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'\¥ﬁ: purpose of this research was to develop warrants for pedestrian
over and underpasses or grade separated pedestrian crossings (GSPCs). Cure
rently there are no established nationally acceplable warrants to serve as
standards in deciding whether or not to build a G3PC.

This research was conducted by first performing a literature review of
existing practices and assessment of the stats-of-the-practice to identify
general types of warrants and existing warrants. A panel of advisors was
formed to evaluate the practicslity of the existing and candidate warrants.
A behavioral study was conducted to ascertain padestrians’ perceptiong of
risks and inconvenience asseciated with use of sample GSPCs. Candidate
warrants were developed and validated by contigency table and chi-square
analyses of site characteristics of sample GSFCs. _

)

", Proposed wirrants, were developed from the candidate warrants consisting

of threshold warrants for pedestrian voliume, vehicie volume, and distadue to
nearest “safe” altermative crossing. In addition requirements for ate-grade
roadwdy crossing barriers, artifictal Tighting, $ite topography to minimize
elevation changes, nearby pedestrian-generating land use{s), and avajlable .
funding were included. Seattle's priority ranking system (warrant) was
proposed a5 a tool to prisritize potentfal GSPC sites for planning purposes
based of pedestrian and vehicle volume, accidents, and other site characteristics.
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1.0 PURPOSE

The purpose of this research is to establfsh warrants which will consider
factors that influence the effective use of pedestrian over and underpasses
or grade separated pedestrian crossings (GSPCs). Currently there are no
established nationally acceptable warrants to serve as standards in deciding
whether or not to build a &SPC.

2.0 INTRODUCTION

There are cases where GSPCs have been built for situations that did not
need them. Ultimately, these GSPCs have been dbandoned or removed. The
GSPCs that satisfy a particular need fend to be effectively utilized. The
need for a GSPC may exist such as on a safe route to and from school where
betier alternative routes arg not possible. An example of a GSPC built to
satisfy & need i=s an pverpass Detween Eleanor Roosevelt High School and the
planned community of Greenbelt, MD. This overpass 1s over four {4) lanes of
‘high speed traffic 'on the Baltimore-washington Parkway. Anm overpass is the
only means td walk safely to the school from the community. Additionally,
there may be a2 greater demand anticipated because of plannmed development or 2
proposed transpertation network.

The need for a GSPC may be present, but certain facters may prevent it
From being effectively utilized. In Omaha, NE, the walkway structure of some
safe route to school overpasses is an open grid. The open grid is excellent
for snow removal 1n that snow simply falls through the grid down to the road-
way. However, ﬁe&ésérians feel ‘'uneasy seeing moving venicles and feeling the
vibrations of the-walkway. This type of factor discourages usage even with

. :‘an existing need for the GSPC, The .impact on the usage will vary with the

desirabitity of the location and the alternatives present,

2.1 Research Approach

The objactive of the research is to develop and validate warrants which
can provide & basis for determining when GSPCs would most likely be successful
and well-utilized by pedestrians, In order to accomplish this objective,



The third part, section 6.0, included the development and validation of
c¢riterta and warrants for installatfon of GSPCs. Criteria znd warrants were
developed from the synthesis of those factors that influence the uytilization
of GSPCs. The factors were selected from potential criteria in section 3.0,
existing warrants in section 4.0, and analysis of sfte data From 20 of the 40
sample GSPC sites used for criteria/warrant development. The site data
anaylsis process identified thdse criteria and warrants that are most fre-
quently associated with successful GSPC installations. Site characteristics,
pedestrian usage/nonusage volumes, and volume of vehicular traffic conflicting
with pedestrian maovemants from the second part were analyzed with contigency
tahle and chi-square hypathesis testing teehnique in this part. Twelve (12)
candidates warrants were derived or adopted from existing ones. The panel of
advisors was asked to comment on the candidate warrants in the same manner as
they did for the existing warrants. '

The fourth part, section 7.0, included the validation of candidate
warrants to assure that they provide 4 basis for determining when a GSPC
instatlation would most Vikely be successful., Four methods were used to
evaluata the candidate warrants: study of behavicrsl patterns from section
5.0, contigency table and chi-square analyses of site characteristics from
the other 20 sample GSPC sites, comparison of candidate warrants with cor-
responding site characterstics of the GSPC sites, and evaluatien of comments
given by the panel.of advisors on existing and candidate warrants. These
warrants must be simple and straightforward fn order to be useful to transpor-
tation professfonals. The proposed warrants were recomnended to help predict
the real world experience i a GSPC would be built.

2.7 Summary of Findings

" The high cost of construction for GSPCs, between $40,000 and 2‘.‘5(5,000,,=
1imits their use as pedestrian vehicie separators except where funding is
available znd political influence/policy decisions favor thefr imstailation.
Therefore, there are few established quantitative warrants for GSPCs. San
biega, GA developed threshold warrants {i.e., with minimum pedestrian and
vertcular volume Tevels), and Seattle, WA developed a priority ranking system



(i.e., assigning points to measurable characteristics such as volume and
accidents), Most Jjurisdictions use system-type warrants {{.e., based on
master plans}.

Warrants were develsped and validated as described {n section 2.1 above
and the following sunmarizes the proposed warrants:

'1;

2.

Pedestrian volume should be & total of over 300 in the ¢ highest con-
tinuous hour pertod 1f vehicle speed 1s over 40 mph and the proposed
sites are in urban areas and not over or ynder & freeway. Otherwise,
pedestrian volume should be a total of over 100 pedestrians in the 4
highest continuous hour period.

Yehicle volume should be over 10,000 in the same 4 hour period used
for the pedestrian volume warrant tr ADOT over 35,000 if both vehicle

- speed is ogver 40 mph and the proposed sites are 1n urban areas. Lf

the two conditians are not met, vehicle volume should be over 7,500
in 4 hours or ADT gver 25,000.

A proposed site should be at Teast 600 feet from the nearest aiterna-
tive "safe" crossing. A "safe" crossing 1s where a traffic control

device stops vehicles to c¢reate adequate gaps for pedestrians to

¢ross. -Another "safe” ¢rossing {s an existing over or underpass near
the proposed dne.

A physical barrier to prohibit at-grade crossing of . the roadway is
desirable as part of overpass or underpass design plan.

Artificial 1ighting should be provided to reduce potential crime
against users of upderpasses and gverpasses., It may be required to
1ight underpasses 24 hours & day and overpasses all night.

Topography of the proposed site should be such that elevation changes
are minimal to user¢ of gyerpasses and underpasses and construction
costs are not excessive. Elevation change is a factor effecting the
convenience of the users. .

A specific need should exist or be projected for a- GSPC based on

gxisting or proposed land use(s) adjoining the proposed site which

generate pedestrian trips. These land use{s) should have direct

access to the GSPC.

Funding for construction of the pedestrian overpass or underpass
must be available prior to comstruction committment.



3.0 LITERATURE REYIEW

A list of available literature which perfains to criteria and warrants
for GSPCs was compiled as the first part of this research. A computer liter-
ature search via the Highway Research Information Service was made, and
appiicable literature from miscellaneous sources were collected Such as US
DOT 1ibrary. The compiled literature was reviewed to dJdentify relevant
1iterature, which then was divided inte three categories: directly relevant,
indirectly relevant, and useful background literature. The directly relevant
Titerature discusses specific criterfa and warrants for pedestrian qver and
underpasses. The indirectly reTevant 1iteraturs deals with warrants for
pedestrian signals, crosswalks, sidewalks and other pedestrian treatments.
The useful background )iterature provided general &SP design and instailation
criteria such as ramp slopa for wheel chairs, lighting for underpasses, line-
of-sight through underpasses and on ramps. Also, the background 1{terature
was used to identify which ¢itles had or were currently planning or {nstalling
GSPGs. Appendix A contains a bibllography of literature divided into sec~
tions A-1, A-2, and A~3 for each category. A brief description of the
significance of the directly relevant Titerature follows each bibliographical
listing in Appendix A-1.

