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Definitions
• Illumination (Illuminance) - the intensity of light per unit 

of area. (Roadway Lighting Design Guide - October 2005 - page 63) (RP-8-00 page 27)

• Luminance - luminous intensity, expressed in candles per 
unit projected area for the luminous surface. Roadway 
luminance is the light from a luminaire, projected onto a 
point on the roadway, then back to the observer, opposite 
the direction of travel. (Roadway Lighting Design Guide - October 2005 - page 64) (RP-8-00 
page 57)

• Veiling Luminance - The stray light produced within the 
eye by the light source that alters the apparent brightness 
of an object within the visual field and the background 
against which it is viewed. (Roadway Lighting Design Guide - October 2005 - page 66) 
(RP-8-00 page 58)



33
(There is only an observer in the Luminance 
and Veiling Luminance calculations.)
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Luminance

Red Path of Luminance 
from the luminaire to the 
observers eye.

Green Observers line 
of sight looking at the 
Luminance point value 
to be calculated on the 
pavement surface.
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Veiling Luminance

Red Path of Veiling 
Luminance(Disability 
Glare) from the luminaire 
to the observers eye.

Green Observers line 
of sight looking at the 
Veiling Luminance point 
value(Lv) to be 
calculated on the 
pavement surface.
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Definitions - continued

• Lamp lumens - The total output from a lamp, 
measured in lumens. (A lumen being a unit of 
luminous flux.) 

• Luminous Flux - the time rate of flow of light 
radiation.

• Foot-candle - The illumination of a surface 
one square foot in area on which is uniformly 
distributed a flux of one lumen. A foot-candle 
equals one lumen per square foot.
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Definitions - continued
• Minimum light level - The minimum light intensity 

of illumination at any single point within the 
design area measured just prior to relamping the 
system. (DM-Nov 2006-page 840-2 @ page 840-41, figure 840-25, Note 1)

• Minimum average light level - The average of all 
light intensities within the design area measured 
just prior to relamping the system. (DM-Nov 2006-page 840-2 & 
page 840-41, figure 840-25, Note 6)

• Uniformity Ratio - The ratio of the minimum 
average light level on the design area to the 
minimum light level of the same area. (DM-Nov 2006-page 
840-2 & page 840-41, figure 840-25, Note 1)
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Definitions - continued
• Dirt Factor - the amount of environmental 

contamination deposited on the reflector, refractor 
or luminaire bulb. Expressed as percentage of light 
transmission loss at end of life / relamping time 
compared to new installation. (DF) = 0.85 (RP-8-00 page 
27)

• Lamp Lumen Depreciation Factor - the factor used 
in illumination calculations to relate initial rated 
output to the anticipated output at replacement 
time. (LLDF) = 0.73 (GE Catalog  Dec. 1995 - section 9050 page 2)

• Light Loss Factor (Maintenance factor) Percentage 
of light degeneration through the life of the lamp. 
(DF) 0.85 x (LLDF) 0.73 = 0.62LLF
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Dirt Factor
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Lamp
Lumen

Depreciation
Factor



11

Definitions - continued
• Type III Medium Cutoff Fixture - Type I, II, III & IV are 

designations for asymmetrical (noncircular) distribution 
patterns. A “Type III” projects light further across the 
street (transverse) than a “Type II” and less far across the 
street than a “Type IV”.

• “Medium” is the distance up and down the highway 
(longitudinal) a luminaire directs light. This is in the 
range of >2.0xMH(mounting height) & < 4.0xMH 
(approx.).

• “Cutoff” - tells how much light a luminaire directs above 
80 & 90 degrees vertical. A cutoff fixture directs almost 
no light (2% - 3%) above 90 degrees.
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Required (Basic) Illumination
• The design matrices identify the design levels for 

illumination on all preservation and improvement 
jobs. (see Chapter 325 - Design Manual) (DM 840.05 –
November 2006)

• The design matrices are shown in figures 325-3 
through 325-7. Follow Design Manual guidance for 
all projects except as noted in the design matrices 
and elsewhere as applicable. (DM 325.03 – December 2003)

• A minimum of two light standards of standard pole height 
are required at all design areas, with the exception of 
ramp terminals and the entrance/exit points of minor 
parking lots. (addition to Nov. 2006 DM chapter 840). 



