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PREFACE

This manual for users and prospectire users of specially designed
crosswalk illumination systems has heen prepared by members of the
Transportation Scisnces Labovatory of The Franklin Institute Resaarch
Laboratories, under Federal Highway Administration Contract FH11-8034.

The manual is intendzd for use by those persons invelved with
transportation enginearing, lighting engineering, public planning and
decision making. It contains the necessary information for the design
and evaluation of such special crosswalk illumination systems for the
purpose of improving pedestrian safety at intersections at night.
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[. INTRODUCTION

- This document provides persons interested in special pedestrian
crosswalk illumination systems a complete description of one such
system, including bhotographs, specifications and system costs, and the
warrants that are recommended for implementation of such systems. The
manual also inciudes recommended means of selecting sites and aSsessiﬁg
the priority for improvement of sites, as well as a methodology for
evaluaating system effectiveness. Procedures are recommended for establish-
ing an iwplementation program that considers budget constraints and '

competing improvements at one or many sites.

The user's manual has been developed through the results of re-
search sponsored by the Federal Highway Administration. TFor full docu-—
mentation of the research study, the reader is encouraged to obtain
a copy of the report, "Fiwxed Illumination for Pedestrian Protection"
Final Report*. This research sought to identify the characteristics
of special illumination systems that could be used to improve ped-
estrian crossing safety at night on city streets, implement such a
system at various locations in an urban enviromment, and rvalualte the
effectiveness of the system, During the course of research several
thousand observations of pedestrian crossings, at both highk accident
and low or accidetlt-free crosswalks, both with and without the supple-
mentéry crosswalk jllumination, were conducted and analyzed. It was
found that certain characteristics of pedestrian and driver behavior
and performance which are related to the safety of pedestrian cressings
could be improved with the use of the system. These characteristics
included pedestrian search and detection patterns, perceived clothing
brightness, crosswalk utilization and the drivers' time to respond to
a pedestrian in the crosswalk. Through this process, warrants, design
criteria and evaluation procedures were developad, applied and found
to be useful. The manual represcuts the guide to application of the

* Available from National Technical Information Service, Springfield, Va.
22151. 1.



research findings.’

. The manual has been prepered s0 that it W1ll be.useful to a range
of professionals who are concermed with 1mprov1ng the safety of pedestrians'
crossing city streets at n;ght.'\It is' therefore of interest to tratfic
. and transportation engilneers, street lightipg designers andfmannfactnrers,
l public polley makers and leglslators who deal with the design, imp lemen—

tatlon, fundlng and legal aspects of traffic safety programs.

One sectlon is devoted to a Lomplete descriptlon of the 1llum1na— .
tion system. Included are photooraphs of the luminaire and 1nstallat10nsr )
" at seven experlmental sites 1n Phlladelphld, Pennsylvanla.‘ This section
. also c¢ontains the 11ght1ng system spec1f1cat10ns, Whlch include system
diagrams, suggested mounting methons a. luminaire candlepﬁwer dls;eru-

tion table and an 1sofootcandle dlagram

Another-eeCtion is devoted to the statement and discussion of
warrants for crosswalk 1llum1nation appllcarlons. This section is
partlcularly useful to trafflc englneerlng personnel and public pollcy

makers.

A secticn is devoted to the procedure for selecting the appropriate
sites to be considered for system implementation, Alternative methods
of site selection are suggested based upon traffic engineering practice

and community goals.

A separate section suggests procedures for evaluating the effective-
ness of proposed implementations of the crosswalk illumination. Methods
‘end criteria for benefit~cost analysis and analysis based on other measures

of effectiveness are presénted.

The 1ast procedural section of the menual offers :a step-by-step
method for developing an 1mplementat10n program to be emplcyed where
budget constraints make it unfea51b1e to provide total system affectlve-

ness in a short tlme period.

It ig the overall purpose nof this manual to familiarize the user
with, the characteristics and»implemen;ation requirements cf a relatively

new concept in illumination practices. It is also expected that the

2,



installatlons suggested in this manual wil1 be ‘modified to sult ]ocal

needb.

'The spirit of the information in- ‘this. manual is therefore

adv1 ory, and is int nded to prov1de the design information and 1mp1em4n-

tation guidance necessary for famillarizatlon with. the specially de—

signed illumination system concept for crosswalks.

S

II. CROSSHALK I[._LUMINATION SYSTEMS

Ay

Description

The crosswalk illumination systEm,ié composed of one or more

90 watt low preésure sodium luminaires, suspended from either

. & span ‘wite, wit arm or mast arm at a height sufficient to

both produce a sharply defined band of light of contrasting color

. on the pavement ‘surface. and provide overhead clearance for

traffic paséingrbenéath,thevinstallation:(Figure 1.)

The luminaire is desigred to-be‘light—weight and self-contained.

It 1vcorporates an asvimetrical mirror reflector which el]mlﬂatES

glare by pro;ecting the plane of maximum light ;nten51ty at an
angle & 30° from vertlcal while malntaiang a horlzontal lumi~
naire orientatlon.‘ Each 1um1nnire uses a 90 watt low pressure
sodlum (LPS) lamp to provide light that will provide sufficient
color contrast on streets illuminated by 1ncandes,ent, fluore-
ucent, mercury vapor, or high pressure sodium’ (HPS) systems.

The lumlnaire refractor is clear acrylic to minimize welght and
reduce the hazard of glass fragments from breakage due to acgldents
or vandalism. The housing 1s made of glass-fibre—reinforced
polyeste:'for weight reductior and strength. It incorporates an

inner frame made from galvanized steel and an equipﬁent tray to

_.secure both electrical commecticns and a standard 90 watt LPS

ballast. Mounting hardware composed of suspensioh hooks for spzan

- wire installation or brackets for mast arm/davit arm installation

‘comnect to slotted steel chamnnels on top of the housing to allow

proper positioning of the-luminaire.

3.



Figure 1.

Picture of Crosswalk Fixture
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The mast arm, davit arm or span wire may-be connected to wooden
or metal poles. A standard curved street light davit arm may
be used on a short metal pole (such as the type used for
pedestal mounted traffic signals) with an extension to pro-
vide the proper mounting ﬁeight. Figure 2, Figure 3 and

Figure 4 illustrate these installations. Systems have been
installed utilizing existing structures as well. At one
location, an overhead eieﬁated 7ail structure was used to

mouni short brackets which held the luminaires in plaée (Figure
5}).