3.1 Findings of Literature Review

GSPCs have advantzges over alternative solutions of preventing pedes-
trian-vehicle conflicts since: i

*  GSPCs eliminate conflicts between vehicles and pedestrians when
© utilized by pedestrians. . C y :

Y There 1s no roddway capacity loss or vehicle speed reduction result-

ihg from use of an existing GSPC compared with the popular alterma- -

tive of 'a pedestrian traffic signal. Pedestrians and vehicles
have their own right-of-way instead of sharing a portion of the
roadway.

Total delay for pedestrians and motorists can be reduced 7in wany

cases. Although pedestrians' ¢rossing time may increase if they have

ta ascend and descend GSPCs ramps or steps, pedestrians no longer

have to wait for gaps {n vehicular traffic. Vehicles de not have to.
slow down or stop for pedestrians. ’



Despite these advantages, GSPCs are not commonly built due mainly to
their high construction costs. [t has been reported fn various Titerature
references that GSPCs cost from $40,000 to $250,000. The cost of special
design features, such as ramps to permit access to GSPCs for the handicapped,
has iacreased the construction cost and has further discouraged their instal-
lation. Most GSPCs are huilt because funding is avaitable from the federal
government or they were as part of an existing transportation master plan.
The FHWA typieally funds GSPC constructtion associated with roadway projects
when a community s disrupted by & new roadway, usually a freeway. The term
freeway in this research will refer to a roadway for through traffic with
full or partial access control, with speed Timits above 40 mph, and generally
with grade separations at major intersectiens. In some cases, GSPCs may be
buitt because of citizen requests after a freeway s buflt, dBut usually GSPCs
are built as part of freeway projects. Pedestrians usually have a choice
when a GSPC.is across @ highway (a roadway other than a freeway) since they .
may cruss a highway at-grade or at a nearby traffic sigmal instead of using
the GSPC, The term highwéy In this research will refer to & Jocal, collector,
or artertal roadway without access conmtrol and with intersections at-grade
with the roadway. Currently most GSPCs being built are over freeways or
buiit as part of a safe route to school program, especlally for elementary
school children. Generally most GSPCs are overpasses. Underpasses tend
to be unsuccessful because of the threat of crime to users and drainage
problems. Skyways connecting bufldings 1n dense downtown areas are also
being byilt as part of transportation master plans. Given the unique cir-
cumstances for which skyways are built, they will not be addressed in this
research.

3.2 Criteria Identified

The applicable literature was r&vieuéd for any criteria which might
influsnce the use or nonuse of GSPCs. These criteria were grouped into
categories to be used in the third part of this report. Criterfa which
influence ytilization of GSPCs were developed fn the third part. The list
of criteria appears in Table 1. While Tist of criteria is not comprehensive,
it does 11st major factors influencing utilization of GSPCs. Freeways and
highways are {nfluenced by different c¢ritéria. These criteria may act
{ndividually or interact in different ways, for example: '

&



TABLE 1:
LIST OF POTENTIAL GRITERIA FGR GSPCs

CORVENIENCE

Activity center [pedestrian traffic generator) nearby GSPC

Height to ascend/descend on GSPUs' ramps or steps

Additional distance tu travel using GSPC compared with
¢crossing roadway at-grade

Accessibility for the handicapped {and blind)

ALTERMATIVE "SAFE" CROSSINGS INSTEAD OF GSPCs

Traffic signal - with pedestrian heads, pedestrian ﬁushﬁuttansj
advanced/delay green

Pedestrian/school crosswalk - marked, unmarked, signed

School crossing guard - adult, student safety patrel

FEASIBILITY OF INSTALLATION

Right-of-way (ROW) available for ramps for GSPC
Funding avatiable to buitd GSPC

PEDESTRIAN SAFETY

Perception of risk
Praventable accidents - fatality angd injuries (5 year period)
Conflicts between vehicles and pedestrians



TABLE 1:
LI1ST OF POTENTIAL CRITERIA FOR GSPCs (Continued)

VEHICULAR TRAFFIC OPERATIONS

Acceptable gaps in traffic (1 per minute average)

Volume of potential pedestrians using 2 GSPC

Yolume of vehicles - low, moderate, High

Pergent of truck/buses - low, moderate, high

Speed of vehicles - Tess than 20 mph, 20-35 mph, over 35 mph
Directional traffic fiow - ane-way, two-way

Yehicle turning movements conflicting with pedestrian movements

ROADWAY GEOMETRICS

Distance to cross roadway or te median

Number of moving traffic lanes to cross to other side of the roadway
Number of moving traffic lanes to cross to refuge fsland (median)
Presence of pedestrian raised refuge median {4 feet minimum)

Sight distance - good, moderate, poor

Freeway - usually no alternative "safe" crossing

Highway - major srtery, collector, local street

ADJOINING LAND USES

Elementary school/nursery school/day care center

Jr/sr high school or cullege

Central business district (CBD)

Residential to recreationa)

“Residential to shopping/transportation terminal {i.e., bus stop)
Residential to residential

Office/fagtory ta parking let/bus stap

Office/factory to shopping



TABLE 1:
LIST OF POTENTIAL CRITERIA FOR GSPCs {Continued)

FLANS

Adopted master plan - pedestrian, bicycle, horse trails
Compatibility with esthetic character of environment
Proposed plans - pedestrian, bicycle, horse path

Community conmtinuity ~ ¢ohesion, disruptfon

DESIGN FEATURES AFFECTING USAGE

Physical barrfer to prohibit at-grade crossing

Topography of surrcunding land

Litter control - routine ¢leaning

Lighting for underpasses and gverpasses

Sigaing to entrance ta GSPCs

Ciimate - sun glare, snow

Drainage {underpasses) - adequate, inadequate

Crime « ¢lear view up ramps or thraugh underpass and no hidden areas
Handicapped accessible - ramp slope, ramp length, and hand rails
Esthetic design

LCOST FACTORS

Construction cost ~ ROW acquisitfon, foundation, materials, labor

Maintenance and operatian cost - 1itter control, 1ighting, graffit{ removal

Yehicle delay/fuel consumption if traffic light vs. GSPL - Increase, decrease,
no change

Roadway capacity 1f traffic 1ight vs. GSPC - incredse, deCrease, no change

Accident cost of injuries

Accident cost of fatalities

Tax receipts {increased due to desirable business location near GSPC in form
of tax base, property value, and business activity)

Pedestrian datay reduction



* pedestrians will use or not usa a GSPC depending upon their percep-
tion of the risks. Lack of acceptabie safe gaps in traffic is motiva-
tion to use a GSPC in_ order to aveid being hit by moving vehicles
while crossing the roadway at-grade. A dark underpass cculd be
perceived as a crime risk which is more dangerous than an accident
threat. Therefore, pedestrians would generally choose to cross the
roadway at-grade rather than use such an underpass.

* [f it {s possible and more convenient to Cross a highway at-grade,
pedestrians generally will not use GSPCs. Therefore, available gaps
in vehicular traffic become significant to glve pedesirians a margin
of safety between themselves and ancoming traffic.

