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Executive Summary

Increasing budget pressures are causing the Washington State Department of Transportation
(WSDOT) to look for ways to reduce costs. WSDOT currently owns and operates
illumination fixtures on state freeways and highways with annual operating costs measured in
millions of dollars. There are several aspects of roadway illumination that must be considered
when revising the illumination design standards. These include evaluating why existing
illumination design standards have been adopted and which luminaire technology and control
technology have been employed. It is important that current standards include up to date
evaluations of existing technology and the safety implications of design decisions.
Specifically, the objectives of this research are:

e Review existing public agency illumination standards domestically and internationally
and outline recommend modifications of alternative design standards;

e Provide an overview of existing light-emitting diode (LED) luminaire technology
performance, as well as operational and maintenance characteristics;

e Examine available illumination control technologies for performance characteristics,
luminaire compatibility, and overall capacity to function as a comprehensive asset
management system; and

e Provide information regarding luminaire technology spectrum, scotopic and mesopic
reduction factors, color rendering index (CRI), perceived light levels, and uniformity
levels.

With other agencies facing similar budget pressures and seeing the same changes in
illumination technologies, a review of other illumination practices was conducted by research
team to give perspective on the tradeoffs between cost, operations and safety that other states
are making. Specifically, the illumination design standard used by following public agencies
were reviewed and compared: City of Seattle, New York City DOT, CalTrans, Minnesota
DOT, TxDOT, Transportation Association of Canada, Oregon DOT, Illinois DOT and City of
Los Angeles.

There are numerous currently available and emerging lighting technologies that may be used
in luminaries. The selection of a given technology has implications for energy use, color of
light, light levels, uniformity, maintenance, and control characteristics such as speed of
ignition, and dimming. This study focused on LED luminaire technology. To inform changes
in design practice, the research team focused on the following characteristics of LED
products from eleven manufacturers: drivers, dimming control modules and luminaire types,
compatibilities with different control systems and costs, life span, manufacturer warranty,
ongoing preventative maintenance requirements, inrush current, illumination spectrum,
energy use and efficiency, operating voltages, cased studies, etc.

Conventional illumination control tends to be very simple, with luminaires commonly being
activated and deactivated based on time of day, individual photocells located on or near the
luminaire fixture, or one master photo control located near the electrical service cabinet.
Control technologies are becoming increasingly sophisticated with new options allowing
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dimming, motion based activation, and other control schemes. To inform the selection of a
comprehensive control technology, the research team reviewed available literature, case
studies, and vendor documentation for available illumination control systems to determine
operational benefits, luminaire compatibility, impacts on maintenance and efficiency and
overall effectiveness of the control technology as a comprehensive asset management system.

Each luminaire technology produces a different spectrum of light. Even with significantly
lower overall illumination levels, whiter light and associated color rendering index (CRI)
generally resulted in better perceived quality of illumination. To assist the modification and
adoption of alternative design standards given different illumination spectra, the research
team conducted a review of literature regarding how light is perceived and the impacts of
different levels of light.

In summary, the results of this comprehensive literature review are useful for design and
business case decisions regarding illumination installation, maintenance, and operation.



1 Introduction

Increasing budget pressures are causing the Washington State Department of Transportation
(WSDOT) to look for ways to reduce costs. WSDOT currently owns and operates
illumination fixtures on state freeways and highways with annual operating costs measured in
millions of dollars. Given the pressures to reduce the WSDOT budget, it is important to have
a complete understanding of the means available to reduce operating and capital costs with
the least negative impact on service, safety and sustainability. There are several ways that the
WSDOT can reduce expenditures on illumination. One way is to use more efficient lighting
technologies. A second is to operate illumination more judiciously. Another option is to install
fewer luminaires, remove superfluous luminaires and consolidate luminaires. Executing these
options effectively requires the WSDOT to collect additional information regarding current
and near future illumination practices and technologies.

A natural starting point in the process of revising and adapting WSDOT’s illumination
standards is examining how the WSDOT standards compare to other state DOTs, utilities,
cities, counties and other public entities internationally. Given the work required to revise,
publish and promulgate a new illumination standard, it is advisable to examine the current
state of practice in illumination standards in order to inform comprehensive updates. Toward
that end, a comprehensive review of illumination standards is an excellent starting point for
revising illumination standards.

Recent advances in illumination technologies, such as LED luminaires, offer potential ways
to reduce operating costs. However, before any of these new illumination technologies can be
implemented, several operational details must be considered to ensure that service, safety and
sustainability are not negatively impacted. First, each technology has a different upfront cost.
Second, each technology has a different efficiency. Third, ongoing preventative maintenance
and associated product warranties play a role. Forth, the lifespan and serviceability of
components in each system will vary. Fifth, the qualifications and fiscal stability of the
manufacturer and associated vertical supply chain have a long term financial risk component.
Finally, the quality of light, particularly with regard to light level, uniformity and color, may
have safety implications that should be considered.

Just as lighting technologies have advanced, so too have illumination control systems. It is
now practical to exercise central control on illumination for entire corridors, turn luminaires
on and off by time of day, use motion detectors to activate luminaires, and dim lights to
reduce energy consumption and extend life since lighting systems are typically designed for
end of life performance which equates to providing more light than necessary for a significant
portion of their life. Many of these technologies can be implemented separately or in
combination. The ability to exercise greater control on illumination offers an opportunity to
reduce operating costs and extend life without an apparent loss of service or adverse safety
impacts.

In light of budget constraints, it is also prudent to examine the guidelines for installing new
illumination. Since the goal of providing illumination is primarily a matter of safety, and
4



considering the high percentage of fatal accidents that occur in darkness (Griffith (1994)), it
would be instructive to determine under which conditions illumination provides the greatest
safety benefits. In many respects illumination is focused around providing safety and
security for pedestrians. With this in mind, there are many locations, time periods, and
seasons where pedestrian volumes are low or nonexistent resulting in a reduced need for
illumination during those periods. Once these conditions have been identified, current
standards can be revised to recommend illumination in locations with high potential impact.

To address these aspects of illumination operation and design, a thorough literature review of
existing illumination products, illumination control systems, and safety implications due to
illumination is conducted. The results of this literature review are useful for design and
business case decisions regarding illumination installation, maintenance, and operation.

Section 2 reviewed existing public agency illumination standards domestically and
internationally and outlined the difference in designing standards.

Section 3 provided an overview of existing luminaire technology performance, as well as
operational and maintenance characteristics.

Section 4 examined available illumination control technologies for performance
characteristics, luminaire compatibility, and overall capacity to function as a comprehensive
asset management system.

Section 5 provided information regarding luminaire technology spectrum and a review of
literature regarding how light is perceived and the impacts of different levels of light.



2  State lllumination Design Standard Review

With other agencies facing similar budget pressures and seeing the same changes in
illumination technologies, it is reasonable to expect that there may be innovations in their
illumination standards worth considering for inclusion in WSDOT standards. In this section,
a review of illumination practices by other state agencies is conducted to give perspective on
the tradeoffs between cost, operations and safety that other states are making. As WSDOT is
facing many of the same design tradeoffs and can benefit from any innovative design aspects,
it is an important first step to examine other public agency design standards.

2.1 TxDOT lighting guidelines

WSDOT defines two types of roadway lighting systems, required illumination and additional
illumination. For TxDOT, they define two basic types of roadway lighting systems —
“continuous illumination” and “safety lighting.” TxDOT uses criteria called warrants to
justify the need for roadway lighting at eligible locations. To determine if an eligible location
meets the relevant warrant, TXDOT assesses roadway conditions in terms of criteria called
“cases.”