The system may be controlled by means of a photocell, timer,
or ccmbination photocell-timer so that emergy may be saved

during heurs when there is nc¢ pedestrian activity.
Design Criteria and Imstallation Spebificatiuns

Special crosswalk illumination should conform to the following

design criteria.

1. The system should provide an average illumination level
within the crosswalk area of at least 7.0 horizontal
footeandles (75 lux).

. 2. The color of illumination should be distinctive so that
sufficient color contrast is provided on the roadway to
clearly designate the crosswalk.

3., Illumination uniformity (average to minimum) should be no
greater than 4:1.

4, The luminaires should be mounted so that the refractor

face is at least 16 ft (5m) above the roadway to provide
adequate overhead clearance. '

5. The distribution of illumination for a mounting height
of 16 ft (5m) should be at least as great as shown in
Figure 6. Factors for vertical illumination (E_) and horizental
illumination (Eh) for other mounting heights are shown in Tzble 1.

6. The candlepower distribution through the plane of maximum
candlepower (30° from vertical) forlggzggetrlcal luminaires
should be similar to the distribution -shown in Figure 7.
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Figure 5. - Luminaire Bfacketed from OVerhead Structure
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Table 1. Dimensions of Street Relative to Mounting
Height.
FACTOR FACTOR

H(Ft) a(ft) for B, for E,
13.12 | 5.67. 1.560 0.780
16.40 7.5h 1.000, 1.C00
19.68 9.45. 0.695 0.640
22.96 11.35 0.510 0. 440
24,60 12.33 0.447 0.380
26.24 13.25 0.391 0.327

/29.52 15.12 0.309 0.250
32.80 16.99 0.250 0.197
Eh = horizontal illumination

= vertical 7Iluminatioﬁ
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10.

Luninaires should be mounted to take maximum advantage of
their asymmetrical, anti-glare dasign. For a mounting
height of 16 £t (5m) each luminaire should be cffset 7.1 ft
{2,3m) from the centerline of the crosswalk in the direction
opposite to the flow of traffic (upstream) in the lanes

over which the luminaire is suspended. Figure 83 depicts
this mounting location for two-way streets. Table 1 in-
dicates factors for vertical and horizontal illumination,
and offsets, for mounting heights other than 16 ft.

In order to ensure proper illumination and unifcrmity,
each luminaire should be located so that it is responsible
for no mere than 30 ft (9.2m; of the crosswalk length,
for a mounting height of 16 ft (5m), as shown in Flgure 6.

The luminaires must be mounted so that the refractor base
is parallel to the crosswalk surface to ensure the most
uniform distribution of light in the crosswalk. Uhen
asymmetrical luminaires are used, the side of the fixture
toward which the lamp is offset must be toward the upstream
traffic side of the crosswalk.

When specialized LP} crosswalk illuminaiion is installed

in locations where the visibility of pedestrians by approach-
ing motorists is limited by adverse gzeometry, local structure
or environmental conditions, means should be sought to remove,
to the extent possible, any such obstructionz. Such
visibility reductions may be the result of horizontal or
vertical curvature, or the presence of physical obstructions
in the motorist's field of view of the crosswalk. For
example, trees and/or shrubbery may be trimmed, movable
obstructions, such as newspaper stands, etc., may be re-
located, bus stops can be made "far side™ rather than

"hear side", and others, A strictly enforced policy of

no parking within at least 30 ft. (9.2m) of the crosswalk
should be considered if parking creates visibility re-
strictions. Relocating the crosswalk, using physical
barriers to prevent crossing at the undesirable loeation.
should be considered if the restriction cannot be removed.

ITI. WARRANTS FOR CROSSWALK ILLUMINATICN

A.

Introduction and Background

Six warrants are suggested for consideration in the planning

for special crosswalk illumination. These warrants have been

devaloped In the spirit that they indicate the mininun

‘warranting conditions necessary for implementation, based

12.
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upon photometric aualysis, engiﬁeering jﬁdgement, field
application, benefit-cost and effectiveness considefations.
The satisfaction of any one of the warrants is comsidered
ample justification for the implementation of special cross—
walk 1llum1nation. However, if a comwmunity feels that the
nead for special crosswalk illumination exists,:and that

the benefits to be derived from such illumination out-
weigh economic con51derat10ns, the 1llum1nat10n systems

may be installed w1thout satisfaction uf -any warrant, pco—

vided the specifications and desism criteria are followed.

B. VWarrants and Discussion

1.

Sbecial crosswalk illumination shall be warranted if

the following vehicular and pedestrian volumes are exceeded
by the average of at least three nights of traffic counts
during the nighttime period of approximately 10 hour
duration from ghe beginnning of darkness until dawn on
nights representative of normal traffic patterns .according

to the area-foadway classiflcation shown in Table 2.

. Table 2. Warranting Conditions Acc0"d1ng to Volume/Roadway
Classification.
MAJOR COLLECTOR
ARTERIAL DISTRIBUTOR LOCAL
CBD - _ 500 veh/niaht 200 veh/night
(COMMERC IAL) * 100 ped/niaht 50 ped/night
FRINGE 1000 veh/night | 500 veh/night 200 veh/night
< {INTERMED!ATE) 100 ped/night | 100 ped/night 50 ped/night
= | 08D _ ; |
(INTERMED-COMM) | 1000 veh/nlght | 500 veh/night 200 veh/night
. , 100 ped/night { 100 ped/night 50 ped/night
RESIDENTIAL 1000 veh/night ] 500 veh/night 200 veh/night
50 ped/night | 50 ped/night 50 ped/night

* Because of the generally high volume of padestrian and vehicular
traffic at these locations, it is rzcommended that other warrants
be examined for justification of special! crosswalk illumination
at this type of location.

14.



Discussion

»

This. warrant applies when it is determined that conventional
illumination systems desigﬁed to provide the crosswalk
illumination levels recommended by IES will not reduce ped-
.ésfrian accident potentiai. These recommendations are

shown in Table 3. Special attention should be given to the
broposéd (IES) quifiéation of this table for intercsection

improvements, -shown in the note beneath the table.

This determination should be made by comparing environmental
and traffic conditions at other sites which havg been im-
proved to the illumination levels recommended by IES to the
site{ﬁndéf consideration for_sﬁe;iél crosswalk illumination,
~and relating this comparison fo the accident reduction ex;
perience at those other sites. A measure that is'usefﬁl‘for
comparison is the differeqée between the ratio of night-to-
day accidents both bgforé and after the improvement to IES
recommenﬂations at those other sites. However,; engineering
judgement must be used to relate the differences between
improved sites and the site under consideration to the
accident reduction potential, because neither IES nor

other sources have reported the effect of the recommended

conventional lighting improvement on pedestrian safety. .

