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CHAPTER 6
LIGHTING
[bookmark: _Toc11738175][bookmark: _Toc11738685][bookmark: _Toc11740211][bookmark: _Toc11740718][bookmark: _Toc11742523][bookmark: _Toc11838251][bookmark: _Toc89685199]A	INTRODUCTION
The major reason for lighting streets and highways is to improve safety for vehicular and pedestrian traffic.  Improvements in sight distance and reduction of confusion and distraction for nighttime driving can reduce the hazard potential on streets and highways.  There is evidence indicating that highway lighting will produce an increase in highway capacity as well as improve the economic, safety, and aesthetic characteristics of highways.
Experience and technical improvements have resulted in improved design of lighting for streets and highways.  Photometric data provide a basis for calculation of the illumination at any point for various combinations of selected luminaire types, heights, and locations.  Lighting engineers can develop lighting systems that will comply with the requirements for level and uniformity of illumination; however, some uncertainties preclude the adoption of rigid design standards.  Among these uncertainties is the lack of understanding of driver response and behavior under various lighting conditions.  The design of lighting for new streets and highways, as well as improvements on existing facilities, should be accompanied by careful consideration of the variables involved in driver behavior and problems peculiar to particular locations.
Rights of way with pedestrian sidewalks and/or bikeways adjacent to the roadway should first address lighting requirements for the roadway to assure it is continuously illuminated.  Additional lighting for a sidewalk or shared use path may be necessary if it is substantially set back from the roadway, at the discretion of the responsible/maintaining agency.  Pedestrian sidewalks and/or bikeways should not be illuminated in lieu of lighting the adjacent roadway to avoid glare or potential lighting distractions to drivers.
See Chapter 17 – Bridges and Other Structures, Section C.6 for structural requirements for lighting.