* If a traffic signal 1s near & GSPL and there is not heavy turning
movement towards the at-grade c¢rossing location, safe gaps in traffic
will be available for pedestrians to cross the highway at-grade.
Marmy GSPCs that are well-ytilized and are near traffic signals have
barriers installed along the roadway to discourage at-grade crossings.
In gther cases, there are natural grade differences in the area
terrain at the GSPC site. In Akron, OH and Boulder, CO, it 15 more
convenient to use GSPCs because of this grade difference. In a few
instances where the GSPC was planned with the roadway construction,
the grade through an underpass was kept flat while the roadway grade
was changed.

* Across freeways, there are usually no alternatives for pedestrians
to cross except by using a GSPC. Although some pedestrians do cross
freeways at-grade, criteria such as convenience and traffic gaps are
apparently not as significant. The freeway and its access control
barriers restrict pedestriang from crossing at-grade. Criteria such
as community disruption and severance become significant.

3.3 Types of Warrants ldentified

Based on the literature review, six general types of warrants for GSPCs
were Tdentified: threshold, priority ranking, economic, system, policy, and
political. The first three are quantitative, and the next three are gualita-
tive, 1In some cases, political pressure to establish a gualitative policy

- gengrates a system plan and thus quantitative threshold or priority ranking |

warrants are - developed. No general sequence or combination of types of ‘
warrants i3 prevalently followed, and development varies within each parti-
cular jurisdiction. Only the first four types of warrants were investigatad
in this report due to the diversity of politics in Jjurisdictions across the
United States and of policies implemented as a result of political actions.

10



A description of each type of warrantl from the most to least quantitative

follows:

1.

Threshold Warrants = This type of warrant is based on a set of war-
rants of which all or & combination of ind{vidual warrants must be
satisfied. Oiscussions of threshold warrants in the Titerature
review referred to the minimum pedestrian volume warrant for traffic
signals fn the Manual on Uniform Traffic Control Devices (MUTCD} as
a GSPC warrant. Examples of threshold warrants for GSPCs would
be vehicular volume, pedestrian volume, vehicle speed, acceptable
pedestrian gaps in traffic, preventadle accidents, and distance
to nearest altermative "safe" cressing (usually & traffic signal).
Some professional judgments are still required for such qualitative
factors as future Vind use patterns which could generate pedestrian
activity, feasibility of alternatives to a GSPC, and feasibility of
GSPC constructian.

Priorfty Ranking Warrants: This approach for developing warrants is

als0 Khown as a point warrant. Factors affecting the need for and

potential utilization of GSPCs are either selected and assigned point

weights or combined to form of an exposure index. For the former,
quantitative factors are assfgned points according to their numerical
value {1.e., pedestriam or vehicular volume) while qualitative

criteria are assigned pofnts based on professional Judgments., The
latter rapking system, exposure indexes, measures the interaction
between pedestrians, vehicles, and possibly site characteristics
({.e., vehicle speed) usually by meltiplying their respectiveé values
tagether:

Thie assigned points type of ranking system fs becoming a popular

methiod to warrant GSPCs and was found to be used in at least three

states: Washington, New dJersey, and Massachusetts. This type
of priority ranking system has been recommended in a number of

1 Swan, §; Sgourakis, A; Deleuw, C., Effective Treatments of QOver and Under

crossing for Use by Bicyclists, Pedestrians and the Handicapped -
[iterature Review, FAWA-RO-/9-142, Octaber, 1U80. ' '

11



professional articles 7ncluding the Institute of Transportation
Engineer's Technical Committee 4E-A Report in 1372 freference A-1/#9
in the bibliography).

Econoimic Harrants, This type of warrant includes the benefit-cost,
cost effectiveness, annual cost, or present worth comparisons of the
construction and mafntenance costs of GSPCs with alternatives such

" as traffic signal fnstallations. The benefits are usually reduced
. pedestrian hazards (in terms of preventable pedestrian injurtes

and fatalities). and reduced vehicle and pedestrian delay. The
National Gooperatfve Highway Reszarch Program {NCHRP} Report 189
Quantifying the Banefits of Separating Pedestrians and Vehicles

{reference A-1/#6) and the followup report NCHRP 240 A Manual to

Determine Benefits of Separating Pedestrians and Vehiclas ({refer-
ence A-1/#19) present econdmic methodologies to analyze GSPCs.
Ecanomic warrants are difficult to use especially since monetary
values for pedestrian 1injury, death and delay must De used with
great care to obtain reasonable conclusions.

System Warrants: This is actually a cdse by case evaluation of a

GSPC at a specific site to deteemine how well a GSPL fits into the

averall transportation system or master plan. The GSPC is evaluated
gn a gemerally qualitative basis concerning existing and groposed
conditions. Where a threshold warrant specifies a vehicle volume,
the system warrant may require "high" vehicle volumes or speeds.

This requires the transportation professional to determine whether
or not the vehicular volume or speed at a particular site {s a
"high” value. Most of the available 1iterature was found to provide

_ general qualitative criteria for system warrants.

Policy Warrants: GSPCs may be "warranted" in that they are built

25.a result of an established policy. Many cities have policies to
improve pedestrian safety by saparating pedestrian circulation
patterns from the vehicular right-of-way. In additien, GSPLs have
been warranted as part of an estabiished pelicy to provide a safe
route to and from school in lieu of a pedestrian/schonl traffic
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signal and/or adult crossing gquards. (Quantifiable warrants have
been developed to support the policy warrants to provide safe routes
to and from school in Omaha, NE.

6. Political Warrants: This is not a warrant per se but 1s the result
of political Tobbying of or by the local legislature or the result
of the prerogative of -2 strong politician. The political influence
can contribute to development of ancther type of warrant which in
turn may result in building a GSPC or contribute to & GSPC Deing
built without applying any cther type of warramt. This “"warrant"
varies greatly with the degree of poiftical insulation that local
transportation planning departments have from their legislative
Body and executive nierarchy.

4.0 STATE-OF-THE-PRACTICE REVIEMW

The state-of-the~practice, subpart two of part one, was assessed through
discussions with transportation professionals at the state and local level.
A comprehensive survey of local Jurisdictions or practitioners wis not
attempted. An initial list of professional contacts was generated from those
cities that have active pedestrian safety programs. The cittes were identi-
Cf{ed in the literature review and from professional contacts. The cities,
counties, and states contacted are summarizad in Appendix B.

4.1 Llgcal Practices « Warrants Used

There are thees basic types of warrants cufrently used in the United
-States. Some jurisdictions use quantitative threshold warrgnts, others use
priority ranking systems {efther assigned points or exposure index} while
others use system warrants. Summaries of existing threshold, assigned points
(priority ranking) warrants, expasure indexes (priority ranking warrants), and
system warrants are shown in Tables 2, 3, 4, and 5.

