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4.1  MUTCD
The MUTCD, Section IV, discusses the types of signals and their application, 
and provides warrants and other guidelines used to justify signal installations.

4.2  Design Manual
Design Manual Section 335 provides the guidelines for signal installations 
with regard to state laws, department policies, permit approval procedures, 
design report requirements, preliminary signal plans, phase analysis (level 
of service/optimum cycle calculations), detection systems, pedestrian 
considerations, signal supports, and contract plan preparation.

Special attention should be given to signal permit applications submitted by 
local agencies or developers. The permit application should be submitted to 
the State Traffic Engineer at least two months prior to the time the approved 
permit is desired. The request can then be processed for approval in a 
timely manner.

See Chapter 6, Traffic Regulations, for the information required as support 
data which must accompany permit applications.

4.3  Flashing Operation
Occasionally traffic signals have been, or are, installed primarily to reduce 
intersection delay during the morning, noon, and evening peak hours. These 
signals may not be warranted during off-peak hours. At locations having fixed 
time signals, flashing operations may be considered for nonpeak hours where 
there is significantly larger traffic volumes on the major approaches than the 
minor approaches (i.e., intersections meeting primarily warrant No. 2).

If off-peak flashing operations are implemented, follow-up accident studies 
should be conducted.

4.4  Intersection Control Beacons
The MUTCD states that intersection control beacons are intended for use at 
intersections where traffic or physical conditions do not justify conventional 
traffic signals but where accident rates above the statewide average for like 
locations indicate a special hazard.

The most common application for these beacons is at intersections with minor 
approach stop control where some approaching vehicles on the controlled legs 
have failed to stop.

 
Chapter 4	 Signals and Illumination

http://www.wsdot.wa.gov/Publications/Manuals/MUTCD.htm
http://www.wsdot.wa.gov/Publications/Manuals/MUTCD.htm
http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm
http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm
http://www.wsdot.wa.gov/Publications/Manuals/MUTCD.htm


Signals and Illumination	 Chapter 4

Page 4-2	 WSDOT Traffic Manual  M 51-02.03 
	 October 2009

An intersection control beacon should be considered for a problem location 
only after other remedial measures have been tried and determined to be 
ineffective based on traffic engineering studies.

Twelve-inch lenses on the intersection control beacon may be desirable to 
enhance visibility at some locations.

4.5  Audio-Tone Signal Application
Pedestrian crosswalk signals with audio-tone application for the visually 
handicapped are available, although fairly new on the market. The audio-tone, 
if installed, should be activated from a push button control mounted on the 
signal post. This will provide audio-tone only when needed.

4.6  Illumination
A.	 General. Transportation facility illumination enhances visual perception 

of conditions or features that require additional driver or pedestrian 
alertness. This is accomplished through the use of materials and 
techniques that result in optimum energy efficient illumination designs.

B.	 References

	 Roadway Lighting Handbook, USDOT, Washington, D.C., December 1978.

	 AASHTO Pamphlet, An Informational Guide for Roadway Lighting.

	 WSDOT Directive D 22-21 “Truck Weigh Stations and Vehicle Inspection 
Facilities on State Highways.”

	 National Electrical Code.

	 RCW 47.24.020.

	 Washington Administrative Code 468-18-040.

C.	 Definitions – Area Designations

	 Commercial Area. A district of continuous adjacent retail businesses at 
least 1,000 feet in length, with lighted store fronts, parking lots, etc.

	 Intermediate Area. A partially built-up area consisting of approximately 
50 percent adjacent land use for retail businesses at least 600 feet in 
length, with lighted store fronts, parking lots, etc.

	 Residential Area. An area of continuous residences with occasional 
businesses where the local street grid has a continuous illumination 
system.

	 Rural Area. Areas not defined as commercial, intermediate, or residential.

http://apps.leg.wa.gov/RCW/default.aspx?cite=47.24.020
http://apps.leg.wa.gov/WAC/default.aspx?cite=468-18-040
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	 Ballast. An electrical device which provides the necessary voltage, 
current, and wave form to start and operate an electrical discharge lamp.

	 Basic Illumination. The minimal amount of illumination to be provided 
at certain transportation facilities.

	 Basic Interchange Illumination. The minimum amount of illumination 
at interchanges which consists of two luminaires on each single or 
double-lane on ramp, two luminaires on each single-lane off ramp, three 
luminaires on each double-lane off ramp, and one luminaire at each ramp-
crossroad intersection.

	 Candela. A unit of luminous intensity equal to one lumen per steridian.

	 Candlepower. Luminous intensity expressed in candelas.

	 Contrast Ratio (CR):

	 Brightness. The ratio between the photometric brightness, measured in 
foot lamberts, of any two relatively large areas in the field of view.

	 Light. The ratio between the maximum and minimum light levels of 
the design zone.

	 Coefficient of Utilization (CU). The percentage of the total light output 
that actually falls on the area to be illuminated.

	 Dirt Factor (DF). A factor used in illumination calculations to relate the 
initial illumination provided by a clean, new luminaire to the reduced 
illumination caused by dirt accumulation on the luminaire components. 
A dirt factor of 85 percent is normally used.

