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AIGHWAY SAFETY INGINEERIMG STUDIES

The "Highway Safety Sngineering Studies" Procedural Guice contains
detailed quidelines for the planning, conduct, and use of safety engi-
neering stuaies at identified hazardeus Tocations. 1t is intenced for use
by those whe are responsible for organizing enc conaucting engineering
procedures and for analyzing the procecdure findings.

The guide contains the necessary proceaures to perform the engi-
neering study processes and subprocesses within the Aighway Safety
Liprovement Progran described in the Feceral-Aid RFighway FProgram manual
(FRPM ) =23,

[

—_

[, hISTORY OF THE AICHWAY SAFETY INPROVEMENT PROGRAM

Highway safety professionals have long recognized the need for an
orgenized apprecach to the correction of highway safety provlems. In the
tate 1960's and early 1970's, the importance of a highway safety progran
was enghasized through legislation and research. More recently, ihe
private sector has expressed a desire for a systematic approach to improv-
ing nigrway safety, and similar concerns have beer expressed by State and
Tocal hichwey agencies.

As & result of the denonstrated need for improved highway sefety
nethods and the continual increase in annual traffic accident Tlosses in
the 196C°s and early 1970's, several inportant Federal programs were ini
tiated. In the inid-1960"s, tiie Federal Highway Aduiinistration [FHWA) Tni-
tiated the Spot Inorovement Program.  The progran attenptec to Jaentify
‘nazardous” locations anc provided funds for their correcticn.  Two years
tater, Conyress passec the 1966 Highway Safety Act (23 U.S.C. 40¢), which
sel requirerents for States to wevelop and maintain a safety proyrai
thrcugh the Highway Safety Program Standards. To assist in maintaining &
safety program, the Anerican Association of State Highway and Transporia=-
tion Officials published the AASHTC  “Yelluw Dock™ in 1467 {(first eaition)
and 1974 (secund edition). These scurces gefined safety design practices
ana goiicies.  In 1873, categorical funding was made available for spec-
fic program areas, such as: pavenent marking deronstration programs, rail/
hignway crossings, nigh hazara toccations, anc elimination. of roadside
obstacles. These acticns, in cenjuncticn with cther concurrent venicle
safety luprovenents and hicghway safety efforts of public and nrivate
agencles, resulted in a cecline in the rate of highway fatalities in the
Tate 196U's and 1970C's.

Tne recent emphasis on highway safety has lec to the availability of
adcitional funding for applicaticn of new procedures to ennance highway
safety efforts at tne State and jocal lewel. Among the cbjectives of



these procecures were the efficient use ang ailoecatior
resources and the inprovenent of fechnigques for data cullectd
and evaluation,

tiiese ucge tives in mi;”, the Federal-Aia h"hwaj Program fanual

\ 1, F1ghway Safely Inmprovement Program,” was geveioped anc
issued. Uncer this FHPM, 2 systenatic process for orgénizing a hichway

cribed.

Ly
S was superceaed by
egient Prograr

-1
5, oin 1876,

safety imp rove ment FFOQFQ“ Was pre
2-3, “Highway Safety Improv

U‘T"

-2=3 recomiends that processes Tor planning, inplementing, and
evaluating %Tgnway satety projects bLe instituted on a statewice bhasis.
its statea cbjective is that each State "develop and 1mp1erert on & Con-

tinuing basis, a highway safety inprovament program which has the overall
objective of reducing the nuubder ang saverity of accicents and decreasing
tne petential for accicents on all higmways.”

Tl

[, FRAMEWORK OF THE HICHWAY SAFETY IMPROVEMENT PRUCEANM

Trne structure of the Hichway Safety laproverment Program (HSIP) is
X .

gescw:*eo in FHPM 8-2-3. It consists of three components: planning,
Trplefientation, ane evaluation. £ach is comprised of one or a series of
processes and subprocesses which ere designed to pruduce specified cuiputs
wnich, in turn, serve as input to subsequent HSIP activities.
Tiie HSIP &t the process level is illustrated in Ficure 1, which
exernlifies the inter-re jalterskwr aronyg tie 31X processes. Feur pro-

cesses are cefined in tne Planning Conponent, ana the Implementation
Corponent and Evaluation Comsonent each contain one process.  The arrows

iy
indicate flow of data ena information in tihe HSIP.

The subprocess level of the HSIP is ‘shown in Figure 2, where 14 spe-
cific subprocesses are defined, The necessary sequence of subprocesses is
also illustratec witnin each process. For sxample, in Process 3 ("Concuct
Engingering Stuaies”), tne collaction and analysis cof data {Subprocess 1)
shoula be performed before accident countermeesures are developed (Subpro-
cess £). Projects can be finalized or developed for each hichway location
{(in Subprccess 2) conly after the first two sub progess&s are comgieted,
The Tinal Tisting of safety improverment projects is then used as the input
into Process 4 istah11<b Project Pricrities

This quide cent ains detailea descriptions of Process 3 ¢f the Plan-
ning Comconent ~ “Conduct Lnd; neering Studies’.

[\S]
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HIGHMAY SAFETY TERmINCLOGY

The structure of the Highway Safety Improvetent Program {HSI%} wWas

ablishied in LnJ“ o~2-3 in terns of conmponents, processes, subprocesses,
and procecures.,  Tuey can be definec as follows:

Lt nents - refer {0 the three general phases of the hSIP: (1) Plan-

ming, (£) Implementaticn, ana (3 Evaluation.

Frocesses - refer to the sequential elerments within each cohpcnent.

For instance, the four grucesses within the planning comuonent in-

clude: (1) Collect and maintein Uata, {z) Icentify Haza raous Loca-

ticns, (3, Conduct Engineering Studies, arc (4) Establish Pricrities

for Safety Improvesents.

Subprocesses - refer to specific activities which are containec with-

1n processes.  For example, under Process 3 of thne Planning Compone1t
(“Concuct Engineering Stucdies"), the three subprocesses are: (1)
Collect and AnaTJze Data, {2) Develop Candidate Countermeasures, and
(3) Develop Frojects.

nctivities - refer to the steps used to relate the procedures to the
subprocesses,  For example, the accident prcocedures are contained in
Activity 1 - "Perform Accident Procedure” of Subprocess 1 - "Collect

ana Hnabz.e Lata's

Procedures - refer to the possible ways in which each of the
processes or subprocesses May Le attainec, For instance, the proce-
dures for Subprocess I (P611ect ana Analyze Lata) of Process 3
("Conduct 'neerlng Studies") are: (1) Accident-Based Procedures,

tngi
(¢) Traffic-Based Procedures, (3) Environment-Sased Procecures, and
(4) Special Study Procedures.

Technigues - refer to the feasible ueans to perfori tne selected

study procecures. For example, fto perform a fraffic-based procedure
such as & "Volume Study,® alternate technicues coule include: (1
nechanical wethoces (permanent or portable), (<) manual methods, (3)
shotographic  technigues, and (4) the noving-vehicle estimation
metiicd.

Aodisting of procedures and technigues unaer each subprocess vas ceveloped
basea on:

® widely accepted practices currently in use by various hichiay agen-
cies.

® Technigues develeped and/or used By one or wore highway agencies
which ray offer a usefyl metrod uncer certain conditions.




nin the text of tne procecural guide, the procedures are categorizec

@ Hew Uv untested concepts raported in the Titerature which nay offer
morunwhl?e alternatives to existing grocedures end deserve fyrther

actding ccainmln Foutiiva

testing for pOsS10ie Tuture use.

A

;
ty traffic, environmental and other related variables. A
r

by
s et
ipticon of these categories is given beliow.

2a
bri

Accident-Based Procedures

Traffic accidents provide the major indicaticn of a safety preb-
lem at a location. By definiticn, a distinct relationship exists
between traffic accidents anc the specific hazardousness of a loca-
tion. Accident-based engineering siudies are used to cefine this
relatienship and identify the safety deficiencies of the Tocation.
The five accident-based procedures are:

Procedure 1 - Accident Summary by Type.

Frocedure Z - Accident Summary by Severity.

Procedurs 3 - Accident Surmiary by Contributing Circumstances.
Procecure 4 - Accident Summary by Environmental Conditions,
Procedure b - ACCT dent Summiary by Time of Uay.

¢

Field Review Procedures

This proceaure provides for the review of site conciticns in
tne field environment, It assists in defining safety aceficiencies
and possible causes of accident patterns. The fTield review procecure
is:

Procecure 6 - Safety Performance Stugy.

Traffic-Based Procedures

Traffic operations-based studies at identified hazardous loca-
tions can provide esseiv1a1 information to assist in the selection of
the most appropriate safecy improverments at each location. The nine
traffic cperations-hased procedursas are:

Procedure 7 - Volume Study.

Procedure 8 - Spot Speed Study.

Procedure 9 - Travel Time and Delay Study.

Procedure 10 - Roadway and Intersaction Capacity Study.
Frocedure 11 - Traffic Conflict Study.

Procedurs 12 - Gap Study.

Procedure 12 - Traffic Lane Uccupancy Study.

Procedure 14 - Queue Length Study.




cnvironiwental-Saseq Studies

tnvironmental-based engineering stucies inclucde tie colleciion
ang analysis of a&ll information related to tie physical features of
the rcaaway for specific spots, sections, anu elerents.  The five
enviroanentzi-based procecures are:

Procedure 15 - Roadway Inventory Stuay.
Proceaure 16 - Signt cistance Stuay.
Procecure 17 - Skid Resistance Study.
Procecure 18 - Highway Lighting Study.
Procedures 19 - Weather-Related Study.

special Study Procedures

There are several engineering studies which may Le required in
SHLLTA] situations and are not c1ass1f1ea as elther accicent-baseq
traffic- baScu, or bnv1r0nmenta1—oaseu. Trhese studies are:

Procecure 20 - Scheol Crossing Study.

Procedure ¢i - Rail- Hichway Croussing Study.
fracedure 2¢ - Traffic Control Levice Study.
Frocedurs 23 - dicycle anu Pedestrian Stucy.

The following ferns are usec throughcut the Frocecural Guide anc an
uncerstanaing of their neaning is essential,

safety Froblen - the vresult of 2 71
veriicle system as evidencea Ly acnorma
or pacierns.

allure in the rcadway-driver-
1 eccicent experiences, trenas
+ £

Possible Accident Cause - specific elements of the roacway-driver-
vehicle system related to & specific safety prodlen which can be
iuentified on the basis of past experience, predoninart accident
trends and petterns, etc.

Probable Accident Cause - factors which have bezen shown throuch Tield
study procedures to be deficient ana therefore may be a contributing
cause of the safety oproblem. Countermeasures shoulc attermt To
alleviate or winimize these causes.

Specific catecuries of nighway safety improvenents will pe ciscusseq
tiroughout the cuide. Highway safet Ly dEprovenents may be arranced in the
foilowing nierarchy.

Countermeasure - A single hichwqy savety treatment or corrective ac-
Tivity desicned to alleviate a safety problen or & potentially
flazardous situation.  Exarples include: (1) an aavance warning sign
instellation, (2) an impact atienuator instellation, (3 Jeft-turn




vrontition during peak traffic periods at a siunalized intersection,
anu &) edgeline siriping.

Project - The inplementaticn of cne or rore countermeasures to reduce
icentified or potential safety ceficiencies &t a location (suot or
section) on the highway or its environs. A project wnay &lsc con-

s1st of tne implementaticn of an QEﬂLTCd] CUJnteTMEdSuPE or set of
countermeasures implementec at similar fecations. Exawples include:
(1} the installation of an open-graded friction course con a section
of highway which is experiencing a disproportionately nigh nunber of
wet-weather accicents; {(2) the same project appiied te a nunber of
similar highway sections which are experiencing high numbers of wet-
wea:her accidents; and (3} shoulcer stabilization, eGgelining, and
Tixed-object removal al tong a section of rural highway which s
eAper1trc1ng aonoraaily nhiyh run-off-road accidents anc severity.

Procram - a group of prejects (not necessarily sicilar in type or
Tocation) implemented tc achieve a comnion highway safety goal. [xam-
p?es include: (1) a skid treatment program to reduce wet-weather-
retatea accidents at cifferent locations, using improved signing,

Tongitudinal grooving, or overlay, and (Z2) all projects resulting
from the BESIF planning component.

iV. DETAILS UF SUBPRCLESSES, PROCEDURES, AND TECHNIGLES

INTROLLCTICH

thin tne olanning congonent of thne Highway Safety Improverent Pro-
gram (HSIP), & major effort is extenced within Process 3, “Conduct Engi-
REErinNg Siudias.“ This process fnvolves the seiection of safety measures
at identified hazaraous locations. Based on the project selected, safety
innrovenents can then be implemented and evalualec.

The effectiveness of a safety project depends on the proper selection
of the project for a particuiar ltocation. The wmajor objective in the
selection process is to recomuend iaprovements which are most appropriate
1o reduce accidents and accident potential. To meet this oblective, ihe
specific safety prodlems should be correctly cefinew. This will permit
the most feasible safety-related countermeasurss to be recommended. From

this iist of candicate countermeasures, economic analysis orocedures
should be used to select the most desirab ?e project.

SAFETY ENGINEERING INVESTICATION MODEL

After a location s identifiazd as ndzarLbUa, the selection of & safe-
ty project reguires an organized plan {mocel} to allew for the aost

effective assessment of the nazardous cenditicns. Such a plan (medel) is
dispiayed in Figurs 3. It ocutlines the basic activities within Process 3
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ing Component of ihe KSIP.  Tne fo
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subprocess L - Collect and Analyze

This subprocess cunsists of the activities for identifving the safety
problen ana specific safety deficiencies. These activities are

@ Activity 1 - Perform Accident Study Proceaures.