A panel of advisors was formed to provide comments ceoncerning the ease

of application {i.s., complexity, data requirements, etc.) and appropriateness
of the existing warrants for GSPCs. Their comments provided insight to local
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For unsignalized lecattons:

TABLE 2: FXISTING THRESHOLD WARRANTS
Sourge: SEEV?;i?ﬁ H;i:l:q;gg
Reference Ko *: A-1/920 A-LF#2
| Date: 1971 1978
Application: A1t comditions below shoyld be met  Fer fully controlled access

freeways, mysy MEet wyrrants
Ak} & A{2Z) plus warrante (B{1]

_ ; B(2)} ar € below:

Major Strast Yehigie

Yolume per Period

Mingr STreet Yehicle
¥olume per Period

Pedestrian Valume
per Period
Accidents

Mgargsi,?Safe“
Crosséing [F5)

Vehicle Speed {mgh) |-

$tght Ofstance

Feasifila to
Imstatl

Land Yse Development

Priysital Barrigr to
Prohib{t At-grade
Erassing ‘

Ecunomic

h

Aoad Gegmetry

Bthers

Exceeds 1,000 in

continuous 4 highest hrs

Legy than 125 In the
same continyous 4 hrs

Extéeds 300 fn the same

gonk. #-hrs (1 child wunder

{2 yry equils 2.5 padestrians)
Wf5

750 or more {traffic signal)

Exceeds 30 mph (85% Bighest spesd)

K8

WS

“eubstantially developed”

"raffic patterng and volume
stabilized”

“feasibie to promibit padestrian

from crossing the major street,. .

| "For a 10 yr perlod, ... 1885 ex-
_ pensiye than 4 traffic slgﬁai"

N/

. None

[ A

H/S

Werrant §{1]: Exceed 200

2 hra perdod

%5

Warrant 5(2): For BEE of ped-
astrias usars, 1/2 mile or more
RS

753

warrant A{L): "Feasible frem
an engingering standpetnt”

LT

N/S

arrant Ci Ceanomic cost due to |
commnity disruption by severing
agjointng Tand uses !s more than
the cost of a GSPC

BT

warrant A(21: “No posstbllvey

of changes 1n bus routes. ..

which would eliminate the need
far such structurs...”

*Refer to kgﬁendfx A for annotation of the reference.

N/5 = Not

pecified
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TABLE 2; EXISTING THRESHOLD WARRANTS (Continued)
Source: _Sgi ?;g?u ﬂﬂgha
Re Ference Ho.: A 11T A-1/F10
Date: pre 1571 1971
Zpplication; SignaTized'lucgtTuns: A cqnﬂftinns‘shou1ﬂ be met For

unsignalized tocatlons:

Major Street Ventcle |

¥olume per Peried

Winar Street Yehicle |

Wolume per Peviod

Fedestrian Yatume
per Period

fccidents

Nearest "Safs”
Trossing (Ftl

yehicie Spead {mph}

Stght Distance

Feasible 1o
Install

Land Use Developsent

Prysical Barrier to
" Pronibit At-grade
Lrossing ’

: :tmmjr
Hoadway Geometry

Jthers

(Exigting ¢+ future} 35,000

per day
H/S

Exceeds 100 4n
conttauous & hrs

H/3

W5

HeS
NS5
WS

RS

Yeg

WS

¥idth exceeds 7O Tt

None

Total ‘exceeds 3,000 1n
continyous & Highest hrs

Lesy ther 125 1in
gane continuous 4 hre

Exeseds 300 In the

same contingous 4 hrs
{1 cnild undger 12 yrs
equals 2.5 pedestriani

/%

750 or mace {eraffic sigmll
Exepeds 30 mph (85 percentile}
N/ '
475

"Substantiaily developed and
traffic patterns ... stabilfzed"

R/S
"Faasible”
Fir 10 yr perted, Tess expensive |

than traffie $ignal

None-
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TABLE 2: EXISTING THRESHOLD WARRANTS (Continued)

Soprea:
Raferénce No.:
Date:

Application:

Onte DOT
A-1/#13
1981

Qverpdsses "{n urban areas outside

“tha CEG":

Wisconstn OOT
A-1/¥E

1977

T4 be comgidéred In dratysis of
nagd

volume per Parlod

|Minor Street Yehicle
Volume per Pertod

RS

redestrian Yolume
per Period

Keetdents

Nesrest “3afe”
Crossing (ft)

Yanigle Speed {mph!

Sight Distance

Fepsible 4o
Instatl

Fhysical farrier ta
Prohibdt At=grade
Crossing -

Econam ¢

Roadway Geometry

Others

Major Street Yehicle

Lang tse Gevelopment

Exceeds 50C par hr for any 8 hrs
af an average diy without & raised
median (4 ft or wider) &r. exceeds
1,000 per hr with 8 reised median *

K/3

"Substartial desire ... sxfst®
Exeeeds 150 per hr for the sime §
krs as sbove on highest crosswalk ¥

/8
Exceeds G50 or more

H/S

I# "1imited”, RUTCH vehtcte and
pedestrian volume requirements can
e walved

“Phystesl conditions permit’
eoostrustion”

w/S ' * !

-

C"eedestriens C3f he preventsd from
crgyying at-grade”

K5

LYE

Ko "réasonahie alternagive” 1
avaliible

* Min{oum pedestrian warrant for
traffic signals in the MUTCD

existing physieal conditions®
RS

Exceeds GO0 per hr for any 8 hrs
of an average day without a rafsed
medfat (4 ft or wider) oF exceeds
[,000 per hr with & rafsed median *

¥4

"“Wigh degree of Interest® ,
Exceeds 150 per hr for the same 8
hrs as above on highest crosswalk *

“pedestrian sccident problems
evident”

Exceeds 600 ar more

“sigrificant hazard s pedestrians’
R/S

"payctital ta construct... withis

3

"preveny pedestrizag from erassing §
at-grade’
N/S
W8

Ng reasonzhls alternatives and
“grganized groups expressed 3

_high degree of {nterest”

* Minisum pedastrian warrant for
traffic stqnats 1n the MUTCH
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TABLE 2: EXISTING THRESHOLD WARRANTS (Continued)

FSquree:

Raferente No.:
Udte:

Application:

Article by N. Szwed
{ARRE/DAT Pedestrian Cenf.)

Aa]1/H23
1378

Considerttions to establish need:

Malor Street Vehicle
Voluma per Feriod

Minor Street Yehicle
Yolume per Perigd

Pedgestridn Vulume
1 per Pericd

Thccidents

Hearest "3afa”
Crossing |Ft)

Yahicie Speed (mphl
Sight Uistance

Feagible to
Install

Larid Ute Development
Physical Barr{er to
. Prohiblit At-grade
Crossing

L E conamie o

Readway Gacmetry

Jthers

Exceeds [,000 per hour
%5

*Mzgnitude of desire For GIPCH
Exceeds 300 per hour

[Protecting young children)

*Records should be Checked"
Accident Rigtary should “not
usyslly vary suybstantially
ur be revealing®

Hat near traffic signsl
which creates traffic gaps

"High speed”
L4
RiS

K73

Minimize at-grade crossings

Cost effectiveness, byt
procedure “can be difficult”

No median present

*No alternative to réroute or Felo-
 cate pedestrians' destination

¢ "ggthetic effect” of GSPC

* "Intrysion of private abutting

. properties”

17




TABLE 3: EXISTING ASSIGNED POINTS (PRIORITY RAMKING} WARRANTS
Seurcer SEATTLE ITE
_ A
Reference Ne*s A~17#14 A-1/43
Date: 1669 1872
Applteation; Up %o 100 polnts (pts): Freeway applications:

fup to 100 pes):

vehicle/Pedestrian
Yolume

fecidernts

Harked Schos)
crossing

Elementary Schoat
Jrisr High Schoad

Adult Crossing
Guard

Eight Distance

Land Use Development

Imprave Yehicle
Spead & Capacity

Nearest “Safe”
Crossing

Street Width

- Raised Median
. fHin 4 ft)

At<grade Median
[Mim 4 ft)