[bookmark: _Toc11738176][bookmark: _Toc11738686][bookmark: _Toc11740212][bookmark: _Toc11740719][bookmark: _Toc11742524][bookmark: _Toc11838252][bookmark: _Toc89685200]
B	OBJECTIVES
The objective for providing lighting is to improve the safety of roadways, sidewalks, and shared use paths and visibility of signs for road users (drivers, pedestrians, and bicyclists).  The achievement of this objective will be aided by meeting these specific goals:
Provide an improved view of the general highway geometry and the adjacent environment.
Increase the sight distance to improve response to hazards and decision points.
Eliminate "blind" spots unique to travel at night or in low light conditions.
Provide a clearer view of the general situation during police, emergency, maintenance, and construction operations.
Provide assistance in roadway, sidewalk or path delineation, particularly in the presence of confusing background lighting (i.e., surrounding street and other area lighting confuses the driver on an unlighted street or highway).
Minimize glare that is discomforting or disabling.
Reduce abrupt changes in light intensity.
Avoid the introduction of roadside hazards resulting from improper placement of light poles, pull boxes, etc. (as covered under Chapter 3 – Geometric Design and Chapter 4 – Roadside Design).
[bookmark: _Toc11738177][bookmark: _Toc11738687][bookmark: _Toc11740213][bookmark: _Toc11740720][bookmark: _Toc11742525][bookmark: _Toc11838253][bookmark: _Toc89685201]
C	WARRANTING CONDITIONS
Although precise warrants for the provision of roadway lighting are difficult to determine, criteria for lighting is established and should be followed for new and reconstruction projects and for improvement of existing facilities.  The following locations should be considered as a basis for warranting roadway lighting:
[bookmark: _Toc11738178][bookmark: _Toc11738688][bookmark: _Toc11740214][bookmark: _Toc11740721][bookmark: _Toc11742526][bookmark: _Toc11838254][bookmark: _Toc89685202][bookmark: _Hlk519604234]C.1	Criteria Based Upon Crash History
Locations that, by a crash investigation program, have been shown to be hazardous due to inadequate lighting.
Locations where the night/day ratio of serious crashes is higher than the average of similar locations.
Specific locations that have a significant number of night time crashes and where a large percentage of these night time crashes result in injuries or fatalities.
[bookmark: _Toc11738179][bookmark: _Toc11738689][bookmark: _Toc11740215][bookmark: _Toc11740722][bookmark: _Toc11742527][bookmark: _Toc11838255][bookmark: _Toc89685203]C.2	Criteria Based Upon Analysis and Investigation
Locations requiring a rapid sequence of decisions by the road user.
Locations where night sight distance problems exist, with consideration to headlight limitations (i.e., where vertical and horizontal curvature adversely affect illumination by headlamps).
Locations having discomforting or disabling glare.
Locations where background lighting exists, particularly if this could be distracting or confusing to the road user.
Locations where improved delineation of the highway alignment is needed.
[bookmark: _Toc11738180][bookmark: _Toc11738690][bookmark: _Toc11740216][bookmark: _Toc11740723][bookmark: _Toc11742528][bookmark: _Toc11838256][bookmark: _Toc89685204]
C.3	General Criteria
Roundabouts and signalized intersections.
Urban streets, particularly with high speed, high volumes, or frequent turning movements.
Urban streets of any category experiencing high night time volumes or speeds or that have frequent signalization or turning movements.
Areas frequently congested with vehicular and/or pedestrian traffic.
Pedestrian and bicyclist crossings (intersections or mid-block locations)
Transit stops and hubs, passenger rail stations.
Areas such as entertainment districts, sporting arenas, shopping centers, beach access points, parks, and other locations that generate higher volumes of pedestrian activity.
Schools, places of assembly, or other pedestrian or bicyclist generators.
High density land use areas.
Central business districts.
Junctions of major highways in rural areas.
Rest areas/picnic shelters/trail heads/recreational facilities.
[bookmark: _Toc11738181][bookmark: _Toc11738691][bookmark: _Toc11740217][bookmark: _Toc11740724][bookmark: _Toc11742529][bookmark: _Toc11838257][bookmark: _Toc89685205]
D	TYPES OF LUMINAIRES	Comment by Cashman, Edward: Luminaires
Examples of common types of lighting are identified and discussed below.  Other types of lighting may be desired and currently in use for specific applications.
· Light Emitting Diode (LED) – is the preferred light source for street lighting. Light produced by LED lamps have a CCT of 4000°K to 6000°K which is a white to bluish color.  The average rated life for LED can vary from 50,000 to 100,000 hours.  To provide sufficient lumen levels for roadway applications, most LED fixtures have an initial luminous efficiency of around 75 lumens per watt.
· High Pressure Sodium (HPS) Lamps – Light produced by HPS lamps has a correlated color temperature (CCT) around 2100°K which is a warm yellow color.  The average rated life for an HPS lamp is from 24,000 to 30,000 hours.  HPS lamps have a very high initial luminous efficiency of over 100 lumens per watt.
· Metal Halide (MH) Lamps – is used for overhead lighting of commercial parking lots, sports facilities, retail stores and street lighting.  Light produced by MH lamps has a CCT of 3800°K to 4000°K which is a white color. The average rated life of a MH lamp can vary from 9,000 to 20,000 hours.  MH lamps have a high initial luminous efficiency of around 75 - 100 lumens per watt.
[bookmark: _Toc89685206]E	LIGHTING DESIGN TECHNIQUES	Comment by Mary Anne Koos: Add more description on types, illuminance, luminance, vertical illumination.to include stopping sight distance and height of calculation.  Borrow from FDM.  Also, horizontal illuminance.   Explain when each is used. 	Comment by Mary Anne Koos: Done	Comment by Cashman, Edward: Techniques of Lighting Design
The accepted methods for achieving a given lighting condition are known as either level of illuminance or level of luminance.  Both methods of calculation are dependent upon light being reflected toward the observer’s eye.  Horizontal illuminance is used for intersections and interchanges and includes a variable for surface type.  Horizontal and vertical illuminance is the preferred method for pedestrian areas.  The luminance method can be used for straight roadways and streets, based upon the appropriate choice of surface type.
Figure 6 – 1 Illuminance and Luminance illustrates how illuminance and luminance are measured.  Illuminance is the measure of the amount of light flux falling on a surface and is measured in foot candles.  Luminance is a measure of the amount of light flux leaving a surface and is measured in candelas per meter squared.


