

(736LED, 12/10/19)

SECTION 736	HIGHWAY AND SIGN LIGHTING: the title and text of the Standard Specifications is revised to read:

SECTION 736	HIGHWAY LIGHTING: 

736‑1			Description:

The work under this section shall consist of furnishing and installing or modifying highway lighting systems at the locations shown on the project plans and in accordance with the details shown on the plans and the requirements of these specifications.

The work as described above shall include furnishing and installing all materials and equipment designated on the project plans necessary for the installation of future systems.

736‑2			Materials:

736-2.01		Highway Lighting Materials:

Highway lighting materials shall be Light Emitting Diode (LED), conforming to the requirements of this section and be of the type and size specified. The LED shall have a nominal Correlated Color Temperature (CCT) equal to 3,000 degrees K ± 300 degrees K, or as specified in the project plans.

LED luminaires shall be listed by a National Recognized Laboratory (NTRL) as defined by US Department of Labor. The testing laboratory must be listed by OSHA in its scope of recognition for the applicable tests being conducted as required by this specification. A list of recognized testing labs for products sold in the United States may be found on the US Department of Labor website at http://www.osha.gov.

(A) Requirements:

Each luminaire shall be furnished with an instruction sheet which clearly shows installation procedures and instructions for adjusting the luminaire. Each luminaire should meet the following requirements:

(1) Listed by NTRL as being in compliance with Underwriters Laboratories (UL) 1598 and suitable for use in wet locations.

(2) Shall have an International Electro-Technical Commission (IEC) 529 Ingress Protection (IP) 65 or greater for the optical assemblies of the luminaire.

(3) Comply with Electro Magnetic Interference (EMI) requirements as defined by FCC47 Sub Part 15; CISPR15, CISPR22 Class A (120 volt minimum), EN61000-3-2, -3-3, -4-4, -4-5.

(4) Shall be tested according to the most current version of Illuminating Engineering Society of North America (IENSA) LM-79

(5) Shall have lumen maintenance measured in accordance with the most current version of IESNA LM-80

(6) Shall have long term lumen maintenance documented according to most current version of IESNA TM-21

(7) Shall have LM-79, LM-80 and in-situ temperature testing conducted by US Department of Energy Lighting Facts Program LED Lighting Facts approved testing laboratories

(B) Luminaire Housing

The luminaire housing shall be made of cast aluminum grade A383, A380 or A360, and painted to increase corrosion resistance; the color of the paint shall be gray unless specified otherwise. The luminaire housing shall serve as a passive heatsink for the LED array; no fans shall be allowed. All cast aluminum parts shall be subjected to the following tests:

(1) 1000 hours salt spray fog exposure in accordance with ASTM B117; and

(2) Corrosion Resistance Performance test in accordance with ASTM D1654.

The luminaire housing shall be compliant with American National Standard (ANSI) IEEE C136.31, Table 2 Roadway Lighting Equipment -Luminaire Vibration for both normal applications and bridge and overpass applications. Luminaire housing shall be rated IP65 per ANSI C136.37.

The luminaire housing shall be designed to allow water shedding. A passive cooling method shall be employed to manage thermal output of LED light engine and power supply. The luminaire housing shall have a label that states operating voltage, wattage and current range.  The label must be clearly visible on the inside of the housing.

The luminaire housing shall have a National Electrical Manufacturers Association (NEMA) standard decal with black lettering identifying wattage and light type compliant with ANSI C136.15-2015.

Each luminaire shall be furnished with an instruction sheet which clearly shows installation procedures and instructions for proper luminaire aiming adjustments and maintenance instructions. 



(C) Electrical Requirements

The luminaire shall fully operate in a temperature range -40 degrees C to 40 degrees C (-40 degrees F to 104 degrees F).

The LED engine which is composed of LED modules, optical system, electronic driver and heatsink shall have a minimum expected life of 100,000 hours at 25 degrees C and 70 percent of initial lumen output (L70) as calculated according to TM21-11

The luminaire shall have an integral dimming electronic driver that will operate for the following voltage ranges, as specified in the project plans:

(1) 120 to 240 VAC (rms) ± 10 percent at 60 hertz or the voltage option of 480 VAC (rms) ± 10 percent at 60 hertz, as specified in the project plans.

(2) The electronic driver shall have the following:

(a) A power factor of .90 or greater at full load.

(b) A total harmonic distortion of 20 percent or less at full load. ANSI C82.77, Harmonic Emission Limits.

(c) Thermal overload protection.

