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	GENERAL
	SECTION INCLUDES
	Requirements applicable to all Division 16 Sections. Also refer to Front End Docuemnts.  All materials and installation methods shall conform to the applicable standards, guidelines and codes referenced in each specification section.

	SCOPE OF WORK
	This Specification and the associated drawings govern furnishing, installing, testing and placing into satisfactory operation the Electrical Systems.
	The Contractor shall furnish and install all new materials as indicated on the drawings, and/or in these specifications, and all items required to make his portion of the Electrical Work a finished and working system.
	Description of Systems shall be as follows:
	Electrical power system to and including light fixtures, equipment, devices, etc.
	Grounding system.


	WORK SEQUENCE
	All work that will produce excessive noise or interference with normal building operations, as determined by the Owner, shall be scheduled with the Owner. It may be necessary to schedule such work during unoccupied hours. The Owner reserves the right ...

	allowances
	Provide allowances per drawings and specifications.

	ALTERNATES
	Provide alternate per drawings and specifications.

	QUALITY ASSURANCE
	Contractor’s Responsibility Prior to Submitting Pricing/Bid Data:
	The Contractor is responsible for constructing complete and operating systems. The Contractor acknowledges and understands that the Contract Documents are a two-dimensional representation of a three-dimensional object, subject to human interpretation....
	The Contractor shall resolve all reported deficiencies with the Owner/Engineer prior to awarding any subcontracts, ordering material, or starting any work with the Contractor’s own employees. Any work performed prior to receipt of instructions from th...

	Qualifications:
	Only products of reputable manufacturers as determined by the Owner/Engineer are acceptable.
	All Contractors and subcontractors shall employ only workmen who are skilled in their trades. At all times, the number of apprentices at the job site shall be less than or equal to the number of journeymen at the job site.

	Compliance with Codes, Laws, Ordinances:
	Conform to all requirements of the City of Joliet, Illinois Codes, Laws, Ordinances and other regulations having jurisdiction over this installation.
	Conform to all published standards of Joliet Junior College.
	If there is a discrepancy between the codes and regulations and these specifications, the Engineer shall determine the method or equipment used.
	If the Contractor notes, at the time of bidding, any parts of the drawings or specifications that do not comply with the codes or regulations, he shall inform the Owner/Engineer in writing, requesting a clarification. If there is insufficient time for...
	All changes to the system made after the letting of the contract to comply with codes or the requirements of the Inspector, shall be made by the Contractor without cost to the Owner.
	If there is a discrepancy between manufacturer's recommendations and these specifications, the manufacturer's recommendations shall govern.
	If there are no local codes having jurisdiction, the current issue of the National Electrical Code shall be followed.

	Permits, Fees, Taxes, Inspections:
	Procure all applicable permits and licenses.
	Abide by all laws, regulations, ordinances, and other rules of the State or Political Subdivision where the work is done, or as required by any duly constituted public authority.
	Pay all charges for permits or licenses.
	Pay all fees and taxes imposed by State, Municipal, and other regulatory bodies.
	Pay all charges arising out of required inspections by an authorized body.
	Pay all charges arising out of required contract document reviews associated with the project and as initiated by the Owner or authorized agency/consultant.
	Where applicable, all fixtures, equipment and materials shall be listed by Underwriter’s Laboratories, Inc. or a nationally recognized testing organization.

	Examination of Drawings:
	The drawings for the electrical work are completely diagrammatic, intended to convey the scope of the work and to indicate the general arrangements and locations of equipment, outlets, etc., and the approximate sizes of equipment.
	Contractor shall determine the exact locations of equipment and rough-ins, and the exact routing of raceways so as to best fit the layout of the job.
	Scaling of the drawings will not be sufficient or accurate for determining these locations.
	Where job conditions require reasonable changes in arrangements and locations, such changes shall be made by the Contractor at no additional cost to the Owner.
	Because of the scale of the drawings, certain basic items, such as junction boxes, pull boxes, conduit fittings, etc., may not be shown, but where required by other sections of the specifications or required for proper installation of the work, such i...
	If an item is either shown on the drawings or called for in the specifications, it shall be included in this contract.
	The Contractor shall determine quantities and quality of material and equipment required from the documents. Where discrepancies arise between drawings, schedules and/or specifications, the greater and better quality number shall govern.
	Any item listed as furnished shall also be installed unless otherwise noted.
	Any item listed as installed shall also be furnished unless otherwise noted.

	Field Measurements:
	Verify all pertinent dimensions at the job site before ordering any conduit, conductors, wireways, bus duct, fittings, etc.


	SUBMITTALS
	Submittals shall be required for the following items, and for additional items where required elsewhere in the specifications or on the drawings.
	Submittals list:

	In addition to the provisions of the Front End Documents, the following provisions are required:
	Submittals shall include all fabrication, erection, layout, and setting drawings; manufacturers' standard drawings; schedules; descriptive literature, catalogs and brochures; performance and test data; wiring and control diagrams; and all other drawin...
	The Contractor shall submit seven (7) copies of each shop drawing for review by the Architect/Engineer BEFORE releasing any equipment for manufacture or shipment.
	Review and markup air conditioning and ventilating contractor's layout drawings with electrical equipment and conduit routings for coordination.
	Shop drawings that are larger than 11" x 17" or are plan size layout or erection drawings such as cable tray or busduct drawings, shall be submitted on reproducible media. Submit one reproducible and one print of each drawing or plan. All Contractor a...
	The Contractor shall thoroughly review and approve all shop drawings before submitting them to the Architect/Engineer. CONTRACTOR’S APPROVAL STAMP IS REQUIRED ON ALL SUBMITTALS. APPROVAL WILL INDICATE THE CONTRACTOR'S REVIEW of all material and a COMP...
	Each data sheet shall clearly show at the top of the sheet what Material List symbol (and applicable variations and subscripts) that data sheet corresponds to.
	Each data sheet shall show the size, rating, style, finish, material, catalog number, manufacturer name and product photos for each item to ensure compliance with these specifications.
	Assemble all submittals in sets, such as panelboards, fire alarm, lighting, or motor control. All sets shall be identical and contain an index of the items enclosed with a general topic description on the cover.
	Bind each set in a manufacturer's folder or inside of a manila file folder.
	Where more than one model is shown on a manufacturer's sheet, clearly indicate exactly which item and which data is relevant to the work.
	Where the manufacturer lists multiple part numbers or options on a single data sheet, the part number and options to be used shall be clearly set apart from other part numbers shown on that sheet.
	Failure to comply with the above shall be reason to resubmit all shop drawings.
	The Engineer's responsibility shall be to review one set of shop drawing submittals for each product. If the first submittal is incomplete or does not comply with the drawings and/or specifications, the Contractor shall be responsible to bear the cost...


	PRODUCT DELIVERY, STORAGE, HANDLING and MAINTENANCE
	Exercise care in transporting and handling to avoid damage to materials. Store materials on the site to prevent damage.
	Keep all materials clean, dry and free from damaging environments.
	Coordinate the installation of heavy and large equipment with the Owner. If the Electrical Contractor does not have prior documented experience in rigging and lifting similar equipment, he/she shall contract with a qualified lifting and rigging servic...
	Contractor is responsible for moving equipment into the building and/or site.  Contractor shall review site prior to bid for path locations and any required building modifications to allow movement of equipment.  Contractor shall coordinate his/her wo...

	WARRANTY
	Provide one-year warranty for all fixtures, equipment, materials, and workmanship.
	The warranty period for all work in this specification Division shall commence on the date of Substantial Completion or successful system performance whichever occurs later. The warranty may also commence if a whole or partial system or any separate p...
	Warranty requirements extend to correction, without cost to the Owner, of all work found to be defective or nonconforming to the contract documents. The Contractor shall bear the cost of correcting all damage due to defects or nonconformance with cont...

	INSURANCE
	This Contractor shall maintain insurance coverage as set forth in Front End Documents of these specifications.