Othars

lip to 40 pts {Ses Figure L}

Up to 15 pts,
| S pts per correstable ped
b gocident in & 5 yr perled

10 pts, 1f present

10 ptz, 1f nearby
N/S

10 pts, 1F presant

15 pts plus extra
points for street
width hatow™™

-

N/ %
N/S

** {ncluded as extra pis
such that 2 pts per 10
ft of width are added

Less & pts, 1f pressnt

less 2 ats, 1f prasent

| Note

Up to 40 pts {See Figure 1)

Up to 15 pts,
% pts par accident

10 pts, if present

10 prs, F ne&rby‘
(Y

1G pts, 1f predent

EEETY

15 pts

-

- i

N5

2 pre-per 19 ft of widthk

Less 4 pts, if prasent
Less 2 gts, If pressnt

Hote

*Refer to Appendix & for annotation of the referance.
N/S = lNot Specified
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Marxed Schoal
Crassing

Elementary Schoot

Jrfir High Schogl

Adylt Crogsing
Guard

S1ght Distancs

Land Use Deuelcpmént

Improve Yehicle

Spaed & Capacity

Hearest "Sife”
Crassing

| Strest Width

Rafsed Hedian
{Min & ft}

At-grade Median
{®in 4 Fo)

Up to 30 pts (considers

crossing time™*}

H/s

H/S

Up £ 30 pts {or alternative pis
sive ¢r &ctive protaction congider-
ing pedestrian volume}

Up to 50 pts (based on speed* §
pedestrian crossing time *»)

Up to 70 pts considering pedes-
trian volume

+* Speed. fncorporated {nto sight
distance ¢hart

Up te 30 pts {considering pedes«

| orign volume}

** Jead to daterming gedsstrisns’
ceossing time for scheel
& crossing pts

NS

H/3

TABLE 3: EXISTING ASSIGNED POINTS {PRIORITY RANKING) WARRANTS (Continued)
Soures: K DOT Has%achas&tts DPw
fefarance Ho.: A-17%3 A-1/¥2
Date: Lars 1878
kppltcation: Wighways using & serfes of charts  "Nom-Timited access highways"
' {280 pes system}s. (100 pts system 3 bulld GSPT
_ if over 75 prst:
Yenicle/Pedestridan | Up to BO prs (or 40 pts times 2 Up to 80 prs {Refer ta
Yo Tume if 120 sec avergge ped delay {o Figure 1}
their pesk hrl
Arcidents NS Up te 15 pis, 5 pts Fer cach cor-

rectable ped accidant in & 9 v
period

10 pts, {F present

10 pts, {f mearby
5 pte, if nearby
16 pts, {F present

e L,

Up to 1S pts 1f sight
distamce deFicliencies ar
1f potenttal Increage

in traffic

H/s
N/

2 pts per 10 f of width

Less 4 pts, 1 present

Less 2 pts, 1f prasent

{Continued on Next Page)
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TABLE 3: EXISTING ASSIGNED POINTS (PRIGRITY RANKING) WARRANTS (Continued)

Source: Rl Dot Maszachisetts QP

. Raference No.: E=1/¥3 Aol /H2

Date: 1978 1475

Applicatian: Highways using & ser{as of charts "Non-Timited access highways®

{200 phs systamis £10% pts systen & butld GsbC
_ . $¥ aver 75 prsl:

Gthars Judgment 10 pts If $8-75 pts, consider further
such Factars as: liseverity of
ascidents, 2ipeak hrs of ped
correspond to venicle hrs,
Flcommun |ty support enoygh to
a¢guirs ROW for GSPC's foot-
{nas and abutments, and 4)
alternative solytions

[
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TABLE 4: EXISTING EXPOSURE

INDEXES (PRIQRITY RANKING WARRANTS)

_Bthers

Saurces ‘Hctcria Omaha
‘ Australia KE
Reference Ko.*: A3 /HZ2 A~1/310
Date: iBeferes 1978) 1975
Applicaston: For twowwdy For fwo-Way Hazard [ndex (1)
undivided divided [ = (4/i0,000} z P x {5730} 2 X
highwayst il ghways: where ¥, P, 5, & K gra;
Maior Sireet Yehiclel 754 per hr 1,000 per Rr ¥ = Avarage Oaily Traffic [AOT)
Yolume par Period .
Pedestrian Yolums ¥enicles Yehicles # = Chfldren and ped count in
per Perfod timex rg. of times no. of the marding ¢rossing peak
¢thildren children pertod
(3o 11 excEedy
104,000 260,000
heetdents H/S LT ®/S
Nearest "Safe” N/ N/S 12
Crossing (Ftl
Vehicle Speed (mph) NS /S § v Speed 1imit
Stght Bistance N/S N/S H{S
Feagible to NiS N/S Structure fFeasibie to bulld
Ingtetl engineering design &nd 1n
physical locitien
Land Use Deyelopment| W/S H78 K/S
Phystcal Barrier te | N/§ N/S ~RfS
frohibit At-grade
Lrussing
Ecangmic NS H/S Economicalty justified {n Jong
. range §¢ compared with sther
) traffts Contrels
" [Roadway Geomatry w/S NS K%l if 2 lames
X =22 1F 3 or 4 Vames
k=3 iF 5 or fiore
Kone None *Hat passible to reroute schodl

children
*Condltions regufre par-
minent schogl crossing

* Refar to Appendix A for annotation of the reference.
N/S = Mot Specified




TABLE 5: EXISTING

SYSTEM WARRANTS

SourcE!
Referance Ha,*:
Date:
Appllcatyen:

Has.hh‘mgtan State §OT

E-1/42

1978

For partially or non-centrollad
zecess highways, wyst meet warrant

A plul wiresnts B or { described
below:

AASHTD

A-1/#1

1973

"Provided where pedestrian vglume,

traffic valume snd OtRér condi~
tlgns Favor their gse.®;

Wajor Strest Yehiclz
¥elume per Pericd

Minor Street Yehfele
¥Yolume per Period

Pediugtrdzn ¥olume
per Perfod

| Kecfdants

Nearzst “Safe”
Crossing (FY)

yrhicle Speed (niph)
Sight Distance

Feasible to
[nstal)

Physiesl Harrier to
Lrotsing

£oonanic

Roadway Geumetry

fthers

vamd Use Bevelopment]|
Prohibit At-grade |

Warrant B{1}:

E traffic sigmal would be overs
saturated with the combined major

‘and minor street vehlcle and

pedestrian volume

& traffie signal would be over-

saturated with the combined major
znd minor strest vehicle and
pedestrfan valuie

& craffic stgnal would be avar-
saturated with the combined major
and mimer street vehicle and

prdestrizn valume

N/S

Harrant B{2}: For 5% of pedestrian
users, L/Z mite or more

N/S

Warrant Al3}: “"Fesasible from 20
gngineering standpoint”

L

L7

Yearly cost of GSPC
+3 less than instaliing and main-
taintng a traffic signal

5

warrant ALZ): Ho possibility of
changes in bus routes... whiich weuld
eliminate the need for such struce
ture...”

Traffie volume ... favor thelr

{C3PCs} usa”

WS

“Hegvy peak pedeste{an movements”

4%
LFaS

N{S.