[bookmark: _Toc25159757]Figure 6 – 1  Illuminance and Luminance
[image: P92#yIS1]


[bookmark: _Toc89685207]E.1	Illuminance
The illuminance method determines the amount of light falling on the roadway surface or on vertical surfaces from the roadway lighting system.  Because the amount of light seen by the driver is the portion that reflects from the pavement towards the driver, and because different pavements exhibit varied reflectance characteristics, different illuminance levels are needed for each type of standard roadway surface.  Illuminance is easily calculated and measurable and is not observer or pavement dependent.	Comment by Mary Anne Koos: From RP-8-14 Roadway Lighting, ANSI
[bookmark: _Toc89685208]E.2	Luminance
The luminance method determines how “bright” the road is by determining the amount of light reflected from the pavement in the direction of the driver.  It uses the reflective characteristics (R-classification) noted in Table 6 – 1 Road Surface Classifications for the standard roadway surface types and a specific observer position.
The R-classification system is a measure of the lightness (white to black) and specularity (shininess) of roadway surfaces.  A system of pavement reflectance values divides the pavement characteristics into four categories: R1, R2, R3 and R4.  These categories are based upon the American National Standard Practice for Roadway Lighting and have been adopted by AASHTO in their Roadway Lighting Design Guide.


[bookmark: _Toc519606953]Table 6 – 1  Road Surface Classifications
	Class
	Q0*
	Description
	Mode of Reflectance

	R1
	0.10
	Portland cement concrete road surface.  Asphalt road surface with a minimum of 12% of the aggregates composed of artificial brightener or aggregates.
	Mostly diffuse

	R2
	0.07
	Asphalt road surface with an aggregate composed of minimum 60% gravel (size greater than 0.4 in.).
Asphalt road surface with 10 to 15% artificial brightener in aggregate mix.  (Not normally used in North America).
	Mixed (diffuse and specular)

	R3
	0.07
	Asphalt road surface (regular and carpet seal) with dark aggregates (e.g., trap rock, blast furnace slag); rough texture after some months of use typical highways).
	Slightly specular.

	R4
	0.08
	Asphalt road surface with very smooth texture.
	Mostly specular.


* Q0 = representative mean luminance coefficient.
[bookmark: _Toc89685209]E.3	Lighting Design Levels
The level of illumination for streets and highways should not be less than those shown in Table 6 – 2 Illuminance and Luminance Design Values.  When adding supplemental lighting for pedestrian activity, ensure lighting is compatible with any existing lighting in the corridor and minimizes glare.
These levels are for the purpose of highway safety and do not apply to lighting levels required for crime reduction.  Further information may be found in the AASHTO Roadway Lighting Design Guide (2005).


[bookmark: _Toc339963157][bookmark: _Toc519606954]Table 6 – 2  Illuminance and Luminance Design Values 	Comment by Mary Anne Koos: Amy uses IES standards, page 11 which differs from this table.  Illuminance is only used for ped areas, intersections and interchanges.  Luminance used for straight roadways.