	MATERIAL SUBSTITUTION
	Where several manufacturers’ names are given, the manufacturer for which a catalog number is given is the basis of design and establishes the quality required.
	Equivalent equipment manufactured by the other named manufacturers may be used. Contractor shall ensure that all items submitted by these other manufacturers meet all requirements of the drawings and specifications, and fit in the allocated space. The...
	Any material, article or equipment of other unnamed manufacturers which will adequately perform the services and duties imposed by the design and is of a quality equal to or better than the material, article or equipment identified by the drawings and...
	Voluntary add or deduct prices for alternate materials may be listed on the bid form. These items will not be used in determining the low bidder. This Contractor assumes all costs incurred as a result of using the offered material or equipment on his ...
	All material substitutions requested after the final addendum must be listed as voluntary changes on the bid form.


	PRODUCTS
	GENERAL
	All items of material having a similar function shall be of the same manufacturer unless specifically stated otherwise on drawings or elsewhere in specifications.


	EXECUTION
	JOBSITE SAFETY
	Neither the professional activities of the Engineer, nor the presence of the Engineer or his or her employees and subconsultants at a construction site, shall relieve the Contractor and any other entity of their obligations, duties and responsibilitie...

	PROJECT CLOSEOUT
	The following paragraphs supplement the requirements of the Front End Documents.
	Final Jobsite Observation:
	In order to prevent the Final Jobsite Observation from occurring too early, the Contractor shall review the completion status of the project and certify that the job is ready for the final jobsite observation.
	Attached to the end of this section is a typical list of items that represent the degree of job completeness expected prior to requesting a review. The Contractor shall sign the attached certification and return it to the Architect/Engineer so that th...
	It is understood that if the Engineer finds the job not ready for the final observation and additional trips and observations are required to bring the project to completion, the cost of the additional time and expenses incurred by the Engineers will ...
	Contractor shall notify Engineer 48 hours prior to installation of ceilings or lay-in ceiling tiles.

	The following must be submitted before Engineer recommends final payment:
	Operation and maintenance manuals with copies of approved shop drawings.
	Record documents including marked-up or reproducible drawings and specifications.
	A report documenting the instructions given to the Owner's representatives complete with the number of hours spent in the instruction. The report shall bear the signature of an authorized agent of this Contractor and shall be signed by the Owner's rep...
	Provide spare parts, maintenance, and extra materials in quantities specified in individual specification sections. Deliver to project site and place in location as directed and submit receipt to Architect/Engineer.


	OPERATION AND MAINTENANCE INSTRUCTIONS
	Submit three (3) properly indexed and bound copies, in “D” ring style notebooks, of the Operations and Maintenance Instructions to the Owner/Engineer. Make all corrections or additions required.
	Operation and Maintenance Instructions shall include:
	Notebooks shall be heavy duty locking three ring binders and incorporate clear vinyl sheet sleeves on the front cover and spine for slip-in labeling.  “Peel and stick” labels are UnotU acceptable.  Sheet lifters shall be supplied at the front of each ...
	Prepare binder covers (front and spine) with printed title “Operation and Maintenance Instructions”, title of project, and subject matter of binder when multiple binders are required.
	Title page with project title, Engineer, Contractor, and Subcontractor with addresses, telephone numbers, and contacts.
	Table of Contents describing all index tabs.
	Listing of all Subcontractors and major equipment suppliers with addresses, telephone numbers, and contacts.
	Index tabs dividing information by specification section, major equipment, or systems. All tab titles shall be clearly printed under reinforced plastic tabs. Label all equipment to match the identification in the construction documents.
	Copies of warranties.
	Copies of all final UapprovedU shop drawings and submittals.
	Detailed parts lists, each with a list of suppliers.
	Instruction books, cards, and manuals furnished with the equipment.


	INSTRUCTING THE OWNER'S REPRESENTATIVE
	Adequately instruct the Owner's designated representatives in the maintenance, care, and operation of the complete systems installed under this contract.
	Provide verbal and written instructions to the Owner's representatives by FACTORY PERSONNEL in the care, maintenance, and operation of the equipment and systems.
	The Owner has the option to video tape all instructions. Coordinate schedule of instructions to facilitate this recording.
	The instructions shall include:
	Maintenance of equipment.

	Notify the Engineer of the time and place for the verbal instructions to the Owner's representative so his representative can be present if desired.
	Minimum hours of instruction time for each item and/or system shall be as indicated in each individual specification section.
	Operating Instructions:
	Contractor is responsible for all instructions to the Owner’s representatives for the electrical and specialized systems.
	If the Contractor does not have staff that can adequately provide the required instructions, he shall include in his bid an adequate amount to reimburse the Owner for the Engineer to perform these services.


	RECORD DOCUMENTS
	The following paragraphs supplement the requirements of Front End Documents.
	Maintain at the job site a separate and complete set of electrical drawings and specifications with all changes made to the systems clearly and permanently marked in complete detail.
	Mark drawings and specifications to indicate approved substitutions; Change Orders, and actual equipment and materials used. UAll Change Orders, RFI responses, Clarifications and other supplemental instructions shall be marked on the documentsU. Recor...
	Record changes daily and keep the marked drawings available for the Owner/Engineer's examination at any normal work time.
	Upon completing the job, and before final payment is made, give the marked-up drawings to the Owner/Engineer.

	PAINTING
	Paint all equipment that is marred or damaged prior to the Owner's acceptance. Paint and color shall match original equipment paint and shall be obtained from the equipment supplier if available. All equipment shall have a finished coat of paint appli...
	Equipment in finished areas that will be painted to match the room decor will be painted by others. Should this Contractor install equipment in a finished area after the area has been painted, he shall have the equipment and all its supports, hangers,...
	Equipment cabinets, casings, covers, metal jackets, etc., located in equipment rooms or concealed spaces, shall be furnished in standard finish, free from scratches, abrasions, chippings, etc.
	Equipment in occupied spaces, or if standard to the unit, shall have a baked primer with baked enamel finish coat free from scratches, abrasions, chipping, etc. If color option is specified or is standard to the unit, verify with the Architect/Enginee...
	Paint all equipment in unfinished areas such as boiler room, mechanical spaces, and storage rooms. Equipment furnished with a suitable factory finish need not be painted; provided the factory applied finish is not marred or spattered. If so, equipment...
	Do NOT paint electric conduits in crawl spaces, tunnels, or spaces above suspended ceilings except that where conduit is in a damp location give exposed threads at joints two coats of sealer after joint is made up.
	After surfaces have been thoroughly cleaned and are free of oil, dirt or other foreign matter, paint all raceway and equipment with the following:
	UBare Metal SurfacesU - Apply one coat of metal primer suitable for the metal being painted. Finish with two coats of Alkyd base enamel paint.
	UPlastic SurfacesU - Paint plastic surfaces with two coats of semi-gloss acrylic latex paint.
	Color of paint shall be as directed by the Owner.


	ADJUST AND CLEAN
	Thoroughly clean all equipment and systems prior to the Owner's final acceptance of the project.
	Clean all foreign paint, grease, oil, dirt, labels, stickers, etc. from all equipment.
	Remove all rubbish, debris, etc., accumulated during construction from the premises.

	SPECIAL REQUIREMENTS
	Coordinate the installation of all equipment, controls, devices, etc., with existing conditions and other trades to maintain clear access area for servicing.
	Install all equipment to maximize access to parts needing service or maintenance. Review the final location, placement, and orientation of equipment with the Owner’s representative prior to setting equipment.
	Installation of equipment or devices without regard to coordination of access requirements and confirmation with the Owner’s representative will result in removal and reinstallation of the equipment at the Contractor’s expense.

	INDOOR AIR QUALITY (IAQ) MAINTENANCE FOR OCCUPIED FACILITIES UNDER CONSTRUCTION
	Within the limits of Construction:
	The Electrical Contractor shall coordinate all work with the contractor responsible for IAQ.
	The means, methods and materials used by the Electrical Contractor shall be coordinated with the contractor responsible for IAQ and shall comply with the IAQ requirements set forth in the Front End Documents.

	Outside the limits of Construction:
	IAQ shall be the responsibility of the electrical contractor for work that is required outside the limits of construction.
	The Electrical Contractor is responsible for the IAQ set forth in the Front End Documents.
	The Electrical Contractor shall review and coordinate all IAQ plans and procedures with the owner’s IAQ representative.