B Activity £ ~ Field Review Locaticn.

® Activity 3 - Select Appropriate Traffic, Envirvonment, and Special

Ly DurAamaciivac

-_)b..{\.i_)f rFruCeduraes.
- Select Technigues.
- Perfori Procedures.
- ldentify Safety UDeficiencies.

@ Activity
8 Activity
® Activity

oy U s

Involved in this subprocess is the performance of the accident, traf-
fic, environment, and special-based studies used to identify tie safely
croblews.  This subprocess will ailow for (1) selecting and performing the
appropriate study procedures usea in identifving the sefety deficiencies,
(2) analyzing the procedure findings inaiviaually and coliectively, and
{(3) identifying the sa.ecy ceficiencies, cased on these identified safety
deficiencies, eppropriate safety-related countermeasures can be cevelopec
{in Subprocess 2).

[#2]
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Subprocess 2 - Develop Cancdidate Countermezsure

This subprocess serves to ueve op a
counteriieasures for a lucation based on
containg:

L of feasible safety-related
-i T+

naings of Suburocess I, It

@ ~ctivity 7 - Develop Feasible Countermeasures.

Input into this subprocess is received from docunented research, past
experiences and other scurces. This subprocess inciudes: (1) the review
of safely deficiencies &t a site and (Z) the cevelopment of a list of
feasibie countermeasures. This list will be used to cevelop a safety
project (in Subprocess 37,

Subprocess 3 - Levelop Projects

This subprocess is comprise¢ of the activities necessary for a.alyz—
ing the c]tcrrat1ve countermeasures and selecting a single project for a
Tocation. They are:

® Activity 8 - Predict Accident-Recuction Capabilities of Counter-
measures.

® Activity § - Perform Economic Analysis.

® nctivity 1C - Select Project.



Within this subprucess, estimates are mace of the accident-recuciion
capanilities of a counterneasure for use in the econumic analysis. Alter-
nate procedures for econcmic aralysis are elsc nrovided,  This subprocess
will allow for (1) predicting accident reducticon capabilities of the
Teasible countermeasures, (&) performing eccnonic analysis of the counter-

neasures, and (3) selecting & single project for a site. This cutput will
be used 1n Process 4 of the Planning Componernt to select anc plan for the
tiplenentation of projects.

/
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SUBPROCESS 1 - COLLECT AlL ARALYZE CATA

Activity 1 - Perform Accident-Study Procedures

Purnecse

Tne purpose of tnis activity is fe collect anc analyze accident in-
tormation at hazarcous locatiens and to use these wata to identify safety
problenis and possitle safety deficiencies.

Uverview

The primary neasure of safety problems at a nighway locatiocn is traf-
fic accidents. Once a highway location has been selectec for a safety
stugy, data shouic Dbe ccllected and analyzed to identify and describe
accicgent characteristics of the location. Frem these characteristics,
ceuntermeasures to alleviate the safety-relatec cdeficiencies can be nore
readily identified. Analyses of accident data will aid in the identifica-
tion of safety problems ana possible safety deficiencies.

To identify safety problems at & locaticn, the following five acci-
dent analysis procedures are describec. They are:

® Procedure
& Procedurs
® FProcecurs
® Procedure
& Procedure

- Accicent Sunmary by Type.

- Accident Sumnary by Severity.

Accident Surmtary by Contributing Circumstances.
- Accident Sunmary by Envircnrental Conditions.

- Accident Suniwary by Time of Lay.

O Fa 02 O
1

Prior 6 conducting the accident analysis procecures, preparation of
the data is necessary. The following criteria are suggestec for preparing
the date for acciaent analysis purposes.

Periods of Data Collection

The time period tc be used for the collection of accivent data shoulc
consist of a minimum of one full year. Collection of cate for & li-montn
pericd reduces the effect of weather conditions as well as the varicus
holicay or vacation times which tend to influence traffic conditions.
pased on several stuuies, however, collecticn of data for & 3 year Hericg
1s reconended to increase tne reliability of the informaticn and to pro-
vide a long encugh sample to clearly define accident patterns. With the
use of a 3-year study periocd, it is expected that the "chance" occurrence
oFf accidents in a pattern will be minimizea. Use of & tine pericd longer
than 3 years say not be cost effective, and it increases the prebability
that time-relatec chances in traffic patierns will be reflected in the
accidents. Thus, in general, & 3 year tine periocd is suyyested.



In selecting the study pericd, the foliowing criterie shoulc pe con-
sigered:

[
-

Care should ce taken to insure that changes in the roadway char-
acteristics (i.e.,, number of lanes, paving, etc.) are accounted
Tor when evaluating the accident activity.

2. The accident data should represent current information since such
factors as traffic volumes, pavement conaifions, ane other site-
related data may vary with tive.

Tin drmLamame~ o~ mFi Ay emmem TSRS Sy a+ - - N o a - b A i et LT
P AR L.HC bbduy HET Ivu [R=A05 LV BY 1L Pe FELESSal ¥ ohidh LHE >alaly
engineer be familiar witn the nistory of the location. This will allow
the engineer to petter identify any uncharacterisiic accident tendencies

resulting from physical changes of the site.

Methods of Data Collection

The data required for performing the accident study procedurss are
primariiy obtained from the accident report form. [T s prepared at the
scene of the accident by the investigating officer, From this report,
information is obtained concerning the day, cate, location, environmental
conditions, driver's intent and actions at the site, and other data which
pay provide useful clues for reconstructing the accide*t In addition, a

pictoriai representation or diagram of tne accident is usually provided on
the accident form. A sampie accident report form is dis p] yed in Figure
4.

In using accident data for stucy purpcses, several possible deficien-
cies should be noted. First, not all accidents are reported. Most states
have wminimum coilar values for accident reporting. In addition, many
accigents do not even receive a police investigation. Second, the acci-
dent data on the report may Le biased by the investigeting officer. how-
ever, these deficiencies o not override the overall usefulness of the
accident data in safety studies,

The retrievel of accident data can be concucted with one of two
methods -- computer technigues or a manual search of data files.

With this methed, specific accident informaticn is obtained from a

computer file. The accident data typically consist of informaticn coced

rectly from the standard traffic accigent veport. This informetion nay
include:

® Locational data (main rcadway, reference roadway, aistance and di-
rection, etc, ).

Time-related occurrence data (day, date anc hour).

® Accident severity data.

[
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® roadway anc environwmental concition informaticn present at the
tine of the accicent {roa way surface, ceumetrics, traffic con-
trel, weather, ligno condizions, ang ctner cesar.u ive inforna-
t1un5.

8 nicle anu driver action data {vehicle type, intent, direction of

}" 3 >

spacific vehicle, hazardocus action, contributing circumstances,
etle Ju

® Accident type (related oy cescripticn of venicle movements).

Advantages:

1. Permits a large accumulation of data in a limited space.
z. Periits flexibility in cata aralysis technigues.
3. Promotes efficiency in the dat znal ¥sis process.
4, Allows a Targe number of locations to be studied in a
relatively s“ort amount of tTime.
Disacvantages

1. FReguires trained computer perscnnel tc operate the systen.

2. Egquipment costs can be nigh.

3. May require extensive training to operate computer systen
for specific accident analvses,

Limitaticns to the use of conputer systems are the availability of
naraware {eguipnent}, softwars {(programs), and funds necessary (0 operate
the system.  Initial costs of a computer system are nigh., fiany small
agencies are unable to purchase such systems {even with available Federal
monies to assist in the funcing of computer systems for highway safety
uses). In addition, the limited emount of information input on a systen
for some agencies nay hot make a computer a cost-effective alternative.
An alternative to purchasing a system consists of sharing an existing
CUWQuter system. This could be dChe ved within an agency (inter-aepart-
mentally), by & group of agencies, or by an individual agency sharing the
use of its facilities with other agencies. Shared facilities are commonly
used on statewidﬂ accident data systems. CUther background information on
the use of computerized accident record systens is provided in Table 1.

-

Manual Search of Accident Record Filaes

This netnoa is usually applicable to agencies with simall accicent

files {500 accident reports per year). The accident record files are
usually 1acavec in the off1cﬂs of the police agency having Jurisdiction of
the ares in wnich the accident location axists. The accident records are

usuaily filed by one of the following methods:



Table 1.

Primary considevations f[ar

collection.

acchdunt

dAatl a

Consi-
deration
Equipment Manpower Time Assoclated Data
Technigue Function Requirements | Requirements Requirements Costs Data Input Obtalned Data Output
1. Computer .Obtains asummary § .Computer .Engineer or .Searching, Computer {.pefined location Locational Accident
Techniques of accidents by §.summary trained com--} printing, and 51000-* .Agcident reports accident summaries
accident type sheets puter tech- analysis time or data on a summary Accident
and analysis nician to per site - systemwide basis .Threshold analysis
from computer operate com- approx. 1-2 .Data analysis value by data
file search puter system hours programs accident . ccident
and using com- .Roadway inventory type {(based type
puter programs on locations "thresh-
with gimilar old”
character- values
istics)
2.Manual Search| .Obtains summary | -Surmary .Technician .Searching time] Mone Defined location JLocational Accident
Methods of accidents by sheets to gearch dependent on .Accident reports accident summaries
accident type accident period of or data on a summaries SAocident
from physical files study systemwide basis patiern

search of
available acci-
dent files and
manual record-
ing of data

.Technician
to compile
data
.Trained
technician
or engineer
to analyze
data

.Search time,
typically 1/2-
2 days per
site

.Data analysis
time (limited
to pattern
assessment}
approx. 1 hour
per site

-Roadway inventory

assessment

*Computer system costs can be extremely high dependent

on computer system obtained and sharing of costs.




® Uy uate of accicent ocourrence.

& ::-\.! habet

ca by ruedway name or nuterically by route nunoer on
which accice

occum‘td.

® oy interse no{proceeding secuentially alony the masor roadway
ang aiphab Ty between roaciays;.
B By Intersection ana by roadway link alphabeticaliy.

'*'ﬂ' Search requires that a technician examine the files
' u accicent reports from the total file. After ine
re indiviavaliy reviewea by & technician or

! » H
engineer dnd sumharized. For larye accident files, this metnod results in
& considerabie expenditurs of wanpower and tine.

hdvantaces:

i. Allows a gersonal review of each accident report.

Z. Provides deteilec information which rmay not e 3351}y coGey
for conputer analysis, such as the data containeq in *
narretive and descriptive (dfagram) part of the report.

Uisadvantac Ces:

1. Reguires consicerable mangLwer and time requirenents.
o Proviges Tiuitec data aLul}Stb capabilities.
3. Accuracy is limiteq by the avat?ab111by of the reperts.

Tne nanual retrieval of accident data is limited by the tiue reguire-
ments for data searching ane the availability anc cacabilities of the
fi1ling systen. Further infornation on this technigque 1is displayec 1in
Table 1.

Sefection of Data Uollection Technigue

recerds, it is recess: ; mar oncerns 1nvo?ved in the
use of each technigue. The management concerns for accicent data collec-
tion include: tine vrequirenents, nanpower reguirewents, and ecuivment
r&thrth its.  Table 2 displays the utility of the data collection methoas

in relation to the wanzgement concerns. 5aseu on these concerns, Teble 3
provides reconmendaticns on the use of these techniques based on the
expected nuiber of accicdent resorts compiled per year.

The conduct of this activity is hased on the avatlability of accident
However, in sone situations, acc1* nt data Is unevailable {or very

data.

Tittle cata tk?StS) for an identifie éZ&FCbUS Tocation. For these
cases, the utilization of traffic conf 1c S oes ritec in Activity 3) can
be used o supplement accicent cata and obtain a diag gnosis of possibie
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safety problens.  The data ined from the confiicts procedure nay bLe
assunied to represant fthe accideni potential at a3 site.

Ancther means which can be used tc supplement available accident data
is to conduct a site investigation., From a review of certain readway and
roadside cheraceristics, significant irput tc the safety analysis can be
obtained. These characteristics may include:

Skic rarks on pavement.

Tire tracks or excessive wearing of roadway shouider material.
Damaged guardraii, wushes, efc.

Broken c¢lass, chrome strips and cther vehicle cebris.
Cellision marks on trees.

Bent or damaged sign posts, delineation markers, etc.

OB OGO

Accident Summary Methcods

Once the accident data is retrieved, sumnaries should be prepared.
Tne suimary data can be presentecd in the following forms:

1. HManual sunmary sheets.
Z. Ccllision diagrams.
@ Manual.
@ Automated.
3. Statistically-related proyrans.

wanual Surmary Sheet

Ore nethoc of summarizine accigent data 1s the use of the manual
sunmary sneet snown in Figure 5, This summary is prepared dy & trained
technician or engineer reviewing tihe individual accident reports and
registering a mark by the specific characteristic defined in the accident
report.  Thnese marks are sumiarized ana percentages (of total accidents)
are calculated for each locaticn per year. This type of summary is easy
to pertorn out can be time consuming., A deficiency is that the character-
istics are usually definec on a ftotel Tccation basis. For instance, left-
turn accidents at a signalized intersection may only present a problem on
one of the approach legs, however, the information obtained From tne
summary sneet will fail to identify the approach upon which the Tefi-turn
accident problem exists. In reviewing data from the summary sheet, fur-
ther locaticnal date is required to obtain a prover assessment of accgident
patterns, i.e., a breakdown ¢f the data by approach leg or direction of
travel,

Collision Uiagrams

The collision diagram provides a graphical representation of indi-
vidual accidents [1,2]. Tney are extremely useful in providing a nictor-
ial summary of the accident events. Sasic information founu 1in each
collision diagram inciudes:



LOCATION:

1877 1578 1979

TYPE QF ACCIDENT
NG. % No. % No. 3

Left Turn Head-On Collision

Rear Ends

Angle Collisions

Pedestrian-Vehicle Collision

Sideswipes

Run-0f £-Road

Fixed Object Accidents

Head-0On Collision

wet Conditions ‘

Dry Conditions

Day Conditions

Dusk or Night Conditions

———is s g T
Fatal Acciéent {No. Persons)

Injury Accidents (No. Persons)

Property Damage Accident

|

m e
A —— m_—

igure 5. Manual summary of accident cheracteristics.