	 Footcandle (fc). The unit of illumination used when the foot is the unit 
of length; the illumination of a surface one square foot in area on which is 
uniformly distributed a flux of one lumen. A footcandle equals one lumen 
per square foot.

	 Design footcandles (Dfc). The average light level on the roadway at 
the end of rated life.

	 Initial footcandles (Ifc). The average light level on the roadway after 
the first 200 hours of operation.

	 Foot Lambert. A unit of luminance equal to 1/3.14 candela per square 
foot or to the uniform luminance of a perfectly diffusing surface emitting 
or reflecting light at the rate of one lumen per square foot.

	 Glare. The effect of brightness or brightness differences within the 
visual field sufficiently high to cause annoyance, discomfort, or loss of 
visual performance.
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	 Hours of Darkness. The time from sunset to sunrise, inclusive of summer 
and winter conditions.

	 IES Distribution. Light patterns for luminaires consistent with the 
Illumination Engineering Society standards for various patterns and 
distributions.

	 Isolux Diagram. A graphical representation of points of equal 
illumination connected by a continuous line. These diagrams usually show 
footcandle values on a horizontal plane from a single unit having a definite 
mounting height.

	 Lamp Lumens (LL). The total light output from a lamp for the 
position in which the lamp is maintained. LL for a standard luminaire is 
37,000 lumens.

	 Lamp Lumen Depreciation Factor (LF). The factor used in illumination 
calculations to relate initial rated output to the anticipated output at 
replacement time. This factor is 0.73 for high pressure sodium sources. 
Consult manufacturer’s data for other sources.

	 Light. Radiant energy capable of producing a visual sensation.

	 Light Standard. A support provided with necessary attachments for 
wiring and luminaire mounting. See Standard Plan J-1.

	 Lumen. A unit of luminous flux; equal to the flux emitted through a 
unit solid angle (one steridian) from a uniform point light source of one 
candela.

	 Luminance. In roadway lighting luminance is the reflected light from 
the pavement surface that is visible to the motorist’s eye.

	 Luminaire. The complete lighting unit inclusive of the lamp or light 
source; the optical system for the control of the light distribution; and the 
ballast for electrical regulation. The standard luminaire is a cobra head 
fixture with a Type III medium cutoff distribution, a 310 watt lamp and 
a flat glass refractor. Decorative cutoff fixtures may be considered for 
parking area applications.

	 Maintenance Factor (MF). The percentage of light degeneration through 
the life of the lamp equal to the product of the lamp lumen depreciation 
factor (LF) times the dirt factor (DF). The LF for high pressure sodium 
lamps is 62 percent.

	 Major Parking Lot. Major parking lots for park and ride, carpool, 
and ferry terminal facilities are those with nighttime usage exceeding 
50 vehicles during the nighttime peak hour.
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	 Mounting Height (MH). The vertical distance between the surface to be 
illuminated and the center of the light source of the luminaire. Standard 
mounting height is 40 feet. When nonstandard luminaires are approved, 
the mounting heights noted in Figure 4-5 are recommended.

	 Mounting Height Factor (MHF). A factor used in illumination 
uniformity calculations to correct light values when a different mounting 
height than the one on the isolux curve is used.

	 Nighttime. The period of time from one-half hour after sunset to one-half 
hour before sunrise and any other time when persons or objects may not 
be clearly discernible at a distance of 500 feet (RCW 46.04.200 Hours 
of Darkness).

	 Photometrics. The isolux diagram and coefficient of utilization plot for 
a particular luminaire and light source.

	 Spacing (S). The distance in feet measured on centerline between adjacent 
luminaires. Spacing (S) is equal to the lamp lumens (LL) times the 
coefficient of utilization (CU) times the maintenance factor (MF) divided 
by the width (W) and the design footcandle value (Dfc).

	 Security Lighting. The techniques of providing low level lighting for 
public safety or theft reduction. Security lighting is not subject to any 
lighting uniformity requirements.

	 Uniformity Ratio (UR). The ratio of the average light level on a section 
to the weak point light level of the same section for those applications 
when uniformity rates applies. The minimum uniformity rates are 4:1 
approaching 1:1. Uniformity ratio requirements do not apply to security 
or single source applications.

	 Walkway. The connection between two areas over which the user is 
required to travel in order to utilize available services. Typical examples 
are as follows:

•	 Walkways between parking areas and rest room buildings at rest areas.

•	 Walkways between drop-off or pick-up points and bus loading areas 
at flyer stops.

•	 Walkways between parking areas and bus loading areas.

	 For the purpose of this section bicycle trails, walking trails, pet trails, etc., 
are not considered walkways.

	 Weak Point Light (WPL). The lowest light level within the area being 
illuminated. The minimum WPL is 0.2 footcandles for applications where 
uniformity criteria applies.