	SYSTEM COMMISSIONING
	The electrical systems shall be complete and operating. System start-up, testing, balancing, and satisfactory system performance is the responsibility of the Contractor. This includes all calibration and adjustment of electrical controls, balancing of...
	All operating conditions and control sequences shall be tested during the start-up period. Testing all interlocks, safety shut-downs, controls, and alarms.
	The Contractor, subcontractors, and equipment suppliers shall have skilled technicians to ensure that all systems perform properly. If the Owner/Engineer is requested to visit the job site for trouble shooting, assisting in start-up, obtaining satisfa...


	FIELD QUALITY CONTROL
	General:
	Conduct all tests required during and after construction.
	Supply necessary instruments, meters, etc., for the tests. Supply competent technicians with training in the proper testing techniques.
	All cables and wires shall be tested for shorts and grounds following installation and connection to devices. Replace shorted or grounded wires and cables.
	Any wiring device, electrical apparatus or lighting fixture, if grounded or shorted on any integral "live" part, shall have all defective parts or materials replaced.
	If the results obtained in the tests are not satisfactory make adjustments, replacements, and changes as needed. Then repeat the tests, and make additional tests, as the Architect/Engineer or authority having jurisdiction deems necessary.

	Other Equipment:
	Give other equipment furnished and installed by the Contractor all standard tests normally made to assure that the equipment is electrically sound, all connections properly made, phase rotation correct, fuses and thermal elements suitable for protecti...

	If any test results are not satisfactory, make adjustments, replacements and changes as needed and repeat the tests and make additional tests as the Owner/Engineer or authority having jurisdiction deem necessary.
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	GENERAL
	SECTION INCLUDES
	Electrical demolition


	PRODUCTS
	MATERIALS AND EQUIPMENT
	Materials and equipment for patching and extending work shall be as specified in individual Sections.


	EXECUTION
	EXAMINATION
	THE DRAWINGS ARE INTENDED TO INDICATE THE SCOPE OF WORK REQUIRED AND DO NOT INDICATE EVERY BOX, CONDUIT, OR WIRE THAT MUST BE REMOVED.  THE CONTRACTOR SHALL VISIT THE SITE PRIOR TO SUBMITTING A BID AND VERIFY EXISTING CONDITIONS.
	Where walls, ceilings, structures, etc., are indicated as being removed on general drawings, the Contractor shall be responsible for the removal of all electrical equipment, devices, fixtures, raceways, wiring, systems, etc., from the removed area.
	Where ceilings, walls, structures, etc., are temporarily removed and replaced by others, this Contractor shall be responsible for the removal, storage, and replacement of equipment, devices, fixtures, raceways, wiring, systems, etc.
	Verify that abandoned wiring and equipment serve only abandoned equipment or facilities.  Extend conduit and wire to facilities and equipment that will remain in operation following demolition.  Extension of conduit and wire to equipment shall be comp...
	Coordinate scope of work with all other Contractors and the Owner at the project site.  Schedule removal of equipment and electrical service to avoid conflicts.
	Bid submittal shall mean the Contractor has visited the project site and has verified existing conditions and scope of work.

	PREPARATION
	Disconnect electrical systems in walls, floors, structures, and ceilings scheduled for removal.
	Provide temporary wiring and connections to maintain existing systems in service during construction.  When work must be performed on energized equipment or circuits, use personnel experienced in such operations.  Assume all equipment and systems must...

	DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK
	Demolish and extend existing electrical work under provisions of this Section.
	Remove, relocate, and extend existing installations to accommodate new construction.
	Remove abandoned wiring and raceway to source of supply.
	Remove exposed abandoned raceway, including abandoned raceway above accessible ceiling finishes.  Cut raceway flush with walls and floors, and patch surfaces.  Remove all associated clamps, hangers, supports, etc. associated with raceway removal.
	Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if conduit servicing them is removed.  Patch openings created from removal of devices to match surrounding finishes.
	Disconnect and remove electrical devices and equipment serving utilization equipment that has been removed.
	Disconnect and remove abandoned luminaires.  Remove brackets, stems, hangers, and other accessories.  Ballasts in light fixtures installed prior to 1980 shall be incinerated in EPA approved incinerator or disposed of in EPA certified containers and de...
	Repair adjacent construction and finishes damaged during demolition and extension work.  Patch openings to match existing surrounding finishes.
	Maintain access to existing electrical installations that remain active.  Modify installation or provide access panel as appropriate.
	Extend existing installations using materials and methods compatible with existing electrical installations, or as specified.
	Fluorescent lamps, determined by the Toxicity Characteristic Leachate procedure (TCLP), to be hazardous waste shall be disposed of in a permitted hazardous waste disposal facility or by a permitted lamp recycler.
	Regulatory Requirements:  Comply with governing EPA notification regulations before beginning demolition.  Comply with hauling and disposal regulations of authorities having jurisdiction.
	Floor slab is post-tensioned. All penetrations shall be x-rayed prior to cutting and/or drilling to avoid any tension cables or utilities encased in floor construction.
	Floor slabs may contain conduit systems. This Contractor is responsible for taking any measures required to ensure no conduits or other services are damaged. This includes x-ray or similar non-destructive means.
	This Contractor is responsible for UalUl costs incurred in repair, relocations, or replacement of any cables, conduits, or other services if damaged without proper investigation.

	CLEANING AND REPAIR
	Clean and repair existing materials and equipment that remain or are to be reused.
	ELECTRICAL ITEMS (E.G., LIGHTING FIXTURES, RECEPTACLES, SWITCHES, CONDUIT, WIRE, ETC.) REMOVED AND NOT RELOCATED REMAIN THE PROPERTY OF THE OWNER.  THE CONTRACTOR SHALL BE RESPONSIBLE FOR THE DISPOSAL OF MATERIAL THE OWNER DOES NOT WANT.

	INSTALLATION
	Install relocated materials and equipment under the provisions of Division 1 of Specifications.
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	GENERAL
	SECTION INCLUDES
	Rigid metallic conduit and fittings
	Electrical metallic tubing and fittings
	Flexible metallic conduit and fittings
	Liquidtight flexible metallic conduit and fittings

	REFERENCES
	American National Standards Institute (ANSI):
	ANSI C80.1 - Rigid Steel Conduit, Zinc-Coated
	ANSI C80.3 - Electrical Metallic Tubing, Zinc-Coated and Fittings
	ANSI C80.4 - Fittings for Rigid Metal Conduit and Electrical Metallic Tubing

	Federal Specifications (FS):
	A–A–50553A – Fittings for Conduit, Metal, Rigid, (Thick-Wall and Thin-Wall (EMT) Type
	A–A–55810 – Specification for Flexible Metal Conduit

	NECA “Standards of Installation”
	National Electrical Manufacturers Association (NEMA):
	ANSI/NEMA FB 1 – Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic Tubing and Cable

	National Fire Protection Association (NFPA):
	ANSI/NFPA 70 – National Electrical Code

	Underwriters Laboratories (UL): Applicable Listings
	UL 1 – Flexible Metal Conduit
	UL 6 – Rigid Metal Conduit
	UL 360 – Liquid Tight Flexible Steel Conduit
	UL514-B – Conduit Tubing and Cable Fittings
	UL797 – Electrical Metal Tubing

	Definitions:
	Fittings:  Conduit connection or coupling.
	Body:  Enlarged fittings with opening allowing access to the conductors for pulling purposes only.
	Mechanical Spaces:  Enclosed areas, usually kept separated from the general public, where the primary use is to house service equipment and to route services. These spaces generally have exposed structures, bare concrete and non-architecturally emphas...
	Finished Spaces:  Enclosed areas where the primary use is to house personnel and the general public. These spaces generally have architecturally emphasized finishes, ceilings and/or floors.
	Concealed:  Not visible by the general public. Often indicates a location either above the ceiling, in the walls, in or beneath the floor slab, in column coverings, or in the ceiling construction.
	Above Grade:  Not directly in contact with the earth. For example, an UinteriorU wall located at an elevation below the finished grade shall be considered above grade but a wall retaining earth shall be considered below grade.
	Slab:  Horizontal pour of concrete used for the purpose of a floor or sub-floor.