The TxDOT Illumination Manual (2003) states that full access-controlled urban multi-lane
freeways and partial access-controlled urban multi-lane arterials are eligible for continuous
lighting. Non-access-controlled roadways are not eligible for continuous lighting and
continuous lighting for bikeways and pedestrian ways are determined based on the funding
availability. TxDOT does not normally light frontage roads.

Individual warranting criteria for continuous lighting in the TxDOT guidelines are
categorized into three groups: traffic volume criteria, roadway related criteria, and safety
criteria. TxDOT assesses eligibility of roadway conditions for lighting under four scenarios,
and continuous lighting may be warranted under any one of four scenarios. Case 1 (CL-1)
describes the requirement for average daily traffic; Case 2 (CL-2) and Case 3 (CL-3) describe
the requirements of roadway related criteria; and Case 4 (CL-4) describes requirements of the
ratio of night-to-day crash rate. Table 2-1 provides the continuous lighting warrants from the
TxDOT 2003 Illumination Manual.



Table 2-1 Continuous lighting warrants from the TxDOT 2003 Illumination Manual

ndivi
nc.th.dual Case TxDOT Warrants
Criteria No.
CL-1 Average daily traffic (ADT) > 30,000 vpd
Traffic . . . . .
> <
Volume CL >3 mFerchanges with average spacing < 1.5 miles and adjacent to
substantial urban areas
> 2 miles freeway segment passing through areas with two or more of the
following characteristics: ¢ Lit street grid visible from the freeway;s A
Roadway ) . . . .
CL-3 series of developments, e.g., streets, residential and parking areas;e Lit
Related : : )
cross streets < 0.5 mile apart; « Width of freeway cross-section elements
Factors .
below desirable levels
Safety CL4 Night-to-day crash rate ratio > 2.0 times state average for unlit similar

sections, and study indicates lighting would reduce night crash rate

Safety lighting consists of three types: partial interchange/intersection, complete interchange/
intersection, and spot. The safety lighting may be installed at any interchange, highway
intersection, decision-making point or points of nighttime hazard. Warranting safety lighting
depends on the type of roadway (for example, freeway, express-way, or other designated
on-system highway) and the type of proposed lighting (partial interchange, complete

interchange, or spot).

For the continuous lighting, TxDOT may consider both AASHTO 1984 and AASHTO 2005
lighting guides as the reference for setting lighting levels, and this is different from the
illuminance level and uniformity ratio chart used by WSDOT. Table 2-2 provides a summary
of lighting levels from the two guides to compare the requirements for lighting level.




Table 2-2 Summary of lighting levels from AASHTO 1984 and AASHTO 2005 (source:
AASHTO 1984 and AASHTO 2005)

Illuminance Method Luminance Method Additional
Veiling
. Uniformity | Lavg Uniformity Luminance
Roadway General Land | Eavg* | Emin )
(cd/m *ok
Type Use (lux) (lux)
. . . ) Lavg/Lm | Lmax/Lm | Lv(max)/La
(min) | (min) | Eavg/Emin . . .
(min) in n vg
(max)
(Max) (Max) (Max)
AASHTO 1984 Lighting Guide
Freeway All 6~9 2 3:1o0r4:1 | 0.4~0.6 3.5:1 6:1 0.3:1
Commercial 10~14 1 3:1 5:1 0.3:1
Expressway | Intermediate | 8~12 3:1 0.8 3:1 5:1 0.3:1
Residential 6~9 0.6 3.5:1 6:1 0.3:1
Commercial 12~17 1.2 3:1 5:1 0.3:1
Major - 11
Arterial Intermediate 9~13 : 0.9 3:1 5:1 0.3:1
Residential 6~9 0.6 3.5:1 6:1 0.3:1
Commercial 8~12 0.8 3:1 5:1 0.4:1
Collector Intermediate 6~9 As 4:1 0.6 3.5:1 6:1 0.4:1
Residential 4~6 unifor 0.4 4:1 8:1 0.4:1
Commercial 6~9 mity 0.6 6:1 10:1 0.4:1
Local Intermediate 5~7 ratio 6:1 0.5 6:1 10:1 0.4:1
Residential 3~4 | allows 0.3 6:1 10:1 0.4:1
Commercial 4~6 04 6:1 10:1 0.4:1
Alleys Intermediate 3~4 6:1 0.3 6:1 10:1 0.4:1
Residential 2~3 0.2 6:1 10:1 0.4:1
Commercial 10~14 3:1
Sidewalks Intermediate 6~9 4:1
- - Use illuminance requirements
Residential 3~4 6:1
Pedestrian / Bike Lanes 12~22 3:1
AASHTO 2005 Lighting Guide
Interstate Commercial 6~12 2 3:1or4:1 | 0.4~1.0 3.5:1 6:1 0.3:1
and Other Intermediate 6~10 2 3:1or4:1 | 0.4~0.8 3.5:1 6:1 0.3:1
Freeways Residential 6~8 2 3:1o0r4:1 | 0.4~0.6 3.5:1 6:1 0.3:1
o Commercial | 12~17 1.2 3:1 5:1 0.3:1
Principle
. Intermediate 9~13 3:1 0.9 3:1 5:1 0.3:1
Arterial As
Residential 6~9 ) 0.6 3.5:1 6:1 0.3:1
unifor
Commercial | 10~15 . 1.2 3:1 5:1 0.3:1
Minor - mity
. Intermediate 8~11 . 4:1 0.9 3:1 5:1 0.3:1
Arterial ratio
Residential 5~7 0.6 3.5:1 6:1 0.3:1
allows
Commercial 8~12 0.8 3:1 5:1 0.4:1
Collector - 4:1
Intermediate 6~9 0.6 3.5:1 6:1 0.4:1




Residential 4~6 0.4 4:1 8:1 0.4:1
Commercial 6~9 0.6 6:1 10:1 0.4:1
Local Intermediate 5~7 6:1 0.5 6:1 10:1 0.4:1
Residential 3~4 0.3 6:1 10:1 0.4:1
Commercial 4~6 0.4 6:1 10:1 0.4:1
Alleys Intermediate 3~4 6:1 0.3 6:1 10:1 0.4:1
Residential 2~3 0.2 6:1 10:1 0.4:1
Commercial | 10~14 3:1
Sidewalks | Intermediate 6~9 4:1 ) ) )
Residential 34 o1 Use illuminance requirements
Pedestrian / Bike Lanes 15~22 3:1

* The required minimum level of average maintained horizontal illuminance varies by
pavement types, with the lowest values for Portland cement concrete surface and the highest
values for rough asphalt surface

** The veiling luminance ratio is the ratio of veiling luminance L,(max) to the average
maintained luminance L,y,.

For safety lighting, the light level required by TxDOT is different from the requirements of
light level for continuous lighting. Note that TxDOT suggests that careful design should be
considered to avoid excessive glare.

Standard pole heights for WSDOT are normally 20 — 50 feet. TXDOT considered two types of
light standards, the conventional lighting and high mast lighting. The conventional lighting is
about 50 feet or less. High mast lightings can be 100 feet or more. Selection between
conventional and high mast units depends on several factors: installation and maintenance
costs, traffic volume, possibility of lighting pollution, etc. Conventional lighting usually
requires less installation cost on non-interchange roadway segments. High mast lighting is
less expensive for interchange areas because fewer lighting fixtures and poles are required.
The maintenance cost of high mast lighting is also less because it requires less traffic control.
The TxDOT Illumination Manual (2003) recommends that high mast lighting should be used
for complete interchange lighting and for tangent segments of freeways with initial ADT of
70,000 or greater.

Lighting poles may be installed between curb and right-of-way line, called house side
mounting, or on medians, called median mounting. Although the TxDOT Illumination
Manual (2003) does not specify the location of high mast poles, the high mast poles are
typically house side mounted. If the median width is wide enough to treat each direction of
main lanes as a separate roadway, the high mast poles may also be installed on wide medians.
Placement of conventional lighting poles depends on the following factors: the type of poles
(non-breakaway or breakaway), clear zone requirement, or hazard of falling poles to
surrounding properties (for example, roadway users, vehicles etc.).