Pedestrian volume during that time period is defined as
the total volume of pedestrians crossing the roadway in

the subject crosswalk during the ten (10) hour period for
all area classifications except residential. For residential
areas, fhe pedestrian volume may be taken as the total
number of pedestrian crossings in all crosswalks which
traverse the rcadway in the direction c¢f the subject
crosswalk, This is recommended because of the relatively
low pedestrian volumes at these locations, and the

arbitrary choice of crosswalk found to he exhibited by ped-

astrians in residential locations. Vehicular volume during

15.



Table 3. IES Recommendation Tor Average
Maintained Horizontal I1lumination

Roadway and Area Classification
Walkway . Commercial Intermediate | "Residential =
Classification Footcandle Lux | Footcandle Lux | Footcandle | Lux
Vehicular Roadways
Freeway 0.6 6 0.6 6 0.6 6
Major Expressway 2.8 22 1.4 15 1.0 it
Collector 1.2 13 0.9 10 0.6 5
Local 0.9 10 0.6 [ 0.4 4
Alleys 0.6 6 0.4 b 0.2 2
Pedestrian Walkways
Sidewalks 0.9 i0 0.6 0.2 2
Pedestrian ways 2.0 22 i.0 11 0.5 5

*Crosswalks traversing roadways in the middle of long blocks and at
street intersections should be provided with additional. illumination
producing from 1.5 to 2 times the normal roadway lighting level.

16.



that time period is the total number of vehicles which pass

" across. the subject crosswalk, by: either through or turning

. movements.

Special §ttention_isrfecommended for locations at which ped-

- estrian traffic 15 not uniform throughout the evening. Where

this traffic is f:equentiy heé&y (at least 1G times each
night) for short periods of time (in which arriving ped-
estrians are platooned), at such locations as major traugit

stops, schools, hospital and large industrial operations,

-crosswalk illumination shall be warranted if the_sum of the

volumes recorded for the peak five minutes of ten of the

platoohed arrivals 1s equal to the warranting velumes as shown
in Table 2, (Page l4).

Accldent Warrant

Special crosswalk illumination shall be warranted provided
a situdy of four consecutive years of nighttime accidents
indicates a minimum of three (3) pedestrian accidents in
the subject crosswalk which may bé\partially or wholly

attributed to poor visibility of the pedestrian and which

condition can be remedied by illumination.

The accident warrant may be considered satisfied if it is

‘determined that the petential for a nighttime pedestrian‘

‘.accidént due to poor pedestrian visibility is high. This

pdteutial should be determined by an examination of ped-

' estrian crossings and their interactions with vehicular

traffic at the subject intersection. A minimum of fifty
(50} pedestrian crossings should be cobserved and evaluated
in each crosswalk under consideration.

Discussion

To determine whether or not pedestrian acecidents may be
attributed to visibkility factors that may be remediled by

crosswalk illumination the engineer should make a complete

17.



investigation of several sources of information. They are:

1. Accident records and/or interviews with victims

o

Q
[+]
(o]

©

did accldents oceur at night

"were drivers able to see the pedestrian

were drivers aware of the presence of crosswalks-
was glare preduced by other vehicles a fagtor

would the provision of iInecreased reaction time
have prevented the accildents

was driver fatigue a factor

was the pédestrian distracted by envircnmental
stimuldi

was the pedestrian attentive to vehicular traffic
and signal indications

2. Accident site visit

[}

8]

d¢ physical obstructions exist which block the view
of drivers

do background glare sources exist which may affect
the driver

3. Observations of random pedestrian crossings (minimum of

50 per azccldent crosswalk over a period of at least

3

o

nights)

record total volume of vehicles traversing the cross—
walk -

redord total volume of pedestrians using the cross-
walk(s) .

record the frequency of pedestrians exhibiting be-
havicrai characteristics shown in Figure 9, If
the frequency of occurrence of any one of these
characteristics is found to be 5% of the total,
then a visibility — behavior deficlency will have
been established. '

Although the benefit—-cost ratio of reduction in annual

accident costs to illumination cost is greater than 1

for a reduction of 337 at an intersection with only:

one accident in four years, it is reasonable to require

d four year history of at least three accidents to

18.



10.

... Did the pedestrian cross the street outside of the crosswalk, but
. within 25 feet of .the crosswalk, durlng any portion of the cross-
ing?

Was the direction of travel of the pedestrian approach (prior
to enter1ng the crosswalk) frem any direction other than parallel
to the crosswalk (did he turn into the crosswalk)?

Was the direction of travel of the pedestrianm exiting the cross-
walk toward any direciion other than parallel to the crosswalk?

Was pedestrian attention dxrecied other than tzward wehiculay
traffic or traffic signals -

in his approach to the crosswalk?

in the first half of the crossing?
in the second hal¥ of the crossing?

Was thie pedestrian rotivated to hurry the crossing or run in the
¢rossing for a bus, taxi cab, etc.?

Was the pedestrian distracted by noise, street activity, bright
1ights, other pedestrians, etc?

'Did the pedestrian exhibit any erratic or inappropriate crossing

behavior such as crossing against the signal, horseplay, daring
traffic, walking in the traffic stream, inattention to traffic or
signals, or staggering?

Did the brightness of the overall appearance of the pedestrian
seem to be dark, very dark, or black? )

Figure 9. Checklist for Pedestrian Characteristics to Deternine

Visibility - Behavior Deficiency -



ensure thst the pattern of accidents suggests_inédequate
visibility aue to poor lighting. However, if it‘is
obvious after cnl& one accident (or nome) that a light-
visibility.problem exists, and would continue to exist
at iliumination levels recoﬁmended b& iES for croéswélks,

special crosswalk illumination shall be warranted.

Adverse Geometry and Environment Warrant

Special crosswalk-illumination shall be warranted if

the visibility of pédesgrians by appreaching motorists

is limited by adverse geometry, local structures or
environmental conditions to the ex;ent‘that pedéstrians
cannot be seen until the motorist is withintthe:nofmal
safe stépping distanca to ithe crosswalx*. Such
reductions in visibility may be the Tesuly of
horizontal or vertical curvature, or the presence of
physical obstructions in the motorist's field of view
of portions of thé crosswalk. Furthermore, special
crosswalk illumination will be warranted in locations
vhere it is determined that the presence of background
and/or surrounding lighting for advertisement, etc.,, will
distract the motorist so that the effect of the conven-

tional jllumination is negated.