	PRODUCTS
	RIGID METALLIC CONDUIT (RMC) AND FITTINGS
	Acceptable Manufacturers:
	Acceptable Manufacturers:  Allied, LTV, Steelduct, Wheatland Tube Co, O-Z Gedney, or approved equal.
	Acceptable Manufacturers of RMC Conduit Fittings:  Appleton Electric, O-Z/Gedney Co., Electroline, Raco, Bridgeport, Midwest, Regal, Thomas & Betts, Crouse-Hinds, Killark, or approved equal.

	Minimum Size Galvanized Steel: 3/4 inch (19mm), unless otherwise noted.
	Fittings and Conduit Bodies:
	End Bell Fittings:  Malleable iron, hot dip galvanized, threaded flare type with provisions for mounting to form.
	Expansion Joints:  Malleable iron and hot dip galvanized providing a minimum of 4 inches of movement.  Fitting shall be watertight with an insulating bushing and a bonding jumper.
	Expansion Joint for Concrete Encased Conduit:  Neoprene sleeve with bronze end coupling, stainless steel bands and tinned copper braid bonding jumper. Fittings shall be watertight and concrete-tight.
	Conduit End Bushings:  Malleable iron type with molded-on high impact phenolic thermosetting insulation. Where required elsewhere in the contract documents, bushing shall be complete with ground conductor saddle and clamp. High impact phenolic threade...
	All other fittings and conduit bodies shall be of malleable iron construction and hot dip galvanized.


	ELECTRICAL METALLIC TUBING (EMT) AND FITTINGS
	Minimum Size Electrical Metallic Tubing:  3/4 inch, unless otherwise noted.
	Acceptable Manufacturers of EMT Conduit:  Allied, LTV, Steelduct, Wheatland Tube Co, or approved equal.
	Fittings and Conduit Bodies:
	2" Diameter or Smaller:  Set screw type of steel designed for their specific application.
	Larger than 2":  Compression type of steel designed for their specific application.
	Acceptable Manufacturers of EMT Conduit Fittings:  Appleton Electric, O-Z/Gedney Co., Electroline, Raco, Bridgeport, Midwest, Regal, Thomas & Betts, or approved equal.


	FLEXIBLE METALLIC CONDUIT (FMC) AND FITTINGS
	Minimum Size Galvanized Steel: 3/4 inch, unless otherwise noted. Lighting branch circuit wiring to an individual luminaire may be a manufacturerd UL listed 3/8” flexible metal conduit with #12 AWG THHN conductors and an insulated ground wire.
	Acceptable Manufacturers:  American Flex, Alflex, Electri-Flex Co, or approved equal.
	Construction:  Flexible steel, approved for conduit ground, zinc coated, threadless type formed from a continuous length of spirally wound, interlocked zinc coated strip steel. Provide a separate equipment grounding conductor when used for equipment w...
	Fittings and Conduit Bodies:
	Threadless hinged clamp type, galvanized zinc coated cadmium plated malleable cast iron or screw-in type, die-cast zinc.
	Fittings and conduit bodies shall include plastic or cast metal inserts supplied by the manufacturer to protect conductors from sharp edges.
	Acceptable Manufacturers:  O-Z/Gedney Co., Thomas & Betts, Appleton Electric, Electroline, Bridgeport, Midwest, Regal, or approved equal.


	LIQUIDTIGHT FLEXIBLE METALLIC CONDUIT (LFMC) AND FITTINGS
	Acceptable Manufacturers:  Anaconda Type UA, Electri-Flex Type LA, Alflex, Carlon (Lamson & Sessions), or approved equal.
	Construction:  Flexible steel, approved for conduit ground, zinc coated, threadless type formed from a continuous length of spirally wound, interlocked zinc coated strip steel and an extruded PVC cover.
	Fittings and Conduit Bodies:
	Watertight, compression type, galvanized zinc coated cadmium plated malleable cast iron, UL listed.
	Fittings and conduit bodies shall include plastic or cast metal inserts supplied by the manufacturer to protect conductors from sharp edges.
	Acceptable Manufacturers:  Appleton Electric, O-Z/Gedney Co., Electroline, Bridgeport, Thomas & Betts, Midwest, Regal, Carlon (Lamson & Sessions), or approved equal.



	EXECUTION
	CONDUIT SIZING
	Size conduit as shown on the drawings and specifications. Where not indicated in the contract documents, conduit size shall be according to N.E.C. (Latest Edition). Conduit and conductor sizing shall be coordinated to limit conductor fill to less than...
	UMinimumU Conduit Size (Unless Noted Otherwise):
	Above Grade:  3/4 inch. (The use of 1/2 inch would be allowed for installation conduit to individual light switches, individual receptacles and individual fixture whips from junction box.)

	Conduit sizes shall change only at the entrance or exit to a junction box, unless specifically noted on the drawings.

	CONDUIT ARRANGEMENT
	In general, conduit shall be installed concealed in walls, in finished spaces and where possible or practical, or as noted otherwise. In unfinished spaces, mechanical and utility areas, conduit may run either concealed or exposed as conditions dictate...
	Conduit shall not share the same cell as structural reinforcement in masonry walls.
	Conduit runs shall be routed as shown on large scale drawings. Conduit routing on drawings scaled 1/4"=1'-0" or less shall be considered diagrammatic, unless noted otherwise. The correct routing, when shown diagrammatically shall be chosen by the Cont...
	Contractor shall adapt his work to the job conditions and make such changes as required and permitted by the Engineer, such as moving to clear beams and joists, adjusting at columns, avoiding interference with windows, etc., to permit the proper insta...
	Contractor shall cooperate with all Contractors on the project. He shall obtain details of other Contractor's work in order to ensure fit and avoid conflict. Any expense due to the failure of This Contractor to do so shall be paid for in full by him. ...

	CONDUIT SUPPORT
	Conduit runs installed above a suspended ceiling shall be properly supported. In no case shall conduit rest on the suspended ceiling construction, nor utilize ceiling support system for conduit support.
	Conduit shall UnotU be supported from ductwork, water, sprinkler piping, or other non-structural members, unless approved by the Engineer. All supports shall be from structural slabs, walls, structural members, and bar joists, and coordinated with all...
	Conduit shall be held in place by the correct size of galvanized one-hole conduit clamps, two-hole conduit straps, patented support devices, clamp back conduit hangers, or by other means if called for on the drawings.
	Support individual horizontal raceways with separate, malleable-iron pipe hangers or clamps.
	Spring-steel conduit clips specifically designed for supporting single conduits or tubing may be used in lieu of malleable-iron hangers for 1" and smaller raceways serving lighting and receptacle branch circuits above accessible ceilings and for secur...
	Group conduits in parallel runs where practical and use conduit racks or trapeze hangers constructed of steel channel, suspended with threaded solid rods or wall mounted from metal channels with conduit straps or clamps. Provide space in each rack or ...
	Do not exceed 25 lbs. per hanger and a minimum spacing of 2’-0” on center when attaching to metal roof decking (excludes concrete on metal deck).  This 25 lbs. load  and 2’-0” spacing include adjacent electrical and mechanical items hanging from deck....
	Arrange supports in vertical runs so the weight of raceways and enclosed conductors is carried entirely by raceway supports, with no weight load on raceway terminals.
	Supports for metallic conduit shall be no greater than 10 feet. A smaller interval may be used if necessitated by building construction, but in no event shall support spans exceed the National Electrical Code requirements. Conduit shall be securely fa...
	Supports of flexible conduit shall be within 12 inches of each outlet box, junction box, device box, cabinet, or fitting and at intervals not to exceed 4.5 feet.
	Finish:
	Prime coat exposed steel hangers and supports.  Hangers and supports in crawl spaces, pipe shafts, and above suspended ceiling spaces are not considered exposed.
	Trim all ends of exposed field fabricated steel hangers, slotted channel and threaded rod to within 1” of support or fastener to eliminate potential injury to personnel unless shown otherwise on the drawings.  Smooth ends and install elastomeric insul...