2.2 lllinois DOT lighting guidelines

The WSDOT defines two types of roadway lighting systems, required illumination and
additional illumination. Illinois DOT provides highway lighting based on the following
factors: reasonable engineering judgment, recommendations, and guidelines in the AASHTO
Roadway Lighting Design Guide (2005) and NCHRP Report No. 152 Warrants for Highway
Lighting (1974).

For Illinois state maintained freeway facilities, Illinois DOT provides three types of lighting.
They are continuous lighting, complete interchange lighting and partial interchange lighting.
According to Illinois highway lighting manual (2013), continuous lighting consists of all
mainline and direct connections, and provides complete lighting of all associated
interchanges. Lighting poles can be high-mast poles, conventional poles, or a mixed use of
both. The conditions need to be considered for continuous freeway lighting (CFL) are
summarized in Table 2-3. The continuous lighting warrants in Table 2-3 are from the Illinois
DOT highway lighting design.

Table 2-3 Continuous lighting warrants from the Illinois DOT highway lighting design

Individual
Criteria Illinois Warrants

Average daily traffic > 30,000 vpd

Freeway > 3 interchanges with average spacing < 1.5 miles and adjacent to substantial
Volume urban areas

> 2 miles freeway segment passing through areas with two or more of the
Roadway | following characteristics: ¢ Lit street grid visible from the freeway;* A series of
Related developments, e.g., streets, residential and parking areas;* Lit cross streets < 0.5
Factors mile apart; « Width of freeway cross-section elements below desirable levels

Night-to-day crash rate ratio > 2.0 times state average for unlit similar
Safety sections, and study indicates lighting would reduce night crash rate

Complete interchange lighting (CIL) are generally applied in the following scenarios: the
freeway’s through traffic lanes within the interchange area, the traffic lanes of all ramps, the
acceleration and deceleration lanes, all ramp terminals, and the crossroad between the
outermost ramp terminals. Table 2-4 lists the complete interchange lighting warrants from the
[llinois DOT highway lighting design (2013).
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Table 2-4 Complete interchange lighting warrants from the Illinois DOT highway lighting
design

Individual

L Illinois Warrants
Criteria

Average daily traffic > 10,000 vpd for urban conditions, > 8,000 vpd for

Ramp Volume suburban conditions and > 5,000 for rural conditions.

Crossroad current ADT on the crossroad> 10,000 vpd for urban conditions, > 8,000
Volume vpd for suburban conditions and > 5,000 for rural conditions

Consider CIL at locations on unlighted freeways where existing
substantial commercial or industrial development, which is lighted during

Roadway Related . . . . . .
Y hours of darkness, is located in the immediate vicinity of the interchange,

Fact ) .
actors or where the crossroad approach legs are lighted for 0.5 miles (1 km) or
more on each side of the interchange.
Safety Night-to-day crash rate ratio > 1.5 times state average for unlit similar

sections, and study indicates lighting would reduce night crash rate

Partial interchange lighting (PIL) generally is usually used at the decision-making areas. This
type of lighting consists of a few luminaires located in the vicinity of all ramp terminals.
Table 2-5 lists the partial interchange lighting warrants from the Illinois DOT highway
lighting design.

Table 2-5 Partial interchange lighting warrants from the Illinois DOT highway lighting design

Individual Illinois Warrants
Criteria

Ramp Volume Average daily traffic > 5,000 vpd for urban conditions, > 3,000 vpd for
suburban conditions and > 1,000 for rural conditions.

Freeway Volume | current ADT on the crossroad> 25,000 vpd for urban conditions, >
20,000 vpd for suburban conditions and > 10,000 for rural conditions

Safety Night-to-day crash rate ratio > 1.25 times state average for unlit similar
sections, and study indicates lighting would reduce night crash rate

When determining the lighting needs of streets and highways other than freeways, the
following factors (i.e., urban and rural conditions, traffic volumes, intersections, turning
movements, signalization, channelization, and varying geometrics) should be considered (as
recommended in Illinois highway lighting manual, 2013).

Standard pole heights for WSDOT are normally 20 — 50 feet. Illinois DOT considered two
types of light poles: conventional light pole and light towers. Conventional highway light
pole’s mounting heights range from approximately 30 ft to 50 ft. Light towers generally range

11




from &0 ft to 160 ft.

WSDOT normally uses the cobra head-style, high-pressure sodium vapor luminaire with
Type 111, medium cut-off light distribution as the normal light source. Similarly, Illinois DOT
also uses high-pressure sodium for roadway lighting unless permission is obtained from
Ilinois DOT for a different light source. But control of light distribution can be cutoff or full
cutoff. In Illinois, LED lighting fixtures have not become effective for most roadway
applications although LED is a popular light source due to their long life and low electrical
energy usage.

In highway lighting design, the illuminance design criteria considered by Illinois DOT are
provided in Table 2-6, which are different from the light level and uniformity ratio chart used
by WSDOT. The pavement classifications R1, R2 , R3 and R4 are defined in Table 2-7.

Table 2-6 Illuminance design criteria considered by Illinois DOT (Source: Illinois highway
lighting manual, 2013)

Average Maintained'
. . . . . Veiling
Roadway Pedestrian Horizontal Illuminance Uniformity .
L Area . ) Luminance
Facility ] ) Conflict (Ey) Footcandle (Lux) Ratio )
) ) Classification ) Ratio
Classification Area (Ave./Min.) L "
Pavement Classification vinaxiLave
R1 R2 & R3 R4
5 Class A 0.6 (6) 0.9 (9) 0.8 (8)
Freeway
Class B 0.4 4) 0.6 (6) 0.5(5)
Commercial High 1.0 (10) | 1.4(14) 1.3(13)
Expressway Intermediate Medium 0.8 (8) 1.2 (12) 1.0 (10) 31 03
Residential Low 0.6(6) | 0.9(9) 0.8 (8) ' '
Commercial High 1.2(12) | 1.7(17) 1.5(15)
Major Intermediate Medium 0.9 (9) 1.3(13) 1.1(11)
Residential Low 0.6 (6) 0.9 (9) 0.8 (8)
Commercial High 0.8 (8) 1.2 (12) 1.0 (10)
Collector Intermediate Medium 0.6 (6) 0.9 (9) 0.8 (8) 4:1
Residential Low 0.4 4) 0.6 (6) 0.5(5)
Commercial High 0.6 (6) 0.9 (9) 0.8 (8)
Local Intermediate Medium 0.5(5 0.7 (7) 0.6 (6) 0.4
Residential Low 0.3(3) 0.4 (4) 0.4 (4) 61
Commercial 044 0.6 (6) 0.5 (5) '
Alleys Intermediate 0.3(3) 0.4 (4) 0.4 (4)
Residential 0.2(2) 0.3(3) 0.3(3)

Rest Areas And Weigh Stations
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Ramp Gores &
Interior ALL

Roadways

0.4 (4) 0.6(6) | -

3:1to4:1

Parking &
Major Activity ALL

Areas

0.4
0.8 (8) Lian | -

Minor Activity
ALL

Areas

0.4 (4) 0505) | - 6:1

Notes:

1. Average illuminance on the traveled way.

2. Both mainline and ramps.

3. The illuminance values are minimum maintained averages. Higher levels than shown in the
tables may be justified, consult the AASHTO Roadway Lighting Design Guide for details.

Table 2-7 Definition of the pavement classifications R1, R2 , R3 and R4.

Pavement classifications

Definition

Class R1

Class R1 pavement has a mostly diffuse mode of reflectance.