Specific location.

Type of accicent.

1 -
Hour and date.

Weather and road characteristics.
criver action and impact cata.
Severity.

® 91Qi§¢i6

4

Collision ciagrams .are usually prepared for a l-year perioc (Ganuary
through December), However, for low-accident Tocations (locations with
Tive or less accidents per yeaw) diagrams can be prepared for sulii-year
periods,

Collision diagrems are schematic and are not intended tc show exact
vehicle paths. The steps for ianually preparing collision diagrams are:

1, Ubtain report forms for accidents that have occurred at the
Tocation auring the stuay pericd. If significant Changtes nave
recently occurred at the Jocation (i.e., geometric changes,

Signq1s, etc. ), nake separate before and after aiayrams. Any
pattern changes that appear will, thus, refiect changing geo=-
metric or traffic conditicns.

. Draw tne path of all vehicles invelved in each accident., This
drawing need not be to scale but should be large enocugh to show
the path of each vehicle involvec.

3. Hmote the basic cheracteristics ¢f each accident by symbol. Sug-
cested characteristics are:

d. Severity.

b. Date, day of week and time of accident.
¢. Environuental conditions.

d. Venicle paths.

on diagrams are used extensively as a c¢raphic representation

ent sumaries and |10y incluce all of the information covered
by e accident-basea procedures., In additicn, these scheratic daraw-
ings prov de locational information that 1is not provided by statistical
sumnaries. Therefore, ccllisfon ciagrams often yield more effective
infﬁrWafion to the engineer than do statistical summaries. A typicai

coilision ciagram is shown in Figure €.

¥
G

Y
1

Computerized collision diagrams

In recent years, computerized coliisicn diagrams [3] have civen the
engineer and t~cbn1cadn a method for the guick and easy prOGuCL10ﬁ of
accicdent informaticn, as shown in Figure 7. Accicent types are plotted on
the proper .nuersection fegs and may be color coded by severity. Collision
diagrams fay quickly be produced in any size, depending on the need. Any
avaiiable sample size of accicent data mey be used, anc traditional sym-

_________ LEL R JJ il
bels for accident types may te employed. Computer costs of preducing this
type of diagram is in the range of $2 - $IU depencing on the anount of

information to be printed. This approach recuires a system with computer
nlotting capabilities.
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tandard Statistical Progranis

These programs L4,5,6,7) provide cross tabulaticens, histograms, and
other statistical applications tc assist in tne summary and analysis of
the data. Sample cutputs from several of these proegrams are shown in
Figure 8. A sample 11st of available computerized statistical programs
inclucde: DART {(Data Analysis and Reporting Techniques), SPSS (Statistical

Package for the Social Sciences), MIUAS, {(Michigan Interactive Data 5na1y-
sis System), anc OSIRIS IV (Grganized Set of Integrated Routines for the
Investigation of Social Science Data). A description of their capabilities

Ts given in Table &,

The selection of & statistical package fTor analysis of accident data
is peyond the scope of this manual. However, it should te noted that atl
computér proygrams reguire the input of the accident data into & computer
file for analysis.

Accident Analysis Alternatives

The accident study procedures involve the development of summaries of
the accident cata at a site by various characﬁeristics {detailed in Table
5j. These summaries are used to cetect aonorma accicent trencs or pat-
terns and to distinguish between "correctable®™ and "non-correctable" acci-
dent situaticns. These characteristics will be usec to identify the
safety problem at a hazardous location. These problews will be further
studied for the developnent of appropriate safety inprovenents.

In the study of accidents at a site, there kay be a substantial num-
per of accidents occurring which do not fall intc a specific accident
category or pattern and wnich cannot be corrected by cost-effective means

. s SRS s
(e.u., excessive costs in relation to benefits derived, accidents result-

ing from reckless driving). WMuch of this informetion can be derived from
data on the "contributing circumstances” section of the police report. In
addition, random cor "chance" accidents may occur and be identifieu by the
tack of a pattern of specific accident types. Thnese accicents comprise
the "non-correctable® type accidents. After careful investigation to
assure that the accidents are indeed non-correctable, they may be excluded
from further analysis.

The other types of accidents may De correctable through various
inplementable countermeasures. Based on the accident patterns anc avail-
able traffic and environmental data, probable causes of accidents can be
determined,

When summarizing accident data for analysis purposes
teria should be achered to:
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Table 4.

statistical computer packages.

Pegcription of sample list of available

PROGRAM
PACKAGE

DESCRIPTION

CrRPABILITIES

AVALLABILITY

DART (Pata Analysis
and Reporting Tech-
nicquoes)

Statistical package
designed Lo assist
in the selection an-
alysis, and evalua-
tion of accident
data

Sort, rank, dupli-
cate and search
options; transform
data values: perform
statistical analvses

Availahle throudh
National Ilighway
Traffic Safety
Administration
{NHTSA) at A mini-
mal cosat to a State

BPSS (Statistical
l'ackage for the
Social Sciences)

Package of computer
programs designed
for analysis of so-
cial science data

Sort, rank, dupli-
cate and search op-
tions; nunerous
transformations;
perform statistical
analyses

Available .as a pack-
age throughont the 01.85.

Mipas {Michigan
Interactive Data
Analysis System)

Packags of computer
programs designed
for statistical
analysis of data

Sort, rank, dupli-
cate and search
optiona;: perform
statistical anal-
yses

Available in sections
of Michigan

OSINIS IV (Organ-
ized Set of Inte-
qrated Routines for
Investigation of
Social Science
Data)

Pabkage designed for
the data managyement
and statistical an-
alyses for situations
in the social sciences

Sort, search, dupli-
cate, display, edit,
copy, and rank data:;
eransform data values;
perform statistical
analyses

Availahle through IIni-
versity of Michigan
Institute of Social
Research




Table 3. Typical accident characteristic categoriles.

i Description

Cateqgories

=

Summary by Type

—d LD 00 S ON T L N
- - + - 3 [ *

O s

. Other

Lefi-turn, head-on
Right-angle
Rear-end
Sideswipe
Pedestrian-related
Run-off-road

Fixed cbject
Head-on

Parked vehicle

Summary by Severity

D st

. Fatal

. Property Damage

Personai Injury

- incapacitating

-~ nonincapacitating
- possible injury

Summary by Contributing
Circumstances

(%]
.

3. IT1, fatigued or imattention

&

o An

~i
.

Criving under the influence
of alcoho?l or drugs
Reckless or careless driving

Failure to comply with 1i-
cense restrictions

Cbscurred vision

Defective equipment
tributing)

Lost control due to shifting
load, wind, or vacuum

Summary by Environmental
Conditicns

weather (clear, cloudy, rain,
fog, snow)

ambient light (light, dark,
dawn, dusk, street lights)
Roadway surface (dry wet,
SNowWy, icy)

Summary by Time of Day

Lo P =2
v e

tog.

12:00 midnight - 1:00 AM.

11:00 P.M. - 12:00 Midnight
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1. Accident dataza should be reviewed with respect to the direction
the vehicles were traveling. For analysis purposes, accident
characteristics should be segregated by direction of travel,
Review of accidents on an overall study area basis may result in
misconceptions of the safety problem, particularly where a single
approach may have a high or low percentage of the recorded inter-
section accidents.

2, ccident data should be reviewed with respect to location. Acci-
gents c¢ccurring within the intersection area should be separated
from those occurring outside the erea of infiuence of the inter-
section. For this purpose, a definiticn of the study area should
be made prior to analysis. In addition, similar accident types
ceccurring in differing situations should be separated. For exam-
ple, left-turn accidents into a driveway should not be includea
with left-turn accidents at the intersection.

For accident analysis purpcses, two approaches to identify an acci-

dent pattern are available. They include: (1) expected value analysis and
(2) cluster analysis.

Expected Value Analysis

The rost accurate means of identifying an accident pattern would be
through the determination of an expected value for a specific accident
characteristic. This method is a systematic mathematical procedure for
identifying all abncrmal accident characteristics. Toe utilize this
approach, accident data for similar sites (geometrics, veolumes, traffic
control, etc.) are obtained and the average number of a specific accident
type determined. This average can be used as an "expected" value for the
specific accident characteristic. Locations having accident nunibers
higher than the expected values reiate an ‘"overrepresentation" of the
specific accident characteristic and require further investigation.

To account for variability or fluctuations in the data between sites,
the use of the variance of the accident freqguency 1is made to establish a
range for an expected value. Assuming that accidents are normally dis-
tributed, the expected range can be cefined as follows:

il
><|
.+..
P2
[ %]

AV

Where:

AV = expected range of accident frequency

X = average accident frequency (accidents/number of sites)
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K = selected level of confidence that a site will have a speci-
fic accident frequency
$ = standara deviation of accident frequencies

Tne average and standard deviation values nay be obtained directly
from the accident statistics using the following formulas:

X = StX
H]
ang
5 =! / EF(X-X)2
n-1
Where:

¥ = average accident freguency
T = number of sites with a given frequency of a selected
accident type

X = accident freguency
n = total number of sites
s = standard deviation of accident frequencies

The "K" value will be based on the desirea level of confidence that a
site wiil have accident characteristics within a certain range. Values of
"K" and their respective confidence levels are shown in the following
table.

K Confidence Level (%)
1.00 65, 3

.56 95,0
2.00 99,7

The expected range values for any given secticn with similar charac-
teristics will increase as the confidence level increases. Figure 9 dis-
piays this relationship.

The above values define a range of expected values between {X,i Ksl.
This type of analysis is used in fdentifying an accident pattern by
selecting the Tevel of confidence that a site will have certain accident
characteristics. If the accidents characteristics of the site are greater
than the defined level, a2 significant pattern is dencted.

Cluster Analysis

In this approach, the identification of a particular accident charac-
teristic is defined by an observed "cluster" or grouping of a specific
accident characteristic at & site. It is normally identified by an abnor-
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Number of Sites with "X" Accident Freaquency

} } j ! !

oA
7

3s X-28 ¥-s % R+= ¥+2=  Tha
Accident Frequency
Figure 2. Relationship of confidence level in a

normal distribution.
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nial occurrence of a specific characteristic in relation to other accident
types occurring &t a site. For instance, at a signalizec intersecticn
with two Teft-turn accidents, three rear-end collisions, and five right-
angle accidents, right-angle accidents could be defined as a pattern due
to tneir abnermal occurrence in relaticn to the other accidents at the
site.  Similarly, on a rozaway link where two head-on collisions and six
"run-off-the-road" accidents cccurred, the “run-off-the-roag" accidents
would be identified as a pattern.

The freguency of accidents required to define a patrern will vary
considerably cdepending on the volunie of traffic at the site. Accident
rates {utilizing an exposure factor) have been used with success to iden-
tify some accident characteristics. dowever, on an overall basis, rates
may yield erroneous results when assessing certain specific accident char-
acteristics,  The use of the total intersection volume tc calculate a
left-turn accident rate will exhibit inconsistencies between sites due o
the fluctuaticns in left-turn volumes. Because the collecticn of left-
turn related volumes on a daily basis is net eccnomically feasible, acci-
dent frequencies have been used as the primary factor in accident nattern
assessment for such instances,

Accident frequencies used to define accicdent patterns alsc differ
between Tocations within different agencies. For instance, on a State
tevel, the occurrence of three right-angle accidents at a particular in-
tersection may rnot be considered a safety preblenm. However, within a
small city or vitlage, a similar frequency would represent a safety prob-
Tem.  The primary difference in these caseés would be the cccurrence of
other accident characieristics at a site.

The above factors relate tne cdifficulty in attempting to assign a
discrete accident number for determining accident patterns. Rather, pat-
tern identification using eye inspection methoes and engineering judguent
are desirable in this approach.

Findings

Possible accident causes need to be defined once the acciagent pat-
terns are Jjdentified, This will assure the selection of appropriate
counterimeasures to relieve the hazardous situation.

Table 6 is usea to grovide the preliminary list of possible accident
causes. It is developed basea on specific accident patterns L8,%,1U5 at
a site. For instance, if a pattern of pedestrian-vehicle collisions
cccurred at an intersecticn, possible causes, from Table 6, could be:

Inzdequate pavermant markings.
Inadequate channelization.
Iimproper signal phasing.
Festricted sight distance.
inedequate pedestrian signals.
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Takble &. Accident trend or pattern evaluation.
ACCIDENT rPATTERN
OR TREND POSSIBLE CAUSES
I. INTERSECTION
A, Left-Turn Head-0n L. Large wvolume of lefs=-+urns.
Collisicn
2. Restricted sight distance.
i. Toco short amber phase.
4. Absence of spezial left-turn-
ing phase.
S. EBxcessive soeed on aporeoaches.
2. Rear-EZnd Collisions L. Drivers not aware of intersec-
at Unsignalized tion.
Intersections
2. Elippery surface,.
t
i 3. Large volume of turning
vehicles. .
4. Inadeguate roadway lichiting.
I
3
{ 5. EIxcessive speed on approaches.
E
¢ 6. Lack of adeguate gaps.
7. Crossing pedestrians.,
C. PRear-End Collisions 1. Slipmery surface.
at Signalized
Intersections 2. Large number of turning wehi-
cles.
3. Poor visibility of sicgnels.
4. Inadequate sicnal timing.
%. Unwarranted signal,
€. Inadeguate readway lighting.
7. Excessive speed on aprnroaches.
8. <Crossing pedestrians.
I. Right-Angle Collisicns i. Restricted sight distances.
at Signelized Inter-
sections 2. Excessive speed ¢n aporoaches.
i 3. Poecr wisibili+twv of sicnals.
f
{ 4. Inadeguate signal timine.
5. Inadeguate roadway Lightinc.