	CONDUIT INSTALLATION
	Conduit Connections:
	Shorter than standard conduit lengths shall be cut square using industry standards. The ends of all conduits cut shall be reamed or otherwise finished to remove all rough edges.
	Where conduits with tapered threads cannot be coupled with standard couplings, then approved split or Erickson couplings shall be used. Running threads will UnotU be permitted.
	Install expansion/deflection joints where conduit crosses structure expansion/seismic joints.

	Conduit Bends:
	Use a hydraulic one-shot conduit bender or factory elbows for bends in conduit 2" in size or larger. All steel conduit bending shall be done cold; no heating of steel conduit shall be permitted.
	A run of conduit shall not contain more than the equivalent of four (4) quarter bends (360(), including those bends located immediately at the outlet or body.
	Use conduit bodies to make sharp changes in direction (i.e. around beams).

	Conduit Placement:
	Conduit shall be mechanically continuous from source of current to all devices. Conduit shall be electrically continuous from source of current to all devices, unless a properly sized grounding conductor is routed within the conduit. All metallic cond...
	Route exposed conduit and conduit above suspended ceilings (accessible or not) parallel/perpendicular to the building structural lines, and as close to building structure as possible. Wherever possible, route horizontal conduit runs above water and st...
	Avoid moisture traps where possible. Where unavoidable, provide a junction box with drain fitting at conduit low point.
	All conduits through walls shall be grouted or sealed into openings. Where conduit penetrates firewalls and floors, seal with a UL listed sealant. Seal penetrations with intumescent caulk, putty, or sheet installed per manufacturer's recommendations. ...
	CONTRACTOR SHALL BE RESPONSIBLE FOR ALL OPENINGS REQUIRED IN MASONRY OR EXTERIOR WALLS UNDER THIS DIVISION. A QUALIFIED MASON AT THE EXPENSE OF THIS CONTRACTOR SHALL REPAIR ALL OPENINGS TO MATCH EXISTING CONDITIONS.
	Seal interior of conduit at exterior entries, air handling units, coolers/freezers, etc., and where the temperature differential can potentially be greater than 20(F, to prevent moisture penetration. Seal shall be placed where conduit enters warm spac...
	Contractor shall provide suitable mechanical protection around all conduits stubbed out from floors, walls or ceilings during construction to prevent bending or damaging of stubs due to carelessness with construction equipment.
	Contractor shall provide a polypropylene pull cord with 2000 lbs. tensile strength in each empty conduit (indoor and outdoor), except in sleeves and nipples.


	CONDUIT TERMINATIONS
	Where conduit bonding is indicated or required in the contract documents, the bushings shall be a grounding type sized for the conduit and ground bonding conductor as manufactured by O-Z/Gedney, Appleton, Thomas & Betts, Burndy, Regal, or approved equal.
	Conduits with termination fittings shall be threaded for one (1) lock nut on the outside and one (1) lock nut and bushing on the inside of each box.
	Where conduits terminate in boxes with knockouts, they shall be secured to the boxes with lock nuts and provided with approved screw type tinned iron bushings or fittings with plastic inserts.
	Where conduits terminate in boxes, fittings, or bodies with threaded openings, they shall be tightly screwed against the shoulder portion of the threaded openings.
	All conduit ends shall be sealed with plastic immediately after installation to prevent the entrance of any foreign matter during construction. The seals shall be removed and the conduits blown clear of any and all foreign matter prior to any wires or...

	CONDUIT INSTALLATION SCHEDULE
	In the event the location of conduit installation represents conflicting installation requirements as specified in the following schedule, a clarification shall be obtained from the Owner/Engineer. If This Contractor is unable to obtain a clarificatio...
	The following schedule shall be adhered to unless they constitute a violation of applicable codes or are noted otherwise on the drawings. The installation of RMC conduit will be permitted in place of any and all conduit specified in this schedule.
	Dry Mechanical Spaces:
	Exposed:
	Branch Circuits (lighting, receptacles, controls, etc.):  EMT.

	Concealed:  EMT.

	Wet or Damp Locations:  RMC Conduit.
	Finished Spaces:  Concealed EMT.
	Interior Locations:
	Exposed:  EMT conduit.
	Concealed:  EMT.

	Hazardous Locations as Defined by the National Electrical Code:  RMC conduit complete with screwed fittings and conduit seals.




	16120.pdf
	GENERAL
	SECTION INCLUDES
	Building wire
	Wiring connections and terminations

	REFERENCES
	NEMA WC 3 - Rubber-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy
	NEMA WC 5 - Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy
	UL 44 – Thermoset-Insulated Wires and Cables


	PRODUCTS
	BUILDING WIRE
	Thermoplastic-insulated Building Wire:  NEMA WC 5.
	Rubber-insulated Building Wire:  NEMA WC 3.
	Feeders and Branch Circuits Larger Than 6 AWG:  Copper, stranded conductor, 600 volt insulation, THHN/THWN.
	Feeders and Branch Circuits Larger than 6 AWG in Underground Conduit:  Copper, stranded conductor, 600 volt insulation, THWN.
	Feeders and Branch Circuits 6 AWG and Smaller:  Copper conductor, 600 volt insulation, THHN/THWN. 6 and 8 AWG, stranded conductor; smaller than 8 AWG, solid or stranded conductor, unless otherwise noted on the drawings.
	Control Circuits:  Copper, stranded conductor 600 volt insulation, THHN/THWN.
	Aluminum conductors are not to be used.


	EXECUTION
	GENERAL WIRING METHODS
	Use no wire smaller than 12 AWG for power and lighting circuits, and no smaller than 14 AWG for control wiring.
	Use 10 AWG conductor for 20 ampere, 120 volt branch circuit home runs longer than 75 feet, and for 20 ampere, 277 volt branch circuit home runs longer than 200 feet.
	The ampacity of multiple conductors in one conduit shall be derated per National Electrical Code, Article 310.  In no case shall more than 4 conductors be installed in one conduit to such loads as motors larger than 1/4 HP, panelboards, motor control ...
	Where installing parallel feeders, place an equal number of conductors for each phase of a circuit in same raceway or cable.
	Splice only in junction or outlet boxes.
	Neatly train and lace wiring inside boxes, equipment, and panelboards.
	Make conductor lengths for parallel circuits equal.
	All conductors shall be continuous in conduit from last device to their termination.

	CONTRACTOR changes
	The basis of design is copper conductors installed in raceway based on ambient temperature of 30 C, NEC Table 310.16.
	The Contractor shall be responsible for derating and sizing conductors and conduits to equal or exceed the ampacity of the basis of design circuits, if he/she chooses to use methods or materials other than the basis of design.
	Record drawing shall include the calculations and sketches.

	WIRING INSTALLATION IN RACEWAYS
	Pull all conductors into a raceway at the same time.  Use UL listed wire pulling lubricant for pulling 4 AWG and larger wires.
	Install wire in raceway after interior of building has been physically protected from the weather and all mechanical work likely to injure conductors has been completed.
	Pulling shall be continuous without unnecessary stops and starts with wire or cable only partially thru raceway.
	Where reels of wire are used, they shall be set up on jacks close to the point where the wire or cable enters the conduit or duct so that the cable or wire may be unreeled and run into the conduit or duct with a minimum of change in the direction of t...
	Cables or wires shall not be laid out on the ground before pulling.
	Cables or wires shall not be dragged over earth or paving.
	Care shall be taken so as not to subject the cable or wire to high mechanical stresses that would cause damage to the wire and cable.
	Conductors shall not be pulled through conduits until plastering or masonry work is completed and conduits are free from moisture.  Care shall be taken so that long pulls of wire or pulls around several bends are not made where the wire may be permane...
	Only nylon rope shall be permitted to pull cables into conduit and ducts.
	All wires in outlet boxes not connected to fixtures or other devices shall be rolled up, spliced if continuity of circuit is required, and insulated.
	Completely and thoroughly swab raceway system before installing conductors.
	Conductor Supports in Vertical Raceways:
	Support conductors in vertical raceways in accordance with NEC 300.19 and Table 300.19(A) Spacing of Conductors Supports.
	Supports shall be of insulated wedge type (OZ Gedney Type S, or equal) and  installed in a tapered insulated bushing fitting or a metal woven mesh with a support ring that fits inside conduit fitting installed in an accessible junction box (Hubbell Ke...