	 Width of the Area to Be Illuminated. This measurement is from edge of 
traveled way to edge of traveled way for highway lighting applications.

http://apps.leg.wa.gov/RCW/default.aspx?cite=46.04.200
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D.	 Approval Requirements

1.	 General. WSDOT is responsible for illumination on state highways 
with access control regardless of location and for illumination of 
highways without access control located outside of the corporate 
limits of any city. Cities are responsible for illumination of state 
highways without access control located within their corporate 
limits. In cities with a population under 22,500 where the state is 
responsible for signalization, the state may assume responsibility 
for illumination installed on signal standards in the interest of 
reducing intersection clutter.

	 When the State Traffic Engineer’s approval is required, it will 
be obtained through the design deviation approval process. See 
Design Manual Chapter 330.

2.	 Basic Illumination. Basic illumination is required at the following 
facilities:

•	 Freeway ramp gore areas.

•	 Ramp terminals.

•	 Channelized intersections.

•	 Signalized intersections.

•	 Railroad crossings with gates or signals provided there is nighttime 
train traffic.

•	 Loading areas at flyer stops.

•	 Major parking lots.

•	 Rest areas.

•	 Scale platforms at weigh stations.

	 Any proposal that provides less than or more than basic illumination 
at these facilities requires approval of the State Traffic Engineer. 
Basic illumination applications are shown on Figures 4‑1, 4-2, and 4-3.

3.	 Illumination Beyond Basic Levels. Illumination at the locations listed 
below is divided into two categories depending on whether approval 
by the State Traffic Engineer is required.

	 Approval by the State Traffic Engineer is required for illuminating the 
following facilities:

•	 All highways with or without access control.

•	 Unsignalized or unchannelized intersections.

•	 Tunnels, underpasses, and lids.

•	 Bridges.

http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm
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	 Illumination of the following facilities will not require the State Traffic 
Engineer’s approval.

•	 Construction zones.

•	 Detours.

•	 Railroad crossings without gates or signals.

•	 Walkways.

•	 Bicycle trails.

•	 Minor parking lots.

•	 Pavement transitions, including drop lanes.

4.	 Nonstandard Features. Approval by the State Traffic Engineer is 
required for any proposal that incorporates lighting equipment or 
features other than those identified as standard in the Traffic Manual.

E.	 Warrants

1.	 General. Proposals to install additional lighting at basic illumination 
locations and to illuminate other locations requires satisfying 
the warranting conditions listed below. When volumes are used to 
determine the level of service, the counts should be taken during the 
nighttime peak hour.

	 Peaking characteristics in urban areas are related to clock time. 
Traffic counts taken during daylight hours after 4:30 p.m. and before 
7:30 a.m. may be used to satisfy nighttime volume warrants providing 
seasonal adjustment factors have been applied to demonstrate warrant 
satisfaction for the applicable portions of the months of November, 
December, and January.

	 When accidents are used to warrant illumination, the ratio of 
nighttime to daytime accidents should be at least 1.5 times higher 
than the average for similar locations, and a study should indicate 
that illumination will result in a reduction in nighttime accidents. 
When comparing similar locations, volumes, speed, land use, and 
access control should be similar.

2.	 Highways With Access Control. All roadways within the limits of 
access control are covered in this category and include mainline, 
ramps, and crossroads.

a.	 Mainline. Illumination is warranted when the nighttime peak 
hour level of service is D or below and any two of the following 
conditions occur:

•	 Three or more successive interchanges are located within an 
average spacing of 1½ miles or less.
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•	 The segment is in an urban area.

•	 The nighttime accident warrant is satisfied.

b.	 Ramps. Illumination is warranted when any of the following 
conditions occur:

•	 Nighttime peak hour level of service is D or worse.

•	 Complex ramp alignment and grade.

•	 There are routine queues of five or more vehicles per 
lane during darkness due to traffic control features at the 
ramp terminal.

•	 The exit advisory speed is more than 20 mph below the posted 
mainline speed.

•	 The nighttime accident warrant is satisfied.

c.	 Crossroads. Illumination is warranted if any of the following 
conditions occur:

•	 Nighttime peak hour level of service is D or below.

•	 The nighttime accident warrant is satisfied.

3.	 Highways Without Access Control. Illumination is warranted if the 
segment is classified as commercial and the nighttime level of service 
is D or the nighttime accident warrant is satisfied.

4.	 Intersections. Illumination of unsignalized and unchannelized 
intersections is warranted if channelization warrants are satisfied or 
the nighttime accident warrant is satisfied.

5.	 Tunnels, Underpasses, and Lids. Daytime illumination is warranted 
if portal conditions result in a condition where brightness reduction is 
greater than 15 times and the length to vertical clearance ratio is ten to 
one or greater.

6.	 Construction Zones. Illumination may be warranted if construction 
activities take place on the roadway at night.

7.	 Detours. Illumination is warranted if detour alignment and grade are 
unusual or result in unexpected maneuvers.

8.	 Minor Parking Lots. Security lighting is warranted if vandalism or 
security problems have developed or are anticipated.