=- 6. Inadeguate zdvance intersec-
tion warning signs.
? 7. Large total intersection
4
i volunme.
!
{ E. Right-Angle Collisions 1. Restricted sicht distance.
: at Unsignalized Inter-
H sections 2. Large total intersecgtion
; volume,
i
; . N
i 2. Excessive speed on approzches.
‘ 4. Inadesguate roadway lighting.
i 5. Inadecuate intersection warning
! signs.
i 6. Inadecuate traffic control
: devices.
{ F. Pedestrian/Vehicle 1. Restricted sight distance.
i Colliision
i 2. ZInadequate protection Zor
: pedestrians.
i
i 2. Schoel crossing area.
!
j 4. Inadeguate signals.
‘ 5. Improper sicnal ohasing.
. 6. Driver had inadecuate warning
é of freguent midblock crossings.
i 7. Inadeguate pavement markings.
|
: 8. Inadeguate cgaps 2%t unsignal=-
; ized intersection.
9. Inadeguate rocadway lighting.
10. Excessive vehicle spesd.
II. LINK
A. Run-0ff-Roadway l. Slippery surface.
Coliisions
i 2. Roadway design inadeguate for
traffic conditions.
3. Poor delineaticn.
4. Inadeguate roadwayv lighting.
5. Inadeguate shoulder.

S -
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Table 6. Accident trend or pattern evaluation (continued).

ACCIDENT PATTERN
OR TREND PCOSSIBLE CAUSES

h el

6. Improper channelization.

7. Inadeguate pavement mainte-
nance.

8. Poor visibility.

9. Excessive speed on approaches.

B. Fixed-Object 1. Obstructions in or too close
Accidents to roadway.

2. Inadeguate roadway lighting.
3. Inadecquate pavement marking.

4. Inzdequate signs, delineators,
and guardrails.

5. Inadequate roadway design.
6. Slivpery surface.

7. Excessive vehicle speed.

C. Parked Vehicle 1. Improper pavement markings.
Agcidents

2. Improper parking clearance
at criveways.

3. " Angle parking.

4. Execessive vehicle speed.

5. Illegal parking.

6. Improper parking.

7. Large parking turnover.

o

Sideswipe or
Head-On Ceollision l. Inadeguate recadway design.

2. Improper rcad maintenance.

3. Inadegquate shoulders.

4. Excessive vehicle speed.

5. Inadeguate pavement markincs.

6. Inadeguate channelizaticn.

Inadequate signing.

A3 ]
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Table 6. Accident trend or pattern avaluation (continued) .

ACCIDENT PATTERN

OR TRIND POSSIBLE CAUSES
E. Driveway-Related 1.
Cocllisions
z.
E !
3.
4.
5.
€,
7

. Excessive sveeds on apbroaches.

F. Train-Vehicie

L. Restricted sicht distance.

2, Wet Pavemsnt Accidents

Accidents
2. Poor visibility.
3. Excessive vehicle speeds on
; approaches.

4, Improper treffic signal pre-
empticn timing.

5. Sliippery surface.

§. Improper pre-emption timing
of RR signals or gates.

7. Rough crossing surfaces.

8. Sharp crossing angle.

IIZI. ENVIRONMENT~RELATED

L. S8Slippery surface.

2. Inadequate drainage.
3. 1Inadeguate pavemen*t markings.
E. HNight Acgidents 1. Poor wvisibility or lighting.

2. Poor sign qualitv.

3. Inadeguate channelization or
cdelineaticn,




® [nadequate rcadway lightina
® [nacdequate Gaps ab unsignalized intersecticn.
@ Lxcessive vehicle speéa

Field conditions, as rcted on the pelice accident repert or coniputer-
ized accident form, may be used to refine the Tist of possible causes.

Trne list of possible causes developed within this activity is used as
Tnput into the further activities (Activities Z2=b} witnin the rodel. It
will serve as the basis for the selection of appregriate safety-related
countermeasures to alleviate the hazardous condition(s).

It should be noteu that this list may not be conclusive or exhaust-
1ve. ther situations may result 1in possible causes not found in this
Tist. However, Table & does provide a general review of possibie accident
Causes as a function of accident patterns.

Inputs and Cutputs of Activity

® Inputs

® I[dentified hazardous location.
@ Accident files.

® Cutputs
¢ Suniary of accident characteristics.
® Identified accident patterns.
¢ List of possible accident causes.
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ACCIDENT -BASED PROCELURES

TRl Pl Tl A T Yy e

Cciderit-bDased procedures include the study and analysis of the acci-
dent characteristics of a site. Characteristics such as accident type,
severify, contributing circumstances, environmental conditions, and time-
related cata eare examined in this secticn. These characteristics are
reviewed for each site to juentify safety problems anc their possible
causes. The study results provide the initial basis for the selection of
safety improvements tc alleviate or reduce the identified safety prob-
fems.

5
l

T

s

Aithin Activity 1, the following procedures are described:

#® Procedure
® Procedure

® Procedure
8 Procedure

WAC L

® Procedure

- Accident Summary bty Type.
- Accident Summary by Severity.
Accicent Swimary by Contr1but1n9 Circunstances.

i + P T v o e [
- Accident Summary oy Environmental Conditions.

Accicent Surmary by Time Period.

GV 4 G P b
'

Following are the details of these procegures.

Procedure 1 - Accigent Summary By Type

Purpese

An “accident summary by type" procedure serves to identify the safety
problenm and possible safety deficiencies based on the accident patterns
occurring at the location. The occurrence of patterns is typically class-
itied by specific accident type, such as:

Sideswipes.
Pedestrian-related.

- Fowvrad
Run-gff-road,

Fixed object.
Head-on.

Parked vehicle,
Bicycle-related,
Jthers.

2es 0000086009

Application

The "accident sunmary by type procedure identifies patterns of acci-
dent occurrences basea on the specific accident type and Tocaticn of the
accidents at & site. Following the identification of accident patterns,
the resuits are used to SUCQEbt hoss1b]e causes of the accident patterns
using information shown in Table 6.

37



The "accident summary by jpe stucy serves as the major indicator of
the possi ivle causes of the safety problem{s) at a specific site. It also

identifies such factors as:  directicn of travel of the invalved vehicles,
intended movements of the involved vehicles, anc the rumber cof involved
vehicles. Review of these factors are COﬂmoriv used to assist in defining
the possitle causes of accicent patterns,

Input from the other accident procedures are used tc verify, ada, or
celete possibie accident causes from the list produced by this accident
procedure.  The output s used in the field review activities of the
safety engineering investigation wodel.

The "accident summary by type" data is further used in identifying
countermeasures capable of reducing or c11ev1au7n9 the specific safety
prob]en%s; at a site. For cxamnie a pattern of left-turn accidents
gna172e0 intersection fiay refuzre one of the following counter-

i
s for reducing the left-turn accident problem:

® Constructicn of an exclusive left-turn lane.
® Inclusion of a Teft-turn phase in the signal phasing plan,
® Re-timing of the signal.

Finaily, based on the "accident sumnary by type" data and the acci-
aent reduction capabilities cof a countermeasure, an economic analysis can
be performed to select the appropriate safety project.

Procedure ¢ - Accident Suimary Sy Severity

Purpose

An "accident procedure serves to assist in icen-

o i
titying safety deficiencies and in selecting countermeasures utilizing the
severity characteristics of the individual accidents Severity classifi-
cations generaliy used include the following {given w1tn typical severity
codes ):

@ Fatality (K).
8 Perscnal injury.
- Incapacitating injury (A).
- Nen-incapacitating injury {(3).
Possible injury (C).
® Property damace (0).
Applicatien

everity charecteristics at a locaticn can, in some cases, iden-
tify possible causes of safety problems r e
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severity cata is t¢ provide a weichted scale (based on the severity of in-
dividual accidents) to increase the effect of the more "severe" accidents
or accident types in the analysis. Since the recuction of the more severe
accidents produce greater benefits, the findings of this procedure would
assist the analyst 1in placing a greater priority on reducing specifi
accident types or patterns with a hign severity factor.

Tnis summary is used with the “Accident Summary By Type" findings to
provicde background information on the severity characteristics of the
accident situation. Since the severity of an accident is commonly asso-
ciated with the travel speed of the vehicles, this relationship {throuch
the use of personal injury (PI) accidents/property damage (PD) accident
ratios) may define possible speed-related causes of accidents. For
instance, a pattern of persenal injury (Type-A) rear-end accidents on an
apprcach may be related to excessive travel speeds through the area.
Similarly, the review of patterns of personal injury or fatality accidents
at a site can produce input inte further data neecs {studies) for selec-
tion of an appropriate countermeasure(s).

In addition, an accident type surmmary utilizing accident severity
characteristics can be used to define "expected" values for each accident
type. The data can be used to determine whether a "weighted" specific
accident type is "overrepresented” or "critical”. In utilizing the sever-
ity information for such purposes, several methods aof defining the sever-
ity characteristics are available.

The simplest method fecr defining the severity of a specific accident
is by using the most severe characteristic. For instance, if a fatality
occurred, the accident would be labelied a "fatality" regardless of the
number of perseonal injuries or the amount of property damage. Similarly,
a 'persornal injury" accident would be identified by the occurrence of at
least one personal injury. A "property damage" accident is limited to
those events in which no fatality or personal injury resulted, although,
property damage to a venicle(s) or other property occurred. This method
is widely used since it can be applied directly to the accident type anc
other information for use in identifying patterns or possible accident
causes. A weighting scale may be used te provide comparisons of the
severity characteristics at or between sites. One typical weighting scale
[1] is given as:

® Fatality = 12.
® Personal injury = 2.
® Property damage only = 1.

A disadvantage of using this scale is the sharp difference between a
"property damage only" accident and a "fatality" accident. This ciffer-
ence can have cisproportionate effects in the priority value. For exam-
ple, a single fatality accident will have equal weight to 12 "property
damage only" accidents. In this sense, one fatal accident can bias the
data significantly. To reduce this effect, a lower weighting for fatality
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accidents may be used, for example, an 8 or 9, The Tower weighting may
be particularly useful for lccations in which fatality accidents are ex-
tremely rare compared with other accidents at the site.

An alternate weighting method utilizes individual accicent costs.
These costs include items associated with loss as & result of the acci-
dent, including losses incurred in productivily, insurance losses, etc.
Accident costs based on average nationwide Tigures are available from the
Natiornal Safety Council (NSC}. These values are updated annually. The
most recent accident cost (1979) values by the NSU are:

® Fatality ~ $160,0C0.
@ Injury {(non-disabling; - $6,200.
® Property damage only (including minor injury) - $87C.

These values are applied to each accident on the basis of the number of
fatalities and injuries. The '"property damage only" factor is applied
only to accidents in which no fatalities or personal injuries occurred.
An example of the accident cost for an accident involving two fatalities
and three perscnal injuries would be:

2($160,000) + 3{$6,200)

Accident
Cost

$320,000 + 318,600 = $338,500

The National Highway Traffic Safety Acministration (NHTSA) has also
developed accident costs. These costs are significantly greater than the
MSC costs; however, their method of computing these costs include several
jtems not included in the NSC figures. NHTSA has not updated their coest
figures in receni years.

Other cost scales have been developed by individual states. In rany
cases, they may be mere accurate than the nationwide stetistics for use in
a specific region. If available, the individual states figures should be
used.

The accident cost method is advantagecus in that it displays the
accident information in a form readily adaptable for use in the economic
analysis of countermeasures. In addition, it serves 1o provide a more
meaningful value to users cof the data. A major disadvantage of this
method, however, is the difference in accident costs between a fatality
and a property damage accident. This difference may result in an unwar-
ranted emphasis being placed on a fatal accident which may have been a
"chance" occurrenca. The cost ratic of fatality to property damage acci-
dents is nearly 200 to 1 Tor the NSC values.
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The “Accident Summary By Severity" study procedurs used with accident
summary by type information, can provide valuable input in identifying
possible causes of safety problems. As an independent proceaure, it can
serve to identify patterns of severe-type accident events. However, its
major use in safety applications s in selecting countermeasures. By
providing emphasis on the more "severe" accident events, a greater benefit
can be realized by the alieviation or reduction of tnese accident events.

Procedure 3 - Accident Summary By Contributing Circumstances

Purpose

This accidert study procedure is designed to identify possible acci-
dent causes based on the “contributing circumstances" noted by the inves-

tigating pclice cofficer at the

sce
circumstances” are categorized by (1)
mental factors, and {3) vehicle-relat

Applicaticon

The "contributing circumstances" summary informaticn can be used with
other accident summaries to provide background data on possible causes of
accidents. It is typically used with the “"accident summary by type" data
to develop a preliminary list of possible accident causes. This list
weuld serve to verify, add, or delete possible causes developed by the
"accident summary by type" procedure. In addition, the contributing cir-
cumstances information can be used to separate '"correctable” and "non-
correctable" accidents for use in identifying accident patterns. In
separating the accidents by these classifications, careful investigati

st
—————— AR R e ) S iAW bW ivcaulguh

should be made to assure that the accidents are indeed “non-correctab

A~
CI

e the accident. “Contributing
human (driver) factors, (2) environ-
ed factors.

v
1R

il alsl
IR
t

*

Information on contributing circumstances is based on an evaluation
by the investigating officer at the scene of an accident. It is deter-
mined from comnents of the involved drivers, a review of field conditions
at the time of the accident, distinguishing characteristics made at the
accident site (alcohol blood-Tevel tests, skid marks, etc.), and the
experience and knowledge of traffic safety principles of the reporting
officer,

This information is included on the police accident report. The
following list dispiays the contributing factors which are commonly used
by police agencies to identify contributing circumstances. The relation-
ship cof these circumstances as "correctable" or "non-correctable" is also
shown.  "Correctablie" type circumstances are those which could be alle-
viated by means of a feasible safety-related countermeasure specific to




the study site. "Non-correctable" circumstances are of a random nature
and are not specifically amenable to correction by a cost-effective coun-
termeasure.