R1 pavements include portland cement concrete road surfaces and
asphalt road surfaces with a minimum of 12% of the aggregates
composed of artificial brightener (e.g., Synopal) aggregates (e.g.,
labradorite, quartzite).

Class R2

Class R2 pavement has a mixed diffuse and specular mode

of reflectance. R2 pavements include asphalt road surfaces with an
aggregate composed of a minimum of 60% gravel with a size
greater than 0.40 in (12 mm).

Class R3

Class R3 has a slightly specular mode of reflectance. R3
pavements include asphalt road surfaces, both regular and carpet
seal coats, with dark aggregates (e.g., trap rock, blast furnace slag)
and exhibit a rough texture after some months of use. Class R3
pavement represents typical asphalt highways and is used on most
highway lighting projects.

Class R4

Class R4 pavement has a mostly specular mode of reflectance. R4
includes asphalt road surfaces with a very smooth texture.

2.3 City of Los Angeles lighting guidelines

According to the design standards and guidelines (2007), the recommendations for lighting
levels adopted by City of Los Angeles are different from the light level used by WSDOT.
Specifically, the recommended values used by City of Los Angeles are summarized in the

following Table 2-8.
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Table 2-8 Recommendations for lighting levels adopted by City of Los Angeles (source:
design standards and guidelines, 2007)

. . Pavement Classification
Road and Pedestrian Conflict o o . ) Veiling
(Minimum maintained Uniformity .
Area ) Luminance
Averaged Values) Ratio .
(Exe/Er) Ratio
Ave./ =Min.
. . R1 R2 & R3 R4 Lyman/Lave
Road Pedestrian Conflict
fc/lux fc/lux fc/lux
Freeway Class A 0.6 (6) 0.9 (9) 0.8 (8)
Freeway Class B 044 0.6 (6) 0.5 (5)
High 1.0(10) | 1.4(14) | 1.3(13)
Expressway Medium 0.8(8) | 1.2(12) | 1.0 (10) 31 03
Low 0.6(6) | 0.9(9) | 0.8(8) ' '
High 1.2(12) | 1.7(17) | 1.5(15)
Major Medium 090 | 1.3(13) | 1.1(11)
Low 0.6 (6) 0.9 (9) 0.8 (8)
High 0.8(8) | 1.2(12) | 1.0(10)
Collector Medium 0.6 (6) 0.9 (9) 0.8 (8) 4:1
Low 044 0.6 (6) 0.5(5) 04
High 0.6 (6) 0.9 (9) 0.8 (8) '
Local Medium 0.5(5) 0.7 (7) 0.6 (6) 6:1
Low 0.3(3) 044 0.4 (4)

For City of Los Angeles, Table 2-9 provides the recommended illuminance for the
intersection of continuously lighted urban streets. The recommended lighting levels for
intersection are different from values provided by the illumination design manual used by

WSDOT.

Table 2-9 Recommended illuminance for the intersection of continuously lighted urban
streets (source: design standards and guidelines, 2007)

I1luminance for intersections

Average Maintained Illumination at

Pavement by Pedestrian Area Classification

Functional Classification Eave/Emin
lux/fc
High Medium Low

Major/Major 34.0/3.4 26.0/2.6 18.0/1.8 3
Major/Collector 29.0/2.9 22.0/2.2 15.0/1.5 3
Major/Local 26.0/2.6 20.0/2.0 13.0/1.3 3
Collector/Collector 24.0/2.4 18.0/1.8 12.0/1.2 4
Collector/Local 21.0/2.1 16.0/1.6 10.0/1.0 4
Local/Local 18.01/1.8 14.0/1.4 8.0/0.8 6
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Besides the highways and intersections, City of Los Angeles also considers different design
standards from WSDOT for bikeways, midblock pedestrian crossings, railroad crossings,
parking lots and bus stop facilities. For these design areas, the recommended illumination
levels considered by City of Los Angeles are summarized in Table 2-10.

Table 2-10 Recommended illumination levels considered by City of Los Angele for different
design areas

Design area | Recommended illumination levels

Bikeways Minimum average horizontal illumination Bikeways (Class 1) with High
Pedestrian Conflict Areas are 10 Lux (1.0 fc) with uniformity ratio of 4:1.

Midblock Crosswalks traversing roadways in the middle of blocks without signalization

pedestrian should be provided with additional illumination. The average illumination

crossings level in the crosswalk area should at least be equal to that provided at the
intersection of two major streets; i.e., about 34 lux (3.4Fc). The uniformity
ratio should be no more than 3:1.

Railroad [lumination level over track area, starting 100 feet (30 meters) before the

crossings crossing and ending 100 feet (30 meters) beyond the crossing, should be in
accordance with Table D1 and table D2 on RP-8-2000, but never less than 9
Lux (0.9FC). The uniformity ratio should be no more than 4:1.

Parking lots | Illumination levels for parking lots should have an average illumination level
of 22 Lux (2.0 fc) for LA DOT open parking lots and uniformity ratio of 3:1.

Bus stop | [llumination levels over a Bus Stop area should have an average illumination

facilities level of 25 lux (2.5FC).The uniformity ratio is at 3:1 .Lighting levels should
be in addition to the level provided by the regular street lighting system.
Typically these facilities are 80’ in length and are provided with three lighting
fixtures attached at 15’ height.

In designing street lighting systems, City of Los Angeles uses an overcurrent device (i.e., a
fuse or circuit breaker) to protect the street lighting system. The minimum size fuse and
circuit breaker used for a service point shall be 30 amps. The minimum size fuse for
electroliers is 10 amps.

2.4 New York City DOT lighting design guidelines

New York City (NYC) DOT (Street design manual, 2004) uses guidelines established by the
[lluminating Engineering Society of North America (IES) to provide sufficient lighting levels
and uniformity to produce a comfortable and safe street environment. The recommendations
for lighting levels adopted by New York City DOT (see Table 2-11) are different from the
light level used by WSDOT.

15




Table 2-11 Recommendations for lighting levels adopted by New York City DOT

[lluminance

Average [lluminance Uniformity
Roadways
Collector 8 — 12 lux (.74 — 1.11 footcandles) 4:1
Local 6 — 9 lux (.56 — .84 footcandles) 6:1
Intersections
Collector/Collector 16 — 24 lux (1.49 — 2.23 footcandles) | 4:1
Collector/Local 14 — 20 lux (1.30 — 1.86 footcandles) | 4:1
Local/Local 12 — 18 lux (1.11 — 1.67 footcandles) | 4:1
Plazas, Walkways,& Bikeways | 5 — 10 lux (.46 — .93 footcandles) 4:1

New York City DOT categorizes streetlights as standard, distinctive, historic, and pilot. For
standard streetlights, the current standard fixtures are the 100W and 150W HPS Cobra Head
for street lighting and the 70W and 100W HPS Cobra Head for pedestrian lighting (WSDOT
also use cobra head-style, HPS as stand luminaire). However, New York City DOT is phasing
in 110W LED Cobra Heads for street lighting and 75W LED Cobra Heads for pedestrian
lighting. For historic streetlights in historic districts or in neighborhoods with substantial,
intact historic fabric, the streetlights are currently used with only the teardrop and shielded
teardrop fixtures, with a 150W LED lamp or 250W HPS. Any streetlights other than those
that are listed as standard or historic are considered distinctive. Pilot streetlights are being
tested by NYC DOT and are not yet approved for wider use in New York City. Tables 2-12
and 2-13 summarize the usage and applications of poles and fixtures currently used in New
York City.