9.	 Bridges. Warrants for illuminating bridges are the same as those for 
highways with or without access control, whichever is applicable.
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10.	Railroad Crossing Without Gates or Signals. Illumination of these 
facilities is warranted if there are potential nighttime accidents. The 
extent of nighttime train activity should be taken into consideration. 
Also, if there is the probability that railroad cars may be stopped on 
the crossing during the nighttime, lighting should be considered.

11.	Walkways and Trails. Security lighting is warranted if security 
problems have developed or are anticipated.

F.	 Design Report. The design report shall note the following:

•	 The facilities where basic illumination is proposed.

•	 Justification for any proposal to install less than or more than the 
lighting required for basic illumination.

•	 Justification for any proposal to install illumination at other highway 
facilities.

•	 The status of existing illumination before, during, and after 
construction.

G.	 Design Criteria

1.	 Roadway Light Levels. Design light levels are indicated in 
Figure 4-4. These levels are the minimum average levels to be 
provided on the roadway at end of rated lamp life for applications 
requiring a spacing calculation. Light level requirements do not apply 
to single source or security level installations.

	 When illumination is proposed for a roadway with a radius of 450 feet 
or less, it may be necessary to reduce spacing, thereby increasing the 
average light level in order to achieve uniformity ratio requirements.

	 Light levels at railroad crossing shall be consistent with the area 
classification and highway functional classification.

2.	 Nonhighway Light Levels. Average, maintained end-of-rated-life 
light levels for various types of nonhighway facilities are indicated 
in Figure 4-4.

	 Security light levels are defined as follows:

•	 Park and Ride Lots, Ferry Terminal Parking Lots. Approximately 
one-fourth of the luminaires required for full illumination are left on.

•	 Rest Area Parking Areas. Typically two luminaires per parking area.

•	 Walkways. Luminaires provided at angle points and shadow areas.

•	 Bus Loading Zone. One luminaire in the immediate vicinity of the 
loading zone.

•	 Weight Stations. One luminaire at the public telephone, if any.
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3.	 Light Levels for Special Applications

a.	 Short tunnels and underpasses with length to vertical clearance 
ratios of 10:1 or less will normally not require daytime 
illumination. Short tunnels with length to vertical clearance ratios 
greater than 10:1 will be treated the same as an entrance zone on a 
long tunnel to establish daytime light levels. Nighttime light levels 
in short tunnels on continuously illuminated roadways should be 
approximately two times, but not exceeding three times, the light 
level required on the roadway outside the tunnel. Nighttime light 
levels in short tunnels on noncontinuously illuminated roadways 
should be consistent with Figure 4-4.

b.	 Long tunnels have a portal to portal length greater than the wet 
pavement stopping sight distance. Long tunnels are divided into 
zones for the determination of daytime light levels. Each zone 
is equal in length to the wet pavement stopping sight distance. 
The entrance zone beginning point is usually taken to be a point 
outside the portal where the motorist’s view is confined to the 
predominance of the darkened tunnel structure.

	 The entrance zone light level is dependent upon the brightness 
of the features within the motorist’s view on the portal approach. 
The brightness level is defined as the average brightness measured 
over a 20 degree cone at a point 500 feet in advance of the portal. 
The entrance zone light level produced within the tunnel must be 
sufficient to provide a brightness level of approximately 1/15 of the 
measured portal brightness, after adjustment for the reflectivity of 
the roadway, walls, and ceiling.

	 Successive zones should have a daytime light level of 1/15 of the 
previous zone light level until a minimum value of 5 foot candles 
is achieved.

	 Requirements for nighttime light levels for long tunnels are the 
same as those noted for short tunnels.

4.	 Control Requirements. The control requirements for various types 
of illumination systems will vary with the application as follows:

a.	 Continuous Nighttime Operation. Controls for continuous 
nighttime operation will normally consist of a photocell for sunset 
turn-on and sunrise turn-off. The following types of applications 
will have controls for continuous nighttime operations.

•	 All basic interchange illumination on access controlled 
highways.

•	 All illumination in excess of basic levels that was installed by 
special condition warrant on access controlled highways.
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•	 Illumination at intersections.

•	 Illumination at railroad crossings.

•	 Security lighting at bus loading zones at park and ride lots, and 
at flyer stops.

•	 Security lighting in parking areas at park and ride lots, ferry 
terminals, and pool-it lots.

•	 Illumination for walkways at park and ride lots, flyer stops, 
ferry terminals, and rest areas.

•	 Illumination for parking areas and conflict points at rest areas.

•	 Detour illumination.

•	 Construction illumination.

•	 Illumination installed on nonaccess controlled highways by 
accident warrant.

•	 The single luminaire in the vicinity of the public telephone at 
truck weigh stations.

b.	 Continuous Nighttime Operation With Reduction Capability. 
Controls for these applications will normally consist of a photocell 
control for sunset turn-on and sunrise turn-off along with another 
mechanism capable of providing independent nighttime turn-off 
and turn-on. This mechanism will override photocell control only 
during periods of energy crisis. The following applications will 
require this type of control:

•	 Illumination in excess of basic levels on access controlled 
highways.