Both luminance and illuminance

Review FDM, IES, AASHTO, Chester’s training, 	Comment by Cashman, Edward: Illuminance and Luminance Design Values

Add legend for column headings.
	Roadway
 and Walkway Classification
	Off-Roadway
Light Sources
	Illuminance Method
	Luminance Method
	Additional
 Values
(both Methods)

	
	
	Average Maintained Illuminance
(Horizontal)
	Illuminance
Uniformity
Ratio
	Average Maintained Luminance
	Veiling Luminance
Ratio

	
	
	R1
	R2
	R3
	R4
	
	Lavg
	Uniformity
	

	
	General
 Land Use
	(foot
-candles)
(min)
	(foot-candles)
(min)
	(foot-candles)
(min)
	(foot-candles)
(min)
	avg/min
(max) (6)
	cd/m2
(min)
	Lavg/Lmin
(max)
	Lmax/Lmin
(max)
	Lv(max)/Lavg
(max)(3)

	Principal Arterials
(partial or no control of access)
	Commercial
	1.1
	1.6
	1.6
	1.4
	3:1 
	1.2
	3:1
	5:1
	0.3:1

	
	Intermediate
	0.8
	1.2
	1.2
	1.0
	3:1
	0.9
	3:1
	5:1 
	0.3:1

	
	Residential
	0.6
	0.8
	0.8
	0.8
	3:1
	0.6
	3.5:1
	6:1 
	0.3:1

	Minor
Arterials
	Commercial
	0.9
	1.4
	1.4
	1.0
	4:1
	1.2
	3:1
	5:1
	0.3:1

	
	Intermediate
	0.8
	1.0
	1.0
	0.9
	4:1
	0.9
	3:1
	5:1
	0.3:1

	
	Residential
	0.5
	0.7
	0.7
	0.7
	4:1
	0.6
	3.5:1
	6:1
	0.3:1

	Collectors
	Commercial
	0.8
	1.1
	1.1
	0.9
	4:1
	0.8
	3:1
	5:1
	0.4:1

	
	Intermediate
	0.6
	0.8
	0.8
	0.8
	4:1
	0.6
	3.5:1
	6:1
	0.4:1

	
	Residential
	0.4
	0.6
	0.6
	0.5
	4:1
	0.4
	4:1
	8:1
	0.4:1

	Local
	Commercial
	0.6
	0.8
	0.8
	0.8
	6:1
	0.6
	6:1
	10:1
	0.4:1

	
	Intermediate
	0.5
	0.7
	0.7
	0.6
	6:1
	0.5
	6:1
	10:1
	0.4:1

	
	Residential
	0.3
	0.4
	0.4
	0.4
	6;1
	0.3
	6:1
	10:1
	0.4:1

	Alleys
	Commercial
	0.4
	0.6
	0.6
	0.5
	6:1
	0.4
	6:1
	10:1
	0.4:1

	
	Intermediate
	0.3
	0.4
	0.4
	0.4
	6:1
	0.3
	6:1
	10:1
	0.4:1

	
	Residential
	0.2
	0.3
	0.3
	0.3
	6:1
	0.2
	6:1
	10:1
	0.4:1

	Continued next page
Table 6 – 2	
Illuminance and Luminance Design Values
(Continued)

	Sidewalks
	Commercial
	0.9
	1.3
	1.3
	1.2
	3:1
	Use illuminance
 requirements

	
	Intermediate
	0.6
	0.8
	0.8
	0.8
	4:1
	

	
	Residential
	0.3
	0.4
	0.4
	0.4
	6:1
	

	Pedestrian Ways
and Bicycle Ways(2)
	All
	1.4
	2.0
	2.0
	1.8
	3.1
	

	Notes
	1. Meet either the Illuminance design method requirements or the Luminance design method requirements and meet veiling luminance requirements for both illuminance and Luminance design methods.
2. Assumes a separate facility.  For Pedestrian Ways and Bicycle Ways adjacent to roadway, use roadway design values.  Use R3 requirements for walkway/bikeway surface materials other than the pavement types shown.
3. Lv (max) refers to the maximum point along the pavement, not the maximum in lamp life.  The Maintenance factor applies to both the Lv term and the Lavg term.
4. There may be situations when a higher level of illuminance is justified.  The higher values for freeways may be justified when deemed advantageous by the agency to mitigate off-roadway sources.
5. Physical roadway conditions may require adjustment of spacing determined from the base levels of illuminance indicated above.
6. Higher uniformity ratios are acceptable for elevated ramps near high-mast poles.
7. See AASHTO publication entitled, “A Policy on Geometric Design of Highways and Streets” for roadway and walkway classifications.
8. R1, R2, R3 and R4 are Road Surface Classifications, defined in the AASHTO Roadway Lighting Design Guide and further described in Table 6.2.