Table 2-12 Pole types currently used in New York City

L Compatible
Poles Usage Applications Fixture
Davit Streetlight Pole:
treet high
Round Standard & W unting Head,
streetlight Pedestrian Pole: IS{;I(?’
Octagonal Parks, plazas, esplanades, pedestrian
bridges, walkways, and bikeways
Helm,
Commercial and residential streets Stad,
Distinctive Single or twin mounting (center medians) | Teardrop
Flatbush A:
atbush Avenue streetlight Streets with roadway width of 36 feet or | and
more Shielded
Teardrop
Triboro Bridge | Distinctive | Streetlight Pole: Stad,
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Tunnel Authority streetlight Commercial and residential streets Teardrop
Single or twin mounting Streets with | and
roadway width of 36 feet or more Shielded

Teardrop
Pedestrian Pole:
Parks, plazas, esplanades, pedestrian
bridges, walkways, and bikeways
Table 2-13 Fixture types currently used in New York City
Fixtures Usage Applications Lamp/Optics
Road:
100W HPS,
Medium Semi—
Street  light: Streets  and
highways; ¢ single or twin Cutoff, IES Type I
mounting 1 SOW HP.S’
Medium Semi—
Cobra Head Stiael;fleilrgclllt Pedestrian light: Parks, ggo"g/’pe 1
esplanades, pedestrian bridges,
walkways, ramps .
under ye1evatle)d’ trains, and Pedestrian:
bikeways; single mounting only oW and. 100w
’ HPS, Medium
Semi—Cutoff, IES
Type I
Road:
Street light:Streets and highways;
single org twin mounting = HOW LED
Medium
Pedestrian light: Parks, Semi-Cutoff,  IES
Standard esplanades Typel
Standard LED streetlight pedestrian ’ bridges, walkways, .
ramps. Pedestrian: '
under elevated trains, and oW L.ED (being
bikeways; phased in)
single mounting only Cutoff, IES Type II
or III
90W and 140W
Distinctive Cutoff o
Helm ) Commercial districts Semi-Cutoff, IES
streetlight
Type 11
or 11
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Commercial districts

Road: 90W and
140W

Distinctive Pedestrian fixture: Parks, plazas, | Pedestrian: 60W
Stad ) esplanades, pedestrian bridges, and 90W
streetlight .
walkways, and bikeways Cutoff or
Single or twin mounting Semi-Cutoff, IES
Type 11
or III
250W HPS
150W LED
Teardrop and Historic Teardrop:
Shielded i Selected historic districts Non-Cutoff
streetlight

Teardrop

Shielded Teardrop:
Cutoff
IES Type IIl or V

The NYC DOT street design manual states that NYC DOT has decreased the maximum
allowable wattage to 150W (watts) in 2009; and NYC DOT is now phasing in the 110W
Standard LED fixture for all streetlights; this will further reduce the energy load of streetlight

fixtures.

2.5 Oregon DOT lighting design guidelines

The Oregon DOT Traffic Lighting Design Manual (2009) addresses items not included in the
AASHTO Roadway lighting design guide (2005). Oregon DOT uses guidelines established
by the national standards (i.e., AASHTO 2005 and IESNA) to provide reasonable
illumination levels. However, at critical decision points of the roadway, the Oregon DOT has
specific illumination level requirements as summarized in Table 2-14.

Table 2-14 Illumination levels for different critical decision points

Critical decision | Increase the illumination levels to

points

Gore areas 11to 16 lux (1.0 to 1.5 fc)

Weaving lanes 9to 11 lux (0.8 to 1.0 fc) average

Intersections Sum of illuminance levels of the crossing roads, or up to 1.5 times of
main street illuminance

Underpasses Up to 1.5 times of roadway illuminance level

Standard pole heights for WSDOT are normally 20 — 50 feet. Oregon DOT uses 40 foot
mounting height for freeways, interchanges and other state highways. And the poles are
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usually installed 30 foot away from edge of travel lane (where no barriers are installed) for
freeways, interchanges and other state highways. Oregon DOT’s Traffic Lighting Design
Manual recommends that slip base steel poles should be installed within “clear zones” on
freeways and expressways. And fixed base poles must meet “clear zone” requirements for all
highways or be protected.

For interchange lighting, Oregon DOT provides roadway lighting on essential parts of the
interchange. The standards are described here (Traffic Lighting Design Manual, 2009):

1) On Ramps - Standard of two poles at merging sections. Ramps in developed urban or
suburban areas and ramps with high truck traffic may need more coverage. Ramps with
longer acceleration lanes or complex alignment may need more coverage.

2) Off-Ramps - Standard of three poles to cover gore area. Ramps with complex
alignment or roadside features may need additional coverage or pull through light.

3) Ramp Terminals - Standard of two poles at the intersection. One pole may be
sufficient in rural area or T shape intersections. A wide intersection with crosswalk or raised
island and a crossroad with physical median controls or channelization may need more
coverage.

2.6 Caltrans lighting design guidelines
WSDOT uses two types of roadway lighting systems, required illumination and additional
illumination. California DOT considers safety lighting for freeway and conventional

highways. The warrants for the safety freeway lighting for different design areas are
summarized in Table 2-15.

Table 2-15 Warrants for the safety freeway lighting for freeway

Design Area Safety lighting warrants

Freeway interchange safety | Safety lighting is considered to be warranted under either of
lighting the following conditions:

a. Where the total sum of the ADT ramp traffic entering and
leaving the freeway within the interchange area exceeds
5,000 under urban conditions, 3,000 under suburban
conditions and 1,000 under rural conditions.

b. Where the ADT on the freeway exceeds 25,000 for urban
conditions, 20,000 for suburban conditions and 10,000 for
rural conditions.

Freeway ramp-surface street | Use the same warrants considered for the freeway
intersection safety lighting interchange

Lighting of existing local | The local street is lighted to modern standards up to the
streets within the limits of the | freeway right of way and the local agency agrees to assume
freeway project ownership and cost of maintenance.

Exclusive pedestrian | The lighting is considered warranted at the following
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facilities within the freeway | locations:

a. Separated walkways (not sidewalks) and crosswalks
within the interchange areas.

b. Bicycle paths at roadway crossings and at underpasses.

c. Bus stops within the interchange areas.

d. Pedestrian overcrossings and undercrossings.

The warrants for the conventional highway safety lighting for different design areas are
summarized in Table 2-16.

Table 2-16 Warrants for the safety freeway lighting for conventional highway

Design area Safety lighting warrants

Existing Intersections Safety lighting may be provided if one of the following
conditions is fulfilled:

a. A minimum vehicular volume, an interruption of
continuous traffic or minimum pedestrian volume traffic
signal warrant is satisfied for any single hour which may be
in darkness in winter months.

b. Four or more nighttime accidents in any recent consecutive
12-month interval or six or more nighttime accidents in any
recent consecutive 24-month interval.

c. Where a traffic signal or an intersection flashing beacon is
installed.

d. Where combinations of sight distance or horizontal or
vertical curvature of the roadway, channelization or other
factors constitute a confusing or unsatisfactory condition that
may be improved with lighting.

New Intersections Safety lighting may be provided at new intersections on
expressways or conventional highways if there are indications
that any of the warrants listed for existing intersections above
will be fulfilled within five years after the opening of the
project to traffic.

Railroad Grade Crossings Safety lighting may be provided at railroad grade crossings
where a substantial amount of railroad operation is conducted
at night, particularly where train speeds are low, where
crossings are blocked for long periods, or a study indicates
that motorists

experience difficulty in seeing trains or traffic control devices
during the hours of darkness.

For the highway safety lighting installed at intersections on conventional highways (including

20




the intersection of a freeway ramp with a local street), the minimum maintained horizontal
illuminance should satisfy the following specification:

1. In urban areas and expressways, 1.6 horizontal lux on the area normally bounded by
the crosswalks, and 6.5 horizontal lux at the intersection of centerlines of the entering
streets.