Special attention should be given to the warrant above
for proposed installations in CBD and OBD areas because
of the relatively h{gh frequency of sites in which

such adverse geometry and environment exist.

*Safe stopping distance to the crosswalk is defined by
the formula:

S, =1.47 Vt +V2

d 30 (£+g)
where .
§d = minimum stopping sight distance

V = velocity in miles per hour
f = coefficient of frictiom
g = gradient

ZO'



. ©
Disciission

o - 7 ’ _“'J'
This warrant-has a basis in the. concep that fhe snarply

ideJned high level of 1um1nous flux .of contrastirg yelﬂJw

cotnr produced by the crosswalk 1llum1naLlon will serve

as ‘a V1sual clue to both motorists and pedpstr1ans that FF
| a hazardous area 1s ahead.‘ Although the, motnrlst s vis1o

‘of pedestrians in the crosswalk may . be obstructed the -

distinctive nature of the llghtlng WiLl stimulate his

attent ion.

_Photometrlc Warrant

SPECIQl crosswalk 111um1nat10n shall be warranted when the
ex1st1ng 111uminat10n at the sub;ect crosswalk is less '
than 1.5 tlmes the. IES prescrlbed roadway 111um1nat10n
level of ‘the 1ntersection and a minimum of two night ped—

estrian aLc1dents in four years has occurred.

Discussion

This warrant is established in fhe spirit of compliance -
w*th IES recommendations for jnterssctlcn ercsswalk 1l;um1——
natlon and in’ consideration ‘of Lost—beneflt analysis. It

should be reallzed that comleance with proposed IES re-

commsndatlons for 11“um1uat10n at 1ntersect10n crosswalks
may be sufflclent to reduce pedemtglan accident potential

_in crosswalks by conventional méans at a much lower cost:

than the application of special crosswalk illumination,
when such recommendations have not been met.
Pedest:ian-Bshéqior Warrant:

Special crosswalk illuminstion shall be warranted when it

" is determined that‘é-minimum'proportion equal to 5% of

observed pedestrians using the subject crosswalk are
demonstrating inadequate szearch and detection behavior,
show dangerous diﬂtractlon to =urround1ng stlmull, or

demonstrate erratic or inapproprlate crosslng behav1or,
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as discussed in the ACCIDENT WARRANT, and the VOLUME
WARRANT is satrisfied to 2/3 of the prescribed level.

Discussion

It is recormended that the behavioral characteristics listed
in Figure 9 be used for observational measures, and that |
observations of pedestrian crossings be conducted as pre-
scribed in the ACCIDENT WARRANT.

6. Combined Warrant
Special crosswalk illumination may be warranted if any two
of the above warrants are met to 2/3 of the prescribed
levels, or responsible traffic engineering and illumination
englneering judgement along with local governmental con-—
currence indicates the advisability and desirability qu

such special crosswalk illumination.

IV. SITE SELECTION PROCEDURE

A,

Introduction

If supplemental crosswalk illuminaticn i+ to find application
in this country, the relatively expensive installations will
inmediately compete for funding with other intersection im-
provement alternatives, as well as affect the lighting pro-
gram that exists in the area in which the special illumination
is considered. This competition for limited funds will require
judicious decision making on the part of those parties imvolved
with the planning and implementation of such systems. To assist
in this potentisl problem, this prnition of the manual pre-
sents the means‘by which the traffic engineer and planner can
determine how to select sites for crosswalk illumination.

Two specific.', questions are addressed:
1, What will be thie criteria for selection of sites?

2. How will the user select these sites given competing
projects?
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Selection Criteria

The prospective user of special crosswalk illumination systems

should make use of as many of the following selection criteria

as possible:

1.

Accidents:

A8 discussed in the Warrants, night pedestrian accident
history should be examined over at least a four year
petiod- Each accident should be examined in detail to
determine whether or not supplemental jllumination is an
appropriate treatment to improve pedestrian safety. For
example, a location may have a,history'of accidents in
which vehicles negotiating turns ran into pedestrians,

indicating a right-of-way conflict which may be better

. treated by a traffic signal with a separates pedestrian

phase. 1Intersection dash or dart out accidents may be

‘avoidable via Increased driver response time that can

result from supplemental crosswalk illumination. Only the

accidents that may be effectively treated by such illumina-

tior should be compiled and considered for compzarative

evaluation.

Visibility:

Problems associated with visibility must also be considered
with respect to their treatubility viz special illumination.
Physical or envirommental factors which cause reduced visi-
bility may be independent ¢f illumination, such as severe
horizontal or vertical curvature, or structues wvhich black
vision. Site visits are necessary to assess the extent

to which illumination can improve copditions.

Traffic Volumes:

Pedestrian and vehicular volume are of great importance in
astablishing the priority of sites to be considered for
special crosswalk illumination. These can be examined in

two ways. First, the volume of pedestrians or vehicles
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i3 ‘oftén related to the land use in the‘c;oéswalk area.

Major transit stops, commercial and m?uufacturing areas in
icities are typified by locations on arterial streets where
both bedestrian an@ vehiculazr volumes.are'high. These
locations tend to have the greatest frequency of night

pedestyian -accidents, and are often the sites where

‘speclal crosswalk illumination will affect the grez st

number of people, or have the highest “payoff". Second,
accident rate, expressedias the #snnual number of accidents
per vclume measuré; is usually a good indicator cf the
need for improvement. By comparing accident vates, which
can be a function of pedestrian volume; vehicular volune,
or both, the relative priority of the need for improve-
ment aﬁ a number of sites ﬁndergaing comparison’ fow the

implementation of crosswalk jllumination can be determined.

Community Values:

The goals énd values of the local community ﬁ?é of con-
siderable importancé in establishing the priority of
crosswalks to he treated., For erample, locations with
low or no accident history, but whose poientizal for acc-
idents cause considerable community cencern, may receive

first prierity.

