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HVAC SPECIFICATIONS Low Pressure Ductwork: Ductwork shall be constructed of zinc coated sheet steel and shall conform to the 1st edition of SMACNA HVAC duct construction standards -metal and flexible, 1985 as follows: Rectangular duct: 1" w.G. Pressure class - table 1-4. Round duct: 2" w.G. Pressure class - table 3-2. All ductwork must be sealed in accordance with seal class c as defined in SMACNA HVAC duct construction standards-metal and flexible, 1985. Duct hangers and supports shall conform to those shown in tables 4-1 and 4-2 of SMACNA HVAC ductwork 1985, 1st edition. Round Ductwork: Round ductwork shall be prefabricated spiral lock seam conduit with prefabricated fittings as manufactured by united sheet metal co., inc. Or equal. Construction shall be airtight and shall be manufactured from galvanized steel meeting astm a-517-67. Fittings shall be manufactured to published standards for dimensions and construction details. Installation manuals shall be supplied to the contractor to provide detailed instructions on methods and procedures for assembly. All seams in all fittings are to be continuously welded.  Galvanized areas that have been damaged by welding shall be coated with corrosion resistant aluminum paint.  Openings for grille mounting shall be factory cut and framed for the grille mounting bracket and the framing shall not have excessive welding that will be noticeable beyond the grille frame. All joints shall be sealed using Benjamin Foster 30-02 sealed between screwed metal seams banded with fiberglass tape. Double Wall Spiral Duct: Duct shall be prefabricated spiral lock seam conduit with prefabricated fittings as manufactured by United Sheet Metal co., inc. Or equal. Construction shall be an airtight, outer pressure shell, a 1" insulation layer, and a perforated metal inner liner that completely covers the insulation throughout the system. The outer shell shall be manufactured from galvanized steel meeting ASTM a-517-67. Fittings shall be manufactured to published standards for dimensions and construction details. Installation manuals shall be supplied to the contractor to provide detailed instructions on methods and procedures for assembly. All seams in the pressure shell of all fittings are to be continuously welded. Galvanized areas that have been damaged by welding shall be coated with corrosion resistant aluminum paint. Inner liners of both duct and fittings are to be adequately supported by metal spacers welded in position to maintain spacing and concentricity. Provide an inner coupling to align the inner lining to maintain good air flow conditions equivalent to standard round high pressure duct joints. Openings shall be factory cut and framed for the grille mounting bracket and the framing shall not have excessive welding that will be noticeable beyond the grille frame. All exposed duct shall be mill phosphatized so as to accept painting by the general contractor. 90 degrees elbows shall be 5 piece gored elbows. All joints shall be sealed using benjamin foster 30-02 sealed between screwed metal seams banded with  fiberglass tape. fiberglass tape. Ductwork Installation: All ductwork shall be provided in a neat workmanlike manner.  The ducts shall be properly braced and reinforced.  All slip joints shall be made in the direction of flow.  All ducts shall be true to the dimension indicated and shall be straight and smooth on the inside with neatly finished airtight joints.  The ducts shall be securely anchored into the building construction in an approved manner and shall be completely free from vibration under all conditions of operation.  All supply, return fresh-air and exhaust systems shall be completely balanced. No duct transformation shall be of a ratio less than four to one and where possible, shall be of a ratio of six to one.  No less than three vertical splitters shall be provided where these ratios cannot be met.  No elbow shall have a throat center line radius of less that one and one-half times the duct width at the turn.  All turns of less than this amount in rectangular duct shall be provided with duct turning vanes of standard design.  Splitters or multi-blade volume dampers, where indicated, shall be provided in all branch. Turning vanes shall be provided at all tees and square elbows.  Turning vanes shall be factory fabricated and designed in accordance with the smacna  or ashrae guide for formed vanes.  The first set of turning vanes on the leaving side of fans shall be of the acoustical type to aid in the elimination of unit noise with the exception of room fan coil units. Splitter dampers and volume extractors shall be provided in all low velocity ductwork for proper air distribution.  Each damper shall be provided, lubricated bearings at both ends of the shafts, adjustments quadrant, and locking devices and shall be constructed of galvanized iron or steel sheet one gauge heavier than the duct in which they are installed.  Access doors shall be located at all splitter dampers. Handholes of not less than 6" x 6" shall be provided at all points where access is required.  Manholes of not less than 18" x 24" shall be provided at all points where it is necessary to clean or remove parts of equipment.  All access doors and handholes shall be rubber gasketed insulated type with frame and latches. Install access doors at each fire damper and smoke detector. Label all access doors. All ductwork must be sealed in accordance with seal class c as defined in smacna hvac duct construction standards - metal and flexible, 1995. Duct Hangers and Supports: Duct hangers and supports shall conform to those shown in tables 4-1 and 4-2 of smacna hvac ductwork 1985, 1st edition. Duct Leakage Test: After installation and prior to insulating, the contractor shall perform in the presence of the engineer a duct leakage test on all rigid medium pressure duct.  Contractor shall notify the engineer 72 hours in advance when this test shall be applied.  The contractor may at his option test portions of the duct system in lieu of testing the entire system at once. The installed medium pressure duct system shall be tested to 3" wg. The air leakage at the test pressure shall be measured by a calibrated office type flow meter.  Total allowable leakage of the system shall not exceed 1/2 of 1% of the air handling capacity of the system. If the system is tested in sections, the leakage rates shall be added to give the performance of the whole system. Leakage concentrated at one point may result in objectionable noise even if the system passes the leakage rate criteria.  Noise sources must be corrected to the satisfaction of the engineer. The orifice flow measurement device must have individually calibrated against a primary standard, and this calibrated curve permanently attached to the orifice tube assembly. Duct Insulation: Insulation shall be owens-corning, certain-teed/st. Gobain, manville or approved equivalent.  Adhesives shall be as manufactured by 3-m foster or insulation manufacturer. Insulation shall have composite (insulation, jacket and adhesive) fire and smoke hazard rating as tested by astm e-84, not exceeding flame spread -25 and smoke developed -50. All vapor barriers and joints shall be sealed to prevent condensation.  Clean and dry all ductwork before installing insulation.  All weld joints shall be wire brushed and give one (1) coat of red lead before insulating.  Staples will not be permitted in insulation. All supply duct shall be shall be externally insulated with fiberglass ductwrap insulation, 2” thick, 1.5# density.  Ductwrap shall be  thick, 1.5# density.  Ductwrap shall be provided by manufacturer with a white exterior jacket to match existing ductwrap, mechanical contractor to field verify existing ductwrap.  Duct insulation system shall meet requirements of nfpa 90a and shall have ul fire hazard classification not to exceed the following: flame spread - 25; fuel contributed - 50; smoke generated -50. Insulation shall be applied to the sheet metal with 100% coverage. On horizontal runs, tops of ducts over 12” in  in width and sides of 16” in height shall be additionally secured with  in height shall be additionally secured with mechanical fasteners. On spans over 30”, fasteners are to be , fasteners are to be placed at midpoints. On vertical runs, fasteners shall be placed on a maximum of 15” centers on all width dimensions  centers on all width dimensions over 12”. Fasteners shall be flush with the surface. All ductwork . Fasteners shall be flush with the surface. All ductwork shall be covered with an 8 oz. Canvas jacket or an embossed paint grip metal jacket to accept final painting by the g.C. Controls: Provide 7 day programmable thermostat for each system.  Testing and Balancing: Work shall be performed by technicians competent in the trade of testing and balancing environmental systems and shall be done in an organized manner utilizing appropriate test and balance forms. All equipment shall be balanced to within +/- 10% of the scheduled value. Instruments for use in the test and balancing procedures shall be of first quality and be accurately calibrated at the time of use. All field instruments used in the balance should have been calibrated at least within the previous three months. Starting date for mechanical system shall be scheduled well in advance of expected completion date and shall be established a minimum of two weeks prior to acceptance date.  The system shall be in full operation with all equipment functional prior to acceptance date. Performance readings shall be taken and recorded on all air distribution devices and the system shall be balanced out prior to acceptance.  Balancing of the system shall be accomplished with duct dampers and only minor adjustments made with grille dampers.  Record and submit results in table form along side of scheduled quantities. All controls shall be calibrated by qualified personnel prior to acceptance date.  Thermostats shall be in close calibration with one another and shall operate their respective units without interference from adjacent units. All units shall be checked out thoroughly and the information recorded on each machine. Check sheets shall be included in operating and maintenance instructional manual.
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requirements of the applicable Section of the 
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specifications.
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    (c)  It is the intention of these specifications and 
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drawings to call for finished work, tested and ready 
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for operation.  Whenever the word "provide" is used, it 
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shall mean "furnish and install complete and ready for 

AutoCAD SHX Text
use."
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    (d)  Minor details not usually shown or specified, but 
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necessary for the proper installation and operation, 

AutoCAD SHX Text
shall be included in the work, the same as if herein 
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specified or shown.
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    (e)  This Contractor is referred to the General Conditions 
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Of The Contract For Construction. This document shall 
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form a part of this specification and shall be binding 
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on this Contractor by reference.
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    (f)  Some items of equipment are specified in the singular; 
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however, the Contractor shall provide and install the 
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number of items of equipment as indicated on the 
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drawings, and as required for complete systems.
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(2)  Contractor's Qualifications
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shall furnish all items required to complete the 
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construction in accordance with reasonable 