HiS

P

NS

“Fences may 9e required to provent
pedestrisn crossing the srterisl
{n spfte of separations”

N/S

WE

“Where cross strests are femi-
nated” dver freeuays

* Refer to Appendix A for anmotation of the reference.
N/S = Not Specified
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practical experiences dealing with warrants and installation of GSPCs. The
panel of advisors consisted of ths following transportation professionals:
1. Mr, David Fielder - Akron, OH
2, Wr. Thamas Hannan - Baltimore, MD
3. Mr. Bruce Herms - San Diego, CA

4. Mr. J. Vincent 0'Cdnnor - Alexandriz, YA
5. Mr. Witi{iam Marconi - San Francisce, CA

In addition to thetr comments on existing warrants, the panel was asked
for their comments on candidate warrants developed in section 6.3 of this

report. Their comments were summarized 1n section 7.3.

The state-of-the-practice for each type of warrant inciuding the disad-
yantages of economic warrants 1s discussed below:

Threshald Warrants

The city of San Diego developed quantitative warrants in 1971 in responsa
to a school pedestrian safety policy. Pedestrian and vehicle threshold values
are Tixad at a realistic Vevel. Four (4) continugus rather than the highest
8 nours of volume data are required. Children are wetghted to be equal to
2,5 adult pedestrians. This reduces the requirement of 300 pedestrians per
4 hour perfod to 120 school children, The threshold warrant {ncludes relevant
criteria such as distance to nearest traffic signal and specifies physieal
barriers to prevent pedestrians from crossing at-grade. A ten-year economic
analysis is also stipu1§taﬁ,t@ compare the cost effectivaness of a GSPC to &
traffic signal installation.

Assigned Points {Priority Ranking) Warrant

In 1969, the city of Seattle, WA, developed a priority system to rank and
Justify potential GSPCs, New Jersgy, Massachusetts, and the Institute of
Transportation Engineers have adopted priority ranking systems which are
versions of Seattle's system with minor modifications. The priorfty ranking
system permits flexibility in evaluating pedestrian volume and canflicting
vehicle volume. Figure | shows the point rating curves used by Seattle’s

. ranking warrant. If the combined average daily traffic (ADT) for pedestrians
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and vehicles is 53,000 and pedestrians represent 0.2 percent of this combined
total, 25 points will be rated for that location. But for 25 percent pedes-
trians gut of a combined 8,000 ADT for pedestrians and vehicles, the same 25
points is assigned. Therefore, small pedestrian volume crossing heavy traffic
i3 consideved to Ye equally as important as hedvy pedestrian volume with
1ight traffic. Other criteria such as number of preventable accidents and
highway width are alsq assigned points, The combtnation of these factors tis
a Tttle over 50 percent of the total ranking points. Additional criteria
ars rafuge median, sight distance, land use development, and presence of &
schaal crossing. ;

Exposure Index (Priority Ranking Warrant)

The ¢ity of Omaha, NE uses an exposure index a5 a means to determine
the necessity for building a GSPC at a praposed sehwool crossing. It was
originally developed in 1968 and considered vehicle ADT, vehicle speed, and
volume of children. The index was modi{fied in 1972 to include a factor for
street width. Instead of simply multiplying these values togsther as done
with Victoria's findex, vehicle ADT and speed are used as ratios. ADT fis
- divided by 10,000, anﬁ, speed by 30 mph. These values are minimums. When the
actual ADT or speed is below them, the index value would be reduced since the
ratio would be less than 1.0. Street width was handled by multiplying the
index product by a factor of L, 2 or 3 depending on the number of traffic
Tanes. ;

Economic Warrants

The first and most obvious disadvantage with economic warrants is the
difficulty to assess the cost of pedestrian benefits such as the dollar value
of a life saved gr an Tnjury aveided, There are sevaral problems with the
safety portion of the typical economic warrant. Signalizing a location
instead of providing a GSPC may save pedestrian-vehicle accidents but may
produce rgarend or other accidents., These must be forecasted or pradicted.
Signalizing a. lecation produces speed-change cycles that must be factored
inte the analysis which vequires the prediction of volume and gasoline
prices. Prediction of accidents saved or caused, volume, and prices creates
credibility gaps and "rodm for argument.” )
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Other elements of the décomomic analysis aggravate the credibility gap.
These intlude the design life of the signal and GSPL, maintenance costs,
interest rate {which also must be predicted) and salvage values. Economic
analysis generally produces large dollar values to compare alternatives such
as the signal vs, GSPC. This further removes the economic apalysis as a
decisionmaking teol from the category of "readily understandable” for the
Taypersons Ultimately, the political decisionmaker must present the decision
and the applied warrants ta the laypersons to whom he/she 1s responsible.

In some caseés an economic analysis 1§ complicated by a difficult design.
In any case, significant design and cost information must be gathered and
analyzed in order to be related to benefits fn the economic anaiysis and
warrant procedure. Preliminary design alternatives and costs are frequently
controversial and many times leave a credibflity gap.

A specific example of a defensibly straightforward economic warrant used
in Washington State fs whether the cost of taking property at a location of 2
propused GSPC 1s more expensive than building a GSPC structure. With this
warrant, those affected may argue that the "severance’ {i.e., roadway dividing
a community where a group of residents {s cuteff from community recreational
facilities) 1s clear and extreme., The opposition may be able to argue that
the community has average availability and access and that the severance fis
not tlear and extreme. The cost of Tand required to provide similar facili-
ties may be controversial. Any number of controversies with such econawic
wWarrants have arisen and can be expected in future applications.

System Warrants

Most jurisdictions use qualitative system-type warrants based on an urban
: mastervpﬁan-fﬂr-sePafating pedestrians and vehicles. Cities and counties such
#s Minneapolis, MN; New Orleans, LA; Baltimore, MD; San Francisco, CA; Akron,
H; Boulder, (O and Prince George's County, MO have master plans incorporating
GSPCs. Others 1fke Omaha, NE build GSPCs as part of & safe route to scheol
program/poticy. 'Hawever, many safe route te school programs use actuataed
pedestrian signals in leu of GSPCs (1.e., Tenver, €0).
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Many cities which use system warrants do not generate threshold or
prigrity ranking warrants to aid in selecting locations of GSPCs. Some
jUﬁséict’iﬁﬂfS adopt system-type criteria from AASHTO's Red Book {reference
A-1/#1). An example would be the statement on page 425 of the Red Book that
"on many freeways, highwdy averpasses for cross streets may be limited to
three to five block intervals." Others use quantitative warrants develaped
for pedestrian traffic signals, wusually the MUTCD's minimum pedestrian
volume warrant {section 4C-5 of tha MUTCD).

Polfey Warrants

Pq‘iicy warrants vary from comignity to community based on localized
needs. In Omaha and San Glego, concern for school children safety has Ted to
quantitative warrants (i.e., exposure index and threshold warrants, respec-
tively}. Baltimore, MD and New Orleans, LA developed a downtown skyway system
to separate pedestrian traffic from vehicles. The skyways were built as
part of a master plan or system warrant. Boulder, CO and Prince George's
f:cunt‘y, MD have & policy for pathways for joggers and bicyclists. Estabiished
master plans were developed as result of their palicies on pathways.

political Warrants

Political influence into the decisionmaking process vary depending on
the level of fnsylation the transportation professionals have within each
1ocal gavernmental hierarchy. Ideally, citizen concerns should he heard ard
addressed in a rationa} manner based on engineering standards. This 1s not
practical in most cases as every situation in each ‘community has its own
unique problems vequiring a solutfon acceptable to the major potitical
R nfiyences.