Funds:

- It is quite rare that a community has uplimited fuads that

can Se used to implement all desired improvement prnjects.
It is therefore necessary to consider the budgetary frame-

work within which improvements are to be planmed. Alter-

" native projects, alternative sites, and alternative im-

provements at sites always compete for available funding.
It may be ﬁecessary to consider staging improvements.
That is, improved illumination for intersection crosswalks

having substandard lighting (according to IES Recommenda-

tions) may first be brought up to a minimum standard at a
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subétantially lower cost thaﬁ special-illumination. After

a period of time, if it is détermined that sufficient im-

provement :as taken place, no additional lighting may be

necessary. Or, special illumination may be installed at

a

later date. In either case, the initial decision to

inérementally improve the site illumination would allow

‘the available funds to be used for improvements at other

sites.

Methodology

The prospective user of special crosswalk illuminatiomn systems

should utilize the follow.ng framework for the selection of

sites

Q

for supplemental illumination, given competing projects.

Examine accicdent history over a four year period to
determine the number of accidents at each site that
may be treated by supplemental illumination. Visit
each site to determine the extent to which visibility
may be a factor in each accident,

List the sites by rank according to treatable accident
frequency.

Calculate the. accident rate at each site basad upon
pedestrian and vehicular volumes.

Examine public opinion and governmental desires,
Identify community geals. .

Consider other sites independent of accident history,
but based upon community goals.

Examine warrants for special crosswalk dllumination and
compare to site conditions. Eliminate unwarranted
sites.

Prepare a list of warranted sites for preliminary design
and compaie; perform preliminary designs and prepare
cost alternmatives for each site.

Apply selection criteria based upon accidents, visibility,
traffic volumes, community values and eeconomic considera-
tions.

Establish preliminary priority of sites by rapking
locations according to the application of selection
criteria — a separate raumking shovid be performed for
each criterion. Apply community values and englneer—
ing judgement to the separate pricrity 1list of sites
and their assoclated improvements. Fach of the selec~
tion eriteria should be evaluated with respect to its
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relative importance to the others. For example,

it may be decided that the accident frequency

criterion 1s twice as important as' accident rate,
which is three times as lmportant as community
values, which is twice as important as cost con-—
siderations. Then the scale factors would be as
follows:

accident freguency : 1
accident rate : 2
romnunity values: 6
-cost: 12

I1f five alternatives, representing 3 sites, of which 2 have

‘alternative designs, were being considered and their indivi-

dual criterion rankings were &s shown in Table 4. then their

L e oy

B L e

site priority would be determined by multiplying each

criterion ranking by its appropriate scale factor, and rank-

Ing the resulting scores with the lowest number representing

the highest priority, as shown in Table 5.

o

Select the alternative for each site receiving the
highest priority.and then assign a priority t¢ each
site. ’

Compare zhe budget constraints to the costs of improve- -

. ments. Select the sites according to priority which

fit within the budget or revise the site designs
(utilizing a staged plan of implementation, if possible)
so that more sites may be treated within the budget.

A revised priority analysis may. be necessary following
design chanryes.

V. EVALUATION OF SYSTEM EFFECTIVENESS

A.

Introduction

Methods of benefit-cost analysis and cost-effectiveness analyeis

have been used to assess the justification of public works

improvements, and are generally well understood. The applica-

tion of these methods to use with special crosswalk illumina-

tion is direct, requiring brief.elaboration of system costs

and projected bepefits or measures of effectiveness that will

be derdved from their use.
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Table 4. Individual Criterion Rankings +or Sites A, B and £.

ACCIDENT ACCIDENT COMMURITY i
FREQUENCY - RATE VALUES COST
High Rank (1) Al A, g, Ay
(2) ) A A Ay
(3) B, B, G B,
. . () BZ B2 C B2
Low Rank (5) c Bl . B, B,

Table 5. Composite Priority Calculation

SITE OR | ACCISENT ACCIDENT . COMMUNITY TOTAL

. ALTERNATIVE.] FREQUENCY RATE VALUES COST | SCORE | PRIORITY
A, I x1 txz 2x6 x| s | 2
A, 2x1 1 x2 3x6 i x12] 34 1
8, o3l 5x2 1 %6 5x 12| 75 &
8, Lx1 kxz 5x6 4x 12| 96 5
C 5 x 1 3x2 4 x B 3x 12} 7 3
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B. System Costs .
Table 6 summarizes the costs of 2 variety of system installa-
tions. The costs shown are in terms of 1975 dollars, and

represent single unit (rathexr than bulk installation contract)

costs.

‘The installation costs of the prototype systems installed in
Philadelphia are high in comparison with similar systems in
Europe.l It is expected, however, that installation costs
could be feduced by as'mﬁch as 40% oncé”contractors become
familar with installation requirements, and when standardized
hardware, including the davir arm and copnnection bracket, be-

‘come available.

The manufacturer of luminaires has indicated'that a cost re-
duction of abgu. 207 can be realized for orders of 50 to 99
luminaires, 25% for 100 to 199 luminaires, and 30% on ordetrs
for more than 200 luminaires. Imstallation costs may be re-
duced by 10% to 207 for contract installation of 25 to 100

or more systems.
C. System Benefits and Measures of Effectiveness

1. Accident Reduction Measure )
The most basic benefit of the special crosswalk illumina-
tion systems is the reduction of nighttime pedestrian
accidents. Applications ¢f illumination systems similar to
thé one described in this manual have resulted in annual
accident reductions between 337 and 60%%.

The cost of a pedestrian accident has been reported to
‘ xAR

vary between $52444%*% and $12650 in terms of 1975

#Janoff, M.s. et al., "Fixed Illumlnation for Pedestrian Frotection",
Phase I Interim Report, FHWA Contiract FH-11-8037.

*%Smith, Wilbur and Associates, "Motor Vehicle Accident Costs,"
Washington Metropolitan Area, 1966.

*** Personal Contact with the National Safety Council
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Tabie 4. Gréséwa]k ITTumination System Costé for Individual Site Improvemehts***

DESCRIPTION

NO. OF

‘LUMINAIRES

COaST OF
LUMINAIRES

COST OF
INSTALLATI ON

AMORT I ZED
ANNUAL COST*

AYNYAL
PEMA*

TOTAL
AMOUNT

Single Synime-
erical, Span
wire mount, 2
‘wood' poles

Double Asymme-
trical Two da-
vit arim Mounts,
Wooden Poles

Four Asymme-
trical Two
Davit Arm on
Wooden Poles,
Two Bracketed
from Overhead
Structure

i

$330

$660

51320

$2609

$3203

$3500

$3h5

$h54

$5€6

$70

$140

$280

$k15

- $594

$8L46

*Capital Recovery, 20 years, 10% compound interest rate
*%|nciudes power, maintenance, and relamping.
#*%*Bpsed on installation costs at seven crosswalks in Philadelphia, Pennsylvania

dur'ing February, 1974.
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dollers. A median cost of $7457% appears to be a rea-
sonable estimate useful in evaluation. Of course, local
records of cost may be used for amalysis of benefits.