	WIRING CONNECTIONS AND TERMINATIONS
	Splice and tap only in accessible junction boxes.
	Use solderless, tin-plated copper, compression terminals (lugs) applied with circumferential crimp for copper conductor terminations, 8 AWG and larger.
	Use solderless, tin-plated, compression terminals (lugs) applied with indenter crimp for copper conductor terminations, 10 AWG and smaller.
	Use solderless pressure connectors with insulating covers for copper wire splices and taps, 8 AWG and smaller.  For 10 AWG and smaller, use insulated spring wire connectors with plastic caps.
	Use copper, compression connectors applied with circumferential crimp for copper wire splices and taps, 6 AWG and larger.  Tape uninsulated conductors and connectors with electrical tape to 150 percent of the insulation value of conductor.
	Thoroughly clean wires before installing lugs and connectors.
	Make splices, taps and terminations to carry full ampacity of conductors without perceptible temperature rise.
	Terminate spare conductors with electrical tape, unless otherwise indicated on the drawings.
	Phase Sequence:  All apparatus shall be connected to operate in the phase sequence A-B-C representing the time sequence in which the phase conductors so identified reach positive maximum voltage.
	As a general rule, applicable to switches, circuit breakers, starters, panelboards, switchgear and the like, the connections to phase conductors are intended thus:

	FIELD QUALITY CONTROL
	Field inspection and testing will be performed under provisions of Division 1.
	Cable Testing: Test shall be made by means of an insulation testing device such as a “Megger” using not less than 500 volts D.C. test potential.
	Inspect wire and cable for physical damage and proper connection.
	Torque test conductor connections and terminations to manufacturer's recommended values.
	Perform continuity test on all power and equipment branch circuit conductors.  Verify proper phasing connections.

	WIRE AND CABLE INSTALLATION SCHEDULE
	All wire and cable shall be installed in raceways.
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	GENERAL
	SECTION INCLUDES
	Wall and ceiling outlet boxes
	Pull and junction boxes
	Accessories

	REFERENCES
	ANSI/NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers and Box Supports
	NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum)
	Federal Specification A–A–50563 – Conduit Outlet Boxes, Bodies, and Entrance Caps, Electrical Cast Metal


	PRODUCTS
	OUTLET BOXES
	Sheet Metal Outlet Boxes:  ANSI/NEMA OS 1; galvanized steel, minimum of 14 gauge, with 1/2 inch male fixture studs where required.
	Cast Boxes: Nema FB1, Type FD, Aluminum or cast feralloy, deep type, gasketed cover, threaded hubs.
	Switch outlet boxes for local light control switches shall be 4 inches square by 1-1/2 inches deep, with raised cover to fit flush with finish wall line. Multiple gang switch outlets shall consist of the required number of gang boxes appropriate to th...

	PULL AND JUNCTION BOXES
	Sheet Metal Boxes:  ANSI/NEMA OS 1; galvanized steel.
	Sheet Metal Boxes Larger than 12 Inches in Any Dimension:  Hinged enclosure in accordance with Section 16160, unless otherwise noted.
	Cast Metal Boxes for Outdoor and Wet Location Installations:  NEMA 250; Type 4 and Type 6, flat-flanged, surface-mounted junction box, UL listed as raintight. Galvanized cast iron box and cover with ground flange, neoprene gasket, and stainless steel ...
	Cast Metal Boxes for Underground Installations:  NEMA 250; Type 4, inside flanged, recessed cover box for flush mounting, UL listed as raintight. Galvanized cast iron box and plain cover with neoprene gasket and stainless steel cover screws.
	Flanged type boxes shall be used where installed flush in wall.

	ACCESSORIES
	Fire Rated Moldable Pads:  UL #9700, moldable sheet putty at required thickness on all five sides of back boxes. Kinetics Noise Control – IsoBacker Pad, SpecSeal – SSP Putty and Pads, 3M #MPP-4S or equal.


	EXECUTION
	BOX INSTALLATION SCHEDULE
	Galvanized steel boxes may be used in:
	Concealed interior locations above ceilings and in hollow studded partitions.
	Exposed interior locations in mechanical rooms and in rooms without ceilings; higher than 8’ above the highest platform level.
	Direct contact with concrete except slab on grade.
	Recessed in stud wall of kitchens and laundries.

	Cast boxes shall be used in:
	Hazardous locations.
	Exposed interior locations within 8’ of the highest platform level.
	Direct contact with concrete in slab on grade.
	Wet locations.


	COORDINATION OF BOX LOCATIONS
	Provide electrical boxes as shown on the drawings, and as required for splices, taps, wire pulling, equipment connections, and code compliance.
	Electrical box locations shown on the Contract Drawings are approximate, unless dimensioned. Verify location of floor boxes and outlets in offices and work areas prior to rough-in.
	Locate and install boxes to allow access. Avoid interferences with ductwork, piping, structure, equipment, etc. Where installation is inaccessible, provide access doors. Coordinate locations and sizes of required access doors with the Owner.
	Locate and install to maintain headroom and to present a neat appearance.

	OUTLET BOX INSTALLATION
	Do not install boxes back-to-back in walls. Provide a minimum horizontal offset of 24 inches between boxes installed on opposite sides of stud walls.
	When the minimum 24-inch horizontal separation cannot be maintained in  fire-rated walls, install fire-rated moldable pads to all five sides of the back box to maintain the fire rating of the wall. Install moldable pads in accordance with UL listing f...

	The Contractor shall anchor switch and outlet box to wall construction so that it is flush with the finished masonry, paneling, drywall, plaster, etc. The Contractor shall check the boxes as the finish wall surface is being installed to assure that th...
	Mount at heights shown or noted on the drawings or as generally accepted if not specifically noted.
	Locate boxes in masonry walls to require cutting of masonry unit corner only. Coordinate masonry cutting to achieve neat openings for boxes.
	Provide knockout closures for unused openings.
	Support boxes independently of conduit.
	Use multiple-gang boxes where more than one device are mounted together; do not use sectional boxes. Provide barriers to separate wiring of different voltage systems.
	Install boxes in walls without damaging wall insulation.
	Coordinate mounting heights and locations of outlets mounted above counters, benches, backsplashes, and below baseboard radiation.
	Position outlets to locate luminaires as shown on reflected ceiling drawings.
	In inaccessible ceiling areas, position outlets and junction boxes within 6 inches of recessed luminaire, to be accessible through luminaire ceiling opening.
	Provide recessed outlet boxes in finished areas; secure boxes to interior wall and partition studs, accurately positioned to allow for surface finish thickness. Use stamped steel stud bridges for flush outlets in hollow stud wall, and adjustable steel...
	Align wall-mounted outlet boxes for switches, thermostats, and similar devices.
	Provide cast outlet boxes in exterior locations and wet locations, and where exposed rigid or intermediate conduit is used.

	PULL AND JUNCTION BOX INSTALLATION
	Locate pull boxes and junction boxes above accessible ceilings or in unfinished areas.
	Support pull and junction boxes independent of conduit.
	Do not install back-to-back boxes in walls.  Provide a minimum horizontal offset of 24 inches between boxes installed on opposite sides of stud walls.
	When the minimum 24-inch horizontal separation cannot be maintained within fire-rated walls, install fire-rated moldable pads to all five sides of the back box to maintain the fire rating of the wall.  Install moldable pads in accordance with UL listi...
	When the minimum 24-inch horizontal separation cannot be maintained in non-fire-rated walls, install sound insulation pads on all five sides of the back box in accordance with the manufacturer’s specification.

	Install sound insulation pads on all five sides of the back of all boxes in sound-rated wall assemblies.  Sound-rated wall assemblies are defined as partition types carrying a Sound Transmission Class (STC) rating.