Contributing Circumstances

Driver-Related

- Unsafe speed (C).

1

Sick, (N).

- Failed to yield right-of-way {C). - Fell asleep (C)(N).
- Following too ciose ). - Lost consciousness (N).
- lhDrOGCT passing {(C). - Driver inattention {(C){Nj.
- Disregard traffic controls {C). - Distraction {C}(N).
- Turning improperly (C). - Physical disability (N).
- Alcohol involvement (C)(N). - Other.
- Orug involvement (C)(N). - None detected.
- Not stated.

& Vehicie-Related
- Brakes defective (N). - Tow hitch defective (N).
- Headlights defective (N). - Over or improper load{N)
- Uther lighting defecis {N). - Oversized Toad on veh. (N}
- Steering failure (N). : - Other.
- Tire failure/inadeguate (N). - None detected.
¢ Envirconment-Related
- Animal's action (NM). - Holes/deep ruts/ bumps{C).
- Giare (C)(N). - Road under construction/
- View obstructed/Timited {C). maintenance {C).
- Tebris in roadway (C). - Improperly parked veni-
- Improper/non-working traffic c?e(s§ (cl.

controls. - Fixed object(s) (C).
- Sheulders defective (C) - Slippery surface {Cj.

~ Water ponding (C}.
- None detected.
- Not stated.

LEGEND:

{C} - correctable
(N} - non~-correctable

I N L T Sy nﬂ+'
Ciaent type daL

wWhere ac grns lefined in Procedure 1) are defined, con-
tributing circumstances data are used in identifying or ver*fy1ng the
possible causes of accidents.
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It sheou?l ne contributing circumstances informatieon is

1¢
prepared by the ir ng officer at the scene of the accident and may
contain several circumstances per accident. This information may identify
specific conditions which may not be included in the collision diagrams or

Other summaries. In this respect, the contributing circumstances data is

a very useful tool. However, the data should not be considered conclusive

since it 1is based on the opinions ang Judgement of the investigating
officer,

=]
LA™ |
1

— Yy

A R R ]

Procedure 4 - Accident Summary By Environmental Conditions

Purgosé

This study procedure identifies possible causes of safety ceficien-
cies related to the condition of the roadway environment existing at the
time of the accident. Typical classifications used in the accident anaiy-

sis include:

® Lighting conditions (daylignt, dusk, dawn, dark).
& Roadway surface condition {dry, wet, snowy/icy, unknown).

Application

In nhighway safety studies, accidents are sunmarized by environmental
conditions to identify possible causes of safety problems. Using accident
data, a summary of the environmental characteristics for all accidents at
& study location c¢an be obtained. These are compared to average or
expected values for similar sites or areas to determine whether the occur-

P - . ~m dn by s
rence of a specific envirconmental cha or Tless thar

the expected value at the site.

teristi

The average or expected values can be obtained from an average for
several sites for all roadway accidents in an area. Many State agencies
Can supply this information. Since these values are used as a general
guideline for defining an uncharacteristic condition, it is advantageous
for the selected comparison sites to represent a variety of Tocational

situaticns to obtain a more representative expected value.

Where sufficient accident data to obtain average or expected values
are unavailable, the use of a general guideline or value right be consid-
ered, Generalized values can be obtained by reviewing the environment-
related characteristics, such as:

® Nighttime (dark condition) accidents ratio {ral.

Fpn = _{(dusk + dawn + dark) accidents
total accidents

® lWet pavement condition accidenis ratio (ry ).



"w =  "weil pavement" accicents
total accicdents

A comparison of traffic volumes during the dawn, dusk, and nighttime
perioas (typically 7:00 pom. - 7:00 a.m ) to total dajly traffic volunes

can be used to obtain an expected ratio of "dark condition™ accidents to
total accicents.

For 'wet Cond1+ion“ accidents, several weather agencies within a
State can supply a "wet pavement cxposure rate” (defined as the ratio of
hours of exposure to wet-pavement conditions to the total number of hours
in a study Heraod) This ratic can be used as a generalized expected

value. Alternative means tc obtain 'wet-pavement conditions® ratios
may inciude:

® Use of general rainfall (or sunshine) index ratios (as supplied
from local weather agencies or almanacs).

& Use of estimated ratios based on pest experiences (values general-

ly range from 10-30 percent depending on area's rainfaill charac~
teristics).

Comparing the envircnment-related accident cata to expected values
wiil define whether the specific environment characteristic wes "critical”
te the accident activity at a locatien. When these conditions represent
critical conditions (such as 2 high percentage of nighttime, wet weather,
or wet roaaway accidents), they ﬁ@y identify an accident pattern of wet
weather or nighttime accidents. Applied to inaividual accident patterns,
the expected values can be used to identify possible accident causes. It

should also be noted that information on env1ronmenta: conditions present
at tne time of the accident can assist in the separation of "correctehle”
and "nen-correctable" accidents. For 1ns agnce, accidents occurring under
snowy-icy weather conditions may sometimes relate & “non-correctanle"”
situation, if their occurrences are determined to be random.

Procedure 5 - Accident Summary By Time Period

Purpose

This study procedure serves to assist in identifying safety deficien-~
cias by cefining the time periog patterns of the accident events. To
assist in this proceaure, accidents can be classified by:

& Time of day.

@ Day of week.
® Month of year.

Apolication

This precedure primarily identifies the time perica of occurrence of
tne accident acugvlby at a jocation. It relates not only tne over-raore-
sentative ocourrenca of accidents cCuring a specific time perios bul also



defires tne stuay oeriods required for the performance of cther study
procecures {f.e., operations-based and envirconment-based) used tc fdentify
the safety deficiencies. Summaries of the accident & '
comparad to expected values to identify the periods of overrepresented
accident occurrences.

To cevelop expected values for accidents by time of day, a ratio of
the volume data (hourly) to the total volume may be used. This can also
be done similarly for day of week and ncnth of year periods if the cata
are available. Where the volume information is unavailable for these time
pericds, generalized criteria can be used. These criteria can be devel-
oped based on local information or can be obtained from such sources as
the Transportation and Traffic Engineering Handbock (197€;. A sauple of
accident occurrence by time of day is shown in Figure 1G.

4 i H <
ata are developed and

Comparison of the study cata to ‘"expecteg" values will serve to
cdefine the "overrepresented" time-related accident events. Information
relating possible accident causes can aisg be defined. For example, an
over-representative ameount of accidents occurring during the peak hours
may indicate congesiion-related causes.

These overrepresented conditions will define the pericds for study of
the specific accident types occurring during that period.
_!
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Example

To iliustrate the use of Lhe accident-based procedures in an actual
field situation, the following exampie is provided. For the ﬁnte section
of Block Street and Dove Road, accideni summary sheets and coliision

diagrams are displayed in Figuvres 11-14.

Procedure 1 - Accident Summary By Type

Reviewing these summaries and evaluating the data for accident
patterns by the cluster analysis method, the following patterns are noted
as being overrepresented.

1. Northbound left-turn accidents at the intersection {1575-5, 1976-
3, 1977-9).

2. Right-angle collisions at driveway west of the intersection
(1975-4, 197¢-3, 1577-10].

3. Right-angle accidents 1in the intersection area (1975-3, 1976-5,
1977-1G7},

Based on these patterns, the following possible causes are obtained
from Table &:

Accident Pattern Possible Causes

Large volume of left turns.
Restricted sight distance.

Too short amber phase.

Absence of special left-turning
phase.

Excessive speed on approaches.

Left-turn head-on collision

o6 9 6

r—

ft-turning vehicles.

vw‘hnv-.‘v Treatand fvd yowauc
.L]” 1 UPC IJ v LW Wl i VCV‘UJ =

R1ght turning vehicles.

Large volume of through traffic.
Restricted sight distance.
[nadequate roadway Tightina

Excessive spesC on di.in’UdLht'b.

_

.‘

U N

Restricted sight distances.

inadeguate roadway 1ighiing.

Inadequate advance intersection

warning signs.

® Poor visibility of sigral indi-
cetion.

@ Excessive speed on approaches.

Inadequeate signal timing.

e Large total intersecticn volume.

Right-angle collisions at
signalized intersecticns

o @ &

&




Block Street at Dove Road

LOCATION:
TYPE OF ACCIDENT 1975 1976 1977

’ NO H No. % NO. %
Left Turn Head-On Csllision 772 2 G220 11 | /8¢
Rear Ends 8 4. 7V A/ 2.8 /2 203
Angle Ceollisicns & 2.7 JE 2 24 0.7
Pedestrian-Venicle Collision / g o / P ‘/ o _—

o .

Sideswiges 5 0.0 | £ 7 g /O V. 7
Run-2ff-Road / ,Z . 6‘ O —_
Fixed Object Accidents / 2. 41 2 3‘5"
Head-On Collision [ -
Wet Conditions g Fo.cl /6 270 Zo | 534
Dry Conditiocns z) Vom0 26 16100 39 166/
Day Conditions 2 ST i 22 | £ 21498 (5.4
Dusk or Night Conditions 2 Z0.0 /Z 3/,7 /1 /¥4
Fata)l Accidemt (Ng, Porscmnc!l % - 9 - O -
Injury Accidnetz {(No. Persons) 5’ /6.7 9 ZE2.0 /@ 27/
Property Damace Accident 2‘5—' 4?5::5 .'-Z,Z 7E.O 43 7Z.

Figure 11. Manual accident summaries (example) .
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Intersection: Blogk Street @ Dove Road

Location: Anytown, Michigan

Conditions: Date: From Jan.l, 1975 to DECJL-H?:S\I

AT
Check by: 275

——3 Moving Vehicle
— = -» Pedestrian
Parked vehicle :
L‘,SJ Parking or Unparking
Vehicle
o Fixed Object
-3—» FRear-End Collisicn
Head-0On Collision
Right Angle Collision
Backing Accidents
Left-Turn Collisiocn
Ty Sideswipe f
I 1.ad Qut of Control -
- Fatality ?IO %P/D
¥

n] Injury LY
J Dove Road
52130/ 0 £-15/3% C-28p A
ﬁmoq—p—w.k_._{h.é.’. - - ; B‘BIIP/Q' m%

—s §-22/5a/w

=12 Ay

.

8lock Street
‘

7 W23/sm/sx ~ /8_'3‘7/2:&/.9.

00%
LELL L BYETY 'g-a; /o, 32442/ % 6~4/6v/n “""EGG/*?W
._{?;/ 7: Sbfu :499 12\ L/ o ; / s

1"10/5’?/:;; 7_3’)1be

l jo-sfi | R/
SHh

12-23/kenfp
£-4/4ﬂ

. , v
Figure 12. Collision diagram {example) 1975,
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| Intersection: Block Street @ Dove Boad

Locaticon: Anytown, Michigan

Conditions: Date: From.Jan,1,1975 to__n,e&_u_m&

Checked by: _WHAF

/

--—J; Moving Vehicle
= Padestrian .
tg Parked Vehigle 4 24A2.M/-’-u
Parking or Unparking’ R B
Ej Vehicle ; 23/3 (i DA DRY,
] Fized Cbject - o o
—-yl-» Rear-End Collision -§2p/w el o
—»_k}- Bead-On Collision / . 8 128 e
Right Angle Collision le-24/87/0 Il =
44:?\ Backing Accidents ) l‘— “@
Left-Turn Collision T a2
gy Sideswipe 2‘/5?/0 /{? ‘?/39/0 8
op* Out of Contrel I ]
- Fatality *!'S/TP T
S Injury '
- ¢-itfenp \ Dove Road
- 4-2/ien/o 5-2¢fop/D
5-23/2.A/D
;i 5‘251
wiesiet. mgﬁ:
lars 2*4/69& = PN
4-4farlo —z—"ffofig- 7- 2.4’4? 2 5-20/94/0
e - H/mu/g 10-22/26/0
&2l H—'-{E l2-24, BP w
3 -24i1g/e
N - s
_S 3
ble z L
Rz Z o rf_-.I/SP/:ﬁ-I
~|= 2 o
o '23/3 P/u
& -
f/ f;ai/ap,/a
H"ﬁsl’/:: l _ la-zolavgu
) -
==
1025114 fug : Helf7efex f
L-tofref, E
Figure 13, Collision diagram (example) - 1976.
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Intersecticn: Rlogk. Strect @ Doye Rnad
N Anytown, Michigan
Logation:
Conditions: T .
Dates From .Ia8.1,1977 ToDec. 31,1977 r

——-—2 Mgving Vehicle

— -~ -» Pedestrian

Parked Vehicle

Parking or Unparking
Vehicle

Fixed Object

Rear-End Collision o)

Head-0On Collision 3

Right Angle Collision 54

Chacked by:
14/ iz g

DA DRY,
NIGHY ANET

48139

I-2g4p/ sz
—$_‘{T
-.",—\
%
>
r Block Street

; o'qu&fcj@ﬁ'

Backing Reccidents -+
Left-Turn Collision o
Sideswipe
Qut of Control
Fatality
R . PECYH DAOC
Ry J | Hao3o N
Ly Mseh] TR ETE N5/ 11228
- ey = Sr (122U /ep
!-26/},;-/51— ’b";/ ‘ - i—gg%ig = 12-7/18/w '"Q('Z &
. B T 214 NEIERY
e gfanlo fo-vﬁpfg Lt i % o ¢ iAfD
' e T/
SRR
S 1-14/54 fsx

-2
1126730 fox 225 A

35/30%h 513 1p7
/4-12 o/ 0 ”AfD 23530

{ v Seinio T 1/ . '
g *_‘4?&_(—141_; Wy %i‘

3
R T T

279/ w2
E‘J"

I!)-M/s%

AN
7-21/1,AD -18/80/0

J-20/ipdu
4-27000/n
g-2

Collision diagram (example} - 1977.