(d) 10 kA overload/overcurrent protection.

(e) A shielded and replaceable 20 kV surge protective device, compliant with ANSI C62.41 Category C.

(f) NRTL certified dimming driver that is terminated with quick disconnect wire harnesses. Wire nut termination is not acceptable.

(D) LED Performance Requirements:

The luminaire shall have a minimum luminaire efficacy of 115 lumens/watt at 3,000 degrees K CCT. The luminaire shall meet the chromaticity requirements as follows:

(1) The colors shall conform to the following color regions based on the 1931 CIE chromaticity diagram.

(2) The luminaire shall have a minimum Color Rendering Index (CRI) of 70. Chromaticity as stated above must be confirmed by an Independent test lab or shown on the LM 79 test report.

(E) Optical Requirements:

The luminaire shall have a completely sealed optical system with an IEC IP rating of 65 or better.

The luminaire shall have a light distribution pattern at the road surface that has an evenly dispersed appearance.

The luminaire shall not have a perceptible light level flicker to the unaided eye over the voltage range as specified in the Electrical Requirements.

(F) Warranty:

The entire LED unit including auxiliary equipment shall have a factory warranty of five years against defects in workmanship or materials. The warranty shall cover repair or complete replacement.

(G) Light Level Calculations:

The light level calculations shall be performed in accordance with current adopted Roadway Lighting Design Guide by the Department or latest IES RP-8, and must be documented through lighting design software using the Light Loss Factor (LLF) equation below: 



Where:

LLD (Lamp Lumen Depreciation Factor) = the specified percentage of LED lumen maintenance at 70,000 hours at 25 degrees C (77 degrees F) from the TM-21 Report 

LDD (Luminaire Dirt Depreciation) = 0.90

LATF = LED Ambient Temperature Factor


The LLD and LATF factors shall correspond to 40 degrees C. The TM-21 Report must show the drive current used for the submitted luminaire.

Product submittal shall be accompanied by IESNA TM-21 compliant test reports from a CALiPER qualified or NVLAP accredited testing laboratory for the specific model being submitted.

736-2.02		Horizontally Mounted LED Luminaries:

Horizontally mounted LED luminaries shall meet the requirements of Subsection 2.01 and as specified herein. The luminaries shall be LED type 15L, 25L, or 40L as specified. Products listed on the Approved Products List (APL) are available on the internet from the ADOT Research Center through its Product Evaluation Program. Luminaries not currently on the APL may be considered, but must be submitted to and reviewed by the Engineer prior to approval for use on the project. The contractor shall allow sufficient time for review and approval.

Based on Type V optical distribution and CCT of 3,000 degrees K:

Type 15L is intended to define an LED fixture with lumen output equal or greater than 13000 lumens but less than type 25L.

Type 25L is intended to define an LED fixture with lumen output equal or greater than 21000 lumens but less than type 40L

Type 40L is intended to define an LED fixture with lumen output equal or greater than 29000 lumen.

(A) Luminaire Housing:

The luminaire housing shall have a slip fitter type mounting on nominal 1½ inch (1⅔ inch outside diameter) to 2 inch (2⅜ inch outside diameter) by minimum 4 inch pipe (Tenon); provided with stainless or zinc plated clamps fixed by four 2 inch by ⅜ inch  zinc plated hexagonal bolts with spring washers. The housing shall include integral bubble level indicator and enable luminaire tilt adjustment of ± 5 degrees in 2.5 degree increments.

The luminaire housing shall allow tool less entry with a hinged, removable door that opens downward to allow access to electronic components and terminal block. The door shall be secured to prevent accidental opening or dropping. 

The maximum weights for each type when fully assembled shall be as follows:

Type 15L shall not weigh more than 30 pounds;

Type 25L shall not weigh more than 40 pounds;

Type 40L shall not weigh more than 45 pounds.

The luminaire housing shall have an Effective Projected Area (EPA) of no more than 1.5 square feet (when viewed from either side or either end).

The luminaire housing shall be equipped with a seven-pin photo-electric control receptacle (PECR) conforming to ANSI Standard C136.10, and shall be provided with a shorting cap. 

(B) Electrical Requirements:

The terminal block shall be 3-station, tunnel lug terminal board that will accommodate American Wire Gauge (AWG) #6 thru #12

(C) Optical Requirements:

The luminaire shall have an IESNA Backlight, Up light and Glare (BUG) rating as follows:

(1) Backlight rating shall not exceed 3.