AutoCAD SHX Text
interpretation of the intent of the drawings and 
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or regulations shall be provided whether or not 
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of a major item of equipment, or of the control system 
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specified or shown on the plans.
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every respect.  Anything called for in the 
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specifications and not shown on the drawings or shown 
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on the drawings and not called for in the 
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specifications, must be furnished by the Contractor.
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    (b)  Contractor is responsible for familiarizing himself 
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with the details of the construction of the building.  
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Work under these specifications installed improperly or 
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AutoCAD SHX Text
interpretation of building plans shall be corrected and 

AutoCAD SHX Text
changed as directed by the Architect without additional 

AutoCAD SHX Text
cost to the Owner.
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    (c)  The Contractor shall follow drawings in laying out 

AutoCAD SHX Text
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in which work will be installed and maintain maximum 

AutoCAD SHX Text
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AutoCAD SHX Text
headroom or space conditions appear inadequate, 
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Architect shall be notified before proceeding with 
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installation.
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    (d)  The plans are diagrammatic and are not intended to show 
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each and every fitting or a complete detail of all the 
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work to be done; but are for the purpose of 
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illustrating the type of system, showing duct sizes, 
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etc., and special conditions considered necessary for 
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the experienced mechanic to take off his materials and 
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lay out his work.  This Contractor shall be responsible 
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for taking such measurements as may be necessary at he 
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job and adapting his work to local conditions.
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    (e)  Contractor shall determine the schedule of work as 
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his work to maintain the building construction schedule 
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so as not to interfere with or hold up any other 
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Contractors.
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(4)  Codes, Rules, Permits and Fees
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    (a)  The Contractor shall give all necessary notices, obtain 

AutoCAD SHX Text
all permits and pay all sales taxes, fees and other 

AutoCAD SHX Text
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AutoCAD SHX Text
connection with his work; file all necessary plans, 

AutoCAD SHX Text
prepare all documents and obtain all necessary 

AutoCAD SHX Text
approvals of all authorities having jurisdiction, 
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obtain all required certificates of inspection for his 
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work and deliver same to the Architect before request 
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for acceptance and final payment of the work.
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    (b)  The Contractor shall include in his work, without extra 

AutoCAD SHX Text
cost to the Owner, any labor, materials, service, 

AutoCAD SHX Text
apparatus, drawings, in order to comply with all 

AutoCAD SHX Text
applicable laws, ordinances, rules and regulations 

AutoCAD SHX Text
whether or not shown on drawings and/or specified.
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    (c)  All materials furnished and all work installed shall 

AutoCAD SHX Text
comply with the National Fire Codes of the National 

AutoCAD SHX Text
Fire Protection Association, and with the requirements 

AutoCAD SHX Text
of all governmental departments having jurisdiction.
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    (d)  All work shall be done in accordance with the North 

AutoCAD SHX Text
Carolina State Building Code, and requirements of 

AutoCAD SHX Text
governmental agencies having jurisdiction.
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(5)  Guarantee
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    (a)  The Contractor shall guarantee the complete mechanical 

AutoCAD SHX Text
system against defect due to faulty materials, faulty 

AutoCAD SHX Text
workmanship or failure due to negligence of the 

AutoCAD SHX Text
Contractor.  This guarantee will exclude normal wear 

AutoCAD SHX Text
and tear, maintenance lubrication, replacement of 

AutoCAD SHX Text
expendable components, or abuse.  The guarantee period 

AutoCAD SHX Text
shall begin on the date of the final acceptance and 

AutoCAD SHX Text
shall continue for a period of 12 months during which 

AutoCAD SHX Text
time the Contractor shall make good such defective 

AutoCAD SHX Text
workmanship and materials and any damage resulting 
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therefrom, within a reasonable time of notice given by 

AutoCAD SHX Text
the Owner. Refrigeration compressor shall have a five 

AutoCAD SHX Text
year warranty.
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(6)  Record Drawings
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    (a)  The Contractor shall furnish record drawings indicating 

AutoCAD SHX Text
any and all changes in locations of ductwork or 

AutoCAD SHX Text
equipment from that shown on the Contract Drawings.  

AutoCAD SHX Text
The drawings shall consist of clean, legible prints of 
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the Contract Drawings, available from the Architect on 

AutoCAD SHX Text
which the Contractor shall mark all notes, dimensions, 

AutoCAD SHX Text
sizes and information required.  The prints shall be 

AutoCAD SHX Text
kept for this purpose only.  Before final inspection 
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the Contractor shall submit the Record Drawings to 

AutoCAD SHX Text
the Architect.
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(7)  Safety Requirements
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    (a)  Comply with all O.S.H.A. requirements.
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(8)  Materials and Workmanship
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    (a)  All materials and apparatus required for the work, 

AutoCAD SHX Text
except as specified otherwise, shall be new, of first-

AutoCAD SHX Text
class quality, and shall be furnished, delivered, 

AutoCAD SHX Text
erected, connected and finished in every detail, and 

AutoCAD SHX Text
shall be so selected and arranged as to fit properly 

AutoCAD SHX Text
into the building space.  Where no specific kind or 

AutoCAD SHX Text
quality of material is given, a first-class standard 

AutoCAD SHX Text
article as approved by the Architect shall be 

AutoCAD SHX Text
furnished.
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    (b)  All work must be done by first-class and experienced 

AutoCAD SHX Text
mechanics properly supervised and it is understood that 

AutoCAD SHX Text
the Architect has the right to stop any work that is 

AutoCAD SHX Text
not being properly done and has the right to demand 

AutoCAD SHX Text
that any workman deemed incompetent by the Architect be 

AutoCAD SHX Text
removed from the job and a competent workman 

AutoCAD SHX Text
substituted therefor.
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(9)  Equipment Deviations
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    (a)  The Contractor must use the equipment specified in the 

AutoCAD SHX Text
plans and specifications or equal equipment as supplied 

AutoCAD SHX Text
by those manufacturers specifically named as equal.
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(10) Shop Drawings

AutoCAD SHX Text
    (a)  The Contractor shall submit for approval four (4) sets 

AutoCAD SHX Text
of detailed shop drawings of all equipment and all 

AutoCAD SHX Text
material required to complete the project, and no 

AutoCAD SHX Text
materials or equipment may be delivered to the job site 

AutoCAD SHX Text
or installed until the Contractor has in his possession 

AutoCAD SHX Text
the approved shop drawings for the particular material 

AutoCAD SHX Text
or equipment.  The shop drawings shall be complete as 

AutoCAD SHX Text
described herein.  The Contractor shall furnish the 

AutoCAD SHX Text
number of copies required by the General and Special 

AutoCAD SHX Text
Conditions of the Contract, but in no case less than 

AutoCAD SHX Text
six (6) copies.  Shop drawings shall bear approval of 

AutoCAD SHX Text
Contractor.
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    (b)  Approval rendered on shop drawings shall not be 

AutoCAD SHX Text
considered as a guarantee of quantities, measurements, 

AutoCAD SHX Text
or building conditions.  Where drawings are approved, 

AutoCAD SHX Text
said approval does not in anyway relieve the Contractor 

AutoCAD SHX Text
from his responsibilities or necessity of furnishing 

AutoCAD SHX Text
material or performing work as required by the Contract 

AutoCAD SHX Text
Drawings and specifications.
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(11) Observation

AutoCAD SHX Text
    (a)  The project will be observed periodically as 

AutoCAD SHX Text
construction progresses.  The contractor will be 

AutoCAD SHX Text
responsible for notifying the Architect at least 72 

AutoCAD SHX Text
hours in advance when any work to be covered up is 

AutoCAD SHX Text
ready for inspection.  No work will be covered up until 

AutoCAD SHX Text
after observation has been completed on such items as 

AutoCAD SHX Text
piping and insulation, etc.
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(12) Accessibility

AutoCAD SHX Text
    (a)  Contractor shall be responsible for the adequate 

AutoCAD SHX Text
clearance in hung ceilings for the proper installation 

AutoCAD SHX Text
of his work.  He shall cooperate with the General 

AutoCAD SHX Text
Contractor and all other Contractors whose work is in 

AutoCAD SHX Text
the same space, and shall advise the General Contractor 

AutoCAD SHX Text
of his requirements.  Such spaces and clearances shall;,

AutoCAD SHX Text
however, be kept to the minimum size required.

AutoCAD SHX Text
    (b)  The Contractor shall locate all equipment which must be 

AutoCAD SHX Text
serviced, operated or maintained in fully accessible 

AutoCAD SHX Text
positions. If required for better accessibility, 

AutoCAD SHX Text
furnish access doors for this purpose.  Minor 

AutoCAD SHX Text
deviations from drawings may be allowed for better 

AutoCAD SHX Text
accessibility and any change shall be submitted for 

AutoCAD SHX Text
approval.
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(13) Protection

AutoCAD SHX Text
    (a)  The Contractor shall protect all work and material from 

AutoCAD SHX Text
damage, and shall be liable for all damage during 

AutoCAD SHX Text
construction.
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(14) Concealed Pipe.
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    (a)  In general, all pipe in finished spaces shall be run 

AutoCAD SHX Text
concealed in floors, walls, partitions and above 

AutoCAD SHX Text
ceilings under the insulation unless specifically noted otherwise.
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(15) Foundations, Supports, Piers, Attachments.
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    (a)  All equipment, unless otherwise shown, shall be 

AutoCAD SHX Text
securely attached to the building structure in an 

AutoCAD SHX Text
approved manner by this contractor.  Attachments shall 

AutoCAD SHX Text
be of a strong and durable nature and any attachments 

AutoCAD SHX Text
that are, in the opinion of the architect/engineer not 

AutoCAD SHX Text
strong enough shall be replaced as directed.
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(16) Test.
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    (a)  All piping shall be tested before covering is applied 

AutoCAD SHX Text
or work concealed, and all leaks corrected by removal 

AutoCAD SHX Text
of defective material and/or making up new joints.  
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16010 - ELECTRICAL GENERAL REQUIREMENTS

1.1 SCOPE:

a. Applicable requirements of the General Conditions of the Contract, Amendments, Supplementary General Conditions, and Special

Conditions govern work under this Division.

b. Minor details not usually shown or specified, but necessary for the proper installation and operation, shall be included in the work, the

same as if herein specified or shown.