RI(1) DM page 840-5 & DM figure 840-1a on page 840-14

Freeway Off Ramps and On Ramps (1)

13



14

How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 1

Grid 2

Grid 2



RI(1) DM page 840-5 & DM figure 840-1b on page 840-15 15

Freeway Off Ramps and On Ramps (1)
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Grid 1

Grid 1

Grid 2

Grid 2

How to place Luminance & Veiling Luminance Grids



RI(1)DM page 840-5    RI (12) DM page 840-6 17

Freeway Off Ramps and On Ramps (1)
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Grid 1

Grid 1

Grid 2

Grid 2

How to place Luminance & Veiling Luminance Grids



RI(2) DM 840-5 & DM figure 840-1a, page 840-14 19

Freeway Ramp Terminals (2)
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Blank Page



RI(2) DM 840-5 & DM figure 840-2, page 840-17 21

Freeway Ramp Terminals (2)

This area was intended to 
be included in the design 
area. Include this area in 
your designs.

This area was not intended to 
be included in the design area. 
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How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 2
Ramp must be tangent for 272 feet or do not 
calculate  veiling luminance

Grid 3



RI(3) DM 840-5 & DM figure 840-3b, page 840-19 23

Intersections With Left Turn Channelization (3)
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Grid 1

Grid 2

Grid 3

Grid 4

How to place Luminance & Veiling Luminance Grids



RI (3) DM page 840-5 & DM figure 840-3b, page 840-19 25

Intersections With Left Turn Channelization (3)



RI(3) DM 840-2 & DM figure 840-3 26

Grid 2
Grid 2

Grid 1Grid 1

How to place Luminance & Veiling Luminance Grids



RI (3) DM page 840-5 & DM figure 840-3b, page 840-19 27

Intersections With Left Turn Channelization (3)



RI(3) DM 840-2 & DM figure 840-3 28

Grid 2

Grid 1

How to place Luminance & Veiling Luminance Grids



RI(3) DM 840-5 & figure DM 840-3a, page 840-18 29

Intersections With Left Turn Channelization (3)
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How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 2

Grid 3

Grid 4



AI (5) DM 840-8 & Figure 840-23 31

Intersections without channelization AI(5)
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Intersection 
design area

Grid 1

Grid 2

Grid 3

How to place Luminance & Veiling Luminance Grids

Approach roadway must be tangent
for 272 feet or do not calculate
veiling luminance



RI(4) DM 840-5 & figure DM 840-4 33

Intersections With Traffic Signals (4)
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How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 2

Grid 4

Grid 3

Grid 2

Grid 3

Grid 1



RI(5) DM 840-3 & figure DM 840-5 35

Railroad Crossings With Gates or Signals (5)

Note: Luminaires are shown in specific 
locations, and should be installed on the 
side of road as detailed here.
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How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 2



RI(6) DM 840-3 & figure DM 840-6 37

Transit Flyer Stop (6)
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How to place Luminance & Veiling Luminance Grids

Grid 1
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Major Parking Lot (7)

RI(7) DM 840-3, Figure 840-7
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How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 2

Grid 4

Grid 3

Grid 5

Grid 6



RI(8) DM 840-3, Figure 840-8 41

Minor Parking Lot (8)
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How to place Luminance & Veiling Luminance Grids

None required



RI(9) DM 840-5, Figure 840-9 43

Truck Weigh Sites (9)
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How to place Luminance & Veiling Luminance Grids

Grid 1
(diverge point 
from mainline)

Grid 4

Grid 5

Grid 6 
(merge point 
at mainline)

Grid 2
Grid 3



RI(10) DM 840-3 45

Midblock Pedestrian Crossing (10)

Design area encompasses midblock crossing with raised median pedestrian refuge, and 
the crossing is not within the limits of a continuously illuminated roadway.
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How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 2



RI(11) DM 840-3, Figure 840-11 47

Long Tunnel (11)
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How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 2



RI(1)DM page 840-5    RI (12) DM page 840-6, Figure 840-12 49

Lane Reduction (12)
Same as exit only lane – slide 17
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How to place Luminance & Veiling Luminance Grids

Grid 1

Same as exit only lane – slide 17



RI(13) DM 840-6, Figure 840-13 51

Intersection with Right Turn channelization (13)

See slide 53 & 54 for what the 
intention was for the design area 
of a right turn lane. 
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Grid 1

See slide 53 & 54 for what the 
intention was for the design area 
of a right turn lane. 