Procedure £ - Accident Summary By Severity

A review of accident severity data shows the following characteris-
tics:

Accident Pattern 1975 1976 1977
N.B. Left-Turns 5 P.D. 3 PO 2 P.I.

7 P.D.
Right-angle 4 P.D. 3 P.D. 3 P.1.
(driveway-related) 7 P.D.
Right-angle at 1 P.I 1 P.I 7 PRI
intersection 2 P.D. 4 p.D, 3 PRI,

P.D. = Property Damage P.I. = Personal Injury

A review of the P.I./P.D. ratios for the accident patterns shows:

€ NB left-turns - 2 P.I1./15 P.D. = 0.133
@ Right-angle (driveway-related) - 3 P.I./14 P.D, = 0,214
® Right-angle at intersection ~ 9 P.1./9 P.D. = 0.500

Review of these ratios relates a possible severity pattern for the
right-angle accidents at the intersecticn. This accident type should
include & study of speed characteristics as a possible cause.

Using the severity weighting plan described in the Traffic and
Transportation Engineering Handbook {11 (i.e., Fatality = IZ, Personal
Injury = 3, and Property Damage = 1), the weighted accident values are:

Accident Pattern 1875 1976 1977 Total
NB Teft-turn 5 3 13 21
Right-angle {drive- 4 3 16 23

way-related]

Right-angle at 5 7 24 36
intersection

Utilizing the alternate weighting plan developed using NSC (1979}
accident costs and assuming that each personal injury accident resulted in
a2 single nondisabling injury, the following accident costs were com-
puted:
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Accident Pattern 1875 1970 1977 Total
B Left-Turn $4,350 $2,610 $18,490 $25,450
Right-angle (drive- $3,480 £2,610 $24 ,590 £30,780
way related)

Right-angle at $7,940 $9,680 $46,010 $63,630
intersaction

. A compariscn of the “TOTAL" value by either pian reveals that prior-
ity In the study of safety problems and the selection of countermeasures
should be given to the “right-angie at intersection® accidents.

Procedure 3 - Accident Summary By Contributing Circumstances

A review of contributing circumstances data taken from the individual
accident repeorts revealed the following characteristics:

® Northbound Left-Turns

- Failed to yield right-of-way (12).
)

- Disregard traffic controls (8).
- STippery surface (1).

@ Right-Angle Accidents West of Intersection {Drivewav-Related)

- Failed to yield right-of-way (15).
- View obstructed/limited (8).

@ Right-Angle Accidents at Intersection

- Unsafe speed (4).

- Failed to yield right-cf-way {9).
- Disregard traffic controls {13).
- Driver inattention (6).

The nusber following each "contributing circumstance™ Tists the fre-
quency in which each specific circumstance was related to the individual
accident patterns. Changes to the 1ist developed by the "accident summary

by type" procedure are:



Possible Cause and Affected

Change Accident Pattern Reason

b

Additicn "Slippery surface" - LEFT-TURN Noted as contributing
HEAD-ON COLLISION circumstances.

Deletion "Excessive speed on approaches" Contributing circum-

- LEFT-TURN HEAD-ON COLLISION stances data related
accident problem tc be
caused by left-turn
traffic "waiting" in
queue.

Deletion “Inadequate intersection warn- Contributing circum-
ing signs" - RIGHT-ANGLE COLLI- stances data related
SIONS (DRIVEWAY-RELATED) accident problem to

drivers exiting drive-
WaY.

Deletion "Excessive speed on approaches’ Contributing circusi-
RIGHT~ANGLE COLLISIONS stances data related
{DRIVEWAY-RELATED) accident problem to

drivers exiting drive-
Way.

Procedure 4 - Accident Summary By Environmental Conditions

A table of the environmental characteristics is shown below:

Accident Type 1975 1676 1977
Wet/Total Accq. 9/30 (30.0%) 16/41 (39.0%) 20/59% (33.9%)
Dusk and Night
Total Acci. 6/30 (20.0%) 13741 (31.7%} 11/59 {18.6%)
For comparison purposes, the three study years are combined and

summarized as follows:

Accident Type

Total Accidents

(1675-15877)

!
i
i

Wet/Total Accidents
Dark and Nignt/Tetal Accidents

45/130 (34
30/130 (23

.0
.1

o
T2

)
eé)
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Assuming the area characteristics reccrded expected or average values
of 25.4 percent and 29.5 percent for the "wet/total accidents" and "dusk,
dawn, and night/total accidents"” ratios, respectively, the following eval-
uation is performed:

"Wet/Total Accidents® = 34.6% > 25.4%
"Dusk, Bawn and Night/Total Accidents = 23.1% < Z5.6%

The result of this comparison suggests a pattern cf "wet pavement

accidents. " The "dusk and nighttime accidents” are not considered
critical. This pattern sugcests the foilowing accident causes for the wet
pavement COﬂdit1ons, obtained from Tabie 6.
Accident Pattern Possibie Cause
@ het-weatner related ® Siippery surface.
accidents ® Inadeguate drainage.

® nadequate pavement markings.

Procedure 5 - Accident Summary By Time Periocd

Surmmaries of time-related data by time of day for the defined
accident patterns reveal:

Accident Description 1975 1976 1677 Total (%)
NE L eft-turn head- | 1(10-11a) | 1( 8 9p) | 1{ &-10a)} 3( Sa-l2n)-17.8%
on collisions 10 3-4p) | 2( $~-10p) | 1{1i-i2n) i 3(12n- 3p)-17.06%
1{ 4~ 5p) 1{12n- 1p}! 5{ 3p- 6p)-29.6%
1{ 5- 6p) 2( 2- 3p} | 3( 6p- 9p)-17.6%
1{10-11p; 1( 3= 4p)| 3( 9p~l2m}-17.6%
1{ 4- 5p)
2( 8 Sp)
Right-angle colli- {1(12n= 1p) | 1{ 1- 2p) {2(1la-12n); 2{ 9a-12n)-11.8%
sions (Driveway- 1( 3= 4p) | 20 3- 4p) j2{l2n-1p) | 5(12Zn- 3p)-29.4%
related) 2( &~ 5p} 1( 2p- 3pJil0( 3 - 6p;-58.8%
2( 3 - 4p)
2{ 4 - 5p)
1{ 5 - 6p)

L¥3
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Accident Description 1975 1976 1977 Total (%)
Right-angle acci- 1( 2- 3p)y 1{ 9=10a) ; 1( 3 - 4a)| 1( 3a- 6a)~ 5.5%
dents at the inter-j 1{ 3- 4p) {1{12n- 1p) t1{ 2 - 3p)| 1{ %a-12n)- 5.5%
section 1{llp-12m) { 1{ 5-6p)t2( 3 - 4pj| 3(1Zn- 3p)-16.06%

10 6- 7p)y | 3( 4 - 5p)l10{ 3 - 6p}-55.8%
1{10-11p) | 3{ 5 - 6p}| 1{ 6 - 9p)- 5.5%
2{ 9p-12m)-11.1%

a4 = @M P = Dl n = noon m = midnight

Comparing the last column vaiues to the values in Figure 10 will
refate the following critical time periods for the specific accident
QCCUTTences.

® Northbound Left-Turn
00 a.m. = 12:00 noon)

9:
- {6:00 pom. - 9:00 pom. )
{9:00 p.m, - 12:00 mid. )

@ Right-Angle Collisicons {Driveway-Related)

- (12:00 noon - 3:00 p.m. )
- { 3:00 p.m. - 6:00 pan.)

@ Richt-Angle Accidents at Interseciion

- {3:00 pom - 6:00 pom. )
- (9:00 p.m. - 12:60 mid. )

Similar comparisons can be wade with the day of week and time of year
data.

The accident characteristics occurring during these periods may

..... [ .- R ks e

relate the possibie accident causes to be studied in later activities.
They alsoc relate the perjods for study of the site. For example, it is
noted that an overrepresented number of right-angle accidents occurred
during the 9:00 p.m - 12:00 widnight period. A review of field
conditicns during this time period may be necessary. In addition, the
occurrence of these accicent types under a nighttime condition may relate
"inadequate Tighting or delineation" as a possible accident cause.

un
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Activity Z - Field Review Locaticn

Pyrpose

Following the performance of the accident procedures, it is necessary
that a field review of the study location be performed. This review will
serve several purposes. They are:

1. To verify site data used in performing the accident procedures.

2. To verify the presence of lccational deficiencies suspected,
based on the accident patterns.

3. To identify, verify, or delete possible accident causes
from the Tist obtained by the accident procedures.

4. Tc cbserve the physical features of the site.
5. To observe traffic operations.

Overview

The field review activity is an important step in analyzing safety
problems at a site. Within this activity, preliminary review of the site
is made and the physical environment and traffic operations are observed.
From these observations the list of possible accident causes as derived
trom the accident procedures can be revised. This list of possible acci-
dent causes will be used to determine further date needs to identify the
safety deficiencies.

Prior to performing the field review, availeble site data (such as
the accident summaries, notes made in previcus reviews of the location,
and condition diagrams) are reviewed. Information on accident patterns
and their possible causes are used as guidelines in the field review.

The structured evaluation of the field conditions consists primarily
of a checkiist of questions (Figure 15} covering potential areas of defi-
ciencies. Thess areas are divided intoc two categories: operational and
physical. Items which are typically covered include (but may not be
Timited to):

@ CPERATIONAL

@ Sight restrictions for drivers.

® Driver response tc signs, signals, or other traffic control
devices.

Vehicle speeds.

Violation of parking or cther traffic regulations.

Driver confusion.

d * 9



FIELD OCBSERVATION REPORT

LOCATION:

CONTROL:
DATE: TIME:
OPERATIONAL CHECKLIST: NO YES

1.

z.

13.

16.

17.

Do chstructions block the drivers view of
opposing vehicles?

Do drivers respond incorrectly to signals,
signs or other traffic control devices?

Do drivers have trouble finding the correct
path through the location?

T P, T S SR
AL VELLULS bb}c!:ub [ ;x;gn
Are vehicle speeds too low?

Are there violations of parking or other
traffic regulations?

Are dpivers confused about routes, street
names, or other guidance information?

Can vehicle delay be reduced?
Are there traffic flow deficiencies or
traffic conflict patterns associated with

turning movements?

Is the volume of thru traffic causing
problems?

Is the vclume of turning traffic causing
problems?

Do pedestrian movemehts through the
location cause conflicts?

Are there other traffic flow deficiencies
or traffic conflict patterns?

Is existing lighting operating correctly?

Do the presence of existing driveways con=-
tribute to accidents or erratic movements?
.

Are pavement conditions causing drivers
to react in an erratic fashion?

Figure 15, Checklist of field review guestions.
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PHYSICAL CHECKLIST:

-
-3

22.

o -

Can sight cbst
decreased?

cf
i
L]

Are the street alignment or wid
inadeguate?

Ar= curb

H

adii too small?

Should pedestrian crosswalks be relocated?

Repainted?

Are signs inadsguate as to usefulness,

message, size conformity and placement?

{see MUTCD}

Are signals inadequste as to placement,

conformity, number of signal heads, or

timing? (see MUTCH)
Are pavement marki
their clearness o

Is channelization {islands or paint

or

(o}

markings) inadequate for reducing con-

f£lict areas?

Separating traffic flows?
Defining movements?

Does the legal parking layout affect
sight distance? ‘
Through or turning vehicle paths?
Traffic flow?

Do speed limits appear to be unsafe?
Unreasonable?

Is the number of lanes insufficient?
Is street lighting inadeguate?

Are &riveways inadeguately designed?
Located?

boes the pavement condition (pstholes,
washboard, or slippery surface) con-
tribute to acgidents?

Are approach gzades too steep?

COMMENTS:

Cperational--"0" and item number
Physical-~"P" and item numnber

NO

INN

i

1NN

YES

e 15, Checgliist cf fie

o
el

1
{dontinued

a
)

raview guestions,



® Venicle delay.

® Traffic conflicts.
" @ Pedestrian conflicts.

# Traffic flow ceficiencies,

® PHYSICAL
® Sicht obstruction.
¢ Roadway geometrics (alignment).
® Roadway characteristics {curve radii, street wicth, number of

Tanes ).

Pedestrian crosswalks,

Traffic signs, signals, and other traffic control devices.
Parking conditions.

Speed limits.

Street lighting.

Pavement condition.

e ec e

An alternate checklist is presented in the Institute of Traffic Engi-
neer's Manual of Traffic Engineering Studies 19]. It inclucdes a series of
questions that should be considered during a field cbservation. This list
s not as comprehensive as the previous Tist but it does Tist many defi-
ciencies which typicaily occur at a hazardous Tocation.