1.2 RECORD DRAWINGS:

a. During construction of this project, the Contractor shall maintain one complete set of electrical contract drawings, on which shall be

recorded all significant changes. This set of drawings shall be used for no other purpose.  Upon completion of the work, the Contractor shall

submit these drawings to the Architect/Engineer for approval and presentation to the Owner.

1.3 REGULATIONS AND COMPLIANCE:

a. The requirements of the North Carolina State Building Code which includes the National Electrical Code, and of all other State and

Local codes, ordinances, regulations and interpretations by authorities having jurisdiction are binding upon this Contractor, and nothing

contained in, or inferred by, these specifications or the applicable drawings may be construed as waiving those requirements. The latest

edition of the National Electrical Code, referred to herein and on the drawings as "N.E.C.", forms a part of these specifications; and under

no circumstances may the installation fail to meet the minimum requirements therein.

A. All materials and equipment shall bear the approval label, and shall be listed by the Underwriters' Laboratories, Inc.

2.1 GENERAL:

a. Except where reuse of existing items are specifically indicated or permitted, all materials and equipment shall be new and shall conform

with the standards of the National Electrical Manufacturer's Association and Underwriters' Laboratories, Inc. in every instance where such a

standard has been established for the item involved.

b. It is the intention of these specifications and drawings to call for finished work, tested and ready for operation. Whenever the work

"provide" is used, it shall mean "furnish and install complete and ready for use".

3.1 COORDINATION:

a. This Contractor coordinate the work of all subs and shall furnish any information necessary to permit the work of all trades to be

installed satisfactorily and with the least possible interference or delay.

b. The Contractor shall furnish to other trades, as required, all necessary templates, patterns, setting plans, and shop details for the

proper installation of work and for the purpose of coordinating adjacent work.

3.4 PROTECTION AND CLEAN-UP:

a. Protect all material and work from damage during construction. Equipment installed in the building prior to its being closed in and dried

out shall be protected from the elements in the same manner as previously specified for stored materials. Protect finished surfaces from

splattering of mortar, paint, dirt, plaster, etc.. Do not install device plates, face plates, canopies, flush cabinet trims, or fixtures on walls or

ceilings until after painting or cleaning of the surface has been completed, and arrange for such items that are required to be field painted to

be painted before being mounted. Repair, clean and touch-up, or replace, all damaged material. At the completion of the project, remove all

dust from finished surfaces, including lighting fixtures, lenses and lamps.

b. The Contractor shall keep premises free of debris resulting from his work.

3.5 PAINTING AND FINISHING:

a. Suitable finishes shall be provided on all items of electrical equipment and materials which are exposed.  This shall consist of either an

acceptable finish as manufactured and supplied to the job or application of suitable finishes after installation.

b. Where installed in finished areas, exposed equipment and materials shall be supplied with prime coat, and shall be professionally

painted or enameled as directed to match or blend with adjacent surfaces.

c. In unfinished areas such as equipment rooms, exposed equipment shall be furnished with suitable factory applied finishes (e.g.

standard gray enamel finish for panelboards, etc.).

16030-EQUIPMENT CONNECTIONS AND COORDINATION

1.1 SCOPE:

a. The connection of all equipment provided under any Division of these specifications or by the owner requiring electrical connection shall

be provided as part of this Division, unless otherwise indicated or specified. Special outlets, where indicated, are considered to be electrical

connection to the equipment.

b. Drawings indicate approximate equipment capacity (including motor horsepower) and approximate location of connection. It is the

responsibility of this Contractor to determine the exact characteristics of equipment actually being supplied; and to provide proper branch

circuit connections, conductors protection, and grounding.

2.1 GENERAL:

a. Heating, Ventilating, Air Conditioning, Refrigeration and Plumbing Equipment:  Unless otherwise indicated, provide all power wiring,

including feeders and branch circuits, to the terminals of the equipment, including mounting of motor starters; feeder and branch circuit

over-current protection; disconnecting means within sight of each motor and each starter, whether or not specifically indicated on drawings.

b. Individually mounted motor starters: Unless otherwise indicated, individually mounted motor starters will be furnished as part of the

Division furnishing the driven equipment. Unless otherwise indicated, remote control wiring for Heating, Ventilating, Air Conditioning, and

Plumbing equipment will be provided as part of those respective Divisions.

16100-BASIC MATERIALS AND METHODS

1.1 WIRING METHOD:

a. Unless otherwise indicated or specified, the Wiring Method for this project shall consist of copper conductors with 600 volt insulation

installed in metal raceways.

b. The word "Raceway" and the word "Conduit" (or abbreviation "C") used herein or on the drawings indicate Rigid Metal Conduit, and

where permitted, Intermediate Metal Conduit, Electrical Metallic Tubing, Flexible Metal Conduit, or Liquidtight Flexible Metal Conduit.

c. Reference to "Rigid Conduit" or "RMC" indicates heavy-wall Rigid Metal Conduit only.

d. Reference to "IMC" indicates Intermediate Metal Conduit.

e. Reference to "EMT" or "Tubing" indicates Electrical Metallic Tubing.

f. Reference to "Flex" or "Flexible Conduit" indicates Flexible Metal Conduit, or, where required, Liquidtight Flexible Metal Conduit.

1.2 FASTENINGS METHODS:

a. Acceptable fastening methods include wood screws and nails on wood construction, toggle bolts on hollow masonry, expansion bolts

and lead anchors on brick and concrete, and machine screws on metal surfaces.

b. Explosive fasteners may be used in steel and concrete in accordance with the manufacturer's recommendations.

c. Wire, perforated metal strap, and wooden plugs are not acceptable as fastening material.

d. Materials used shall be good quality, made of zinc or cadmium coated steel or other non-corroding material.

e. Materials, whether exposed or concealed, shall be firmly and adequately held in place. Fastening and support shall afford safety factor

of three or higher, and shall be in full compliance with the seismic protection requirements of the N.C. State Building Code.

f. Fixtures, raceways, and equipment shall be supported from the structure. Nothing may be supported on suspended ceiling unless

definitely noted so on the Drawings or specifically permitted by the Architect/Engineer.

g. Equipment and raceways attached to outside walls, or interior walls subject to permanent moisture, shall be shimmed out with

non-corrodible material so as to provide 1/4" air space between wall and equipment or raceway.

1.3 NAMEPLATES:

a. Suitable nameplates shall be provided for the identification of electrical equipment.

b. Nameplates shall be of engraved white core plastic laminate, not less than 1/16" thick. For 120/208 volt systems, nameplates shall have

white letters on black backgrounds.

c. Engraving shall be of professional quality, with block style letters, minimum 1/4" high.

d. Nameplates shall be attached with sheet metal screws. They shall be sized to allow for installation of screws without obscuring text.

16110-RACEWAYS AND FITTINGS

1.1 MATERIALS AND APPLICATIONS:

a. Rigid Metal Conduit shall be zinc coated steel or alloy 6063-T42 aluminum with threaded couplings and fittings. Termination at sheet

metal enclosures shall consist of double locknuts and insulating bushings. Rigid Steel conduit shall be used for all exposed and concealed

work except where other raceways are indicated or permitted. Aluminum conduit complete with aluminum fittings may be used in lieu of

steel conduit except in wet locations, underground, or in poured concrete. Steel and aluminum shall not be mixed in the same run of

conduit.

b. Intermediate Metal Conduit (IMC) with threaded couplings and fittings may be used for exposed and concealed work in lieu of rigid

metal conduit except underground outside the building foundation, or where supporting lighting fixtures, or in hazardous locations, or where

exposed to severe impact or injury. Termination at sheet metal enclosures shall consist of double locknuts and insulating bushings.

c. Electrical Metallic Tubing (EMT) of 2" maximum size may be used for  concealed work in lieu of Rigid Metal Conduit except

underground or in poured concrete. EMT of 2" maximum size may be used for exposed work in lieu of Rigid Metal Conduit except outdoors,

or above a roof, or where supporting lighting fixtures, or where exposed to severe impact or injury, or in hazardous locations, or less than 10

feet above a floor or platform in other than in electrical, mechanical, or communications closets or equipment rooms.

d. Flexible Metal Conduit shall be of zinc coated steel of minimum length, and shall be used in lieu of Rigid Metal Conduit for connections

to moving or vibrating apparatus, recessed lighting fixtures, dry-type transformers, and motors. Flexible Metal Conduit may be used where

rigid connections are impractical due to obstructions or space limitations. Flexible Metal Conduit used in wet, damp, or corrosive location

shall be PVC jacketed liquid-tight complete with liquid-tight connectors.

e. Fittings for steel conduit and tubing shall be of zinc coated steel or malleable iron. Insulating bushings of plastic provided for Rigid and

Intermediate Metal Conduits shall be rated for 150oC. Bonding bushings shall be steel or malleable iron with non-removable plastic throats

rated 150oC. EMT fittings shall be of the compression type. Set-screw, indentor, pressure cast, and die cast fittings are not acceptable.