2. Inrural areas, 1.1 horizontal lux on the area normally bounded by the crosswalks, and
3.2 horizontal lux at the intersection of centerlines of the entering streets.

Normally, the luminaire for a new installation of safety lighting on State highways is a
full-cutoff type using a high pressure sodium lamp. For WSDOT, The cobra head-style,
high-pressure sodium vapor luminaire with Type III, medium cut-off light distribution is the
commonly used light source.

2.7 Mn DOT lighting design guidelines
The lighting warrants used by Mn DOT are primarily from AASHTO’s Roadway lighting
design guide. Some modifications and additions to these warrants are summarized in Tables

2-17, 2-18, 2-19.

Table 2-17 Warrants for continuous freeway lighting (CFL)

Individual Case Mn DOT Warrants
Criteria

Traffic Volume | CFL-1 | Average daily traffic (ADT) > 30,000 vpd

CFL-2 | >3 interchanges with average spacing < 1.5 miles and adjacent
to substantial urban areas

Roadway CFL-3 | > 2 miles freeway segment passing through areas with two or
Related Factors more of the following characteristics: * Lit street grid visible
from the freeway;s A series of developments, e.g., streets,
residential and parking areas;e Lit cross streets < 0.5 mile apart;
* Width of freeway cross-section elements below desirable
levels

Safety CFL-4 | Night-to-day crash rate ratio > 2.0 times state average for unlit
similar sections, and study indicates lighting would reduce
night crash rate

Table 2-18 Warrants for complete interchange lighting (CIL)
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Individual | Case Mn DOT Warrants

Criteria

Ramp CIL-1 | Average daily ramp traffic > 10,000 vpd for urban conditions, > 8,000

Volume vpd for suburban conditions and > 5,000 for rural conditions.

Crossroad | CIL-2 | Current ADT on the crossroad> 10,000 vpd for urban conditions, >

Volume 8,000 vpd for suburban conditions and > 5,000 for rural conditions.

Roadway | CIL-3 | Consider CIL at locations on unlighted freeways where existing

Related substantial commercial or industrial development, which is lighted

Factors during hours of darkness, is located in the immediate vicinity of the
interchange, or where the crossroad approach legs are lighted for 0.5
miles (1 km) or more on each side of the interchange.

Safety CIL-4 | Night-to-day crash rate ratio > 1.5 times state average for unlit similar
sections, and study indicates lighting would reduce night crash rate

Table 2-19 lists the partial interchange lighting warrants from the Mn DOT highway lighting

design.

Table 2-19 Warrants for partial interchange lighting (PIL)

Individua | Case Mn DOT Warrants

| Criteria

Ramp PIL-1 Average daily traffic > 5,000 vpd for urban conditions, > 3,000 vpd
Volume for suburban conditions and > 1,000 for rural conditions.

Freeway | PIL-2 Current ADT on the crossroad> 25,000 vpd for urban conditions, >
Volume 20,000 vpd for suburban conditions and > 10,000 for rural conditions
Safety PIL-3 Night-to-day crash rate ratio > 1.25 times state average for unlit

similar sections, and study indicates lighting would reduce night crash
rate

WSDOT does not list specific warrants for roundabout lighting. For Mn DOT, the warrants
for roundabout lighting are described in details. The warrants for illumination vary based on
the location of the roundabout and are described in Table 2-20.

Table 2-20 Warrants for roundabout lighting

Location

Warrants

Urban Conditions

[llumination should be provided in an urban condition
since most or all of the approaches of an urban roundabout
are typically illuminated and to improve the visibility of
pedestrians and bicyclists.
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Suburban Conditions

[Mlumination should be installed for safety reasons when

any of the following conditions are present.

e  One or more approaches are illuminated.

e Competing non-roadway illumination in the vicinity can
distract the driver's attention (i.e. highly illuminated
parking lots, car lots or filling stations).

e Heavy nighttime traffic is anticipated.

e Pedestrian and/or bicycle traffic is anticipated (approaches
have sidewalks).

Rural Conditions

[Nlumination is recommended for rural roundabouts but it
is not mandatory. Illumination can be costly if there is no
power supply near the intersection.

Mn DOT uses Table 2-21 to determine the design level of illumination at roundabouts and

other intersections.

Table 2-21 Recommended level of illumination at roundabouts and other intersections

Recommended illuminance for Intersections

Roadway Average Maintained Illuminance at | Uniformity
Classification Pavement Ratio(Eave/Emin)
(Street A/Street B) Pedestrian/Area Classification

High Medium Low

lux (fc) lux (fc) lux (fc)
Major/Major 34.0(3.2) |26.0(24) |18.0(1.7) |3
Major/Collector 29.0(2.7) [220(2.1) |150(14) |3
Major/Local 26.0 (2.4) [20.0(1.9) |13.0(1.2) |3
Collector/Collector 24.0(2.2) | 18.0(1.7) |12.0(1.1) |4
Collector/Local 21.0(2.0) | 16.0(1.5) |10.0(0.9) |4
Local/Local 18.0(1.7) | 14.0(1.3) |8.0(0.7) |6

In Minnesota, the shallow glass "cobra head" style, “vertical” head style, or “high mast” style
are the normally used luminaires for roadway lighting. And in certain circumstances,
"shoebox" style luminaires can be used. Different roadway lighting lamps have been used by
Mn DOT. A description of the lamp and its usage is provided in Table 2-22 below.

Table 2-22 Description of the lamp and its usage

Lamp Mn DOT practice regarding the use of this type of lamp
Incandescent or | The incandescent lamp is rarely if ever used for roadway lighting
Filament because of its low efficiency and short lamp life in comparison with

High Intensity Discharge light sources.
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Fluorescent

No longer used for new roadway and sign lighting installations

Mercury Vapor No longer used for new roadway and sign lighting installations

Metal Halide (MH) | Are occasionally used on Mn/DOT projects because of the elimination
of the mercury vapor luminaires. Installations are in rest areas and
weigh stations. Some are in operation as part of high mast tower
lighting and rest area lighting.

High Pressure | The most commonly used by Mn/DOT. Very efficient and is the best
Sodium (HPS) for most roadway lighting. Not good for use on signs because the light
it produces does not render the proper colors on

standard signs.
Low Pressure | Mn/DOT does not use LPS light sources.
Sodium (LPS)
Induction Mn/DOT has used this in Rest Areas.
Light Emitting | Mn/DOT has used this in Rest Areas, on the [-35W Bridge and is
Diode investigating for use on highways.

For Mn DOT, the typical pole heights are 30 feet, 40 feet, and 49 feet. However, high mast
tower lighting may replace conventional lighting units at locations with complex roadways
and high mast tower luminaires have mounting heights varying from 100 feet to 140 feet
(Roadway Lighting Design Manual, 2010). Table 2-23 provides the standard luminaire and
support system types approved for Mn DOT use.

Table 2-23 Standard luminaire and support system types approved for Mn DOT use

Standard Luminaire and Support System Types

Components

Davit Pole/Cobra Head Luminaire

- 250 - 400 watt HPS lamp

- 6 foot - 12 ft davit style mast arm

- 40 foot — 49 ft round tapered (16 sided)
stainless steel or round tapered aluminum
pole, or

- 40 foot — 49 ft galvanized steel pole
(bridges, retaining walls and median
barriers)

Bent Straw Pole/Shoebox

- 250 watt HPS lamp

- 6 foot straight tapered mast arm- 30 foot -
40 foot painted square tapered stainless
steel or galvanized aluminum pole

Tenon Top Pole/Vertical Mount Luminaire

- 250 - 400 watt HPS lamp

- Pole top or twin bullhorn bracket mount

- 40 - 49 foot round tapered (16 sided)
stainless steel or round straight aluminum
pole

High Mast Towers

- 1000 watt HPS lamp
- 3 - 6 luminaires per tower
- 100 foot - 140 foot corten steel pole with
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stainless steel luminaire support ring

Rest Area

- Walkway light poles with 12” arm and
shoebox luminaire

- 400 watt MH, induction or LED in
parking lot

- 12-foot painted 4” square steel poles

- Mn/DOT is working on standardizing all
rest area lighting styles to make
maintenance easier and avoid a mix of
styles due to the availability of products.
Discuss with the District Office to confirm
the standard.