	EXPOSED BOX INSTALLATION
	Boxes shall be secured to the building structure with proper size screws, bolts, hanger rods, or structural steel elements.
	On brick, block and concrete walls or ceilings, exposed boxes shall be supported with no less than two (2) Ackerman-Johnson, Paine, Phillips, or approved equal screw anchors or expansion shields and round head machine screws. Cast boxes shall not be d...
	On steel structures, exposed boxes shall be supported to the steel member by drilling and tapping the member and fastening the boxes by means of round head machine screws.
	Boxes may be supported on steel members by APPROVED beam clamps if conduit is supported by beam clamps.
	Boxes shall be fastened to wood structures by means of a minimum of two (2) wood screws adequately large and long to properly support. (Quantity depends on size of box.)
	Wood, plastic, or fiber plugs shall not be used for fastenings.
	Explosive devices shall not be used unless specifically allowed.
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	GENERAL
	SECTION INCLUDES
	Conduit and equipment supports
	Fastening hardware
	Concrete housekeeping pads

	COORDINATION
	Coordinate size, shape and location of concrete pads with Section on Cast-in-Place Concrete or Concrete Topping.

	QUALITY ASSURANCE
	Support systems shall be adequate for weight of equipment and conduit, including wiring, which they carry.


	PRODUCTS
	ACCEPTABLE MANUFACTURERS
	Allied Support Systems
	Cooper B-Line
	Erico, Inc.
	Hilti
	Power Fasteners

	MATERIAL
	Support Channel: Hot-dip galvanized stainless steel for wet/damp locations; painted steel for interior/dry locations.  All field cut ends shall be touched up with matching finish to inhibit rusting.
	Hardware:  Corrosion resistant.
	Anchorage and Structural Attachment Components:
	Strength:  Defined in reports by ICBO Evaluation Service or another agency acceptable to Authorities Having Jurisdiction.
	Structural Safety Factor:  Strength in tension and shear of components used shall be at least two times the maximum seismic forces to which they will be subjected.

	Concrete and Masonry Anchor Bolts and Studs: Steel-expansion type.
	Concrete Inserts:  Steel-channel type.
	Through Bolts:  Structural type, hex head, high strength.  Comply with ASTM A 325.
	Welding Lugs:  Comply with MSS-SP-69, Type 57.
	Beam clamps for Steel Beams and Joists: Double sided.  Single-sided type is not acceptable.
	Bushings for Floor-Mounted Equipment Anchors:  Neoprene units designed for seismically rated rigid equipment mountings, and matched to the type and size of anchor bolts and studs used.
	Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of neoprene elements and steel sleeves designed for seismically rated rigid equipment mountings, and matched to the type and size of attachment devices used.



	EXECUTION
	INSTALLATION
	Fasten hanger rods, conduit clamps, and outlet and junction boxes to building structure using expansion anchors in concrete and beam clamps on structural steel.
	Use toggle bolts or hollow wall fasteners in hollow masonry, plaster, or gypsum board partitions and walls; expansion anchors or preset inserts in solid masonry walls; self-drilling anchors or expansion anchor on concrete surfaces; sheet metal screws ...
	Do not fasten supports to ceiling systems, piping, ductwork, mechanical equipment, or conduit, unless otherwise noted.
	Do not use powder-actuated anchors without specific permission.
	Do not drill structural steel members.
	Fabricate supports from structural steel or steel channel, rigidly welded or bolted to present a neat appearance.  Use hexagon head bolts with spring lock washers under all nuts.
	In wet locations and on all building floors below exterior earth grade install free-standing electrical equipment on concrete pads.
	Install surface-mounted cabinets and panelboards with minimum of four anchors.  Provide steel channel supports to stand cabinet one inch off wall.
	Bridge studs top and bottom with channels to support flush-mounted cabinets and panelboards in stud walls.
	Do not exceed 25 lbs. per hanger and a minimum spacing of 2’-0” on center when attaching to metal roof decking (excludes concrete on metal deck).  This 25 lbs. load  and 2’-0” spacing include adjacent electrical and mechanical items hanging from deck....
	Refer to Section 16111 for special conduit supporting requirements.

	FINISH
	Prime coat exposed steel hangers and supports.  Hangers and supports in crawl spaces, pipe shafts, and above suspended ceiling spaces are not considered exposed.
	Trim all ends of exposed field fabricated steel hangers, slotted channel and threaded rod to within 1” of support or fastener to eliminate potential injury to personnel unless shown otherwise on the drawings.  Smooth ends and install elastomeric insul...
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	GENERAL
	SECTION INCLUDES
	Nameplates and tape labels
	Wire and cable markers
	Conduit labeling
	Conduit color coding
	Conductor color coding

	REFERENCES
	ANSI C2 – National Electrical Safety Code
	NFPA 70 – National Electrical Code
	ANSI A13.1 – Standard for Pipe Identification
	ANSI Z535.4 – Standard for Product Safety Signs and Labels


	PRODUCTS
	ELECTRICAL IDENTIFICATION PRODUCTS
	Colored Adhesive Marking Tape for banding Raceways, Wires, and Cables: Self-adhesive vinyl tape not less than 3 mils thick by 1 inch to 2 inches in width.
	Pretensioned Flexible Wraparound Colored Plastic Sleeves for Cable Identification: flexible acrylic bands sized to suit the cable diameter and arranged to stay in place by pre-tensioned gripping action when coiled around the cable.
	Wire/Cable Designation Tape Markers: Vinyl or vinyl-cloth, self-adhesive, wraparound, cable/conductor markers with preprinted numbers and letter.
	Cable Ties: Fungus-inert, self-extinguishing, one-piece, self-locking nylon cable ties, 0.18-inch minimum width, 50-lb minimum tensile strength, and suitable for a temperature range from minus 50 F to 350 F. Provide ties in specified colors when used ...
	Underground Plastic Markers: Bright colored continuously printed plastic ribbon tape of not less than 6 inches wide by 4 mil thick, printed legend indicating type of underground line, manufactured for direct burial service.  Tape shall contain a conti...
	Aluminum, Wraparound Marker Bands: 1" in width, .014 inch thick aluminum bands with stamped or embossed legend, and fitted with slots or ears for permanently securing around wire or cable jacket or around groups of conductors.
	Brass or aluminum Tags: 2" by 2" by .05-inch metal tags with stamped legend, punched for fastener.
	Indoor/Outdoor Number and Letters: Outdoor grade vinyl label, minimum of 3/4” high x 9/16” wide, with acrylic adhesive designed for permanent application in severe indoor and outdoor environments.


	EXECUTION
	INSTALLATION
	Lettering and Graphics: Coordinate names, abbreviations, colors, and other designations used in electrical identification work with corresponding designations specified or indicated.  Install numbers, lettering, and colors as required by code.
	Install identification devices in accordance with manufacturer’s written instruction and requirements of NEC.
	Sequence of Work: Where identification is to be applied to surfaces that require finish, install identification after completion of finish work.  All mounting surfaces shall be cleaned and degreased prior to identification installation.
	Identify Junction, Pull and Connection Boxes: Identification of systems and circuits shall indicate system voltage and identity of contained circuits on outside of box cover.  Labeling shall be 3/8-inch Kroy tape or Brother self-adhesive label color-c...
	Circuit Identification: Tag or label conductors as follows:
	Multiple Power or Lighting Circuits in Same Enclosure: Where multiple branch circuits are terminated or spliced in a box or enclosure, label each conductor with source and circuit number
	Multiple Control Wiring and Communication/Signal Circuits in Same Enclosure:  For control and communications/signal wiring, use wire/cable marking tape at terminations in wiring boxes, troughs, and control cabinets. Use consistent letter/number conduc...
	Match identification markings with designations used in panelboards shop drawings, Contract Documents, and similar previously established identification schemes for the facility’s electrical installations.

	Apply warning, caution and instruction signs as follows:
	Install warning, caution or instruction signs where required by NEC, where indicated, or where reasonably required to assure safe operation and maintenance of electrical systems and of the items to which they connect.  Install engraved plastic-laminat...
	Emergency Operating Signs: Install, where required by NEC, where indicated, or where reasonably required to assure safe operation and maintenance of electrical systems and of the items to which they connect, engraved laminate signs with white legend o...

	Apply circuit/control/item designation labels of engraved plastic laminate for disconnect switches, breakers, pushbuttons, pilot lights, motor control centers, and similar items for power distribution and control components above, except panelboards a...
	Install labels parallel to equipment lines at locations as required and at locations for best convenience of viewing without interference with operation and maintenance of equipment.