Connectors for EMT, Flexible Metal Conduit and Liquid-tight Flexible Metal Conduit shall be the insulated throat type. Connectors for

Flexible Metal Conduits shall be of the "Tite-Bite" design.

f. Conduit expansion fittings shall be of zinc coated cast or malleable iron and steel conduit, complete with flexible bonding straps.

Expansion fittings shall allow longitudinal conduit movement of 4 inches.

g. Minimum raceway size shall be 1/2". Other raceway sizes, unless indicated on the drawings, shall be determined by the Contractor in

accordance with NEC requirements for type THW insulated conductors, or the actual insulation used if it is thicker than type THW.

2.1 INSTALLATION:

a. Rigid and Intermediate Metal Conduits shall be made up with full threads, to which  a conductive pipe compound (T & B Kopr-Shield or

equal) has been applied, and butted in coupling. Terminations at sheet metal enclosures in indoor dry locations shall be made with double

locknuts and an insulating bushing. Terminations at sheet metal enclosures in outdoor, damp, and wet locations shall be made with

threaded conduit hubs of zinc coated malleable iron.

b. Conduits shall be rigidly supported not more than 8 feet on center and shall be concealed within walls, ceilings, and floors, except as

indicated or specifically approved by the Architect/Engineer; kept at least 6" from flues and steam or hot water pipes; and protected against

the entry of dirt, plaster, or trash. Raceways shall be supported independently of suspended ceiling members and suspension wires.

c. Suspended EMT shall be provided with additional hangers at elbows and bends, and where necessary to avoid strain at couplings and

connectors.

d. Exposed conduits, where permitted, shall be run parallel or perpendicular to walls, structural members and ceilings; with right-angle

turns consisting of symmetrical bends or cast metal fittings with threaded hubs. Offsets may be used where necessary provided that they

are of minimum length.

e. Conduits crossing expansion and contraction joints shall cross perpendicular to the joint and shall be provided with expansion fittings.

Conduits shall not be embedded in the concrete slabs at the expansion and contraction joints.

16120-CONDUCTORS

1.1 MATERIALS:

a. Unless otherwise indicated, all wire and cable conductors shall be copper.

b. Conductors shall be not smaller than #12 AWG except that #10 AWG minimum is required for the entire length of 120 volt branch

circuits whose distance to the center of the load exceeds 75 feet. #14 AWG may be used for signal and remote control circuits. #16 AWG

may be used for taps to individual recessed lighting fixtures on circuits protected by over-current devices rated at 20 amperes or less and

contained within flexible metal conduits that do not exceed 6 feet in length. Other conductors smaller than #14 AWG may be used only

where specifically indicated on the drawings or specified herein.

c. Conductors #10 AWG and smaller shall be solid, dual rated type THWN/THHN.

d. Conductors #8 AWG and larger shall be stranded, dual rated type THWN\THHN.

e. Each conductor shall bear easily readable markings along entire length, indicating size and insulation type.

f. Insulation on conductors #10 AWG and smaller shall be suitably colored in manufacture.

g. Conductors in any location subject to abnormal temperature shall be furnished with an insulation type suitable for temperature

encountered.

h. Where no indication is made of wire size, the conductor shall be of N.E.C. size to match its overcurrent protective device, but in no case

smaller than #12 AWG.

2.1 SPLICES, TAPS, AND CONNECTIONS:

a. Splices in conductors #10 AWG and smaller shall be made with twist-on spring steel devices UL listed as Pressure Cable Connectors,

with integral insulating covers rated 75oC. at 600 volts.

b. Splices in copper conductors #8 AWG and larger shall be made with mechanical devices UL listed as Pressure Cable Connectors and

insulated with thermoplastic tape UL listed for use as sole insulation. Tape may be omitted from connectors supplied with securely fastened

insulating covers which completely enclose the connector and the conductors. Insulating covers shall be rated 75oC at 600 volts.

2.2 COLOR CODING:

a. All wiring shall be color coded.

b. On 120/208V, 3 phase, 4 wire power systems, conductors shall be color coded Black (Phase A), Red (Phase B), Blue (Phase C), and

White (Neutral).

c. Conductors #8 AWG and larger may be identified with two or more bands of proper color plastic tape applied near each  splice and

termination.  Painting of wire will not be acceptable.

d. Phase sequence shall be "A", "B" and "C" from left to right, top to bottom or front to back when facing equipment.

2.3 BRANCH CIRCUIT RACEWAY WIRING:

a. Three-phase circuits shall be limited to one such circuit per raceway. They shall consist of three different phase wires, and a neutral

where required.

b. A neutral shall not serve more than one circuit. The neutral carrying all or any part of the current of any specific load shall be contained

in the same raceway or enclosure with the phase wire or wires also carrying that current.

c. Circuits shall be connected to panels as shown in the panel schedules.

d. Under the above requirements and with required color coding system no raceway shall contain more than one wire of the same color,

except for switch legs and control conduits.

e. Conductors supplying lighting outlets may be combined in the same raceways with conductors supplying receptacles; but lighting

outlets and receptacle outlets shall not be connected to the same circuits unless specifically indicated on the drawings.

2.4 FEEDER CONDUCTORS:

a. Unless specifically shown otherwise, each set of feeder conductors shall be installed in a separate raceway.

b. Where paralleling of conductors is shown for feeders, it is absolutely required they be exactly the same length between terminations.

c. Where feeder conductors are so installed that the conductor markings cannot be read without moving or twisting conductors, they shall

be provided with suitable tags indicating the conductor size and insulation.

16122-METAL-CLAD CABLE SYSTEMS

1.1 SCOPE:

a. Furnish and install a complete system of Metal-Clad Cable for branch circuit, signal, and remote control wiring as specified herein.

Comply with Section 16100 BASIC MATERIALS AND METHODS.

b. Types AC cable is not permitted.

1.2 APPLICATIONS:

a. Metal-Clad Cables may be used in lieu of wire in metal raceway only for concealed work in dry locations above suspended ceilings and

within stud partitions.

b. Cables may not be run in, or through, concrete or masonry, fire-rated partitions, smoke partitions, or floors.

1.3 SUBMITTALS:

a. Submit for approval manufacturer's data sheets for metal-clad cable systems.

2.1 MATERIALS:

a. Metal-Clad Cables shall be UL listed as type MC with copper conductors, THHN insulated; with full size green insulated grounding

conductors. Minimum sizes shall be #12 AWG for branch circuits, #14 AWG for signal and remote control. Maximum size shall be #10

AWG.

b. Cable connectors shall be UL listed for grounding the metal sheath. Connectors shall be of steel or malleable iron with insulated throats.

c. Cables shall be color-coded in manufacture. Color-code shall comply with Section 16120 CONDUCTORS.

3.1 INSTALLATION:

a. Cables shall not be run exposed. Conduit skirts may be provided on surface mounted panelboards to conceal cables between panel

tops and ceilings.

b. Except where installed in continuous rows, lighting fixtures shall be individually connected to a concealed outlet box. Cables may not be

looped from fixture to fixture.

c. Cables above ceilings shall be supported from overhead structure clear of ductwork, suspended ceilings, and ceiling hanger wires.

16130-GROUNDING AND BONDING

1.1 SCOPE:

a. The neutral of each separately derived system, and all non-current-carrying metal parts, raceways, and enclosures shall be

permanently and effectively grounded.

b. Grounding and bonding shall be provided in strict accordance with the National Electrical Code, and as specified herein and on the

drawings.

c. The Contractor shall note that required grounding conductors and connections are not all shown on the drawings. NEC requirements

apply.

2.1 MATERIALS AND APPLICATIONS:

a. Grounding conductors shall be of THWN insulated copper, unless otherwise indicated.

b. Grounding bus bars in distribution equipment shall be bare copper.

c. Clamps for attaching conductors to water pipes and ground rods shall be of bronze. Ground rod clamps shall be U.L. listed for direct

burial.

d. Clamps for attaching conductors to building steel shall be of steel, bronze, or malleable iron.

e. Threaded hubs for bonding metal raceways to the contained grounding electrode conductors and to the water pipe clamps shall be of

bronze or malleable iron. Similar hubs shall be used to bond the same  raceways to the conductors and to sheet metal equipment

enclosures.

f. Driven grounding electrodes shall consist of copper clad steel rods. Rods shall be 8 feet long and 5/8" diameter unless otherwise

indicated.

g. Bonding bushings shall be of steel or malleable iron with non-removable plastic throats rated 1500C.

h. Bonding locknuts and wedges for service conduits shall be of zinc coated steel.