•	 Illumination in excess of basic levels installed on ramp 
segments because of nighttime backups that routinely occur 
due to ramp terminal intersection control.

c.	 Noncontinuous Nighttime Operations. Controls for these 
applications will normally consist of a photocell control for 
sunset turn-on and sunrise turn-off along with another mechanism 
capable of providing independent nighttime turn-on and turn-
off. This mechanism will override photocell control on a regular 
basis, during periods of low use. If requested by the WSP, 
manual switching may be provided inside scale houses at truck 
weigh stations. The following applications will require this type 
of control:

•	 Illumination in excess of security levels in parking areas at 
park and ride lots, ferry terminals, and pool-it lots.
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•	 Illumination in excess of security levels at bus loading areas at 
park and ride lots and flyer stops.

•	 Illumination in excess of security levels at truck weigh stations.

d.	 Special Applications. Some special applications, such as tunnels 
with daytime lighting, will require special controls. Circuits 
for fixtures providing nighttime light levels will be energized 
continuously throughout the day. Minimum daytime light levels, 
entrance zone light levels, and any subsequent zone light levels 
will be accomplished with fixtures in addition to continuously 
burning nighttime light level fixtures. In most cases, fixtures 
providing light levels in addition to minimum daytime light levels 
will be provided with controls so that reduced light levels can be 
achieved during periods when the portal brightness is less than the 
design value.

5.	 Wiring Design

a.	 Line Loss. Line loss is the voltage drop between the electrical 
service and the electrical load. Line loss usually controls wire 
size determination rather than the allowable ampacities listed in 
Chapter 3 of the National Electric Code. For design purposes, 
allowable line loss is assumed to be a function of the stage of plan 
development and the ballast characteristics of the luminaire being 
utilized. See Figure 4-6 for allowable line loss and lamp load 
factor requirements.

	 Loads shall be determined by dividing the lamp wattage by the 
voltage and then multiplying by the appropriate lamp load factor.

	 Construction illumination circuits and other temporary circuits 
that are both installed and removed on the same contract may be 
designed for 10 percent line loss.

b.	 Voltages. Illumination systems should operate on 240 or 480 volts, 
single phase.

c.	 Wire Size. The minimum wire used by any illumination circuit is 
No. 8, except for the No. 10 pole and bracket cable included within 
the light standard. The ampacity of the wire, exclusive of pole and 
bracket cable which is protected by fusing, shall equal or exceed 
the branch breaker rating.

d.	 Wire Type. With the exception of temporary aerial installations 
where aluminum conductors are allowed, all wiring from the 
service on shall be copper.



Chapter 4	 Signals and Illumination

WSDOT Traffic Manual  M 51-02.03	 Page 4-13 
October 2009

6.	 Conduit. Conduits carrying illumination circuits are to be sized 
to provide 26 percent fill, maximum, with 1¼-inch minimum size 
under all roadways and 1-inch minimum size at other locations.

7.	 Luminaire Support Locations. Luminaire supports will normally 
be located 16 feet from the edge of the traveled lane pavement on the 
right of the roadway with respect to the driving direction.

8.	 Base Types. Luminaire supports are installed with either fixed base or 
slip base. The pole schedule in the plans should indicate the required 
base type. Fixed bases are installed at locations where it is either 
unwarranted or undesirable to install a slip base. Locations where 
fixed bases are normally installed are:

•	 Parking areas.

•	 Where the support location is outside the clear zone.

•	 Median lighting applications where the luminaire support is 
mounted on cast-in-place median barrier.

•	 Behind traffic barrier provided the traffic barrier is warranted for 
reasons other than the luminaire support installation.

	 Fixed based may be considered for roadways with speeds under 
30 mph with considerable adjacent pedestrian activity.

9.	 Overcurrent Devices. Branch breakers are to be sized to carry 
140 percent minimum of the computed illumination load. Loads 
should be computed in accordance with the lamp load factors noted 
in Figure 4-6.

	 Main breakers are to be sized to carry 140 percent minimum of the 
computed illumination load in addition to 125 percent minimum of all 
other loads on the service. The minimum size main breaker shall be 
60 AMP.

	 Lighting contactors are used to switch the lighting circuits. Lighting 
contactors shall be rated to equal or exceed the branch breaker rating 
for the circuit it switches. Lighting contactors are available in 30, 60, 
and 100 AMP ratings.

H.	 Example Applications

1.	 Spacing and Uniformity Ratio Calculation. Determine the spacing 
and uniformity ratio for the intersection in Figure 4‑7. Channelization 
is painted, highway class is other, and area classification is 
intermediate. Utilize standard luminaires, standard mounting height 
and standard base location.



Signals and Illumination	 Chapter 4

Page 4-14	 WSDOT Traffic Manual  M 51-02.03 
	 October 2009

	 Design values are:

•	 Approach Design Footcandles (Dfc) = 0.8 fc, Figures 4-3 and 4-4.

•	 Intersection Design Footcandles (Dfc) = 1.5 x 0.8 fc = 1.2 fc, 
Figure 4-4.

•	 Uniformity Ratio (UR) = 4:1.