[bookmark: _Toc89685210]F	UNIFORMITY OF ILLUMINATION
To avoid vision problems due to varying illumination, it is important to maintain illumination uniformity over the roadway.  It is recommended the ratio of the average to the minimum initial illumination on the roadway be between 3:1 to 4:1.
A maximum to minimum uniformity ratio of 10:1 should not be exceeded.  It is important to allow time for the driver's eye to adjust to lower light levels.  The first light poles should be located on the side of the incoming traffic approaching the illuminated area.  The eye can adjust to increased or increasing light level more quickly.  In transition from a lighted to an unlighted portion of the highways, the level should be gradually reduced from the level maintained on the lighted section.  This may be accomplished by having the last light pole occur on the opposite roadway.  The roadway section following lighting termination should be free of hazards or decision points.  Lighting should not be terminated before changes in background lighting or roadway geometry, or at the location of traffic control devices.
It is also important to ensure color consistency when lighting a highway/pedestrian corridor.  Mixing of different types of lighting may reduce the lighting uniformity.  As we transition to LED, it is acceptable to have mixed lighting segments along the same corridor.
The use of spot lighting at unlit intersections with a history of nighttime crashes is an option.
Close coordination between the Engineer of Record and the responsible local governmental agency is essential.
[bookmark: _Toc11738183][bookmark: _Toc11738693][bookmark: _Toc11740219][bookmark: _Toc11740726][bookmark: _Toc11742531][bookmark: _Toc11838259][bookmark: _Toc89685211]
G	UNDERPASSES AND OVERPASSES
One of the criteria to be followed to determine requirements for underpass lighting is the relative level between illumination on the roadway inside and outside of the underpass.  The height, width, and length of the underpass determines the amount of light penetration from the exterior.
The need for lighting of independent sidewalks or shared use paths should be evaluated on a project specific basis.  Considerations include the likelihood of night time use, the role of the facility in the community’s bicycle and pedestrian network, and whether alternatives are available for night time travel.
When lighting an underpass, use a wall-mounted luminaire that is attached to a pier, pier cap, or the wall copings underneath the bridge.
[bookmark: _Toc11738184][bookmark: _Toc11738694][bookmark: _Toc11740220][bookmark: _Toc11740727][bookmark: _Toc11742532][bookmark: _Toc11838260][bookmark: _Toc89685212]G.1	Daytime Lighting
A gradual decrease in the illumination level from daytime level on the roadway, sidewalk or path to the underpass should be provided.  Consider daytime lighting for vehicles in underpasses greater than 80 feet in length.
Supplemental lighting of sidewalks or shared use paths in roadway underpasses less than 80 feet in length should be considered.  Sidewalks and shared use paths on independent alignments with little natural light should be illuminated, especially if the exit is not visible upon entry.	Comment by Mary Anne Koos: AASHTO is moving to 80 feet.
[bookmark: _Toc11738185][bookmark: _Toc11738695][bookmark: _Toc11740221][bookmark: _Toc11740728][bookmark: _Toc11742533][bookmark: _Toc11838261][bookmark: _Toc89685213]G.2	Night Lighting
[bookmark: _Toc11738186][bookmark: _Toc11738696][bookmark: _Toc11740222][bookmark: _Toc11740729][bookmark: _Toc11742534][bookmark: _Toc11838262]The nighttime illumination level in the underpass of the roadway should be maintained near the nighttime level of the approach roadway. Lighting of sidewalks or shared use paths adjacent to roadways in underpasses should be considered.  Sidewalks and shared use paths on independent alignments open to travel during darkness should be illuminated.  Due to relatively low luminaire mounting heights in underpasses, care should be exercised to avoid glare.
[bookmark: _Toc89685214]
H	DECORATIVE ROADWAY LIGHTING	Comment by Mary Anne Koos: Should define better (decorative luminaires, lighting beyond what FDOT normally provides, hardware versus purpose
Decorative or architectural roadway lighting is acceptable provided it meets the minimum design criteria and the objectives contained in this Manual.  Examples include architectural lighting posts, cross arms, wall brackets, bollards, and light fixtures.
[bookmark: _Toc89685215]I	ADAPTIVE LIGHTING
Some locations such as coastal roadways where sea turtles may be affected, may require lower lighting levels and different colors than what might normally be provided.  FHWA’s publication The Guidelines for the Implementation of Reduced Lighting on Roadways describes a process by which an agency or a lighting designer can select the required lighting level for a road or street and implement adaptive lighting for a lighting installation or lighting retrofit.  This document supplements existing lighting guidelines.