3.1 EQUIPMENT GROUNDING:

a. All non-current-carrying metal parts, raceways, and enclosures of the electrical system and of equipment supplied through the electrical

system shall be permanently and effectively grounded.

b. Equipment grounding conductors shall be provided for each feeder and for each branch circuit and shall be contained within the same

raceways as the feeder and branch circuit conductors. The equipment grounding conductor shall be THWN insulated copper, not smaller

than #12 AWG.

c. Copper bonding strips normally included in small sizes of liquid-tight flexible metal conduit and dependent upon the terminal connectors

for bonding continuity will not be accepted in lieu of the equipment grounding conductors specified herein.

d. Where metal raceways enter sheet metal enclosures through knockouts provide bonding bushings and jumpers to the enclosure under

any of the following conditions:

1. Branch circuit conduit exceeds 1" in size.

2. Feeder conduit regardless of size.

16140-BOXES

1.1 MATERIALS AND APPLICATIONS:

a. Unless specifically noted or approved otherwise, boxes shall be of zinc coated steel or cast ferrous alloy as manufactured by Steel City,

Raco, Crouse-Hinds, Appleton, or approved equal.

b. Unless otherwise indicated, for exposed work on the interior of the building boxes shall be of cast metal with threaded conduit hubs and

gasketed covers; or of zinc coated sheet steel of NEC gauge and size with screw fastened gasketed covers and threaded conduits hubs of

zinc coated malleable iron and no knockouts or extraneous openings. Cover screws shall be stainless steel.

c. For exposed work Equipment Rooms; or, in other dry areas, 8 feet or more above a floor or platform, boxes 5" square and larger shall

be NEC gauge and size of zinc coated sheet steel. 4" octagonal, 4" square and 4-11/16" square "knockout" boxes shall be of zinc coated

steel, NEC gauge and size. Box extensions are not permitted on exposed "knockout" boxes, and covers shall be of the raised surface type.

"Handy" boxes are not permitted.

16150-WIRING DEVICES

1.1 MANUFACTURERS:

a. Wiring devices and device plates shall be manufactured by General Electric, Hubbell, Bryant, Arrow Hart, Pass and Seymour, Leviton,

or Eagle.

1.2 DEVICES AND PLATES - GENERAL:

a. Unless otherwise indicated or directed, devices shall be gray in color.

b. Unless otherwise indicated, plates for flush outlets shall be of #302 stainless steel. Those for surface cast boxes shall be of steel, of

shape and finish to match the box. Screws shall be steel to match the plate.

c. Each device (including each switch) shall be equipped with a Hex-Head green grounding screw for grounding the device and plate to

the outlet box and to the equipment grounding conductor run with the circuit conductors. "Self-Grounding" type mounting screws will not be

accepted as the device grounding method.

1.3 SWITCHES:

a. Switches used for lighting control shall be rated 20 amps, 120-277 VAC, side wired, Pass and Seymour 521-G series.

b. Switches used for disconnecting small single-phase motors and appliances shall be rated 20 or 30 amps to match the branch circuit

rating and comply with their horsepower ratings, 120-277 VAC, side wired, Pass and Seymour 521-G series and 30 ACI series.

1.4 RECEPTACLES:

a. Unless otherwise indicated or required, receptacles shall be the duplex type, side and back wired, with nylon face. On circuits supplying

two or more such receptacles, they shall be rated 15 amps, 125 volts, NEMA 5-15R. Duplex receptacles on individual circuits shall be rated

20 amps, 125 volts, NEMA 5-20R.

b. Where no other features are indicated on the drawings provide Hubbell 5262 and 5362 series for 5-15R and 5-20R respectively.

c. Where indicated on the drawings provide Ground Fault Circuit Interrupter receptacles, Hubbell GF5262 and GF5362 series for 5-15R

and 5-20R respectively.

16160-RACEWAY AND OUTLET SYSTEMS

1.1 SCOPE:

a. Contractor shall furnish and install systems of raceways, outlet boxes, equipment boards, and cabinets, as indicated on the drawings

and as herein specified to accommodate the installation by others of wiring and equipment.

2.1 MATERIALS:

a. Raceways, and boxes, shall be in compliance with the relevant sections of these specifications.

b. Wall outlets shall consist of standard 4" x 4" x 2-1/2" outlet boxes with single device rings.  Trim plates shall be blank to match wiring

device trim plates, unless otherwise indicated.

c. Special outlets including floor outlets shall be as noted on the drawings.

d. Equipment boards shall be of size noted or shown on the drawings, and shall be constructed of 3/4" plywood, with finish grade on front.

Paint board with gray fire-retardant paint.

3.1 COORDINATION:

a. Contractor shall fully coordinate with the telephone and system installer, and shall install service entrance raceways, backboards, and

grounding conductors in accordance with their requirements.

b. Contractor shall fully coordinate with other installers of wiring and equipment and shall install raceways, outlets, cabinets, and

backboards in accordance with their requirements.

3.2 INSTALLATION:

a. Install pull boxes as necessary to limit runs between pull points to two 90 degree bends (or equivalent) and to 100 feet in length, unless

other arrangements are approved by the wiring installers.

b. Leave all raceways with 100 lb. test nylon pull cord.

c. Install raceways and boxes in accordance with relevant sections of these specifications.

d. Unless specifically noted otherwise, provide an individual 1" conduit from each indicated outlet to the nearest cable tray, equipment

cable tray, cabinet or terminal board for the system involved.

e. Provide all conduits not terminating on boxes with plastic bushings.

f. At the equipment terminal board, terminate all conduits with plastic bushings.

16190-MISCELLANEOUS MATERIALS

2.1 TIME SWITCHES:

a. Time switches for the control of tungsten-lamps loads, fluorescent -lamp loads, resistive heating loads, motors and magnetically

operated devices shall consist of a digital programmable timer and switch assembly in a suitable enclosure, as indicated and herein

specified.

b. Timer shall operate from either 120, 208, 240 or 277.

c. Battery reserve power shall be provided which will automatically operate the timer in case of electric power failure for a period of not

less than 30 days.

d. The switch mechanism shall include a heavy-duty, general purpose, precision snap-action switch. Provision shall be made for manual

"OFF" and "ON" operation of the switch.

e. Time switches shall be manufactured by Tork, Sangamo, General Electric, or approved equal.

2.2 TIME SWITCH  AND PHOTOCELL CONTROL DEVICES:

a. Time Switch/Photo Control:  7 day calendar dial type, with 16 hour reserve power, Tork 7200ZL, mounted in general purpose NEMA Type 1

enclosure.

b. Photocell control devices for control of outdoor fixtures and natural daylight utilization for indoor spaces shall be fixture mounted or

individually mounted as indicated on drawings, or otherwise specified.

c. Fixture mounted photocell control devices shall include a snap-action switch with a rating of not less than 1000 watts incandescent load

and 1200 volt-amp reactive or HID load at rated voltage and frequency. Device also shall have an inherent time delay in excess of 5

seconds, built-in surge protection, and the appropriate lock type receptacle base. The device shall be enclosed in a weatherproof enclosure.

Device rating shall be 120 or 277 volts, as applicable, 60 hertz. The device shall be factory preset to turn "ON" lights at approximately 3

foot-candles with a ratio of "ON" to "OFF" of about 1 to 2.

d. Individually mounted photo control devices shall have the same characteristics as fixture mounted devices, except that they shall be

field adjustable for "ON" "OFF" operation from 2 to 50 foot-candles, have a capacity of up to 2000 watts of incandescent load, be outlet box

mounted, and not require surge protection.

e. Flush mounted in weatherproof stainless steel cover with full neoprene gasket, Tork Model #3010.  Outlet box:  Flush mounted on exterior of

building sized 2 1/2" x 4 1/4" of weatherproof construction.

2.3 PROGRAMMABLE LIGHT SWITCHES:

a. The digital time switch shall be programmable to turn lights off after a preset time.

b. Time switch shall be a completely self-contained control system. It shall have a ground wire and ground strap for safety. Switching

mechanism shall be a latching air gap relay.

c. Time switch shall be compatible with all electronic ballasts, motor loads, compact fluorescent and inductive loads.

d. Time switch shall operate at universal voltages of 100-300 VAC; 50/60 Hz.

e. Time switch shall have no minimum load requirement and shall be capable of controlling 0 to 800 watt incandescent, fluorescent @

100/120 VAC, 50/60 Hz; 0 to 1200 watts fluorescent @ 230/277 VAC, 50/60 Hz; 1/6 hp @ 125 VAC.

f. Time scroll feature shall allow manual overriding of the preset time-out period.

g. Time switch shall have the option for a one second light flash warning at five minutes before the timer runs out and twice when the

countdown reaches one minute (when used to control lighting loads).

h. Time switch shall have the option for a beep warning that shall sound every five seconds once the time switch countdown reaches one

minute.

i. Time switch shall have manual feature for timer reset where pressing the ON/OFF switch for more than 2 seconds resets the timer to

the programmed time-out period.

j. Time switch shall have an electroluminescent backlit Liquid Crystal Display that shows the timer's countdown.

k. Time-out period shall be adjustable increments of 5 minutes from 5 minutes to 1 hour, and in increments of 15 minutes from 1 hour to

12 hours.

l. Time switch shall be capable of operating as an ON/OFF switch.

m. The time switch shall have a 100% OFF override switch with no leakage current to the load.

n. In the event there is an open circuit in the AC line such as a ballast or lamp failure, the time switch shall automatically switch to OFF

mode.

o. Time switch shall have 5 year warranty and shall be UL and CUL listed.

2.4 OCCUPANCY SENSORS:

A. Provide ceiling mounted, 360 degree, dual technology occupancy sensor with the following features.

1. The Dual Technology sensor shall be capable of detecting presence in the control area by detecting doppler shifts in transmitted ultrasound and

passive infrared heat changes.

2. Sensor shall utilize Dual Sensing Verification Principle for coordination between ultrasonic and PIR technologies. Detection verification of both

technologies must occur in order to activate lighting systems. Upon verification, detection by either shall hold lighting on.