The accident reduction benefit of special crosswalk
iliumination can therefore be projected in terms of 1975
doliars by multiplying the annual accident histofy cof a
site by the accident reductirn potential and multiplying
this product by the cost of a pedéstrian aceident. This
value represents the net value of the annual reduction in
nighttime pedestrian accidents. Assuming a 337 reduction,
and $7457 as the unit accident cost, a net annual benefit
of $2461 can be realized for each annual accident at am
intersection following implementation of special cross-
walk illumination. If the 60% reduction figure is used,

this annual benefit becomes $§4474 per annual accident.

2, Photometric Measure

Although benefit-cost analysis cannot be performed using
photometric measures of effectiveness, analysis of effec—
tiveness can. The most direct measure of photometric
effectiveness is the average harizontal illumination,
measured in footcandles {(fc ) in the crosswalk. This
measure can be predicted by using Figure 6 and Table 1.
The effectiveness measure is then the amnual cost of an
installation divided by the average horizontal illumina-

tion produced in the crosswalk by that installation.

3. Volume Measures
Measures that are not strictly indicatore of effec-
tiveness but that relate to the volume of pedestrians
and/or vehicles passing over a crosswalk are

desirable because they identify the numbers of

‘*Burke, Donald and McFariand, W. Frank, "Accident Costs: Some
Estimates for Use in Engineering Economy Studies," Highway Research
Board Record 467, 1973.
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users of the system or people/vehicles affected by the
system., These normalizing measures cad be formed by
dividing the anoual cost of a system-by the annual wnight

vehicular and/or pedestrian traffic volume.

. 4. Combined Volume and Accident Reduction
A measure of effectiveness which uses the projected re-
duction in annual accident cost divided by arnual nighttime
pedestrién or vehicular volume provides'a means 9f relating
accident rate to accident cost. The rate is expressed in
terms of accidents per pedestrian crossing, or accidents
‘per vehicular crossing. The volumes may be expressed by
‘mulfiples of thousands or hundred-thousands of crogsings
in order to express the rates in more workable tarms. The
rate is multiplied by the cost of an accident to provide
the measure of accident cost per crossing. This méasure
may be used without modification to establish the priority
of the need for improvement at the site, or may be used
as the dencominator by which the proposed installation cost

~is divided as a cost-benefit measure.

5. Other Measures

Other measures of effectiveness which are not quantifiable
can be ronsidered and used in the analysis of need and
-establishment of priorities for site improvements. These
subjectiﬁe measures ma& include comfort, seciarity, ability
to indicate the presence of hazard, ability to interrupt
driver fatigue, and others. They can be applied as scale
factors or weightings (vhose magnitude are chosen by the
emphasis that community values and engineering judgement

place on them) to modify other quantifiable measures.

VI. BUDGET CONSTRAINED IMPLEMENTATION PROCEDURES

A, TIntroduction
As praviously mentioned, an oagoing problem in the implementa-

tion of public works improvements is that it is rare that
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suffiecient funds are svailable to implement all programs at

the time that the need for those improvements is recognized.

In the case of special crosswalk illumination as one type of
safety’ improvement at intersections, one mast consider com-
peting (in tha sense of competing for funding) programs such

as sipgnalization at that site, as well as recommended
improvements of all types at ather sitesL It is possible to
simply assess the priority of each‘of the programs ét each site
as discussed in Bection IV, and implement only the highest
priority sites to the limit of available fundé until additional
capital is available, 'This method dces notﬁing to satisfy

the recognized need For improvement at other locations, however.

An alternative to that method is the development of a staged
implementation program, based borh upon priority asséssment
and maximization of effectiveness. For example, if five sites
have been Ildentified as requiring improvements, the enginecr
1dght consider implewmenting various combinations of illumina-
tion and signalization prozrams. Alternatives to be con-

sldered for esch site may include:

o special crosswalk illumination
o signalization {implementation or iwprovement)

o geouetric improvement (treatment of curb radiuz, islands,
etc.) '

o upgrading standard illumination.

Procedure
The procedure for "local-optimization" of the benefits of

improvement can be handled as follows.

1. Swecify constraining parametecrs — e.g., all sites must
receive séme troztment, funds are limited to X thousands
of dollars, no site may receive more than Y thousands

of dolliars, etc.

32,



VII.

2. Prepare preliminary design alternatives for each improve-
ment at each site — these may be very sketcay and indicate

only the type of improvement and rough estimate of cost.

3. Evaluate the effertivensss of the alternative site improve-
ments according to the methods suggested in Section IV,

or other methods.

4. Prepare lists of alternative improvement programs for
all sites considexed - incorporate the comstraining
parameters and determine the total effectiveness of each

set of alternatives.

5. Select the program that maximizes the total effectiveness.

Two major considerations must be handled in this procedure.

First, the specification of constraining parameters must be
as detailed and inclusive as possible. It may contain fixed
dollar limits, and/or statements related to community goals

or priorities.

Second, timing or staging of implementation must be considered.
By evaluating a program over an extended period, such as five
years, the improvements may be upgraded incrementally and
re-evaluated. In this way, locations that have indicated the
greaiest need may be fully treéted, while others can receive
some improvement immediately. Later, when funding becomes
available again, the locations that received marginal improve-
nment can be re-examined and upgraded if necessary. The staging
and re-examination proecess must.exerciSﬁ care in considering
that partial systems can only be credited with partial effect-

iveness.

SAMPLE PROBLEM

The following sample analytical study of 2 crosswalks demonstrates

the uiility of the site selecticn, design, and evaluation process.
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~Actual datz from Philzdelphia streets are used.

SITE A. -5TH AND LINDLEY AVENUE
Area Type: GBD—Residential'Cintermediate)

Accident Street Type: Major - Arterial
Accident Location: North X-walk on “th Street
Street Width: 50ft.

Traffic: ADT (Vehicular) = 13500 veh/day‘— night = 2295 veh/night
Average Night Pedestrian Traffic = 115 {Nerth x-walk)
Existing Illumination: HP Sodium, S.W. corner, 30ft. (9m) MH
: ' Average illvmination in X-walk;
.25 fe (2.5 Lux)

Accident History: 6 illumination treatable accidents in North
X-walk, no fatalities.