How to place Luminance & Veiling Luminance Grids



RI(13) DM 840-6, replacement for Figure 840-13 53

Intersection with Right Turn channelization (13)



RI(13) DM 840-6, replacement for Figure 840-13 54

How to place Luminance & Veiling Luminance Grids

Grid 1

Grid 2

Grid 2

Grid 1



RI(14) DM 840-6, Figure 840-14 55

Same direction traffic split around an obstruction (14)
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How to place Luminance & Veiling Luminance Grids
Grid 1

Grid 2



RI(15) 840-6 figure 840-15 57

Add Lane channelization (15)
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Grid 1
Direction of travel

How to place Luminance & Veiling Luminance Grids



RI(16) 840-6 figure 840-16 59

Roundabouts (16)



RI(16) 840-6 figure 840-16 60

Grid 1

How to place Luminance & Veiling Luminance Grids

Grid 2

Grid 3

Grid 4



RI(17) 840-6 figure 840-17 61

Bridge Inspection Lighting (17)
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Blank Page



RI(18) 840-6 figure 840-18 63

Freeway On-Ramps with ramp Meter Signals (18)



RI(18) 840-6 figure 840-18 64

Direction of travel

Grid 1
Approach roadway must be tangent
for 272 feet or do not calculate
veiling luminance

How to place Luminance & Veiling Luminance Grids



RI 19 page 840-7, figure 840-19 65

Freeway to Freeway Ramp connections - (19)

• Provide the necessary light standards to illuminate 
freeway-to-freeway ramps.

A3 840-8



RI 19 page 840-7, figure 840-19 66AI3 840-8

Grid 1

Ramp must be tangent for 272 feet or do not 
calculate veiling luminance.

How to place Luminance & Veiling Luminance Grids



RI 20 page 840-7, figure 840-20 67

HOT (High Occupancy Toll) Lane enter/exit zones - (20)

A3 840-8



RI 20 page 840-7, figure 840-20 68A3 840-8

How to place Luminance & Veiling Luminance Grids

Grid 1

Direction of travel

Grid 2

Direction of travel



RI 21 page 840-7, figure 840-21 69

Chain up / Chain off Parking Areas - (21)

A3 840-8



RI 21 page 840-7, figure 840-21 70A3 840-8

How to place Luminance & Veiling Luminance Grids

Grid 1



RI 22 page 840-7, figure 840-22 71

Rest Areas - (22)

A3 840-8



RI 22 page 840-7, figure 840-22 72A3 840-8

How to place Luminance & Veiling Luminance Grids

There is not a roadway section within this example where there is a tangent section of 
roadway greater than 272 feet in length before the design area. No veiling luminance 
calculations required.



RI 23 page 840-7 73

Overhead Sign Illumination - (23)

A3 840-8

• Provide sign lighting on overhead signs as 
discussed in Design Manual Chapter 820.

• When DM Chapter 820 is updated the overhead 
sign lighting section will move to DM Chapter 840.
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Additional Illumination
• Diminished Level of Service

– Mobility condition where the peak level of 
service is “D” or lower

• Nighttime Collision Frequency
– Condition when the number of nighttime 

accidents equal or exceed the number of 
daytime accidents

– An Engineering study is needed to show that 
installing illumination will result in a reduction 
of nighttime accidents

• High nighttime pedestrian accident locations
• AI 840-7
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Highways AI (1) (a)

– On the mainline of full limited access highways, 
consider full illumination if a diminished level of service 
exists and any two of the following conditions exist:

• There are three or more successive interchanges with 
an average spacing of 1 ½ miles or less.

• The roadway segment is in an urban area.

• The nighttime accident frequency condition exists.

• A cost benefit analysis between the required and full 
(continuous) illumination.

• AI 840-8



AI(1) DM 840-8 76

Highways With Full Access Control (1)(a)
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Highways AI (1) (b) - continued

• Mainline of highways without Full Access Control (b)
• Consider full (continuous) illumination if the segment of  

highway is in a commercial area, and either 
– A diminished level of service exists.
– Or, the nighttime accident frequency exists

• And an engineering study indicates that nighttime driving 
conditions will be improved.

A1 (b) 840-8
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Highways AI (1) (b)

A1 (b) 840-8

(Mainline of highways without Full Access Control (b))
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Ramps - AI (2)
• At ramps, consider additional illumination if a 

diminished level of service exists for the ramps and any 
of the following conditions are present:
• Complex ramp alignment & grade. (“complex ramp 

alignment & grade” is: The exit advisory speed is 35 mph or lower than 
the posted mainline speed, or there is a 6% or greater change in grade 
from exiting mainline grade to the ramp grade) 

• Routine queues of five or more vehicles per lane at 
ramp terminal.