3. Sensor shall have a retrigger feature in which detection by either technology shall retrigger the lighting system on within 5 seconds of being

switched off.

4. Ultrasonic sensing shall be volumetric in coverage with a frequency of 40 KHz. It shall utilize Advanced Signal Processing that automatically

adjusts the detection threshold dynamically to compensate for changing levels of activity and airflow throughout controlled space.

5. The PIR technology shall utilize a temperature compensated, dual element sensor and a multi-element Fresnel lens. The lens shall be Poly IR4

material to offer superior performance in the infrared wavelengths and filter short wavelength IR, such as those emitted by the sun and other visible

light sources. The lens shall have grooves facing in to avoid dust and residue build up which affects IR reception.

6. Each sensing technology shall have an LED indicator that remains active at all times in order to verify detection within the area to be controlled.

The LED can be disabled for applications that require less sensor visibility.

7. Sensor shall be manufactured by an ISO 9002 certified manufacturing facility and shall have a defect rate of less than 1/3 of 1%. Sensors shall

have standard 5 year warranty and shall be UL and CUL listed.

8. Basis of Design: Wattstopper #DT-305. Substitutions permitted.
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16400-SECONDARY DISTRIBUTION EQUIPMENT

1.1 OVERCURRENT PROTECTION DEVICES:

a. Unless otherwise indicated, circuit breakers shall be provided as the over-current protection devices for services, separately derived systems,

feeders, and branch circuits. Fuses may be used only where indicated on the drawings, or required by the nameplate for equipment connected, or

specified herein.

b. Molded-case and insulated-case circuit breakers shall be the static or thermal-magnetic type, quick-make and quick-break for manual and

automatic operation. Multi-pole breakers shall be common trip. Circuit breakers shall be bolted in place where possible. Thermal-magnetic breakers

shall be calibrated at 40oC. or ambient compensated. Ampere ratings, frame sizes, and short circuit ratings shall be as indicated on the drawings.

Series ratings may be applied only where specifically indicated on the drawings. Individual enclosures shall be NEMA 1 indoors, 3R outdoors,

unless otherwise indicated. Other circuit breakers shall be suitable for installation in Panelboards as here-in-after specified.

c. Single-pole 15 and 20 amp circuit breakers shall be SWD rated.

d. Fuses shall be the non-renewable, time delay, cartridge type, UL Class RK5 unless otherwise indicated; for installation in Safety Switches.

1.2 SWITCHING EQUIPMENT:

a. Fusible switches shall be incorporated into Safety Switches, as hereinafter specified. Manual operation shall be quick-make and quick-break.

Fuse holders shall be the Class R rejection type unless otherwise indicated.

b. Safety Switches shall be the NEMA heavy duty type, horsepower rated, with interlocked covers, non-fusible except where fused switches are

indicated or fuses are required. Switch mechanisms shall be quick-make and quick-break. Enclosures shall be NEMA 1 indoors, NEMA 3R

outdoors unless otherwise indicated. Fuse holders, where required, shall be as specified above for fusible switches.

c. Switches for disconnecting small single-phase motors and appliances shall comply with SECTION 16150 WIRING DEVICES.

2.1 INSTALLATION:

a. Distribution Equipment shall be installed in strict accordance with the manufacturer's instructions for handling, support, connections, assembly,

protection, energization, adjustment, and similar procedures.

b. Fastening methods shall comply with SECTION 16100 BASIC MATERIALS AND METHODS.

c. Floor mounted equipment such as Transformers shall be provided with 4" high concrete pads and shall be secured to the concrete pad. Pads

shall have a 3/4 inch chamber on each accessible side.

d. Equipment interiors shall be thoroughly cleaned of dust, dirt, trash, and other foreign material prior to energization of the equipment.

e. Upon completion or the project, furnish to the Owner one complete set of replacement fuses, consisting of three fuses of each type and rating

used.

f. Directory cards for Panelboards shall be neatly filled-in with a typewriter to indicate the type and location of the load on each circuit or feeder.

16401 - SURGE PROTECTION DEVICE SYSTEM

1.1 SCOPE:

a. These specifications describe the electrical and mechanical requirements for a high energy Surge Protection Device System (SPD).  The

specified system shall provide effective high energy surge current diversion, sine wave tracking as required for electrical line noise filtering and be

suitable for application in ANSI/IEEE C62.41 Category A, B, and C environments, as tested by ANSI/IEEE C62.11, C62.45 and MIL_STD_220A.

The system shall be connected in parallel with the protected system; no series connected elements shall be used which limit load current or kVA

capability.

1.2 SYSTEM DESCRIPTION:

a. Operating Temperature range shall be _40 to +50 C (_40 to +122 F)

b. Operation shall be reliable in an environment with 0% to 95% non_condensing relative humidity.

c. The SPD maximum continuous operating voltage shall be greater than 115% of the nominal system operating voltage to ensure the ability of

the system to withstand temporary RMS overvoltage (swell) conditions.

d. Protection Modes

1. All Modes. L_N, L_L, L_G, (N_G where applicable)

Note:  L = Line, N = Neutral, G = Ground

e. The SPD shall have a minimum UL 1449 3rd Edition Nominal Discharge

Current Rating (In) of 10,000 Amps. When used in conjunction with a UL 96A certified Lightning Protection System the (In) rating shall be 20,000

Amps.

f. UL 1449 3rd Edition Listed, bearing the official UL 3rd Edition gold hologram label.

g. UL 1283 5th Edition Listed.

h. The Surge Protective Device (SPD) shall be a stand alone configuration.  Systems that must be integral to the switchgear will not be

considered.

i. All SPD systems shall be permanently connected, parallel designs.  Series suppression elements shall not be acceptable.

j. The SPD shall be marked with a Short Circuit Current Rating (SCCR) and shall not be installed at a point on the system where the available

fault current is in excess of that rating per the National Electric Code, Article 285, Section 6.

k. SPD designs that limit the 100% rated surge protection shall not be acceptable.

l. Hybrid design utilizing:

1. Thermally Protected Metal Oxide Varistors

2. Filter capacitors to suppress EMI/RFI electrical noise.

1.3 DOCUMENTATION:

a. Electrical and mechanical drawings shall be provided by the manufacturer which show unit dimensions, weights, component and connection

locations, mounting provisions, connection details and wiring diagram.

b. Documentation of specified system's UL 1449 3rd Edition Listing and voltage protection ratings of all protection modes shall be included as

required product data submittal information.

c. The manufacturer shall provide a full five year warranty from date of shipment against any part failure when installed in compliance with

manufacturer's written instructions, UL listing requirements, and any applicable national or local electrical codes.  Manufacturer shall make available

local field engineering service support.  Where direct factory employed service engineers are not locally available, travel time from the factory or

nearest dispatch center shall be stated.

2.1 NON-MODULAR SURGE PROTECTION FOR DISTRIBUTON, SUB-DISTRIBUTION AND BRANCH CIRCUIT PANELS (LOWER AMPACITY,

15A TO 800A, APPLICATIONS):

a. The SPD surge current ratings shall be based on the electrical system ampacity listed in the table below.

Electrical System

Ampacity @ SPD Install Point        Surge Protection (kA)

Per Mode Per Phase

400 - 800A 150 300

125 - 225A 100 200

15-100A 50 100

b. The SPD shall be rated for 480/277Vac 3 Phase, 4 Wire + Ground, Wye or 208/120Vac 3 Phase, 4 Wire + Ground, Wye, as required.

c. All non-modular units shall be factory wired using color coded #10AWG Rope Lay ultra-low resistance wire (with 413 strands/36AWG, seven

(7) groups of 59 strands each):  two feet (2') for each phase conductor and three feet (3') for Neutral and Ground conductors to be fed by 30 Amp

circuit breaker.

d. Voltage Protection Ratings:  The let-through voltage test results used to obtain the UL 1449 3rd Edition Voltage Performance

Ratings “VPR” (6kV, 3000 Amps, 8/20µs waveform) shall not exceed the UL assigned values listed below.

Voltage Protection Ratings (VPR)

6kV, 3000A, 8/20µs Waveform

Voltage Rating @ 208/120V

Line to Neutral 700V

Line to Ground 700V

Neutral to Ground 800V

Line to Line 1000V

3.1 INSTALLATION:

a. The installing contractor shall connect the SPD in parallel to the power source, keeping conductors as short and straight as practically possible.

The contractor shall twist the SPD input conductors together to reduce input conductor impedance.

b. A modular SPD shall be close nippled to the distribution panel and shall be supplied by a 60 Amp

circuit breaker.  (Where possible, a bottom feed modular SPD is preferred, close nippled to top of

distribution cabinet.)

c. A non-modular SPD shall be close nippled to the panelboard and shall be supplied by a 30 Amp

circuit breaker.

16420-PANELBOARDS

1.1 SUBMITTALS:

a. Submit for approval panelboard shop drawings which include as a minimum the following information:

1. Cabinet dimensions.

2. Mounting requirements.

3. Bussing arrangement.

4. Circuit breaker arrangement.

5. Accessories.

2.1 BRANCH CIRCUIT PANELBOARDS:

a. Equipment shall be built to NEMA Standard PB-1, UL Standards UL50 and UL67, and NEC requirements.

b. Panelboard backboxes shall be constructed of galvanized sheet steel and shall be securely fabricated with screws, bolts, rivets, or by welding.