4,2 Deficiencies with Current Warrants

The problem with many current warrants is that they are cumbersome to
apply and may not always utilize reasonable quantitative values such as pedes-
trian volume. The volume of pedestrians who might use a GSPC cannot be accu-
rate accturately projected. Pedestrian volumes specified in the MUTCD are
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unreasonably high when applied in rural or suburbam locaticns and usually can
only be met in Targe citfes. Revised minimum pedestrian volume warrants for
traffic signals were proposed for the MUTCD via research by Zegeer in 1983
{reference A-2/#27}. . The requirement of at least 150 pedestrians per hour
for any 8 hours of an gverage day was reduced to 60 pedestrians per hour in
any 4 hours, 90 1n any Z hours, or 110 in the peak hour. The priority ranking
system of Seattle, WA resclves this inflexible pedestrian volume requirement
by establishing a weighted ratio of vehicle to pedestrian volume in the form
of & chart shown in Figure 1. This figure is'dfscussed in section 4,1 of
this report under assigned paints (priority ranking) warrants, Seattle's.
priority ranking system which has been adopted by other jurisdictions provides
assigned paints for differeat criteria. Assigned points ranking systems
often requiré cumbersome data colléction procedures and reguire the use of
gngineering judgment concerning factors such as sight distance adequacy,
pedestrian/venicie volume growth and other factors. Other warrants specify
econgmic analysis to justify GSPC installations. Gﬁ?ﬁs can rarely be econom-
ically justified, especially since current recommendations for handicapped
accessibility (i.e,, ramps) incredse their cost. In addition, ramps often
jricrease the walking distance on a GSPC which creates Further inconvenience
for tie nonhandicapped user.

5.0 BEHAVIORAL PATTERNS

In part. two, perceptions of risk and fncosvenience were collected by
cenducting informal {nquiries of random subjects to ascertain behavioral
patterns. The data colléction involved inquiries of users and nonusers of a
GSPC at 37. sites. Only 37 instead of all 40 GSPL sites were involved due to
restrictions tn collecting inguiry data at three sites. The 40 GSPC wmites

3 were 3 sample cf existing GSPCs in Bﬁitimere MD: Boulder, (0; Omaha, NE;

seattle WA, and Washington, OC. See Table § For a Tist of all 40 GS?Cls1tes
The three GSPC sites where behavioral data could not be collected are shown
by asterisks on Table 8. The determination of successful aad unsuccessful
GSPCs were made based on actual pedestrian counts. Details are discussed in
section 6.0 of this report,
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There were -other interesting reasons or comments received in small
numbers and resulting in no emerging pattérns. These comments and in paren-
theses, the number of times they were given, were as follows:

* Battar for joggers {21}
* Better for bicyclists (16}

* Crﬂme threat (t.e., poor 1ighting, hidden corners where undesirable
characters can hide, etc.) (15)

* Dislike GSPC (i.e., poor desfgn, unclean) (14}
* Like GSPC design (13)
* Obey signs and or parents (8}

* Dislike ¢limbing steps (&)

§.2 Derived Lriteria

From these emerging patterns of persep;Tans, several criteria evolved as
predictors for under-utitized or well-utilized GSPCs. {riteria for under-
utilized GSPCs were as follows:

* Roadway being crossed has 2 Yow traffic volume

* A junior or senfor high school (serving 13-18 year old age group)
near a proposed GSPC

* shopping area(s) near a propesed GSPU
* Ppropgsed GSPC to serve jogging or bicycle trails or routes
Criteria for well-utiifzed GSPCs were as follows:
* (Convenience in terms ﬁf baing easfer, shorter, or quicker to yse § GSPC
- *  Roadway bé#ng crossed has a heavy traffic volume

-

Trips to or from work where the employer encourages use of a BSPC
6.0 DEVELOPMENT OF CRITERIA AND WARRANTS
This section, part three, discusses the deveélopment of criteria and

warrants for grade separated pedestrian crossings ({GSP€s). (Criteria and
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TABLE 12: |
PERCENT OF GSPC SITES NEARBY EACH CATEGORY OF LAND USE

LAND USE PERCENT OF GSPC SITES
| Successful Moderate  Unsuccessful
* rducational (Daycara, @lementary) 18% 31% 29%

* Educatignal {Junier/senior high, 17% o1 23%
) gcoliege uiversityl

* Residential

1. Single-Family Housing 35% 62% 43%

Z. Multi-Family Housing 22% 11% o 19%

3. Mousing for the Elderly 5% 0%

4. All Housing 2l% 19% 20%
* Recreational : 5% 6% 10%
* Commercial 10% 15% 10%
* Office/Light industry_ ' 3% z% 4%,
* Median/Heavy I[ndustry 10% 4% 0%
* Bus Stop : . 20% 36% 79%
* Parking Lot 0% 5% 0%



chivsquare analyses, The warrant validation subset of sample GSPC gites was
ysed as tn section 7.1. The results of the contingency table/chi-square
analyses arg shown in Table 29 of Appendix E. TFor each site characteristic,
the statistical results were broken down for different measures of success
(i.e., yser volume, nonuser volume, and ratio of users to total pedestrians].
The former two measyres of success were analyzed with 1, 4, and 8 hour user
and nonyser pedéstrian volume datda. The successful, moderate, or unsuccessful
degrees gf GSPC -utilization were determined for each weasure of success.
The summary of this analysis {s shown in Table 19. Different patterns for
many of the characteristics emerged when the results of amalysis for valida~
tion were compared with that for criteria/warrant development. These differ-
ences are illustratad in Table 20. Site characteristics with the same pat-
torns for criteriafwarrant development and validation were not Tisted in
Table 20 or discussed below, For each characteristic, the following describes
the differences and thetr influence on utilizatien of GSPCs (as numbered in
Table 19} :
1. Lland Use Gategaries - As discusseéd in séction 6.2 and reaffirmed by
this analysis, none of the land usas were good indicators of well-
-uti1ized GSPCs. There were differences in emerging patterns between
development and validation for land use categories. Despite these

4ifferences, the conclusions were the same. Refer to Table 13 in
section 6.2 for detailed analysis of land use categories.

2. Land Use Density - No pattern emerged, and therefore land useé should
not be considered gs a warrant.

3. Policy of Nearby Schbol on Use of GSPC - Thereé were minor differences
for schools with active policies. To better undarstand the patterns,
the percent of GSPC sites nearby a school practicing a particular
policy was evaluated by the degree of success, The results of this
additional analyses of schoal policy on use of GSPCs is shown below:

.. SCHOOL_POLICY . PERCENT OF GSPC SITES

successful Moderate Unsuccessful

* Active {Adult/student crossing guard) 5% 4% 14%
* Passive (Policy; but no enforcement) 0% 19% 0%
* No Established Folicy Ky 4 46% 29%

No patterns emerged for either active, passive, or no policy. If
the GSPC design fs not gonvenient to uge, active or passive encourage-
ment would not make it successful.
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7.3 Comments of the Panel of Advisors

The panel of advisors was asked to review the existing warrants for
GSPCs in section 4.1 of this report and the twelve candidate warrants from
saction 6.3, They were asked for thefr comments on the ease of applicatien,
reasonableness, and completéness of the warrants. The practical experience
given by the adviswﬁs‘pruvided11nsight inte lecal practices. The comments
were as follows: '

I. Vehicle Volume ~ There should be values set for urban and nonurban

sites as well as high-speed (over 40 mph} and low-speed roadways.

An éxample of the Jatter would be vehicle volumes of 500 vph if over
40 mph and 1,000 vph if under 40 mph.