	CONDUIT AND EXPOSED CABLE LABELING
	Conduit Identification: Pre-painted from factory.
	600 Volts and Below Normal:  Grey.
	600 Volt and Below Emergency: Orange.
	Any system not listed above that require relocation to install new work shall have their conduit color coordinated with the Owner/Engineer.

	Blank conduit ends or outlet boxes for future extension of system shall have permanent identification marker indicating purpose of conduit or box and where the raceway originated.

	CONDUCTOR COLOR CODING
	Color coding shall be applied at all panels, switches, junction boxes, pull boxes, vaults, manholes etc., where the wires and cables are visible and terminations are made.  The same color coding shall be used throughout the entire electrical system, t...
	All wires and cables, 6 AWG or larger, used in motor circuits, main feeders, sub-main feeders and branch circuits, shall be coded by the application of plastic tape.  The tape shall be 3-M, Plymouth or Permacel, in colors specified below.  The tape sh...
	Wire and cables smaller than 6 AWG shall be color coded by the manufacturer.
	Colored cable ties shall be applied in groups of three ties of specified color to each conductor at each terminal or splice point starting 3 inches from the termination and spaced at 3- inches centers. Tighten to a snug fit, and cut off excess length.
	Where more than one nominal voltage system exists in a building or facility, each ungrounded conductor of a multiwire branch circuit, where accessible, shall be identified by phase and system.
	Conductors shall be color coded as follows:
	208Y/120 Volt, 4-Wire:
	480Y/277 Volt, 4-Wire:
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	GENERAL
	SECTION INCLUDES
	Interior luminaires and accessories
	Lamps
	Ballasts
	Poles

	REFERENCES
	ANSI C82.1 - American National Standard for Fluorescent Lamp Ballast - Line Frequency Fluorescent Lamp Ballast
	ANSI C82.11 - High Frequency Fluorescent Lamp Ballasts
	IEEE C2 - National Electrical Safety Code
	UL 935 – Standard for Fluorescent Lamp Ballasts

	SUBMITTALS
	Submit product data under provisions of Section 16010.
	Submit product data sheets for luminaires, lamps, ballasts, drivers and poles.  Include complete product model number with all options as specified.
	Submit lens product data, dimensions and weights if not included in product data sheet submittal.
	Include outline drawings, support points, weights, and accessory information for each luminaire type.
	LED luminaires shall include photometric report per IESNA LM-79-08 absolute photometry principle, including independent testing laboratory name, report number, date, luminaire model number, input wattage, luminaire, and light source specifications. IE...

	DELIVERY, STORAGE, AND HANDLING
	Deliver products to site.  Store and protect under provisions of Section 16010.
	Handle metal poles carefully to prevent breakage and damage to finish.

	EXTRA STOCK
	Provide extra stock under provisions of Section 16010.
	Fluorescent Lamps:  10 percent of quantity installed.  Minimum of 2 of each size and type and maximum of 1 case (30 lamps).
	Lenses:  3 percent of quantity installed, minimum of one of each size and type.
	Ballasts and LED Drivers:  3 percent of quantity installed, minimum of one of each size and type.

	WARRANTY
	Fluorescent ballasts shall carry a three-year warranty from date of substantial completion.
	Fluorescent and lamps shall carry a one-year warranty from date of substantial completion.
	Light emitting diode (LED) lamps and drivers shall have a five-year warranty from date of substantial completion.


	PRODUCTS
	INTERIOR LUMINAIRES AND ACCESSORIES
	Fluorescent Luminaires:  Provide hinged frames with latches, and 0.125 inch thick virgin acrylic lenses weighing a minimum of 7.8 oz./sq.ft.  Minimum prism depth shall be 0.080", KSH-12 or approved equal.
	Painted reflector surfaces shall have a minimum reflectance of 90%.

	LIGHT EMITTING DIODE (LED) LUMINAIRE SYSTEMS led lamps
	Light emitting diodes used in interior applications shall have a minimum color rendering index (CRI) of 75.  Color temperature of the luminaire shall be as noted on the luminaire schedule.
	LED lamps shall be wired so failure of one lamp does not prohibit operation of other lamps.
	LED shall have a minimum of 50,000 hours rated life.
	LED Driver:
	Solid state driver with integral heat sink. Driver shall have overheat, short-circuit and overload protection, power factor 0.90 or above and maximum total harmonic distortion of 20%. Mounted on a field removable tray with quick disconnect connectors....
	Driver shall have a minimum of 50,000 hours rated life.


	ACCEPTABLE MANUFACTURERS – LAMPS
	FLUORESCENT LAMPS
	T-8 Type:  Correlated color temperature (CCT) and Color Rendering Index (CRI) as scheduled on the drawings.  Lamps shall be reduced mercury type having credentials that pass the EPA 1990 Toxic Characteristics.
	Other Types:  Correlated Color Temperature (CCT) and Color Rendering Index (CRI) as scheduled on the drawings.

	fluorescent ballasts - general
	All ballasts shall have a Class A sound rating, or better.
	Ballast shall comply with EMI and RFI limits set by FCC (CFR 47 Part 18).
	Four-lamp ballasts shall operate parallel circuit lamps that allow remaining lamp to maintain full output if companion lamps fail.
	All fluorescent ballasts designed for operation of double-ended lamps or integral to a luminaire supplied by multi-wire branch circuits shall comply with disconnecting means as specified in NEC Article 410 and amendments thereto.

	ACCEPTABLE MANUFACTURERS - FLUORESCENT ELECTRONIC BALLASTS
	FLUORESCENT ELECTRONIC BALLAST
	Fluorescent Ballast:  Shall meet UL Standard 935.  Ballasts shall be PROGRAM RAPID START (PRS) type.
	Ballasts shall meet applicable ANSI and IEEE standards regarding harmonic distortion and surge protection.  The input current 3rd harmonic content shall not exceed 13% of the input current.  The total harmonic distortion shall not exceed 10%.
	Fluorescent ballasts shall conform to the performance criteria listed below:
	The ballast must maintain constant high output through input voltage ranges of 90 to 145 volts for a 120V ballast (+/- 25%) and 200 to 320 volt for a 277V ballast (+/- 28%).
	Ballast Requirements:
	Current crest factor shall be no greater than 1.8 for F40 lamps and 1.7 for all other lamps.
	The operating ambient temperature range shall be 50 F to 105 F.
	Fluorescent ballasts shall operate at 20KHZ or higher, with no detectable lamp flicker.
	Ballasts shall not be affected by lamp failure and shall yield normal lamp life.
	Ballast power factor shall be greater than 95%.
	Ballast shall be rated Class P and shall be thermally protected.
	Program rapid start ballasts shall heat the filament prior to applying the starting voltage to the lamp, then remove lamp cathode heat in a sequence consistent with ANSI standard C82.11.



	EXECUTION
	INSTALLATION
	Securely fasten luminaires to structural members by mechanical means such as bolts, screws, rivets or listed clips identified for use with the type of ceiling framing members.
	Install lamps in lamp holders of luminaires.
	Support surface-mounted luminaires directly from building structure. Install luminaires larger than eight square feet (8 ftP2P) or weighing mare than 30 pounds independent of ceiling framing.
	Support suspended or pendant mounted luminaires independent of ceiling grid with a minimum of two #12 gauge wires, unless directed otherwise.  Suspension assembly and anchors shall be capable of supporting 300 pounds dead load at each suspension point.
	Suspend or pendant mounted fixtures shall be level.

	LAMP SEASONING
	Operate all fluorescent lamps for 100 hours prior to requesting final observation.  Season fluorescent lamps at 3 hour on, 20 minute off cycle.

	RELAMPING
	Replace failed lamps at completion of work. Replacement of incandescent and other lamp burnouts after the warranty period starts shall be the responsibility of the final user.

	ADJUSTING AND CLEANING
	Align luminaires and clean lenses and diffusers at completion of work.  Clean paint splatters, dirt, and debris from installed luminaires.

	LUMINAIRE SCHEDULE
	As shown on the drawings.