(2) Up light rating shall not exceed 0.

(3) Glare rating shall not exceed:

(a) 3 for Type 15L and 25L

(b) 4 for Type 40L

736-2.03		High Mast LED Luminaries:

High mast LED luminaries shall meet the requirements of Subsection 2.01 and as specified herein. The luminaries shall be LED, specifically engineered and designed by the manufacturer for high mast lighting applications.

Luminaries must be submitted to and reviewed by the Engineer prior to approval for use on the project. The contractor shall allow sufficient time for review and approval. 

(A) Luminaire Housing:

The luminaire housing shall have a slip fitter type mounting on nominal 1½ inch (1⅔ inch outside diameter) to 2 inch (2⅜ inch outside diameter) by minimum 4 inch pipe (Tenon); provided with stainless or zinc plated clamps fixed by four 2 inch by ⅜ inch zinc plated hexagonal bolts with spring washers. The housing shall include integral bubble level indicator and enable luminaire tilt adjustment of ± 5 degrees in 2.5 degrees increments.

The luminaire housing shall have a hinged, removable door.

The maximum weight for the high mast fixture when fully assembled shall not exceed 60 pounds.

The luminaire housing shall have an EPA of no more than 2.1 square feet (when viewed from either side or either end).

The luminaire housing shall be equipped with a seven-pin PECR conforming to ANSI Standard C136.10, and shall be provided with a shorting cap.

(B) Electrical Requirements:

The terminal block shall be 3-station, tunnel lug terminal board that will accommodate AWG #6 thru #12


(C) Optical Requirements:

The luminaire shall have an IESNA Up light rating of zero.

The luminaire shall have a rotatable optics assembly to enable proper light distribution alignment.

Optional 90 degree, 120 degree, and 180 degree shields shall be available for the luminaire upon request.

736-2.04		Vertically Mounted LED Luminaries:

Vertically mounted LED luminaries shall meet the requirements of Subsection 2.01 and as specified herein. Vertically mounted luminaire shall be a pole-top-type fixture and shall be mounted with a vertical slip fitter, designed to illuminate roadways from offsets of up to 50 feet.

(A) Luminaire Housing:

The luminaire housing shall have a hinged, removable door.

The maximum weight for the high mast fixture when fully assembled shall not exceed 55 pounds.

The luminaire housing shall have a maximum EPA of no more than 3.5 square feet when tilted 45 degrees.

The luminaire housing shall be equipped with a seven-pin PECR conforming to ANSI Standard C136.10, and shall be provided with a shorting cap.

(B) Mounting:

The luminaire housing shall have a slip fitter mounting on nominal 1½ inch (1⅔ inch outside diameter) to 2½ inch (2⅞ inch outside diameter) by 5 inch pipe (Tenon); provided with stainless or zinc plated clamps fixed by four 2 inch by ⅜ inch zinc plated hexagonal bolts with spring washers.

The slip fitter mounting shall be equipped with a swivel joint support that enables tilting the fixture from 0 degrees to 45 degrees supplied with tilt angle indicator to enable correct aiming.

(C) Electrical Requirements:

The terminal block shall be 3-station, tunnel lug terminal board that will accommodate AWG #6 thru #12

(D) Optical Requirements:

At horizontal position, 0 degree tilt angle, the luminaire shall have zero up light. 
Optional shields shall be available for the luminaire upon request; the shields shall be mountable to sides, front and back of the fixture.

736-2.05		Underdeck Diode LED Luminaries:

Underdeck diode LED luminaries shall meet the requirements of Subsection 2.01 and as specified herein. The luminaries shall be LED, specifically engineered and designed by the manufacturer for ceiling or wall mount type applications for underdeck lighting that is purposed to operate during dark hours. Luminaries shall be submitted to and reviewed by the Engineer prior to approval for use on the project. The contractor shall allow sufficient time for review and approval.

(A) Luminaire Housing:

The luminaire housing shall have glass lens and hinged, removable door that opens downward to allow access to electronic components and terminal block. The door shall be secured to prevent accidental opening or dropping. 

The underdeck luminaire housing shall be painted bronze or dark bronze. 

Maximum luminaire weight shall not exceed 50 pounds.

(B) Mounting:

The luminaire housing shall be designed to mount directly on a wall or ceiling for surface wiring or over a recessed outlet box for embedded wiring. All mounting hardware shall be made from corrosion resistant material. Grommets shall be installed for all cable entry holes. 