Table 2-24 contains the minimum average maintained illumination and maximum uniformity
ratios by facility classification and pavement classification.

Table 2-24 Tllumination requirements by facility classification and pavement classification

Roadway and Walkway R1 R2 & R3 R4 Max
Classification Unif.
footcand | Lux | footcand | Lux | footcand | Lux | avg/min
les les les
Interstate Commercial |0.6-1.1 |6 -]06-1.1 |6 -/0.6-1.1 |6 -|3:1 or
and Other 12 12 12 4:1
Freeways Intermediate | 0.6-09 |6 -]06-09 |6 -]06-09 |6 -|3:1 or
10 10 10 4:1
Residential | 0.6-08 |6-8|06-0.8 |6-8]0.6-08 [6-8|3:1 or
4:1
Other Commercial | 1.1 12 1.6 17 1.4 15 3:1
Principal Intermediate | 0.8 9 1.2 13 1 11 3:1
Arterials Residential | 0.6 6 0.8 9 0.8 8 3:1
Minor Commercial | 0.9 10 1.4 15 1 11 4:1
Arterial Intermediate | 0.8 8 1 11 0.9 10 4:1
Residential | 0.5 5 0.7 7 0.7 7 4:1
Collectors | Commercial | 0.8 8 1.1 12 0.9 10 4:1
Intermediate | 0.6 6 0.8 9 0.8 8 4:1
Residential | 0.4 4 0.6 6 0.5 5 4:1
Local Commercial | 0.6 6 0.8 9 0.8 8 6:1
Intermediate | 0.5 5 0.7 7 0.6 6 6:1
Residential | 0.3 3 0.4 4 0.4 4 6:1
Alleys Commercial | 0.4 4 0.6 6 0.5 5 6:1
Intermediate | 0.3 3 0.4 4 0.4 4 6:1
Residential | 0.2 2 0.3 3 0.3 3 6:1
Sidewalks | Commercial | 0.9 10 1.3 14 1.2 13 3:1
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Intermediate | 0.6 6 0.8 9 0.8 8 4:1

Residential | 0.3 3 0.4 4 0.4 4 6:1

Pedestrian Ways and Bike | 1.4 15 2 22 1.8 19 3:1

Ways

Rest Roadways - - 0.6-08 [6-9 |- - 3:1 or

Areas 4:1
Parking Areas | - - 1 11 - - 3:1 or

4:1

Where: R1 = cement/concrete; R2 = asphalt/gravel & R3 = asphalt/rough texture (typical
highway); R4 = asphalt/smooth texture.

2.8 Seattle DOT lighting design guidelines

For Seattle DOT lighting design guidelines, the street lighting design criteria describe the
electrical systems and electrical materials for illumination. For Seattle DOT, luminaires are
normally “cobrahead” style. For less than 200 watts luminaire, light distribution pattern is
Type 11l medium cutoff and for 200 watts and more, light distribution pattern is Type II short
cutoff. For designing street lights, Seattle DOT considers the following design criteria
(Table 2-25).

Table 2-25 Design criteria considered by Seattle DOT

Design area Design Criteria

New or relocated

street Street lighting for non-arterial streets should be designed using the
lighting—non-arterial | most recent edition of the recommended IES guidelines, unless
streets otherwise approved by Seattle City Light.

Use design guidelines established by Seattle DOT for arterial street
lighting. Existing street light systems may be required to meet the
design criteria and new street light systems shall be designed to
Arterial Street lighting | them.

Pedestrian lighting illuminates the pedestrian walkway and is
typically mounted 12 -14 feet above the sidewalk. This lighting
should be considered when calculating the maintained foot candles
Pedestrian lighting and uniformity of roadway lighting.

2.9 NJDOT lighting design guidelines

The warrants used by NJDOT for freeway lighting are summarized in Table 2-26. The
warrants listed in Table 2-26 can be also found in AASHTO’s Roadway lighting design
guide.

Table 2-26 Warrants used by NJDOT for freeway lighting

Design area One of the following warrants must be met for lighting
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Continuous
Lighting

Freeway

« CFL-3'
* CFL-4
* Special considerations

Complete Interchange
Lighting

« CIL-17 plus CIL-2.

* CIL-3

* CIL-4

* Special considerations

Partial
Lighting

Interchange

« PIL-1° plus PIL-2
* PIL-3
* Special Considerations

Additional lighting for
ramps

* Inside radius of entrance or exit ramp is less than 150 feet.
* Accident data in the ramp area indicates a problem exists.

Additional lighting for
Acceleration Lanes

* Stop before acceleration lane.

» Grade and/or curvature presents a visibility problem, which cannot
be corrected through other means.

» Sidewalks exist to permit pedestrians to cross at the entrance or
terminal of a ramp.

Additional lighting for
Main Line

* Grade and/or curvature presents a visibility problem, which cannot
be corrected through other means.
* Bridges without shoulders.

! see definition of CFL-3 in Table 2-17;
? see definition of CIL-1 in Table 2-1 8;
3 see definition of PIL-1 in Table 2-19.

The NJDOT currently uses two types of highway lighting systems: high mast lighting system
and conventional lighting system. The high mast lighting system is defined as a system
consists of a mounting pole of 100 feet and a maximum of eight 400 watt high pressure
sodium luminaires. And the conventional lighting system is a system consists of mounting
pole of 26 feet with 150 watt, 40 feet with 250 watt high pressure sodium conventional
luminaires. NJDOT recommends that high mast lighting system with a 400 watt cutoff type
luminaire should be considered for full interchange lighting. And conventional lighting (full
cutoff luminaires) should be considered as a second choice for full interchange lighting.
Conventional lighting (full-cutoff, cutoff & semi-cutoff) shall be considered as the first
choice for continuous mainline or partial interchange lighting. A 40 foot mounting height
standard with 250 watt luminaire is recommended for mainline and a 26 foot mounting height
standard with 150 watt luminaire is recommended for ramps. For mainline highways and
ramps, an average horizontal illuminance of 0.6 to 0.8 footcandles should be provided.
Design for uniformity of illuminance on various highways shall produce a uniformity ratio of
3:1 to 4:1 or better with a 0.2 footcandle minimum level.

The warrants used by NJDOT for intersection lighting are summarized in Table 2-27.

Table 2-27 Warrants used by NJDOT for intersection lighting

Design area

Lighting warrants
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Signalized intersections All signalized intersections need to be illuminated.

Non-signalized Major | Must meet one of the criteria
intersections 1. Four lane highway.
2. Warrants (dusk to dawn):

* Any right turn movement on to the highway greater
than 75 VPH .

* Any left turn movement on to the highway greater
than 25 VPH/Leg.

* Through movement for the intersecting roadway
greater than 50 VPH in either leg.
" The VPH warrants for lighting are based on the highest VPH count in a given nighttime
hour.

2.10 Transportation association of Canada lighting design guidelines

WSDOT defines two types of roadway lighting systems, required illumination and additional
illumination. Transportation association of Canada (TAC) uses different warrants to justify
the need for roadway lighting at eligible locations.

For roadway and interchange, the transportation association of Canada adopts the warrants
summarized in Table 2-28. The warrants are based on criterion grouped into geometric,
operational, environmental, and collision factors. For each criterion characteristic of the
candidate installation, the warrant uses a numeric rating (total point-score) corresponding to
the relative degree of hazard presented or indicated by the feature (Guide for the Design of
Roadway Lighting, 2006). The higher the number, the greater the hazard. Table 2-28
provides the types of warranted lighting.