2. Pedestrian Yolume - The same type of comment was given as for venhicle
yolume above. An example would be gver 1,000 pedestrians per 8
haurs i urban areds and over 300 pedestrians per 4 hours in rural
areas.

3. Vehicle Speed - It should be used as a2 factor to vary the vehicular
and pedestrian volume levels.

4. Nearest Alternative "Safe" Crossing - This could be based on maximum
watking distance of school children established by the local schooi
board.

5. Pedestrian Barrier - This was considered necessary to prevent at-
grade crossings,

6. Rcadway Geometry - Wide roadways could be g warrant because the tim-
ing of an alternative traffic signal must be increased for the
pedestrian walk phase while the main street green time decreased.
Intersection capacity s usually reduced when main street time is
decreased. Also, this could be considered a warrant for complex
intersectigns. Oné adviscr warned that wide roadways require longer
GSPCs to span- the roadway which increase construction costs.

7. Topography of the proposed site should be such that elevation changes
are mirimal to users to GSPCs and censtructaan cost ¥s not excess1ve.

Correctable accidents, sight distance, surrounding land use, and economic
justification were not mentioned as necessary to warrant & GSPC. Tne major
criteria if a GSPC is to be built is available funding. Another impurtant
consideration suggested was the topography of the proposed site. The topo-
graphy should Tend Ttself to easy access to the GSPC with minimal elevation
changes. An example of favorahle topography would be & GSPC over & depressad
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fresway. The canstruction cost would be Tess at such sites. Assigned
paints ranking warrants were mentfoned as planning taals to fdentify suitable
sites. Threshold warrants were indicated as useful in justifying installation
of GSPCs to the public.

7.4 Proposed Warrants for Pedestrian Over and Underpasses

The validation results of each of the four methods from sectionz 5.2,
7.1, 7.2 and 7.3 in this report were summarized in Table 21. The results
were in general agreement except for roadway width or number of lanes. A
wide roadway was a valid warrant according to the result of the validation of
site charactéristics data and the panel of advisors but not according to
tomparisons of warrants to characteristics of sample GSPC sites. Land use
could be a conditional warrant if a GSPC conmnects the site of a major employ-
er{s) to a parking lot and if the employer enforces its use. Artificial
Tighting and & pedestrian barrier should be required. The vehicle and pedes-
trian volumes should be wvarjed with the vehicle speed and urban versus
rurdl sites.

Based on results of these validations, the following were the proposed
candidate warrants for over and underpasses or grade seperated pedestrian
crossings (GSPCs):

1. The concept of & 4 hour pedestr1an volume was preferred by the panel
of advisors since it is easfer to collect than 8 hours of data and
only major urban centers generate 8 haurs of heavy pedestr1an volume.
The total of 300 pedestrians in & hours from San Diego's (#1) warrant
was too high for many potential sites, The total of 300 pedestrians
in 4 hours was reduced to 100 for roadways with vehicle speed under
45 mph, in nonurban areas, and over/under freeway sites.

2. Faor veficle volume two units of volume were chosen. From valida-
tion of San Diego's {#2) warrant, "ADT over 35,000" was a good
indicator of successful GSPCs by cnmparing this candidate warrant to
GSPC site characteristics. ADT data are usually readily avaflable
to transpertation agencies. Four hoyr vehiclie volume was setected
as 1t directly corresponds te the duration of pedestrian volume
data, Volume umits of 4 and 8 hours were favored over ADT values by
the panel of advisors. The 3,000 vehicle volume n 4 hours from San
Diego's {#1) warrant was increased ty 10,000, The ewalue of 3,000
was too Tow as 1t was satisfied by almost every sample validation
GSPC site, including suyccessful, mederate, and unsuccessful sites,
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WARRAHT

VYehicle Yolusme: -

Pedestrian
Yolume:

Nearest “Safe®
Crossing:

Vehicle Speed:

Land Use
Development:

Physical Barrier
ta Prehibit At-
grada Crossing:

Ho. of Lanes:

" Qthers:

TABLE 21: SUMMARY OF VALIDATION RESULTS FOR CANDIDATE WARRANTS

‘COMPARING
HARRANTS
10 GSPC SITES

BEHAVIOAAL
STURY

_RDT over 35,000
“Over 300 in 4 hrs
750 ft or more
fByer 40 mph

Mot valtd

Requ ired
Hot valid

Nne

Heavy traffic
Kot studied

Hot studied

Hot sigmificant
Ko dr/5F nigh

school present

Hot studied
Kot stadied

If major. employer,
enforces ukdliza-
tion of GSPC

VALIDATION OF
SITE DATA

Relative to other
factors

Relative to other
factors

Mot analyzed
Q&‘éﬂr 35 mp“h

Sites with & major
erployer where the
GSPL connects to
the parking lot and
sites over fresways

Not analyzed

Wide roadway and
shurter to crass
using the GSPC.

Artifieial ¥ghting

is required

COMMENTS FROM
" PANEL OF ABVISORS

1,600 vph [reduce as below*}
Gver 20,000 in B hrs {urban)

Bver 1,600 ip 8 hrs {urban)
Gver 300 in 4 hrs {roral)

Wax walking distance
of scheal children

*Reduce valumes 5§
gver 40 mph by %0%

Kot significant

Required

Wide roadway

*ivailable funding source

*Topography where there
is mipimal change af
etevation for ped-
gstrians



As suggested hy the panel of advisors, both ADT and 4 hour yehicle
volumes were reduced for roadways with lower speeds and in ngnurban
areas.

3, The valye of 750 feet or more to the nearest zltermative “safe”
crossing was considered too far as only 50 percent of the successful
validation GSPC sites met this candidate warrant. The value of 600
feet was the lowest value from the existing threshold warrants for
GSPCs. Refer to Table 3 under Wiscomsin DOT for the source of the
600 feet valuye.

4. Physical pedestrian barriers are recommended to ensure proper use of
GSPCs at highway {nonfreeway) sites. High-speed freeways have
fences at the edge of their right-of-way.

5. The presence of artificial lighting at successful and moderately
successful GSPC. sites emerged 43 a pattern during validation of
site characteristics data.

6. Topography of the proposed GSPC site can affect the convenience to
user and cost of contruction. The behavioral s$tudy in section 5.0
of this report reaffirmed the comman sense conclusion that a GSPC
must be convenient to use. Convenignce means easter, faster, and
more direct route for the users without walking up and down grades.

7. Special needs of adjoining land use{s) has been the most common
reason to build GSPCs. These needs were addressed in the system-type
warrants discussed in section 3.3 of this report. Typical land uses
navying access via a GSPC would be elementary schools, parks, recrea-
tion centers, and major employment cemters. Usually these Tand uses
connect to parking Tots or another part of a facility. The important
criteria in the proposed warrant is “directness". The GSPC must be
Tocated where a pedestrian wants to ¢ross in order to be convenient.

8. Without funding sources, a GSPL cannot be built., This is why GSPCs
gver or under freeways were built more often than over or under
highways.

The candidate exposure index and assigned points ranking warrants were
analyzed in section 7.1 of this report. The validation results for these
i“caqd1¢ate ranking warrants were similar. These warrants ranked the sample
validation GSPC sites from 4.0 to 4.5 places off from the ranking accarding
te the ratie of users to total pedestrians. The best set of ranking warrants
was Séattle's. It is recommended as suggested by the panel of advisors to
use Seattle's priority ranking warrants to prioritize potential GSPC sites
for planning purposes. The proposed threshold warrants should be used to
determine ¥t @ proptsed overpass ¢r underpass should be built. Seattle's
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