[bookmark: _Toc39484962][bookmark: _Toc54810776][bookmark: _Toc89685216]J	WILDLIFE-SENSITIVE LIGHTING
The lighting on some coastal roadways may affect wildlife, including sea turtles, and may require lower lighting levels, adjusting direction of luminaires, and different types and colors of lighting installations than what might normally be provided.  Sea turtles and their habitat (nesting beaches) are afforded protection in accordance with Florida’s Marine Turtle Protection Act (379.2431, F.S.) which restricts the take, possession, disturbance, mutilation, destruction, selling, transference, molestation, and harassment of marine turtles, nests or eggs.	Comment by Krieger, Keith: @Morris, Jacqueline why is this section underlined?	Comment by Morris, Jacqueline: ✔
The state of Florida developed the Model Lighting Ordinance for Marine Turtle Protection Rule (62B-55, F.A.C.) to guide local governments in creating lighting ordinances.  Counties and municipalities in Florida that have passed ordinances prohibiting light from reaching the beach can be found on the Municipal Code Corporation web site.  Coordinate with the local agencies in proximity to the project for additional requirements and guidance on providing permanent lighting or lighting in work zones.
Wildlife areas of concern can be determined by contacting the Florida Fish and Wildlife Conservation Commission (FWC) at MarineTurtle@MyFWC.com.  KMZ layers and Shape files illustrating areas where wildlife sensitive areas occur can be found on the FDOT’s Office of Environmental Management “OEM Resources” web page, under Turtle Lighting.	Comment by Krieger, Keith: @Morris, Jacqueline this link asks what program to open….is it just an email address?	Comment by Morris, Jacqueline: ✔	Comment by Krieger, Keith: @Morris, Jacqueline should all of these be hyphenated like the section title?	Comment by Morris, Jacqueline: ✔	Comment by Krieger, Keith: @Morris, Jacqueline "FDOT's" should be unbolded and unhyphenated	Comment by Morris, Jacqueline: ✔	Comment by Krieger, Keith: @Morris, Jacqueline unbold and fix italics for "FDOT's"	Comment by Morris, Jacqueline: ✔
An interactive map of wildlife sensitive areas can also be found in the Florida Geographic Data Library (FGDL), and will show areas of the state where wildlife sensitive lighting measures should be implemented.  Use the key word “turtle” in the search function.  Direct links for download from the FGDL layers are:	Comment by Krieger, Keith: @Morris, Jacqueline hyphenated?	Comment by Krieger, Keith: @Morris, Jacqueline "(FGDL)" should be bold and italics like the name	Comment by Morris, Jacqueline: yes	Comment by Krieger, Keith: @Morris, Jacqueline hyphen?
· https://download.fgdl.org/pub/state/trtl_sen_light_jul20.zip
· https://download.fgdl.org/pub/state/trtl_drksky_light_jul20.zip
Additional information can be found on FWC’s Sea Turtle Lighting Guidelines website. 	Comment by Krieger, Keith: @Morris, Jacqueline unbold and un-italics "FWC'S"	Comment by Morris, Jacqueline: No this is a link
For conventional lighting near a wildlife area of concern, incorporate the following design requirements:
1. Where feasible, orient luminaires away from the wildlife area of concern.
2. Design lighting system using luminaires that meet the following requirements:
a.	The light source for the luminaires must be true red, orange, or amber light-emitting diodes (LEDs) with no more than 1.75% of the spectral power distribution below 560 nm.
b.	The optics must have an IP 66 rating.
c.	The luminaire mounting assembly must be a slip fitter type designed to accommodate a nominal 2 inch pipe size (2-3/8 inch O.D.) arm or a pole top mounting assembly designed to accommodate a 2-3/8 inch pole top tenon.
d.	Luminaires must have a IESNA light distribution curve (IES LM-79) designated by an EPA-recognized laboratory.
e.	Luminaires must meet a minimum pole spacing of 50 feet.
[bookmark: _Hlk54792439]Further information on luminaires which meet the criteria for wildlife sensitive lighting may be found on the FDOT’s Approved Product List (APL) in the Wildlife-Sensitive Conventional Lighting category or FWC’s Certified Wildlife Lighting Guidelines.  The AGi32 lighting optimization tool, used in accordance with the settings shown in the FDOT Standard Specifications for Road and Bridge Construction, 992-2.4 Luminaires for Wildlife Sensitive Lighting, may be used to design appropriately spaced lighting.
[bookmark: _Toc89685217]J.1 Work Zones in Wildlife Sensitive Areas	Comment by Krieger, Keith: @Morris, Jacqueline hyphen	Comment by Morris, Jacqueline: ?
For night work along coastal roadways where sea turtles may be affected, incorporate the following for temporary lighting of work zone operations:	Comment by Krieger, Keith: @Morris, Jacqueline delete all of this underlining	Comment by Morris, Jacqueline: ✔
1. Direct all work zone lighting away from the beach to avoid illumination of or direct visibility from the beach.
2.	Shield luminaires to avoid lighting areas outside of the immediate construction area.	Comment by Krieger, Keith: @Morris, Jacqueline fix indent	Comment by Morris, Jacqueline: ✔