Table 2-28 Warrants for roadway and interchange

Lighting scenarios Criteria

Full lighting Full lighting is warranted where a total point-score of 60 or
more is achieved. If the night-to-day collision ratio is 2.0:1 or
greater, lighting is automatically warranted, regardless of the
overall point-score.

Partial lighting Partial lighting may be considered for freeway on-ramps and
off-ramps where a point-score is less than 60 or the night to-day
collision ratio is less than 2.0:1 and any of the following
conditions apply:

1. There are three or more through lanes in one direction on the
freeway at the ramp.

2. There are two or more ramp lanes.

3. The ramp traffic volume is greater than one-quarter of the
through traffic volume or the traffic volume exceeds 9000
AADT.

4. Geometric design standards for the ramp are below
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recommendations outlined in the TAC Geometric Design
Standards for Canadian Roads or below those set out by the
road authority.

No lighting

Generally, full or partial lighting is not warranted if the
warranting point score is under 60, a night-to-day collision ratio
is less than 2.0:1, or none of the partial lighting warranting
conditions are met.

Luminance is the recommended method for roadway and interchange lighting calculations.

The luminance levels, uniformity and veiling luminance ratios are given in Table 2-29 for
roadways and interchanges for the roadway surface.

Table 2-29 Luminance requirements for roadways and interchanges (Source: Guide for the

Design of Roadway Lighting, 2006)

) Maximum to
Road Area and Pedestrian Activity Average to Maximum to
Average . . average
. Minimum minimum .
Luminance . . } ] veiling
) Uniformity uniformity .
cd/m . . luminance
. Ratio ratio .
Pedestrian ratio
Road Type .
Activity
Freeway - >=().6 <=3.5 <=6.0 <=0.3
Partial lighting of
Interchange - >=().6 <=3.5 <=6.0 <=0.3
on-Ramps/Off-Ramps
High >=1.0 <=3.0 <=5.0 <=0.3
Expressway-Highway Medium >=().8 <=3.0 <=5.0 <=0.3
Low >=0.6 <=3.5 <=6.0 <=0.3
High >=1.2 <=3.0 <=5.0 <=0.3
Arterial Medium >=0.9 <=3.0 <=5.0 <=0.3
Low >=0.6 <=3.5 <=6.0 <=0.3
High >=0.8 <=3.0 <=5.0 <=0.4
Collector Medium >=0.6 <=3.5 <=6.0 <=0.4
Low >=0.4 <=4.0 <=8.0 <=0.4
High >=0.6 <=6.0 <=10.0 <=0.4
Local/Alleyway Medium >=().5 <=6.0 <=10.0 <=0.4
Low >=0.3 <=6.0 <=10.0 <=0.4

For TAC, intersections should be illuminated when at least one of the following conditions is
met: 1) the intersection is signalized; 2) the intersection meets warrant criteria noted in the
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TAC Illumination of Isolated Rural intersections. The TAC Illumination of Isolated Rural
intersection is based on geometric, operational, environmental, and collision factors. For each
criterion of the candidate intersection, the warrant uses a rating (R) of 0 to 4. The ratings
correspond to the relative degree of hazard presented by the intersection feature. Each
criterion is assigned a weight (W), ranging from 3 to 30, to indicate its relative importance.
The rating value (0 to 4) is then multiplied by the weight (3 to 30) to obtain a point-score for
each criterion characteristic, indicating its relative significance. The critical factors used to
determine the need for illumination include the following: traffic volumes (particularly on the
cross street); the presence of crosswalks; night time collisions that may be attributed to the
lack of illumination; the extent of raised medians. Table 2-30 provides the types of warranted

lighting.

Table 2-30 Warrants for intersections

Lighting scenarios

Criteria

Full lighting

Full illumination is always warranted if the intersection is signalized.

Full illumination is warranted where a total point-score of 240 or more
points is achieved, indicating the likely presence of two or more
critical warranting factors. Full intersection lighting denotes
illumination covering an intersection in a uniform manner over the
traveled portion of the roadway.

Partial lighting

Partial or delineation lighting may be considered at intersections with
a point-score greater than or equal to 120 points, but less than 240
points. The type of lighting may be determined with reference to
category classification subtotals:

1. If at least 80 of the minimum 120 points are achieved in the
geometric score, partial lighting should be considered to illuminate the
geometric features that contributed most to the score. Partial lighting
refers to the illumination of key decision areas, potential conflict
points, and/or hazards in and on the approach to an intersection.

2. If 120 points or more are achieved in the operational score,
delineation lighting should be considered. Delineation lighting refers
to "beacon" lighting that marks an intersection location for
approaching traffic, for the illumination of vehicles on a cross street or
median crossing, or for the illumination of pedestrians.

3. If 120 points are achieved in the collision score, a review of the
collision history should be conducted to identify the causes of
collisions. If the causes cannot be rectified, partial or delineation
lighting may be considered to address collisions that may be avoided
by adding lighting.

4. If the total point-score reflects the presence of several secondary
warranting factors, the highest scoring individual factors should be
reviewed to identify circumstances contributing to the score. Lighting
may be appropriate to address these factors.
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No lighting Generally, a point-score under 120 indicates that illumination is not

warranted. This score indicates that neither the critical operational
warranting factor (substantial traffic volumes) nor the critical collision
warranting factor (repeated night time collisions) is present.

The values included in Table 2-31 are the recommended minimum average maintained
illuminance levels for fully-lighted intersections based on road classification and pedestrian
volumes. The table is based on an R2/R3 pavement type. The values for full intersection
lighting represent the sum of the recommended values for the intersecting streets.

Table 2-31 Recommended minimum average maintained illuminance levels for fully-lighted
intersections (Source: Guide for the Design of Roadway Lighting, 2006)

Roadway Classification

Average Maintained Illuminance at

Pavement by Pedestrian Conflict (lux)

Average to
Minimum

uniformity ratio

High Medium Low
Arterial/Arterial 34 26 18 3
Arterial/Collector 29 22 15 3
Arterial/Local 26 20 13 3
Expressway-Highway/Arterial 31 25 18 3
Expressway-Highway/Expressway-Highway 28 24 18 3
Expressway-Highway/Collector 26 21 15 3
Expressway-Highway/Local 23 19 13 3
Collector/Collector 24 18 12 4
Collector/Local 21 16 10 4
Local/Local 18 14 8 6

Partial lighting should meet the lighting levels for the type of road where the intersection is
located. The values included in Table 2-32 are the recommended average maintained lighting
levels for the area being lighted based on the road classification and pedestrian volumes. The

table is based on R2/R3 pavement type.

Table 2-32 Recommended minimum average maintained illuminance levels for partial

lighting (Source: Guide for the Design of Roadway Lighting, 2006)

Roadway Classification

Average Maintained Illuminance at

Pavement by Pedestrian Conflict (lux)

Average to

Minimum uniformity

ratio
High Medium Low
Arterial 17 13 9 3
Expressway-highway 14 12 9 3
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Collector

12 9 6 4

Local

For TAC, the warrants for other facilities (roundabout, mid-block crossing, at-grade railway
crossing and parking lot) are summarized in Table 2-33.

Table 2-33 Warrants for other facilities

Facilities

Warrants

Roundabout

Urban area should always be lighted.

Rural area should be lighted in most cases. Typically illuminated
when one or more of the entry roads are also illuminated. Heavy
nighttime traffic volumes may also be a factor that warrants
illumination.

Mid-block

It is recommended that all pedestrian crosswalks with nighttime
pedestrian traffic be illuminated