16.3
ELECTRICAL INSTALLATION
16.3.1
Conduit
16.3.1.1
General


Conduit installation shall be in accordance with the National Electrical Code.  Exposed conduit shall be run parallel or perpendicular to walls or structural members.  Conduit shall clear potentially hot piping (e.g. steam, water) by a minimum of eight inches.  Changes in direction of parallel conduit runs shall be made with symmetrical bends or conduit fittings.  Field fabricated bends shall be free from indentations or elliptical sections and shall be made with an approved hickey or bending machine.  The radius of bends shall not be less than that specified in the National Electrical Code.

16.3.1.2
Conduit Support


Conduit shall be secured to walls or structures using conduit clamps, brackets, strap hangers, or trapezes as required.  Fasteners shall be toggle bolts in hollow masonry, expansion bolts in concrete or brick, and beam clamps on steel work.
16.3.1.3
Connections


All outdoor conduit runs shall have drain fittings at all low points of the conduit system.  All conduit cuts shall be square and shall be reamed after cutting.  Appropriate dies shall be used to produce a clean, even thread.  All connections shall be pipe wrench tight to insure electrical continuity.  All aluminum/aluminum or aluminum/steel joints shall be coated with an oxide inhibiting compound such as Burndy Penetrox 'A' prior to assembly.  Expansion joints shall be installed every 150 feet in all straight outdoor runs and where shown on the project drawings.  Where the conduit crosses a building expansion joint, expansion joints shall be equipped with bonding straps to insure ground continuity.  

16.3.1.4
Conduit Termination


Conduit runs shall be terminated in threaded fittings or with locknuts and bushings.  The conduit installation shall be electrically continuous from origin to termination.  Grounding bushings and bonding jumpers shall be used to insure ground continuity through non-conductive hardware.  Flexible conduit shall be used when making connections to any vibrating source.  Connections to motors, pressure switches, solenoid valves, limit switches, and other field mounted control devices shall be made with flexible conduit.  No flexible conduit run shall exceed three feet in length except where shown on the project drawings.

16.3.1.5
Underground Conduit


Underground conduit shall be non-metallic rigid conduit, schedule 40 PVC, unless otherwise noted.  All conduit under roadways shall be protected by reinforced concrete or installed through a rigid galvanized steel encasement.  All underground conduit containing conductors with a voltage greater than 600 V shall be encased in concrete with the top two inches (minimum) of the concrete encasement dyed red.

16.3.2
Equipment Location
16.3.2.1
Boxes


All boxes shall be located in convenient and accessible locations for ease of maintenance and inspection.  All boxes shall be properly supported and set true and plumb.  The securing method shall be appropriate for the box being mounted.  Conduit shall be fastened to sheet metal boxes with two bonding type locknuts and an insulated metallic bushing.  Bushings shall be installed on the ends of all conduit.

16.3.2.2
Mounting Heights


Nominal mounting heights from finished floor to electrical equipment shall be as follows, unless otherwise indicated on the project drawings:



Shop area convenience receptacles
42" - centerline



Office area convenience receptacles
18" - centerline



Light switches
52" - centerline



Circuit breaker enclosures
66" - top



Power and lighting panels
66" - top



Safety switches
66" - top



Power or welding receptacles
42" - centerline



Combination motor starters 
66" - top



Pushbutton stations
52" - centerline

16.3.3
Wire and Cable
16.3.3.1
Wire and Cable Installation


Wire or cable shall not be pulled through conduit until that section of the conduit system is complete and inner surfaces are clean and dry. Conductors may be coated with a non-flammable lubricant specifically manufactured to facilitate pulling wire into conduit.  Conductors may not be coated with any substance which may cause damage to the conductor insulation or jacket.  Fish tape shall be nylon jacketed with a protected end to prevent damage to the conduit interior.

16.3.3.2
Low Voltage Splices and Taps

16.3.3.2.1
General

Branch taps and splices for circuits 600 V or less shall be properly taped so as to be watertight and insulated to a dielectric value equal to that of the original insulation.  Splicing tape shall be Scotch 33+ vinyl plastic by 3M Electrical Products.  In cases that there is a possibility of moisture exposure to the splice, heat shrink waterproof insulation shall be used. Splices and taps with conductors No. 8 AWG and larger shall be made with either bolted or compression type connectors equivalent to Burndy Servits or Hylinks.  Soldered splices or taps will not be permitted.  Splices and taps with conductors No. 10 AWG and smaller shall be made with crimp-on solderless connectors.  The proper tool for the connector shall be used.

16.3.3.2.2
Restrictions

All lighting and receptacle wires in conduit shall be continuous from outlet to outlet, and splices shall be made only in outlet, junction, or terminal boxes. Terminations and splices shall be made only in control cabinets or at accessible junction boxes.  Splicing shall not be permitted in instrumentation cable, power feeders, or control wiring.

16.3.4
Color Coding
16.3.4.1
Power Circuits


The following color coding scheme shall be employed for power circuits:


Circuit Voltage & Type
Conductor Colors

120 V, 2 wire, single phase
Grounded neutral-white



Hot leg-black


208Y/120 V, 3 phase, 4 wire
Grounded neutral-white



One hot leg-black



One hot leg-red 



One hot leg-blue


480/277 V, 3 phase, 4 wire
Grounded neutral-white



One hot leg-brown



One hot leg-orange



One hot leg-yellow


480 V delta, 3 phase, 3 wire
One hot leg-brown



One hot leg-orange



One hot leg-yellow


All systems
Equipment ground-green,



Green w/ yellow tracer, or bare


Coding with colored tape wrapped at both ends of the cable or wire is acceptable, except for ground and neutral wires smaller than #6 AWG.

16.3.4.2
Control Circuits


The following color coding shall be employed for control circuits.


Circuit Voltage
Conductor Colors

120 VAC
Hot leg - black



Neutral - white



Ground - green



Switched leg - any color



(except white, green or black)
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