•	 Weak Point Light (WPL) = 0.2 fc.

•	 Mounting Height (MH) = 40 feet.

•	 Luminaire = 310 watt high pressure sodium.

•	 Dirt Factor (DF) = 0.85.

•	 Lamp Lumen Depreciation Factor (LF) = 0.73.

•	 Maintenance Factor (MF) = DC x LF = 0.85 x 0.73 = 0.62.

•	 Roadway Width (W) = 39 feet, Figure 4-7.

•	 Initial Lamp Lumens (LL) = 37,000 lumen.

	 The formula for spacing is:

	 S  =  LL × CU × MF 
	        Dfc × W

	 S	 =  Spacing 
LL	 =  Initial Lamp Lumens 
CU	 =  Coefficient of Utilization 
MF	 =  Maintenance Factor 
Dfc	 =  Design Footcandles 
W	 =  Roadway Width

	 The CU is determined from the utilization curve on Figure 4-8. 
The ratio of transverse width (TW) to mounting height (MH) is 39/40 
or 0.97. From Figure 4-8 the CU is 0.26.

	 Spacing for the intersection can now be calculated.

	 S  =  37,000 × 0.26 × 0.62  =  127 feet 
	             1.2 × 39

	 Round odd spacing down to the nearest 10 foot increment, therefore, 
S = 120 feet. Reducing spacing increases Dfc. The adjusted Dfc is:

	 Dfc  =  1.2 × 127  =  1.27 fc 
	                120

	 Check uniformity at mid spacing in center of the roadway.

	 UR  =   Dfc  
	       WPL
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	 The weak point light is determined by entering the isocandle curves 
on Figure 4-8.

	 The ratio of transverse distance to mounting height at midpoint is  
39/(2x40) = 0.48. The ratio of longitudinal distance to mounting height 
is 120/(2x40) = 1.5. From Figure 4-8 a value of 0.035 is determined. 
This value must be doubled since two luminaires are contributing light 
on the point. The value must also be adjusted for the lumen output 
of the lamp, the lamp maintenance (MF) and for mounting height 
correction (MHF).

	 WPL  =  chart value × 2 ×  37,000 × MF × MHF 
					       1,000

	 The mounting height correction factor (MHF) is 0.56 from Figure 4-8.

	 WPL  =  0.035 × 2 × 37 × 0.62 × 0.56 = 0.9 fc

	 UR  =   Dfc   =   1.27   =  1.4:1 0K 
	       WPL      0.9 fc

	 Light standard A can now be located as indicated on Figure 4-7.

	 Check to see if 0.2 fc is provided at the left turn lane full width point.

	 135 ft/40 ft = 3.37 MH

	 Entering Figure 4-8 a chart value of 0.008fc is determined.   
WPL = 0.008 x 37 x 0.62 x 0.56 = 0.10 fc

	 Since 0.10 fc is less than 0.20 fc, additional light standards will be 
required to illuminate the approach. A new calculation is required 
since the design light level on the approach is 0.8 fc versus 1.2 fc 
for the intersection.

	 X  =  37,000 × 0.26 × 0.62  =  191 feet 
	              39 × 0.8

	 Round to 190 feet and adjust Dfc

	 Dfc  =  0.8191  =  0.80 fc 
	            190

	 Check WPL at half spacing in the center of the roadway.

	 Entering Figure 4-8 at 190 (2 x 40) or 2.37 longitudinal and  
39 / (2 x 40) or 0.48 transverse yields a chart value of 0.017.  
WPL = 0.017 x 2 x 37 x 0.62 x 0.56 or 0.44 fc.

	 UR  =   0.80   =  1.8:1 
	        0.44

	 Locate luminaires C & D at 190 feet spacing.
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2.	 Line Loss Calculation. Determine the wiring requirements for 
the circuit in Figure 4-9. The wiring is installed in conduit and 
conductors are copper. Ultimate loads are known. Service voltage 
is 240. Luminaires are 310 watt high-pressure sodium vapor. From 
Figure 4-6 the lamp load factor is 1.2 and the maximum allowable 
line loss is 8 percent.

	 The load at each luminaire is:

	 310 watts  × 1.2  =  1.55 amps 240 volts

	 The maximum voltage drop is:

	 240 volts x 0.08 = 19.2 volts

	 Line loss is computed in ampere-feet and is the current in the circuit 
times the distance to the load. Typically the circuit segments with the 
greatest length and load will control. On this basis the line loss table in 
Figure 4-11 can be computed. The circuit segment from Luminaire 1 to 
the service has the highest line loss.

	 First check No. 8 wiring. From Figure 4-12, the line loss is:

10,000 amp-ft = 15.0 volts
4,000 amp-ft = 6.0 volts

800 amp-ft = 1.2 volts
Total 14,800 amp-ft = 22.2 volts > 19.2 volts. Not good.

	 Try changing the wiring from the service to Luminaire 5 to No. 6 wire 
with the remainder No. 8 wire.