Backboxes shall be a minimum 20" wide and 5-3/4" deep, unless noted otherwise, and heights shall not exceed 72" overall. Top or bottom gutter

space shall be increased 6" where feeder loops through panel.  End plates shall be supplied without knockouts.

c. Covers shall be constructed of high grade flat sheet steel with:

1. Door-in-door construction shall be provided. The inside hinge door shall allow access to device handles only. Door shall close flush with

cover and against a full inside trim stop. Hinges shall be inside type. The outer hinged door shall allow access to wiring gutter.

2.  A flush latch and tumbler type lock, so panel door may be held closed without being locked.  All such locks shall be keyed alike.

Furnish to the Owner two keys with each lock, or a total of 10 keys for the project.

3.  Four or more cover fasteners of a type which will permit mounting plumb on box.  Cover shall also have inside support studs to rest on

lower edge of backbox while being fastened.  For flush mounted panelboards, cover fastening hardware shall be concealed behind the hinged door.

d. Panelboard phase and neutral bus buswork shall be of copper.  A copper ground bus shall be provided in each panel.

e. Minimum short circuit rating of any panelboard assembly shall be 10,000A.  Furnish panelboards with higher rating where so noted or where

evidently intended by specification of circuit breakers with higher interrupting capacity.

f. Ampacity of mains shall be equal to, or greater than, the ampacity of the feeder unless otherwise indicated.

g. Where drawings schedules indicate spaces for addition of future circuit breakers, furnish all necessary buswork, strap, brackets, hardware, and

removable blank covers.

h. Breakers in panelboards shall be physically arranged in locations shown in panel schedules on the drawings where possible.  They shall be

connected to the phases as shown.

i. Unless otherwise indicated and where available for the panelboard type specified, circuit breakers shall be of the bolt-on type.

2.2 DISTRIBUTION PANELBOARDS

a. Panelboards required to have two or more subfeed breakers rated 100 amperes or greater shall be Distribution Type.

b. Description:  NEMA PB 1, circuit breaker type.

c. Panelboard Bus:  Copper.  One continuous fully rated bus bar per phase with ratings as indicated.  Provide copper ground bus and aluminum

neutral in each panelboard equipped with lugs to accommodate all conductors to be connected. Unless otherwise noted, neutral bus shall be sized

100% of phase bus rating and the ground bus shall be sized a minimum of 25% of the phase bus rating. Where more than one ground bar is

furnished, each ground bar will be interconnected with a conductor sized not less than the panelboard feeder ground conductor.  Ground bar shall

be bonded to enclosure.

d. Interior trim shall be dead front construction.  Main lugs shall be mounted in the mains compartment.

e. Main circuit breaker and main lug interiors shall be field convertible for top or bottom incoming feed.

f. Enclosure:  NEMA PB 1, Type 1 unless otherwise indicated on drawings. In compliance with UL 50.

1. Panelboard backbox shall be constructed without pre-punched knockouts.

2. Cabinet front shall be a four piece surface trim for surface mount standard. Where specifically indicated on the drawings, either a single

hinged door or door-in-door construction shall be provided. For door-in-door construction, the inner hinged door shall allow access to the device

handles only and the outer hinged door shall allow access to wiring gutter.

3. Enclosure and front shall be either galvanized steel or stainless steel and shall be finished in manufacturer's standard gray enamel.

4. The enclosure shall be minimum 26 inches wide.

g. Minimum fully rated short circuit rating: RMS symmetrical amperage shall be minimum 22,000 amperes unless otherwise indicated on

drawings.

h. Molded Case Circuit Breakers:  NEMA AB 1, UL 489 listed circuit breakers.

16500-LIGHTING FIXTURES AND ACCESSORIES

PART 1:  GENERAL

1.1 SCOPE:

a. The Contractor shall furnish and completely install Lighting Fixtures and Accessories as indicated on the drawings and as herein specified.

b. All fixtures shall be equipped with lamps.

c. A lighting fixture shall be provided for each lighting outlet indicated.  Outlets lacking fixture designations shall be brought to the attention of the

Architect/Engineer before submitting proposal; otherwise units selected by the Architect/Engineer shall be furnished and installed at no additional

charge.

1.2 SUBMITTALS:

a. Submit for approval complete manufacturer's data sheets for all fixtures. Indicate all components, characteristics, and options.

b. Submit for approval manufacturer's data sheets for all lamps to be furnished.

c. Submit for approval Lighting Fixture samples as requested by the Architect/Engineer. Samples shall be equipped with lamps, cords, plugs, and

ballasts for 120 volt operation.

PART 2:  PRODUCTS

2.1 LIGHTING FIXTURES:

a. All fixtures shall be labeled by Underwriters' Laboratories, Inc.

b. Fixture designations on the drawings generally consist of a letter indicating the fixture type. Fixture types are identified in the Lighting Fixture

Schedule or Symbol Schedule, however, the Schedule does not necessarily list all accessories and hardware necessary for the complete

installation, nor does it detail the construction to be encountered at the fixture locations. It is the Contractor's responsibility to properly determine

and provide correct components, accessories, and hardware required for the installation.

c. Pendant Fixtures shall be equipped with swivel hangers; twin stem for individual fluorescent fixtures and single stem for continuous row

fluorescent fixtures, spaced according to the manufacturer's recommendations but not less than one per fixture unit plus one per row.

d. Recessed fixtures in plaster and gypsum board ceilings shall be equipped with plaster frames. In other ceilings they shall be equipped with

plaster frames and/or other devices as approved by the Architect/Engineer, to facilitate removal of fixture and access to the concealed junction box.

e. Plastic materials indicated to be "acrylic" shall be of 100% virgin methyl methacrylate produced by Rohm and Haas, Dupont, or Cyanamid.

f. Eight-foot chassis with lamps in tandem may be used in lieu of four-foot fluorescent units in continuous rows, except where recessed into

ceiling construction which incorporates exposed support members at four-foot intervals.

2.2 LED DRIVES

a. General.

1. Ten-year operational life while operating at maximum case temperature and 90 percent non-condensing relative humidity.

2. Designed and tested to withstand electrostatic discharges up to 15,000 V without impairment per IEC801-2.

3. Electrolytic capacitors to operate at least 20 degrees C below the capacitor's maximum temperature rating when the driver is under

fully-loaded conditions and under maximum case temperature.

4. Maximum inrush current of 2 amperes for 120V and 277V drives.

5. Withstand up to a 4,000 volt surge without impairment of performance as defined by ANSI C62.41 Category A.

6. Manufactured in a facility that employ ESD reduction practices in compliance with ANSI/ESD S20.20.

7. Class A Sound Rating - Inaudible in a 27 dBA ambient.

8. No visible change in light output with a variation of plus/minus 10 percent line voltage input.

9. Total Harmonic Distortion less than 20 percent and meet ANSI C82.11 maximum allowable THD requirements.

10. Drives to track evenly across:

(a) Multiple fixtures.

(b) All light levels.

11. Constant current drives must provide models to:

(a) Support from 200mA to 2.1 Amps (in 10mA steps) to ensure a compatible driver exists.

(b) Support LED arrays up to 40W or 50W (710mA to 1.05A in 10mA steps).

12. Constant voltage drives must provide models to:

(a) Support from 10V to 40V (in 0.5V steps) to ensure a compatible driver exists.

(b) Support LED arrays up to 40W.

13. Configuration tool must be available to optimize the following for LED fixtures:

(a) Light level.

(b) Efficacy.

(c) Thermal performance.

14. Driver must be capable of operating from a supply voltage of 120 through 277VAC at 60Hz for digitally addressable and 3-wire models.

b. 3-Wire Control.

1. Continuous dimming from 100 percent to 1 percent relative light output.

2. Provide integral fault protection to prevent driver failure in the event of an input mis-wire.

d. Forward Phase Control (Neutral Wire Required).

1. Continuous dimming from 100 percent to 1 percent relative light output.

2.3 LED 0-10V DIMMING DRIVERS:

a. Physical Characteristics.

1. LED Driver shall be installed inside an electrical enclosure.

2. Wiring inside electrical enclosure shall comply with 600V/105°C rating or higher.

b. Performance.

1. LED Driver is certified by UL Class 2 for use in a dry or damp location.

2. Led Driver has Class A sound rating.

3. LED Driver has a minimum operating ambient temperature of -40°C.

4. LED Driver has a life expectancy of 50,000 hours at Tcase of ≤70°C.

5. LED Driver has a lilfe expectancy of 100,000 hours at Tcase of ≤62°C.

6. LED Driver has a maximum self rise of 25°C in open air without heat sink.

7. LED Driver maximum allowable case temperature is 75°C - see product label for measurement location.

8. LED Driver reduces output power to LEDs if maximum allowable case temperature is exceeded.

9. LED Driver has a failure rat ≤ 0.01% per 1,000 hours at Tcase≤ 70°C.

10. LED Driver has a failure rate of 0.01% - 0.02% per 1,000 hours at Tcase of 70°C - 80°C.

11. LED Driver tolerates sustained open circuit and short circuit output conditions without damage.

12. LED Driver complies with FCC rules and regulations, as per Title 47 CFR Part 15 Non-Consumer (Class A).

c. UL Conditions of Acceptability

1. The maximum available output parameters of the driver met the Class 2 Inherently limited parameters.

2. The Driver is suitable for use in “Dry” and “Damp” locations.

3. When the driver is installed in the end-use application, the measured case temperature at the (Tc) location specified on the marking label

must not exceed 77.6°C.