The use of a trained traffic engineer or technician is recommended
for the field review activity. This person should, as a minimum, be fami-
tiar with standard design practices [1,2], traffic control device manuals
L3], roadway lighting manuals [4], and other stancard traffic and trans-
pertation engineering references [5,6,7,81. khere available personnel
exists, a2 team review is recommended.

Findings

The typical output for this activity is an evaluation of the opera-
tional and physical elements of the hazardous location. Using the check-
Tist of questions {as displayed in Figure15 ), the direct outputs consist
of "responses" ("YES", "N0", and comuents) to the series of questions.
These responses are then used to verify the findings obtained by the acci-
dent procedures and to identify further accident causes or potential safe-
ty hezards at the study location.

The accident procedure results were used to highlight specific opera-
tional and roadway characteristics for evaiuation within this procedure.
The accident summary results served to develop a list of possible accident
causes or safely deficiencies. From the findings produced by this activ-
ity, the iist is made more specific; f.e., possible causes are appliea %o
the particular location and deleted, adjusted, or added depending on the
actual field finding. In addition, other safety deficiencies are noted.



The final list of possible causes ceveloped py the accident and field
review Tindings are further analyzed in the traffic, environment, and
special study procedures identified in Activity 3.

Inputs and Outputs of Activity

& Inputs

® Hazardous location.
® Accident procedure findings.
@ Preliminary list of possitle accident causes.

@ COutputs

® Review of physicail characteristics of study location.

@ Review of ocperaticnal characteristics of study locaticen.

@ Film record of Tlccation (if  photographic  techniques
are used).

e List of possible accident causes.

Procedure Description

In providing a structured review of the location, an organized pro-
cedure is developed to perform the field review activity. Procedurs & -
“Safety Performance Stucy” L10] has been devised to achieve this cbject-
ive, '

FIELD REVIEW PROCEDURE

Procedure 6§ - Safety Performance Study

Purpese

A safety performance study is an organized program cf field cbserva-
tion and inspection of highway facilities and traffic. It is used to
detect deficiencies in the operaticnal or environmental conditions at a

tocation. This study provides a review of a hazardous location or situa-
tion "in the field" and serves to verify or supplement the findings of the
accident procedures. ‘

Application

This procedure should be performed at all identified hazardous loca-
tions as a supplement to the accident procedures. It will assure that the
summiaries produced by these procedures are consistent with an accurate
record of field conditions.
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in this proceaure, a review of the site conditions and the traffic
operations is made. The review of field concitions (site survey), as the
driver experiences it, involves physically driving thrcugh the Tocation.
I't also involves the structured review of the location to identify hazards
ana probiems. The findings obtained from the accident procedures will
assist in performing this step. :

@ Performance Guidelines

It is more favorable to use two people (at Teast one experienced
engineer, if available} to conduct the drive throuch. One person will
cbserve and drive and the other person will observe ana record. A tape
recorder may be the easiest means of recording the general observations
and comments cbtained during this step. Completion of the data form shown
in Figure 15 is necessary for specific observations, although it may be
more convenient to complete the form at a later time, based on the taped
information. During the site survey, it is also desirable to check fhe
accuracy and completeness of any condition diagrams prepared or obtained
for the study area.

!

When driving through the location, all approaches should be reviewed.
This survey should be conducted to include sufficient cdistances in advance
of the study area tc observe the total area of infiuence.

For effective results, the study area should initially be driven at
normal travel speeds to experience the Tocation as motorists would, The
foilow-up trips should then be driven slowly to permit recording of the
data and observation of the physical characteristics of the site. For
these observations, the field review checklist should be utilized. It may
21so be advantageous for the observer to walk the study area to review the
physical characteristics. At this time, it would also be extrenely valu-
able to obtain a film recorc of the site for future reference purposes. A
final task during the site survey would be tc look for gooa station loca-
ticns from which to observe the traffic operations within the study area.

This portion of the study procedure can be performed under any traf-
Tic conditions, whereas, the traffic operations review requires observa-
tion under specific traffic conditions. However, for certain situations,
such as assessing the effectiveness of reflectorized materials or highway
lighting, review under nighttime conditions may be necessary. Although it
is more efficient to perform the safety performance study during & single
survey period, it may be necessary, particularly for high volume or high
information lcad locations, tc perform the site survey separaie from the

traffic operaticnal review.

The review of traffic operations at the study iocation is typically
performed following the site survey. A single cbserver is normally used.
The observer should be experienced in safety and traffic operations. The
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use of an engineer is recommended. However, a highly trained technician
may serve & similar purpose. Where the complexity of the situation
warran s, & nu]ti«eiscipiinah/ team may be used. The observer(s) should

Nt arVs cnlartnad yand ratnto withadn tha efiiAy awas o oy Tl
L)C DuGbiUHC\J GL, oD I CLwLTu VGilLGbC }JUiIIL-.D oLl l.ilC .)buu_y arcda LL: VICV Lhs
field operations. These vantage points should be situated such that the
presence of &an observer wouid not significantly influence the motorist

hehavior in the area.

h
S

Sing the chacklist of operational items, the cbserver reviews the
site. Particular attention should be given to gperational characteristics
noted as being "possible accident causes” from the accident procedures.
The checklist is completed and appropriate comments reccorded.

The traffic operations review should normally be carried out during
the most adverse operational conditions or as defined from the accident
sunmary by time of day procedure. For instance, in urban areas, traffic

probiems are typically most acute during the morning or evening peak peri-
odsg

The Tength of the review periods are based upon the amount of data
necassary to adequately identify the deficiency. Table 7 displays reccim-
nended minimum survey perigds for a location as a function of its highway
type and the element{s) to be specifically cbserved. Where several ele-
ments are to Dbe observed at one time, the study pericd should, at a
minimuri, correspond to the Tongest specified period for an individual
element, Dependent upon the information load and the location's charac-
teristics, a longer overai! study pericd may be neeced to permit cobserva-
tion of all pertinent factors at the location,

Alternate Techniques

Several techniques ars available for performing a safety performance
study. They include

1. Manual {field) method.
2. Photographic techniques.
- Ground method.

- Aerial surveillance.
Primary considerations for these techniques are defined in Table 8.

.y ap .l

@ Manual {Field) Method

This method is the most widely used technique. Although most States
use this study procedure on a demand or spoi review basis, several States
use the field method to provide continuous monitoring of a location or
situation. This method consists of the con-site visual observation or
inspection of the traffic operations and roadway facilities Dy trained
personnel. These conditions are observed and, if possibie, the cause of
any unusual or erratic Dehavior is determined. In additicn, any
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Table 8. Primary considerations for safety performance review.
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unigue Teatures &t the location are noted. If possible, discussions with
people 1ivir r working near the location (to obtain input from daily
users) are initiated. After these steps have been completea, the observa-
tions based on the checklist of field-related questicns are recorded and
comrents provided where necessary. This 1ist of observations is further

used tc identify and verify possible accident causes.
Advantages:
l. Permits the review of the total scope of the study locatien.
2. Permits the close-up review of certain physical deficiencies.
3. Requires minimal equipment needs.

Disadvantages:

. No permanent record of the fiel

i

1
2. Study results may contain human bi

jl

rayi
] i

se

eview,
ases

This method is favored in most safety review situations due to the
fiexibility in observing the study Tlocation from all approaches, thereby
permitting a review of a creater number of situations. However, as the
Tocation becomes more complex (higher volumes, greater number of movement
types and conflicts), the advantages of this method lessen considerably as
the reviewer has too much data to “interpret” or review. For high velume
and complex situations, use of extra personnel or the use of the photo-

graphic techniques may be more appropriate.

@ Photographic Methods

These methods have also been used in safety performance studies.
These nethods provide a permanent record of the site conditions. Two
typical filming rethods are available -~ the ground method and aerial
surveillance. Both approaches have the capacity of using either a time-

lapse or & continuous~Tilming process.

The ground level method allows observation of the highway facilities
and traffic operations using camera equipment situated near the study
area. The equipment is typically situated at a height greater than 10
ft. to permit the coverage of a wide area. It alsc reduces the chance of
vandalism of the equipment. To permit the review of the field conditions
from a number of approaches, the use of additicnal cameras may be neces-
sary. Typically, however, a single camera is used. For link or corridor
analysis, a series of cameras lccated at key locations within the study
area will be required.

Prior to setup of the camera, the study area is driven from different
approaches to view the roadway environment as the driver sees it and to
review the physical roadway environs using the checklist of guestions. In
addition, any unicue features of the location are ncted. If possible,
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discussions with pecple Tiving or working near the Tocetion are mace.
This will help to famiiiarize the cobserver with the Jocation.

In setting up tne camera, a vantage point is selected to obtain &
wide area of coverage. This area of coverage wili De related to the
expected area of traffic activity at the fiocation. For intersections, it
should include, at a minimum, & view of ali apprcaches to the intersec-
tion. If possibie, it should encompass a distance of approximately 200
Tt. along each approach ley. Along Tinks, & view of the entire study link
snould be made. This may recuire several cameras. These areas are iiju-
strated in Figure 16.

Filming of the location is performed using either {ime-lapse ¢r con-
tinuous~-film (videclog) photography. With time-lapse equipment, photo-
graphs are shot &t specific time intervals (e.G., every 0.5 sec.) while
continous photography permits continous filming of the Tocation. Both
methods produce favorable ocutputs. However, the time- lapse equipment
aliows a greater fiiming period per film rcll. Detailed descriptions of
the time-lapse and continoys film methods are provided in Appendix D.

The film is reviewed in a manner simiiar to the field method. The
checklists of questions are used to evaluate the field operations and
conditions while the film is shown on the screen. The review process
requires a trained enginer familiar not only with traffic engineering and
safety principles but alsc with photography principles such as distor-
tion, camera angile cof view, etc. In this way, a more accurate interpreta-
ticn of the fiela data can be obtained. Where more than a sincle camera
is used at one site, conditiors are evaluated with the simuitanscus view-
ing of both film records. From the information obtained from the fisld
survey and film record, the further identification and verification of
possible accident cazuses (as determined in Activity 1) can be made.

Advantaces:

1. Provides a pictorial record of the Tocation under operating
conditions.

2. Permits the review of the film by a team of engineers, when
necessary, without site visits.

3. Allows data to be cbtained for cther traffic variables such
as volume, gap, and speed data.

4., Allows fieid information to be obtained over an extended
period of time.
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Figure 16. Filming method.
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Lisadvantages:

1. Equipment costs are considerable.

2. FPhysical characteristics may not be shown clearly due %o
gisterticns, Tlack of lighting, poor weather concitions,
ete..

Requires additional lighting to perform nighttime studies.
Camera field of view may tend to distort traffic activities.

g (a2
.

Aerial surveillance is an alternate photographic technique which
requires filming the stuay area from an overnead location using an air-
plane or nelicopter. The study area is filmed during the entire study
pericc to cobtain the traffic operations review of tne location. In con-
Junction with the filming activities {(but not necessarily the same day), a
Tield review of the roadway environment is made. For both porticns of the
study, the check- Tist of questions should be used. In the field portion
of this technique, review of traffic operations can also be performed as &
check of the aerial data.

In viewing the film record, the overhead filming will typically allow
for a greater perspective and coverage of the study erea than by the
ground level method. This review, however, will require that the cbserver
be familiar with the proper use and analysis of film records. The infor-
mation obtained by aerial phnotography may provide a more accurate review
of the traffic mopvement at the location than ground nethods since the
overall study area can usually be more ciearly seen, However, a lack of
clarity in relating traffic movements to specific physical characteristics
for which identificaticn is difficult or impossible from overhead (sign-
ing, signal phase operation) can result.

Acdvantages:

1. Provides & pictorial record of the location.

. Provides a wide area of coverage and perspective of the
location.

Can provide a continuous review along a segment or corridor.
Can obtain data on other traffic variables.

Permits the review of the fiin by a team of engineers, when
necessary.

™
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Disadvantages:

1. Equipment needs and costs are high.

2. Regquires additional field review. to obtain evaluation of
physical elements.

3., Difficult to use for nighttime studies.

4. Can Dbe difficult to interpret causes of operaticnal

deficiencies.
5. Effectiveness and clarity of film is highly dependent on
weatner and light conditions.

This technique is advantagecus for long segment lengths or corridor
analysis. Filming of the location is costly and a field review for evalu-
ation of the physical elements is still required. For field situations in
which additional traffic stream data (e.g., volume, speed, gap, etc.) can
be obtained in conjunction with the operational review, this technique
couid be advantagecus.

Selection Of Technique

In selecting the appropriate technique for performing safety
performance studies, the primary management concerns are the tire,
manpower, and equipment resources required for each technigue and the
comprehensiveness of the review phase cof each information type; i.e.,
physical and operational items. Table ¢ displays the utility of each
technique as they relate to the specific management concern.

In selecting an appropriate technique, Table 10 is used to suggest a
preferred technique for a given situation. Wwhere niore than one technique
is feasible the information in Table 9 would be used to select the best
technigue. To assist in the selection process, several guidelines are
provided. They are:

1. The manual method should be used in safety performance studies at
spot locations or short segment lengths. This is primarily cue
to the technigue's low personnel and equipment needs.

Z. VWhere situations are complex (with a greater number of conflict-
ing movements) and a team review of the field situation is usea,
the ground Tevel photographic technique may be favored.

3. Aerial surveillance is favored for corridor-type analysis. Due
to the length of the study area for this type of analysis, review
Dy other means is difficult. The aerial method allows one to
film a greater perspective of the field area. For this reascn,

this technique is also favored at complex freeway interchanges.
q
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Tabie .

of safely

serfurmance studies.