Service to 5 (10,850 amp-ft) No. 6
10,000 amp-ft = 9.7 volts

900 amp-ft = 0.9 volts
Total 10,900 amp-ft = 10.6 volts

5 to 1 (14,800 - 10,900 = 3,900 amp-ft) No. 8
3,000 amp-ft = 4.5 volts

900 amp-ft = 1.4 volts
Total 3,900 amp-ft = 5.9 volts

	 The line loss to Luminaire 1 is:

	 10.6 + 5.9 = 16.5 volts which is less than 19.2 volts maximum 
allowed.

	 Final wire sizes are shown in Figure 4-10.
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Average Maintained Horizontal Illumination Levels (Foot Candles)
Highway Applications

Area Classification
Highway Class Commercial Intermediate Residential Rural

Full Access Cont. – Divided 0.6* 0.6* 0.6* 0.6*
Arterials 1.6 1.2 0.8* 0.6*

Other 1.0 0.8* 0.6* 0.6*
Construction Lanes and Detours 1.0 1.0 1.0 1.0

Non-Highway Applications

Parking 
Areas

Bus 
Loading 
Areas

Walkways Weight 
Scales

Park & Ride Lots 0.8 2.0 0.8 N.A.
Flyer Stops N.A. 2.0 0.8 N.A.

Ferry Terminals 0.8 2.0 0.8 N.A.
Rest Areas 2 Luminaires N.A. Security 

Level
N.A.

Pool-It Lots 0.8 N.A. N.A. N.A.
Weigh Stations None N.A. N.A. 2 Luminaires

*Increase light level by 50 percent at intersections where more than one light standard is installed.

Figure 4-4

High Pressue Sodium
Wattage Mounting Height (Ft)

70 20
100 25
200 30
250 35
310 40
400 50

1000 100
Recommended Mounting Heights

Figure 4-5

Lamp Lamp Load Factor 

Maximum Line Loss
Ultimate Loads 

Known
Ultimate Loads 

Unknown
High Pressure Sodium 1.2 8% 5%

Metal Halide 1.2 8% 5%
Mercury Vapor 1.1 10% 5%

Line Loss and Lamp Load Factor Requirements
Figure 4-6
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Figure 4-8
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Figure 4-9
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Figure 4-10
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Load No.
Load (A) 

AMPS
∑ Loads (A) 

(AMPS)
Distance (D) 

(FT) A x D (AMP-FT) ∑ AD (AMP-FT)
1 1.55 1.55 250 390 390
2 1.55 3.10 250 780 1170
3 1.55 4.65 250 1,160 2,330
4 1.55 6.20 250 1,550 3,880

5-6-7 4.65 10.85 1,000 10,850 14,730
Service Say 14, 800

7 1.55 1.55 250 390 390
6 1.55 3.10 500 1,550 1,940

5-4-3-2-1 7.75 10.85 1,000 10,850 12,790
Service Say 12,800

Line Loss Table
Figure 4-11
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WIRE 
SIZE AWG 4/0 3/0 2/0 1/0 1 2 4 6 8

Amperes 
Feet Volts Drop

500,000 95.9 120.0 151.0 191.0 240.0 303.0 483.0 – –
400,000 76.8 96.0 121.0 153.0 192.0 241.0 386.0 – –
300,000 57.6 72.0 90.6 115.00 144.0 182.0 290.0 460.0 –
200,000 38.4 48.0 60.4 76.4 96.0 121.0 193.0 307.0 478.0
100,000 19.2 24.0 30.2 38.2 48.0 60.6 96.6 153.0 239.0

90,000 17.3 21.6 27.2 34.4 43.2 54.6 87.0 138.0 215.0
80,000 15.3 19.2 24.2 30.5 38.4 48.5 77.3 123.0 191.0
70,000 13.4 16.8 21.1 27.6 33.6 42.4 67.6 107.0 167.0
60,000 11.5 14.4 18.1 22.9 28.8 36.4 58.0 92.0 144.0
50,000 9.6 12.0 15.1 19.1 24.0 30.3 48.3 76.7 120.0
40,000 7.7 9.6 12.1 15.3 19.2 24.1 38.6 61.4 95.6
30,000 5.8 7.2 9.1 11.5 14.4 18.2 29.0 46.0 71.7
20,000 3.8 4.9 6.0 7.6 9.6 12.1 19.3 30.7 47.8
10,000 1.9 2.4 3.0 3.8 4.8 6.1 9.7 15.3 23.9

9,000 1.7 2.2 2.7 3.4 4.3 5.5 8.7 13.8 21.5
8,000 1.5 1.9 2.4 3.1 3.8 4.9 7.7 12.3 19.1
7,000 1.3 1.7 2.1 2.8 3.4 4.2 6.8 10.7 16.7
6,000 1.2 1.4 1.8 2.3 2.9 3.6 5.8 9.2 14.4
5,000 1.0 1.2 1.5 1.9 2.4 3.0 4.8 7.7 12.0
4,000 0.7 1.0 1.2 1.5 1.9 2.4 3.9 6.1 9.6
3,000 0.6 0.7 0.9 1.2 1.4 1.8 2.9 4.6 7.2
2,000 0.4 0.5 0.6 0.8 1.0 1.2 1.9 3.1 4.8
1,000 0.2 0.2 0.3 0.4 0.5 0.6 1.0 1.5 2.4