[bookmark: _Toc89685218]K	OVERHEAD SIGN LIGHTING
If the visibility of the sign due to roadway geometry or retro reflectivity of the sign sheeting is inadequate, overhead sign lighting should be provided.  It is recommended that the level of illumination for overhead signs not be less than guidelines found in Table 6 – 3 Illuminance and Luminance Levels for Sign Lighting.  See Chapter 18 – Signing and Marking for signage retroreflectivity requirements.	Comment by Mary Anne Koos: Consider “if lighting is provided, …. 
[bookmark: _Toc519606955]Table 6 – 3  Illuminance and Luminance Levels for Sign Lighting
	Ambient Luminance
	Sign Illuminance
	Sign Luminance*

	
	Footcandles
	Lux
	Candelas per
Square Meter
	Candelas per Square Foot

	Low
	10 - 20
	100 - 200
	22 - 44
	2.2 – 4.4

	Medium
	20 - 40
	200 - 400
	44 - 89
	4.4 – 8.9

	High
	40 - 80
	400 - 800
	89 - 78
	89 – 178


Source:  AASHTO Roadway Lighting Design Guide (October 2005), Table 10 – 1 Illuminance and Luminance Levels for Sign Lighting.	Comment by Mary Anne Koos: There is a 10th Edition of the IESA Lighting Handbook, which this table is based on.  Should we update information, reference? https://www.ies.org/store/lighting-handbooks/lighting-handbook-10th-edition/

*Based upon a maintained reflectance of 70 percent for white sign letters.
[bookmark: _Toc89685219]L	ROUNDABOUTS
Roundabouts should be supplemented with roadway lighting.  Where pedestrians are expected, provide additional lighting of 2.0-foot candles of maintained vertical illumination, measured at 5 feet from the road surface.  Calculate the vertical illuminance for the crosswalk on each near side approach entering and exiting the roundabout.