• The nighttime accident frequency condition exists.
• The criteria for continuous mainline illumination has 

been satisfied.

A2 840-8
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AI(2)
DM 840-8



8181

The gore point of the exit 
ramp is past this sign



8282

The gore point of the exit 
ramp is past this sign

The ramp traffic begins 
here



AI 3 page 840-8, figure 840-19 83

Highway to Highway Ramp connections - AI (3)

• Provide the necessary light standards to illuminate 
highway-to-highway ramps.

A3 840-8



84AI3 840-8

Grid 1

Ramp must be tangent for 272 feet or do not 
calculate veiling luminance

How to place Luminance & Veiling Luminance Grids
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Crossroads - AI (4)
• At crossroads, consider additional illumination 

when:
– A diminished level of service exists, and
– the nighttime accident frequency condition 

exists.
– Also, consider additional illumination if the 

crossroad is in a tunnel, under crossing or lid.
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Blank Page
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Intersections w/o Channelization AI (5)

• Consider illumination of an intersection 
without channelization if:

• The intersection is located in an urban area.
• The nighttime intersection accident frequency 

condition exists.
• Traffic volumes and movements would be 

improved with the installation of left turn 
channelization.



AI(5) DM 840-8 figure 840-4, page 840-20 88

Intersections Without Channelization (5)
(and without a traffic signal)
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Short Tunnels, Underpasses, or Lids AI (6)
• Consider illumination if:

• portal conditions result in a brightness in the 
tunnel, underpass or lid that is less than the 
measured daytime brightness of the approach 
roadway divided by 15 and,

• The length to vertical clearance ratio is 10:1 or 
greater.

• Note: IESNA RP-22-05 (Recommended Practice for Tunnel 
Lighting) recommends daytime illumination of underpasses 
greater than 80 feet in length. This significant change was 
not implemented in the 2006 rewrite of DM chapter 840. 
The entire concept of illuminating short tunnels, 
underpasses, or lids is under review.
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Given:
1) Widen  three lane roadway to four lane roadway.
2) Gap between new traffic barrier on structures is 4 

feet.
3) Bridge design height = 17.0 feet.
4) Undercrossing roadway is City street with 500 plus 

pedestrians each day.

AI(6) DM 840-8 90



91

Work Zones and Detours  AI (7)
• Consider temporary illumination of the highway through work 

zones and detours when changes to the highway alignment or 
grade remain in place during nighttime hours, and when the 
following conditions may be present:

• Nonstandard features such as narrow lanes, shoulders, or shy distance 
to barriers or structures are present.

• When the temporary alignment includes abrupt changes in highway 
direction or lane shift with substandard lane shift tapers.

• When other unusual highway features such as abrupt lane edge drop-
offs, sudden changes in pavement conditions, or temporary 
excavation or trenching covers are present.

• When there is an anticipation of heavy construction truck traffic, 
possibly requiring flaggers, entering and exiting the highway during 
nighttime hours.



AI(7) DM 840-8 92
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Transit Stops AI (8)
– The responsibility for lighting at transit stops is shared with the 

transit agency. Negotiating a memorandum of understanding 
with the transit agency is preferred over spot negotiations. If 
the agency is unable or unwilling to participate in the funding 
or maintenance of the illumination, a single light standard 
positioned to illuminate both the transit pullout area and the 
loading area can be considered.

– Transit stops with shelters are indicative of higher passenger 
usage. Consider illumination of transit stops with shelters. This 
lighting consists of one luminaire positioned to illuminate both
the transit pull out area and the loading area. 

– Additional illumination to further illuminate the loading area at 
transit stops with significant, nighttime activity may be 
considered, if the transit agency will provide the funding for 
construction and maintenance.
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Transit Stop AI(8)

AI(8) DM 840-6
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Bridges AI (9)
Railroad Xing Without Gates or Signals AI (10)
• Bridges:

– Justification for illuminating bridges is the same as 
that for highways, with or without full limited access 
control, as applicable.