900 0.2 0.2 0.3 0.3 0.4 0.6 0.9 1.4 2.2
800 0.2 0.2 0.2 0.3 0.4 0.5 0.8 1.2 1.9
700 0.1 0.2 0.2 0.3 0.3 0.4 0.7 1.1 1.7
600 0.1 0.1 0.2 0.2 0.3 0.4 0.6 0.9 1.4
500 0.1 0.1 0.2 0.2 0.2 0.3 0.5 0.8 1.2
400 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.6 1.0
300 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.5 0.7
200 – 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.5
100 – – – – 0.1 0.1 0.1 0.2 0.2

Voltage Drop for Aluminum Conductors 
(Aerial Installation Only, Underground Installation Prohibited) 

Power Factor 100 Percent Single Phase … 2 Wire
Figure 4-12
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WIRE 
SIZE AWG 4/0 3/0 2/0 1/0 1 2 4 6 8 10 12 14

Amperes 
Feet Volts Drop

500,000 62.4 78.6 98.5 123.0 153.0 194.0 306.0 483.0 – – – –
400,000 50.0 62.9 78.8 98.4 122.0 155.0 244.0 386.0 – – – –
300,000 37.4 47.2 59.1 73.9 91.8 116.0 184.0 290.0 450.0 – – –
200,000 25.0 31.4 39.4 49.2 61.2 77.6 122.0 193.0 300.0 480.0 – –
100,000 12.5 15.7 19.7 24.6 30.6 38.8 61.2 96.6 150.0 240.0 384.0 –

90,000 11.2 14.2 17.7 22.2 27.5 34.9 55.1 87.0 135.0 216.0 345.0 –
80,000 10.0 12.6 15.8 19.7 24.5 31.0 49.0 77.3 120.0 192.0 307.0 487.0
70,000 8.7 11.0 13.8 17.2 21.4 27.2 42.8 67.6 105.0 168.0 269.0 426.0
60,000 7.5 9.4 11.8 14.8 18.4 23.3 36.7 58.0 90.0 144.0 230.0 365.0
50,000 6.2 7.9 9.9 12.3 15.3 19.4 30.6 48.3 74.9 120.0 192.0 304.4
40,000 5.0 6.3 7.9 9.8 12.2 15.5 24.4 38.6 60.0 96.0 154.0 234.0
30,000 3.7 4.7 5.9 7.4 9.2 11.6 18.4 29.0 45.0 72.0 115.0 182.0
20,000 2.5 3.1 3.9 4.9 6.1 7.8 12.2 19.3 30.0 48.0 76.8 122.0
10,000 1.3 1.6 1.9 2.5 3.1 3.9 6.1 9.7 15.0 24.0 38.4 60.8

9,000 1.1 1.4 1.8 2.2 2.8 3.5 5.5 8.7 13.5 21.6 34.5 54.7
8,000 1.0 1.3 1.6 1.9 2.5 3.1 4.9 7.7 12.0 19.2 30.7 48.7
7,000 0.9 1.1 1.4 1.7 2.1 2.7 4.3 6.8 10.5 16.8 26.9 42.6
6,000 0.8 0.9 1.2 1.5 1.8 2.3 3.7 5.8 9.0 14.4 23.0 36.5
5,000 0.6 0.8 1.0 1.2 1.5 1.9 3.1 4.8 7.5 12.0 19.2 30.4
4,000 0.5 0.6 0.8 1.0 1.2 1.5 2.4 3.8 6.0 9.6 15.4 24.3
3,000 0.4 0.5 0.6 0.7 0.9 1.2 1.8 2.9 4.5 7.2 11.5 18.2
2,000 0.3 0.3 0.4 0.5 0.6 0.8 1.2 1.9 3.0 4.8 7.7 12.2
1,000 0.1 0.2 0.2 0.3 0.3 0.4 0.6 1.0 1.5 2.4 3.8 6.1

900 0.1 0.1 0.2 0.2 0.3 0.4 0.6 0.9 1.4 2.2 3.5 5.5
800 0.1 0.1 0.2 0.2 0.3 0.3 0.5 0.8 1.2 1.9 3.1 4.9
700 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.7 1.1 1.7 2.7 4.3
600 0.1 0.1 0.1 0.2 0.2 0.2 0.4 0.6 0.9 1.4 2.3 3.7
500 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.5 0.8 1.2 1.9 3.0
400 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.4 0.6 1.0 1.5 2.4
300 – 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.5 0.7 1.2 1.8
200 – – – 0.1 0.1 0.1 0.1 0.2 0.3 0.5 0.8 1.2
100 – – – – – – 0.1 0.1 0.2 0.2 0.4 0.6

Voltage Drop for Copper Conductors 
(In Conduit or Aerial Installtion) 

Power Factor 100 Percent Single Phase … 2 Wire
Figure 4-13
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