 
branch circuit shall be served from a life safety branch source.  Serve from new circuit breaker in nearest available 
panel.  Install locks on branch circuit breaker(s). 

3.4 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals.  Comply with requirements for identification specified 
in Division 26 Section "Electrical Identification." 

B. Install framed instructions in a location visible from fire-alarm control unit. 

C. Provide breaker locks on circuit breakers within source panels serving fire alarm equipment.  Include red marking 
and label as “Fire Alarm Circuit”. 

D. Addressable Device Labels:  Identify each addressable device with associated system address using clear adhesive 
film with black letters.   

3.5 GROUNDING 

A. Ground fire-alarm control unit and associated circuits; comply with IEEE 1100.   

3.6 FIELD QUALITY CONTROL 

A. Field tests shall be witnessed by authorities having jurisdiction. 

B. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, 
assemblies, and equipment installations, including connections, and to assist in testing. 

C. Tests and Inspections: 

1. Visual Inspection:  Conduct visual inspection prior to testing. 
a. Inspection shall be based on completed Record Drawings and system documentation that is required by 

NFPA 72 in its "Completion Documents, Preparation" Table in the "Documentation" Section of the 
"Fundamentals of Fire Alarm Systems" Chapter. 
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b. Comply with "Visual Inspection Frequencies" Table in the "Inspection" Section of the "Inspection, 
Testing and Maintenance" Chapter in NFPA 72; retain the "Initial/Reacceptance" column and list only 
the installed components. 

2. System Testing:  Comply with "Test Methods" Table in the "Testing" Section of the "Inspection, Testing and 
Maintenance" Chapter in NFPA 72. 

3. Factory-authorized service representative shall prepare the "Fire Alarm System Record of Completion" in the 
"Documentation" Section of the "Fundamentals of Fire Alarm Systems" Chapter in NFPA 72 and the 
"Inspection and Testing Form" in the "Records" Section of the "Inspection, Testing and Maintenance" Chapter 
in NFPA 72. 

D. Reacceptance Testing:  Perform reacceptance testing to verify the proper operation of added or replaced devices 
and appliances. 

E. Fire-alarm system will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

END OF SECTION 28 3111 