• Railroad Crossings Without Gates or Signals:
– Consider illuminating these facilities when:
– Collision history indicates motorists experience 

difficulty seeing trains.
– There is a substantial amount of nighttime activity.
– The crossing is blocked for long periods of time due 

to low train speeds.
– The crossing is blocked for long periods at night. 
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Blank Page
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Walkways and Bicycle Trails AI (11)

• Walkways and Bicycle Trails
– Consider Illuminating the walkway if it is a connection 

between two highway facilities.
– Consider illuminating existing walkways or bicycle trails 

if security problems have been reported.
– Consider illuminating of new construction walkways or 

bicycle trails if security problems are anticipated.



AI(11) page 840-9, figure 840-22 98

Walkways and Bicycle Trails - AI(11)

Walkways

Trail



99

What’s new in illumination design
(or not so new)

• Getting the base map from the Design Office.
• You should have only one base map file you get from the 

location office.  The contents of this file is spelled out in the 
“Traffic PS&E Preparation CADD Base plan requirements”
Current Practices.  Everything listed on this sheet is critical 
and should be shown in the base map.

• Supervisors – send a copy of this CADD requirements sheet 
to the location office when you are scoping the job.

• Designer - Send a copy of this CADD requirements sheet to 
the location office when you are first assigned the job. 

• Having only one base map insures this process works easily 
throughout the design stages.
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What’s new in illumination design
(or not so new) - continued

• Placement of Light Standards.
– Luminaires should be placed as far back from the 

traveled way as is practical, generally 16’ from the fog 
stripe.  Luminaires should not be placed; in ditches, in 
ecology embankments, on steep cut slopes, above buried 
utilities, below overhead utilities, or within 10’
(measured circumferentially) of power wires - including 
the neutral (depending on the voltage of the line the 
distance may be greater than 10 feet).

– Watch your wetlands!
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R/W line

Example 1
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Example 1
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Example 1
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Example 1
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Example 1

106
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Example 1

107
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Example 1

108
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Example 2

R/W line

Luminaire #35

Luminaire #34
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Example 2

110



111Example 2



112Example 2



113Example 3

Is the signpost plumb or is 
the luminaire plumb?



114Example 3



115Example 3



116Example 4
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118Example 5
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Example 5
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This person is standing on 
the grated inlet that was 
constructed (by change 
order) to drain the water 
away from the hole this 
traffic signal pole was 

built into. 

Example 6
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Example 6

The guardrail was also 
constructed (by change 
order) to keep vehicles 
away from the hole 
this traffic signal pole 
was built into. 
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Example 7

122
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Example 7
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Example 7

124



125

Example 8
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Example 8
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Example 8
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Example 9
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Example 9
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Example 10

R/W line

Luminaire #37
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Example 10



132Example 10
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134Example 10
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Example 11
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Example 11



137http://www.wsdot.wa.gov/eesc/design/designstandards/psl/IS-2/is-2.htm
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What’s new in illumination design
(or not so new) - continued

• Cross-sections
• At every location you are installing a luminaire you 

need to check the roadway sections for the slope in 
that area.  You need this information to input the 
mounting height of the luminaire in AGI and to 
know how big to make the foundation.
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What’s new in illumination design
(or not so new) - continued

• Reviewing luminaire locations
– After initial luminaire locations are identified the 

designer needs to check to make the location will work 
with other design features.  The designer should review 
the approved channelization plan, existing and proposed 
utility plans, existing and proposed drainage plans, 
existing and proposed ITS plans, existing and proposed 
signing plans, last minute changes / addendums and all 
those other items that caught you in the past. (let us 
know what they are and we will add them here)
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Reference Materials
• Roadway Lighting Design Guide – AASHTO Oct. 2005 

(update to-An Informational Guide for Roadway Lighting – AASHTO. 1984)

• Roadway Lighting - RP-8-00 IESNA (Illuminating 
Engineering Society of North America) 2000 (update to RP-8, 1983)

• Recommended Practice for Tunnel Lighting IESNA RP-22-05
(updates Recommended Practice for Tunnel Lighting – IESNA. 1996)

• Tunnel Lighting Design Procedures – FHWA. 1985
• International Commission on Illumination (CIE). 1992
• WSDOT Design Manual.  Chapter 840 Nov. 2005
• WSDOT Design Manual . Chapter 820 Nov. 1999
• WSDOT Traffic Manual.  1993



141

Contacts
• Terry Thayer – Traffic Standards Engineer - HQ 

Traffic Office 360-705-7290
• Keith Calais – Signal & Illumination Engineer -

HQ Traffic Office 360-705-6986
• Ted Bailey – Signals, Illumination & ITS Engineer 

- HQ Traffic Office 360-705-7286
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Any questions?