[bookmark: _Toc89685220]M	MIDBLOCK CROSSWALKS
At midblock pedestrian crossings, provide 2.0-foot candles of maintained vertical illumination, measured at 5 feet from the road surface. Calculate the vertical illuminance for the crosswalk on each near side approach.	Comment by Mary Anne Koos: FDM has 2.3 for low ambient luminance and 3.0 for medium and high ambient luminance., Table 231.2.1 Lighting Maintained Values.  Difference is in initial versus maintained illuminance values.
[bookmark: _Toc25159758][bookmark: _Hlk535570657]Figure 6 – 2  Horizontal and Vertical Illuminance for Mid-Block Crosswalk
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[bookmark: _Toc89685221]N	MAINTENANCE
A program of regular preventive maintenance should be established to ensure levels of illumination do not go below required values.  The program should be coordinated with lighting design to determine the maintenance period.  Factors for consideration include a decrease in lamp output, luminaire components becoming dirty, and the physical deterioration of the reflector or refractor.  The maintenance of roadway lighting should be incorporated in the overall maintenance program specified in Chapter 10 – Maintenance and Resurfacing.
[bookmark: _Toc11738187][bookmark: _Toc11738697][bookmark: _Toc11740223][bookmark: _Toc11740730][bookmark: _Toc11742535][bookmark: _Toc11838263][bookmark: _Toc89685222]O	LIGHT POLES
Light poles should not be placed in the sidewalk when adequate right of way is available beyond the sidewalk.  Placement of lighting structures and achieved illumination may be limited by existing conditions such as driveways, overhead and underground utilities, drainage structures, and availability of right of way.
Light poles should not be placed so as to provide a hazard to errant vehicles.  Non-frangible light poles should be placed outside of the clear zone.  They should be as far removed from the travel lane as possible or behind adequate guardrail or other barriers.  Light poles should be placed on the inside of the curves when feasible.  Foundations or light poles and rigid auxiliary lighting components that are not behind suitable barriers should be constructed flush with or below the ground level.
The use of high mast lighting should be considered, particularly for lighting interchanges and other large plaza areas.  This use tends to produce a more uniform illumination level, reduces glare, and allows placement of the light poles farther from the roadway.  Additional emphasis lighting should be considered to illuminate specific and desired pedestrian crossings.
The placement of light poles should not interfere with the driver's sight distance or visibility of signs, signals, or other traffic control devices.  In addition, the National Electrical Code (NEC) requires a working area for safety purposes around the poles.  Further criteria regarding the placement of roadside structures, including light poles, is specified in Chapter 4 – Roadside Design.


[bookmark: _Toc89685223]P	REFERENCES FOR INFORMATIONAL PURPOSES
The publications referenced in this chapter can be obtained at the following web sites.
· Roadway Lighting, ANSI/RP-8-21
https://blog.ansi.org/ansi-ies-rp-8-21-design-roadway-lighting/#gref
· Design Guide for Residential Street Lighting (2015), Illuminating Engineering Society
https://www.ies.org/store/design-guides/design-guide-for-residential-street-lighting/
· AASHTO - Roadway Lighting Design Guide (October 2005)
https://highways.dot.gov/safety/other/visibility/roadway-lighting-resources
· Guidelines for the Implementation of Reduced Lighting on Roadways
PUBLICATION NO. FHWA-HRT-14-050 JUNE 2014 http://www.fhwa.dot.gov/publications/research/safety/14050/14050.pdf
· The Lighting Handbook, 10th Edition, Illuminating Engineering Society (IESA)
https://www.ies.org/store/lighting-handbooks/lighting-handbook-10th-edition/
· National Electric Code
https://www.nfpa.org/NEC/About-the-NEC/Free-online-access-to-the-NEC-and-other-electrical-standards
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