Traffic Control: Signalized

Special Considerations: Overhead power lines.

SITE B. 5TH STREET AND RUSCOMB STREET

- Area Type: Residential

Accident Strea2t Type: Major - Arterial »
Accident Location: North X-wslk on 5th Street
Street Width: SO ft. (15m)

Traffic: ADT = 1340C veh/day - night = 2278 veh/night
' Average Night Pedestrien Traffic: 38 (North Crosswalk)
42 (South Crosswalk)

Traffic Control: Stop Sign cn East - West St. (Ruscomb)

Existing Illumination: HP Sodium, S.W. Curmer, 30 ft. (9m} MH
. Average illumipation in X-walk;
.42 fe (4.2 Lux)

Accident History: 3 illumination treatable accidents in North
: X-walk, no fatalities. -

Special Considerations: Overhead power lines

SITE C. STH STREET AND CAYUGA AVENUE

Area Type: Residential

Accident Street Type: Collectow-Distributox
Accident Location: North X-walk on 5th Street
Street Width: . 53 ft. (15.8m) '
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Traffic: ADT (Vehicular) = 11,600 veh/day - night = 1972 veh/night

Average Night Pedestrian Traffic = 52 (North X-walk)
Traffic Control: Signalized '

Existing‘Illcmjhmtion: HP Sodium, S.W. Cormer, 30ft. (9m) MH
L oo Average I1llumination in X-walk:.
.21 fe (2.1 Lux) :

Accident History: 2 illumination treatable aceldents in North
l~walk, no fatalities

Special Considerations: Overhead Trolley Lines

CONSTRAINING PARAMETERS

Budget: Funds Available = $10,000.00 total for all sites to pay
for dnitial capital outlay.

Assessment of Community Values:

a) Cost consilderations are most constraining. However,
cost~benafit and cost-effectiveness ratherr than least
total cost will be the criteria, as long as projects
stay within the budgetedl amount.

b) Reduction of acecidents is the next most important con~
slderation. Community pressure is emphasizing maximum
accident reductiom, suggesting that evaluations which
use- accldent rates measured In terms other than fre-
quency should recelve lower priority than the evaluation
of frequency.

¢) Community values alsc place high emphasis on the protec-
tion of the elderly and school zge children. There are
schools leocated at Site C, and a church and a school at
Site A,

d) Advanced photometric equipment is not available, however
cosine and color correcred illumination meters are
available to the traific engineer and illuminating
engincer.

DESIGN AND EVALUATION

Step 1. Examination of aceident data from 1971, 1972, 1973 and
1974 indicate that Site A experienced 6 accidents
suitable for treatment, Site B had 3 such accidents
and Site C had 2 such accidents.

Step 2. Ranking the sites by total accidents
1, 5th & Lindley

2, 5th & Ruscomb
3., 5th & Cayuga
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Step 3. quident Rates:

SITE A SITE B SITE C
Time Rate 6ace = 1.50acc 3ace = ,7%acc 2ace = .50acc
{frequency) 4 years yr 4 years yr

%4 yoars  yr:

Ped. Volume Rate 1.50acc/yr = ,036ace .75acefyr + .Q05%cc _ .S0ace/yr = .026ace
: 42000ped/yr 1000 peds 1400 ped/yc 1000 peds 19000028y 1000
Veh. Volume Rate 1.5acc/yr = .18acc L75ace/yr = L10acc .50acc/vr = .0Gace
833000vych/yr 1000CO veh 220000 voh/yr 160000 veh, 831000veli/yr 1000 veh
Step 4. Ranking by Accident Rate
SITE RANK BY RANK BY PED. 'RANK BY VEH.
FREQUENCY VOL. RATE VOL. RATE
A 1 -2 , 1
B 2 1 2
c 3 3 3
Step 5. Public opinion and community goals are as indicated
under constraining parametsrs. They suggest that
rating by frequency be most heavily weighted. The
presence of school children at sites A and € would
also require heavy weighting. ' '
Step 6. No other sites have been suggested for consideration.
Step 7.

All sites ave warranted for special crosswalk illumina-—

tion as

Site 'A:

Site B:

follows:
Accident warrant and volume warrant met, Photo-—
metric warrant met (.25 fc existing, 2.70

required),

Accident warrant and volume warrant met. Photo-—
metric warrant met (.42 fc existing, 1.5

.

required). :
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Site C: Volume warrant met. FPhotometric warrant met

{.21 fec existing, 1.2 required).

‘Step) 8. Preliminary Design Alternatives
| Site A: 5th'and Lindley
: Alternatives: (l)'increased‘cohventional illumina-
tion at the intersection.
(2) special crosswalk illumination.
Because of the high aczident history, community

pressure will not allow Alternative 1 to be

considered »

Altesnative (2)

N
Y
—
e 50| W
el
-
(n -—
J=
g}
2;,.}..4,_25.'__,_‘,__25'_,_. | CHURCH-sCHOOL
125" 2.9 ‘ 7
T
j{_%\ v ]
’; e & x-waLk—t—
/ |
v i} —E

, ~
e TN ;]

Davit Arm Mounting to Woodarn Poles
Mounting Height = 16 ft. to Refractor Face
Assymetrical Luminaires offset 7.1' and orlented toward crosswalk
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Cost: (limited quantity cost figures used)

fixtures: 2 at $330.00 each $660,00
installation at $3203.00 per system  $3203.00
$3863.00
annual maintenance at $50.00/unit $100.00
annual poﬁer cost at $20.00/unit $40.00
Annual Cost at 10% interest rate and 20 vear life
Capital Recovery Factor (crf) = 11746
(.11746) (53863.00) = 8454 .00/ year
: . +  5100.00
+ $40.00
$594.00/year

Site B: 5th and Ruscomb
Alternatives: (1) increased conventional illumination
(2) special crosswalk illumination

(3) install signalization

- Alternative (1) e 50" —— | N

NEW LUMINAIRE —~ag | o4 NEW LUMINAIRE k

‘\

EXISTING LUMINAIRE o

RUSCOMB AVE

Sth| ST.