(C) Electrical Requirements:

The terminal block shall be 3-station, tunnel lug terminal board that will accommodate AWG #6 thru #12

736-2.06	Lighting Controls

(A) Photo Electric Controls

The photo electric controls, hereinafter referred to as PEC, shall comply with the electrical requirements specified in the standard drawings.

The nominal dimensions shall be as shown on the standard drawings.  The operating temperature range shall be from -40 to +158 degrees F with zero to 100 percent relative humidity.  A time delay shall be incorporated into the circuit to prevent the lights from being turned off at night by transient lights which might be focused on the control.  The PEC shall be a conventional glass faced, hermetically sealed cell.

A switch to permit manual operation of the lighting circuit shall be provided for each PEC.

The PEC shall work in conjunction with an external auxiliary load relay for handling the required lighting loads unless specified otherwise.

The PEC shall have a built‑in lightning arrester and inrush current protection.  The encapsulated surge protector shall have a spark‑over value of two kilovolts and shall interrupt up to 10 kiloamperes of follow‑through current without affecting the operating characteristics.

	Voltage Rating 			120 to 277 volts AC, 60 hertz
	Load Rating: 			8 A LED
	Turn on: 				1.5, ±0.5 foot candles.
	Turn off: 				2.25 foot candles
	Time delay: 			2 to 5 Seconds
	Fail Mode: 			ON
	Power Consumption:	Less than 0.65 W	
	Water ingress protection:	NEMA 3, raintight
	Life rated at full load:	No less than 10,000 On-Off operations.	

Regulatory Listings shall include:

ANSI C131.10 and RoHS compliant
UL 773 certified
Tested to NEMA 410 LED Load Standards

(B) Auxiliary Contactor

Unless otherwise specified, an auxiliary contactor shall be used in conjunction with a PEC to control the required lighting loads.  The contactor shall have contacts rated to switch the specified lighting loads and shall be normally open.  The contactor shall be single‑pole or double‑pole as required.  The contactor shall be installed as shown on the plans.

(C) Manual‑Off‑Photo Switch:

A manual‑off‑photo switch shall be installed, as shown on the Standard Drawing to manually activate the contactor to turn the lights on or off.  The switch shall be the toggle‑type having double‑pole, double‑throw contacts with the center position being the "off" position, and be rated at 10 amperes at 250 volts A.C.  The switch shall be manually activated in the up position and shall be activated by the PEC in the down position.



[bookmark: _GoBack]736‑2.07		Load Center Cabinets:

Load Center cabinets, including pole mounted cabinets shall have photoelectric controls and shall also include a concrete foundation, conduit stub‑outs, meter socket, rigid metal conduit riser, cabinet housing, panel, breakers, contactor, selection switch, fuses, dry transformer, internal wiring and other incidentals in accordance with the project plans and these specifications.

The load center cabinet housing shall be of NEMA 3R weather resistant construction and UL 508 listed.  The cabinet and doors shall be made from ⅛ inch thick, 5052-H32 aluminum with mill finish. All exterior cabinets shall have continuous welding and be free of burrs. The cabinet top shall be sloped to prevent water accumulation; and shall be constructed to allow proper ventilation and be equipped with a washable or replaceable air filter. Doors shall be attached using continuous hinges, equipped Corbin locks, and keyed #2 with two keys. Doors shall also be equipped with two position door stops, three-point door latch with rollers for top and bottom strikes and pad-lockable handles.

Circuit breakers shall be molded case, thermal magnetic, bolt‑on or plug‑in type and shall be U.L. listed.

Load center cabinets shall have a dead front panel to isolate all live electrical circuitry.  The panel shall be fabricated from aluminum sheeting and shall be painted the same as the cabinet.  The dead front panels shall be hinged on one side and securely fastened on the other with bolts.  Switches, breakers and other components shall have openings to operate from the front panel.

736‑3			Construction Requirements:

Each LED light shall be installed as a complete unit.

The contractor shall maintain full nighttime operation of the existing lighting system during the duration of the construction project, unless otherwise approved by the Engineer. 

736‑4			Method of Measurement:

Luminaires will be measured as a unit for each luminaire furnished, installed, and operational. 

Load center cabinets will be measured as a unit for each load center cabinet furnished and installed.

736‑5			Basis of Payment:

The accepted quantities of luminaires and load center cabinets, measured as provided above, will be paid for at the contract unit price each, for the types of luminaires and load center cabinets designated in the bidding schedule, complete in place, which price shall be full compensation for the work described and specified herein and on the plans.
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