4. The driver shall be installed in compliance with the requirements of the end-product standard.

5. The case of the driver must be connected to Earth ground when installed in the end-use application.

2.4 EMERGENCY EXIT LUMINARE:

a. It shall be completely self-contained, provided with maintenance-free battery, automatic charger, and other features. Luminaire must be

third-party listed as emergency lighting equipment, and meet or exceed the following standards; NEC, N.C. Building Code, Volume X Energy Code,

NFPA-101, and NEMA Standards.

b. Battery shall be sealed, maintenance-free type, with minimum of 90 minutes operating endurance. Battery shall have a normal life expectancy

of 10 years. Batteries shall be high temperature type with an operating range of 0 degree C to 60 degrees C and contain a re-sealable pressure

vent, a sintered + positive terminal and - negative terminal.

c. Charger shall be full automatic solid state type, full wave rectifying, with current limiting. Charger shall restore the battery to its full charge within

24 hours after a discharge of 90 minutes under full rated load. The unit shall be activated with the voltage drops below 80 percent. A low voltage

disconnect switch shall be included if LEAD Battery is used, to disconnect the battery from the load and prevent damage from a deep discharge

during extended power outage.

d. Pilot light shall indicate the unit is connected to AC power. The battery shall have high rate charge pilot light, unless self-diagnostic type. Tests

switch shall simulate the operation of the unit upon loss of A.C. power by energizing the lamps from the battery. This simulation must also exercise

the transfer relay.

e. The entire unit shall be warranted for three years. The battery must have an additional two more years' pro-rated warranty. Warranty shall start

from the date of project final acceptance. Warranty shall be included in the contract document.

f. The use of LED is required due to their reliable performance, low power consumption, and limited maintenance requirements. Maximum LED

failure rate shall be 25% within a seven (7) year period; otherwise, if exceeded, manufacturer shall replace the complete unit at no charge to the

owner.

g. Contractor shall perform a test on each unit after it is permanently installed and charged for a minimum of 24 hours. Battery shall be tested for

90 minutes. The battery test shall be done 10 days prior to final inspection. Any unit which fails the test must be repaired or replaced, and tested

again. The test shall demonstrate that the batteries conform to the requirements of NEC 700.12 (F).

2.5 EMERGENCY EGRESS LUMINARE:

a. Shall be completely self-contained, provided with maintenance-free 12 volt battery, automatic charger, two lamps, and other features.

Luminaire shall be third-party listed as emergency lighting equipment, and meet or exceed the following standards: NEC, N.C. Building Code,

Volume X Energy Code, NFPA-101, and NEMA Standards.

b. Pilot light shall indicate the unit is connected to A.C. power. The battery shall have high rate charge pilot light, unless self-diagnostic type. A

test switch shall simulate the operation of the unit upon loss of A.C. power by energizing the lamps from the battery. This simulation must also

exercise the transfer relay. If fluorescent emergency unit is used, an LED charging indicator light must be easily visible after installation and a

remote test switch shall be installed adjacent to the fixture.

c. Battery shall be sealed, maintenance free type, with minimum of 90 minutes operating endurance. Battery shall have a normal life expectancy

of 10 years. Batteries shall be a high temperature type with an operating range of 0 degree C to 60 degrees C and contain a resealable pressure

vent, a sintered + positive terminal and - negative terminal.

d. Charges shall be fully automatic solid state type, full wave rectifying, with current limiting. Charger shall restore the battery to its full charge

within 24 hours after a discharge of 90 minutes under full rated load. The unit shall be activated when the voltage drops below 80%. A low voltage

disconnect switch shall be included if LEAD battery is used, to disconnect the battery from the load and prevent damage from a deep discharge

during extended power outage.

e. The entire unit shall be warranted for three years. The battery must have an additional two more years' pro-rated warranty. Warranty shall start

from the date of project final acceptance. Warranty shall be included in the contract document.

f. Contractor shall perform a test on each unit after it is permanently installed and charged for a minimum of 24 hours. Battery shall be tested for

90 minutes. The battery test shall be done 10 days prior to final inspection. Any unit which fails the test must be repaired or replaced, and tested

again. The test shall demonstrate that the batteries conform to the requirements of NEC 700.12 (F).

PART 3:  EXECUTION

3.1 COORDINATION:

a. Contractor shall verify ceiling or wall type in or on which each fixture is to be mounted, and shall furnish unit with appropriate trim type,

mounting hardware, and accessories to fit the construction; and feed through junction boxes as required to maintain proper access to system

wiring.

3.2 INSTALLATION:

a. Lighting fixtures shall be installed in accordance with the manufacturer's instructions.

b. Lighting fixtures shall be supported from the building structure using corrosion resistant steel hardware in compliance with Section 26 10 00,

Basic Materials and Methods.

c. A minimum of two No. 12 gauge wire supports attached to the structure shall be provided for each lighting fixture unless otherwise indicated or

approved by the Architect/Engineer. The supports shall be located at diagonal corners of rectangular fixtures and

angled away from fixture. A minimum of three full twists shall be made at each end to secure wire.

d. In addition to the supports from the structure, fixtures shall also be secured to suspended ceilings on which they are

mounted, or in which they are recessed. Where fixtures are secured to suspended ceilings, the primary supports from the building structure shall be

slack.

e. Where installed recessed in grid type ceilings, the fixtures shall be attached to the main runners of the suspended ceiling at all four corners

using sheet metal screws.

f. Mount fixtures plumb and square. Keep rows in perfect line.

g. At time of project completion, fixtures and lamps shall be clean and fully operational.

260500 - COMMON WORK RESULTS FOR ELECTRICAL

Part 1 - GENERAL

1.01 DESCRIPTION

A. Furnish of all labor, materials and services necessary for complete installation, testing, and adjusting of electrical lighting, power, and

signal systems as specified and indicated.

B. Connections and Services:  Provide, procure and pay for all permits, licenses, and fees required to complete work.  Check and

coordinate with the local utility companies.  Pay all reimbursements for work performed by local utility companies.

1.02 RELATED DOCUMENTS

A. Refer to other sections of these specifications for related work, which is not work of this section.

B. Related sections:

1. Section 260503 - Basic Electrical Materials and Methods.

2. Section 265000 - Lighting / Electrical Work.

1.03 CODES

A. Work herein shall conform to all applicable laws, ordinances, and to regulations of the local utility companies.  Work shall be in

accordance with the latest applicable requirements of:

1. National Fire Protection Association (Fire Code)

2. National Electrical Code - 2011

3. Underwriter's Laboratories, Inc.

1.04 QUALITY ASSURANCE

A. Use adequate numbers of skilled workmen who are thoroughly trained and experienced in the necessary crafts and who are completely

familiar with the specified requirements and the methods needed for proper performance of the work of this Section.

B. Provide only materials that are new, and of the type and quality specified. Where Underwriters' Laboratories, Inc. have established

standards for such materials, provide only materials bearing the UL label.

1.05 SUBMITTALS

A. Submittals shall identify all items and all technical data shall be included. All submittals shall be submitted at one time.

B. Submittals are required for the following:

1. Lighting Fixtures, Lamps and Ballasts

2. Wiring Devices

3. Meter Sockets

4. Branch Circuit Panel

5. Safety Switches

6. Smoke Detectors

7. Occupancy Sensors, Time Switch and Photo-Electric Control

1.06 HANDLING OF MATERIALS

A. Properly handle, house and protect, from damage and the weather, all materials, equipment and apparatus furnished under this section

of the specifications.

1.07 EXAMINATION OF SITE

A. Where exact locations are required for conduit entries, request shop drawings, equipment location drawings, foundation drawings, and

any other data required to locate the concealed conduit before the foundation is poured.

1.08 COORDINATION OF THE WORK

A. Examine architectural drawings for location of suitable openings and chases for the passage of equipment to be installed under this

section.

1.09 ELECTRICAL COORDINATION

A. Coordinate with all other trades to avoid interferences and conditions which will not allow the installation of equipment, piping, fixtures,

etc., as indicated.

B. Provide power wiring, conduit and connections to all electrically operated equipment and provide disconnecting means, unless

specifically indicated otherwise, or furnished as part of factory packaged equipment.

C. Ensure that motors and equipment have proper voltage to operate on this system and that each motor has thermal overload protection,

properly sized to nameplate data.

D. Verify exact equipment locations with architectural and mechanical drawings.

1.10 ACCESS TO ELECTRICAL WORK

A. Provide access panels for concealed junction boxes, ballasts, disconnect switches, or other electrical devices where concealed, or in

areas not otherwise accessible.

1.11 SYMBOLS

A. Symbols for outlets and equipment are scheduled on the plans. Some symbols may not be used, others may not be scheduled.

1.12 ELECTRICAL IDENTIFICATION

A. Provide typewritten directory in branch circuit panel. Directory shall be in two columns with odd on left and even on right, to match

numbers on breakers.

1.13 EXCAVATION

A. Provide excavation, backfill and compaction in conformance with other divisions of the specification.

1.14 BASIS FOR WIRING DESIGN

A. The drawings and specifications describe specific sizes of switches, breakers, fuses, conduits, conductors and other electrical equipment.

These sizes are based on specific items of power-consuming equipment, i.e., heaters, lights, motors for fans, compressors, pumps, etc.

Whenever power-consuming equipment differs from the drawings and specifications, electrical equipment for such installation shall be

changed to proper sizes to match.

PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION (NOT USED)
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