<]

Cost: (cost figures supplied by City of Philadelphia)
HP Sodium lamp luminaire with alumin'm pole mounting
luminaire, pole and installation at $605.00 per pole $1210.00
annual maintenance at $20.00/unit $40.00
annual power cost at $87.00/unit , $174.00
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Araual cost at 10% interest rate and 20‘yéaf life
©(L11746) $1210.00) = $142.00

+  $40.00
+ $174.C0

$356.00/year
Alternative (2)
Same as Site A - annual cost = $594.00/year
Alternative (3} - inte-section does not meet signalization warrant.
Site €: 5th and Cayuga
Alternatives: (1) increased conventional illumination
(2) special crosswalk illumination.

Because of the location of schools at the intersection,

Alternative } is not to be considered.

Alternative (2)

Same as Site A - annuzl cost = $594.00/year

Step 9: Application of selection criteria; benefit-cost

a) Accidents - Because insufficient data is av;iléble
to predict the accident reduction capability of
improvements in conventional illumination,fqﬁ
estimate of 15% will be used. This is
approximately one-half of the "low" accident re-
duction potential reported for specialized, cross-—
walk illumination as proposed for improvements at
the three sites. An average accident cost of

$7457 will be used for evaluation.
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AVG. ANN. 15% 33% ANN. BENEFIT-
_EETE ACC. COST. / REDUCTION | REDUCTION COST COST RATIO RANK
4 $11,186. f} -—--- . $3691. $594 6.21 1
| B4 % 5,593. $839. | ----- $356 2.36 3
B, $ 5,693/ | - $1846 $594 3.1 2
< $ 3,7% -l - $1230C $594 2,07 4
/
b) Visibility - Measurement arni preduction of
| average horizontal illumination
(EL) yields:
& & ANN. EFFEC-

SITE existing (fc) proposed (fc) 5Eh (fc) cosT TIVENESS RANK
A .25 8.0 7.75 $594. .013fc/$ 1
B, 42 2.0 1.58 $356 .004fc/$ 3
8, .42 8.0 7.58 894 | .013tcp | 2
c .21 7.0 6.79 $594 JA1fc/3 4

- pedestrian volume
accident rate has
a more meaningful

normalizing cosis

40

been done in Step 4.

by these measures.

- Traffiec Volume - Ranking by accident frequency,
accident rate and vehicular volume
However,

comparison is accomplished by
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AVS. ANN. ACC.  EFFCCTIVENESS .
COST PER 1000 - 15% 33% ANNUAL acc. cost reducticn| RANK
SITE NJGHT PEDESTRIANS REDUCTION RELUCTION CosT cost
A 5266. - 5 83, $594 .148 3
B-I $400. $60. m——— $356 .1€9 Z
32 $200. - $132. $594 .222 1
C $196. -——— $ 65. $594. .108 4
AVG. AMlil. ACC in EEFLCTIVENESS
COST PCR 1000 19% 33% ANNUAL acc. cost reduction
SITE NTIGHT PEDESTRIANS REDUCT.ON REDUCTION CasT cost RANK
A $1335. ———- $441. $584 . 742 1
[‘.] $ 777. $Mz. | ----- $356. .229 ki
EZ $ 977, ---- $256. $594. .43] 2
C S 449, -——- 148, 8594, 249 ]

Community Values ~ Analysis of community values

suggest that a reasonable coumparison of criteria

result in the following weightings.

¢D)
(2)

3

(5)

Accident Frequency Cost Benefit Analysis : 1
2

Presence ¢f Schools :

Rank by presence of school c¢hildren yields
Site A - 2
Site B - 3

Site C - 1 (two schools)

Pedestrian Volume Effectiveness: 2
Vehicle Volume Effectiveness: 3
Photometrie Effcctivencss: 5
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ZStep'lD. Site ranking summary by gritéria and applicatidn'of scale factor.,

ACC. FREQ. +PHOTOMETR.'.C + PED. VOL. + \IEH.‘ VOL. [+ PRESENCE OF
SITE | COST-BENEFIT | EFFECTIVENESS | EFFECTIVENESS | EFFECTIVENESS SCHOOLS = TOTAL | RANK
A 1 %1 1x5 Ix2 " 1x3 2x2 19 |1
B, ix1 3IxE 2x2 3x3 zw2 . 3 |3
le 2.x 1 2'x5 1x2 2 x3 3-1/2x 2 27 2
C 4 x 4 x5 4x2 4 x 3 1x2 46 4
Step 11. Comnparison of Budgetary Constraints’
Funds available : §10,000.00 (capital)
Cost of Alternatives: .
A - $3863.00
B, - $1210.00
-BZ - $3863.00
C - $38063.00
The procedure for local optimization is continued as

Analysis:

follows:

From the analysis

(Step 5), and the

of constraints and community gcais

development of alternmatives (Step 8),

it is not possible to consider the upgrading of con-

Lindley Streec or Cayuga Sifreet site.

remaining alternative programs are the following:

Special crosswalk illumination at all sites.

~ventional illumination as staged alternatives at the

The only possible

Special crosswalk illumination at the Lindley Street

and Cayuga Street sites, and upgraded conventional
illumination at one crosswalk on Ruscomb Street.

Same as 2 but install special crosswalk illuminatiom

one year later at Ruscomb Street when more funds are
available.
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-Alternative 1 is not possible within present funding
constraints. Alternatives 2 and 3 are possible, and
provide the following banefits over ome year and twenty

year pericds.

Alternative 2 : The average annual accideﬁt costs for the
three sites total $20,508 for one year (Step 9). The
expected annual reduction in accidents yieLds a2 savings
of £3760, while the annual cost of the alternative is
$15%44, producing a benefit-cost ratio of 3.73:1 each

year, throughout the system's economic life.

Alternative 3: The expected annual reduction in accident
cost is $5760 in the first year, and $6767 for each

year foliowing implementation of special crosswalk illumi-
nation at all three sites, Assuming a 20 year economic

life, *he total accident reduction benefits would be $7560 +

19 x (86767) = $134,333, while the amortized cost of
the system would be $1544 + (19 x $2138) = $42,166,
yielding a 20 year benefit cost ratio of 3.17:1, if

the upgraded conventional illumination was left in place

at Ruscomb Street. If it is removed upon installation
of special crosswalk illumination and re-used at ancther
site, then 20-year annual cost becomes $1544 4 (19 x
$1782) = $35,402, This cost yields a benefit ratio

of 3.79:1.

Conclusions: .
The highest benefit-cost ratic is produced by a program
that implements two special crosswalk illumination
systems and upgrades one conventional illumination system
during the first vear, then replaces the latter with
special crosswalk illumination the folloiwng year when

funding is available.
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