"

" Techniyue
A

N\

Management Concern

Field Method

shotographic Technique

Ground Level Methoo

Aerial Surveillance

Manpower requirements

‘Traffic engineer or
trained technician
Tor field raview

® Traffic engineer to
view film and field
revies physical char-
acteristics

@ Trained technician
for camera set-up

o Traffic engineer to view
film

® Trained techmician or
traffic engineer for
field review of physical
characteristic

Equipment requirements

Minimal

o Camera equipment

@ Airplane or helicopter
availability
Gamera equipment

Time requirementis

Lsually limited to
two hours or less
{due te human Yimi-
taticns)

@ Able to use over ex-
tended period of tige

@ Limited by flying time of
airplane or heiicopter

Comprehensivenass of
informatfon

- UPERATION-RELATED

Provides detalled
review

@ Provides detailed re-
view (limited by
camera perspective)

® Provides general review

- PHEYSICAL ROADWAY
ELEMENTS

Provides detailed
review

# Reqguires separate
field raview

Requires separate field
review

-~
|

able 10,

Favorable safety perfcrmance techniques.

Technigue

Situation

Photographic Technigue

Field Method

Groung Method

Aerial Surveillance

Intersection or

spot lecation X X
Roadway segment
or iink X X
Corridor X
]
Interchange e bt X
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Activity 3 - Select Appropriate Traffic, environmental, and Special Study
PYoCedures

Purgose

The purpose of this activity is to select the traffic, environmental,
and special study procedures needed to verity and define the safety defi-
ciencies &t a hazardous location.

Overview

To properly select appropriate safety improvements for & location, an
accurate definition of the safety deficiencies is necessary. In this way,
unsatisfactory conditions can be described better and more appropriate
counterrieasures developed to resolve or alleviate the safety problems,

To accurately define the safety deficiencies at a site so that appro-
priate safety improvements can be developed, the following considerations
should be included:

® Probable accident cause.
@ Field conditions relating the probable cause.
® 4 neasure (extent) of the prcblems where feasible.

These considerations can be defined using the procedures described
within this Guide. For example, information on the orobable cause of
accidents is obtained primarily from the accident-based procedures {Proce-
dures 1-5) and verified by field review {Procedure 6), traffic-based
(Procedure 7-14}, environmental-based, (Procedure 15-20§, and speciail
study procedures (Procedure 21-24). The field concitions which relate the
probabie accident cause and the measure of the safety problem are provided
by the traffic, environmental, and special study procedures.

To appropriately define these consicerations, it 1is necessary that
the proper information be cbtained to describe them. This requires that
procedures be selected which will result in the collection of the neces-
sary data and procuction of the desired findings. These proecedures in-
clude:

® Traffic-Based Procedures

rrocedure 7 - Volume Study

Procedure 8 - Spot Speed Study

Procedure § - Travel Time and Delay Study

Procedure 10 - Roadway and Intersection Capacity Study
Procedure 11 - Traffic Conflict Study

Procedure 12 - Gap Study

Procedure 13 - Traffic Lane Cccupancy Study

Procedure 14 - (ueue Length Study

LI Y D N |
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& Environment-Based Procedures

& Procedure 15 - Roadway Inventory Study

@ Procedure 16 - Sight Cistance Study

® Procedure 17 - Skid Resistance Study

® Procedure 18 - Highway Lignting Study

@ °“rocedure 19 - Weather-Related Study

® Special Study Procedures

e Procecure 20 - Scnool Crossing Stucgy

& Procedure 21 - Railroad Crossing Study

® Procedure 22 - Traffic Control Device Studay
¢ Procedure 23 - Bicycle or Pedesirian Study

Before selecting the appropriate procedures, additional data needed
to define the safety deficiencies uust be identified. Based on the ob-
served accident patterns and possible causes, the data needs can be
identified by Table 11, This table displays the relationship between
accident pattern, possible accident causes, data needs, anda study proce-
dures. Following the sequence of the teble, the accident pattern and
possible cause information are used to identify the data needs.

Once all date needs are defined, a search of available recoras or
files is made to collect currently available date. This information may
be used as representative of the site cocnditions and, thus, eliminate
further need for collecting tnis particular data through an indepencent
study. Care should be taken that this data be representative of current
conditions. The use of inappropriate data can result in an inmproper
definition of a safety problem

To assist in assuring the accuracy of tne data, several guidelines
can be used. They are:

1. Where recent physical or operational changes in the study area
have been made of a type that might have an impact in the traffic
characteristics under review, data taken prior and curing imple-
mentation of these changes should not be used.

2. Data cobtained pricr to the accident review perioas should not oe

used.

Once the data has been determined to be representative of current
conditions, it shoulda be checked against the 1ist of required data needs
identified from Table 11. This step will avoid duplicaticn of effort in
obtaining the data needs through an independent study.

khen the finalized 1ist of data needs has been determined, the proce-
dures to obtain the data can be selected. Table 11 1is again used to
assist in the selection process. It lists the traffic-based, environment-
based, and special study procedures for the collection of data neecs.



Table 11.

Determination of selected procedures.

Accident Pattern

Possible Causes

Data Needs

Procedures
ta ba Performed

Left-turn head-on
collisions

Large volume of left-
turns

Restricted sight
distance

Toc short amber
phase

Absence of special
left-turning phase

Excessive speed on
approaches

Volume data

Vehicle conflicts

Roadway inventory

Signal timing and
phasing

Travel time and
delay data

Roadway inventory

Sight distance
characteristics

Speed character-
istics

Speed character-
istics

Yolume data

Roadway inventory

Signal timing and
phasing

Volume data

Roadway inventory

Signal timing and
phasing

Detay data

Speed character-
istics

Volume Study

Traffic Conflict
Study

Roadway Inventory
Study

Capacity Study

Travel Time and
Detay Study

Roadway Inventory
Study

Sight Distance
Study

Spot Speed Study

Spot Speed Study

Volume Study

Roadway Inventery
Study

Capagity Study

Yolume Study

Roadway Inventory
Study

Capacity Study

Travel Time and
Belay Study

Spot Speed Study

Rear-end collisions
at unsignalized
intersections

Drivers not aware of
intersection

Stippery surface

Roadway inventory

Sight distance
characteristics

Speed character-
istics

Pavement skid re-
sistance charac-
teristics

Conflicts resuil-
ting from slip-
pery surface

Roadway Inventory
Study

Sight Distance
Study

Spot Speed Study

Skid Resistance
Study

Weather-Related
Study

Traffic Conflice
Study




Table 11. Determination of selected procedures {(Continued).
?
I . 5 Procedures
i Accident Pattern Possible Causes Data Needs to he Performed

Rear-end collisions
at unsignalized
intersections

lLarge number of turn-
ing vehiclies

Inadequate roadway
lighting

Excessive speed on
approaches

Lack of edequate gaps

Crossing pedestrians

Yolume data
Roadway inventory
Conflict data

Roadway inventory

Volume data

Data on existing
lighting

Speed character-
istics

Roadway inventory
Volume data
Gap data

Padastrian volumes

Pedestrian/vehicle
conflicts

Signal inventory

Volume Study

Roadway I[nventory
Study

Traffic Conflict
Study

Roadway Inventory
Study

Volume Study

Highway Lighting
Study

Spot Speed Study

Roadway Inventory
Study

Volume Study

Gap Study

Voiume Study

Pedestrian Study

Roadway Inventory
Study

Rear-end cellisions
at signalized
intersections

Siippery surfage

Large number of
turning vehicles

Poor visibility of
signals

Pavement skid re-
sistance charac-
taristics

Conflicts resulting
from siippery
surface

Volume data
Roadway inventory.
Conflict data
Travel time and
delay data

Roadway inventory
Signal review
Traffic conflicts

Skid Resistance
Study

Weather-Related
Study

Traffic Conflict
Stuady

Volume Study

Roadway Inventory
Study

Traffic Conflict
Study

Delay Study

Roadway Inventory
Study

Traffic Contro)
Bevice Study

Traffic Conflict
Study




Table 11.

Detarmination of selected procedures

{Continued).

Accident Pattern

Pussible Causes

Data Needs

Procadures
t¢ be Performed

Rear-end collisions
at signalized
intersections

Inadequate signal
timing

Unwarranted signal

Inadequate roadway

Tighting

g
1

essiy
Bproa

G m
o
M W

Crossing pedestrians

Roadway inventory

Signai timing
plans

Volume data

Travel time and
delay data

Roadway inventary
Volume data

Roadway inventory

Volume data

Data on existing
1ighting

Pedestrian
volumes

Pedesirian/vehi-
c¢le confiicts

Signal inventory

Roadway Inventory
Study

Intersection
Capacity Study

Travel Time and
Delay Study

Roadway Inventory
Study
Volume Study

Roadway Inventory
Study

Volume Study

Highway Lighting
Study

Volume Study

Pedestrian Study

Roadway Inventory
Study

Right-angle colli-
sions at signal

Lord e oy B PO 1 1

ized intersections

Restricted sight
distance

Excessive speed on
approaches

Poor visibility of
signals

Roadway inventory
Sight distance
Al amand amTt ottt an
LHaI gL LT faL il

Travel speed in-
formation

Speed character-
istics

Roadway inventory
Signal review
Traffic conflicts

Roadway Inventory

Study
Sight Distance
Study

Spot Speed Study

Spot Speed Study

Roadway Inventory
Study

Traffic Control
Device Study

Traffic Conflict

Study
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Table 1

. Determination of selected procedurss

{Continued) .

Accident Pattern

Possible Causes

Data Needs

Procedures
to be Performed

Rear-end collisions
at signalized

R A vdn § o am
TRLgrSELLYIQIS

Inadequate signal
timing

Inadequate roadway
Tighting

Intersection advance
warning signs

Large total inter-
section volume

Roadway inventory

Signal timing
olans

Volume data

Delay data

Roadway inventory

Yolume data

Data on existing
lighting

Roadway inventory

Speed character-
istics

Traffic conflicts

Yolume data
Roadway inventory

Roadway Inventory

Study

Tume Study

tersection

Capacity Study

Travel Time and
Delay Study

LY .
vy
In

Highway Lighting
Study

Roadway Inventory
Study

Volume Study

Roadway Inventory
Study

Spot Speed Study

Traffic Conflict
Study

Yolume Study
Intersection
Capacity Study

Aiah+_annla ~n

niyfiv=dngle Lu:la=
sions at unsignal-
ized intersections

lLarge total intersec-
tion volume

Excessive speed on
approaches

Inadeguate roadway
1ighting

g

MAadway ThAvan
iy 1 i

ATy nysy
ght distance
characteristics
Speed character-
istics

Volume data
Roadway inventory
Delay data

Speed character-
jstics

Roadway inventory

Yolume data

Data on existing
lighting

Sight Distance -~

Study
Spot Speed Study

Yolume Study

Intersection
Capacity Study

Traffic Control
Device Study

Trzyal Tima and
LY R 1 1S Uina

Delay Study

Spot Speed Study

Roadway Inventory
Study

Volume Study

Highway Lighting
tudy




Table 11,

Determination of selected procedures

(Continued).

Accident Pattern

Possible Causes

Data Needs

Procedures
to be Performed

Right-angle colli-
sions at unsignal-
1zed intersections

Intersection advance
warning signs

Roadway inventory

Speed character~
istics

Traffic conflicts

Roadway Inventory
Study

Spot Speed Study

Traffic Conflict
Study

Inadequate traffic Roadway inventory Roadway Inventory
control devices Volume data Study
Traffic control Volume Study
device adherence| Traffic Control
Device Study
Pedestrian-vehicle Restricted sight Roadway inventory | Roadway Inventory
coliisions distance Speed character- Study
istics Spot Speed Study
Sight distance Sight Distance
characteristics Study
Inadsnauatp protec- Pedestrian volumes \!n'!nmn Study

ote
tion for pedes
trians

Schoal crossing area

Inadequate signals

Inadequate signal
phasing

(g fupe R VY | Hiwpc

Safe crossing gaps

Roadway inventory

Speed character-
fstics

Pedestrian volumes
Safe crossing gaps
Roadway inventory

Speed charactar-

istics

Pedestrian volumes

Pedestrian/venicle
conflicts

Roadway inventory

Pedestrian volumes
Vehicle valumes
Roadway inventory
Pedestrian/vehicle
conflicts

LA R R

Gap Study

School Crossing
Study

Roadway Inventory
Study

Spot Speed Study

Yolume Study
Gap Study

School Crossing

Ctiertu
IRty

Roadway Inventory
Study
Spot Speed Study

Volume Study

Pedestrian Study

Roadway Inventory
Study

Volume Study

Roadway Inventory
Study

Pedestrian Study




Determination of selected procedures

{Continued}.

mid_hlinclk

s renccIinac
MIUTUI VLA W UJ21dIYS

Inadequate pavement
markings

Inadequate gaps at un-
signalized intersec-
tions

Inadequate roadway
lighting

Excessive vehicle speed

Speed character-
istics

Pedestrian volumes

Rocadway inventory

Roadway inventory
Traffic conflicts

Roadway inventory

Volume data

Gap data

Speed character-
istics

Pedestrian/vehicle
conflicts

Roadway inveniory
Volume data

Nz+a nn avictina
udha UH BRISVING

Tighting

Speed character-
istics

) Procedures
Accident Pattern Possible Causes Data Needs to be Performad
Pedestrian-vehicle Oriver had inadequate Pedestrian/vehicle | Pedestrian Study

collisions warning of frequent conflict Spot Speed Study

Volume Study
Roadway Inventory
Study

Roadway Inventory
Study

Traffic Control
Device Study

Traffic Conflict
Study

Roadway Inventory
Study

Yolume Study

Gap Study

Spot Speed Study

Pedestrian Study

Roadway Inventory
Study

falima St
fOUNe JLU
1 H

ifahway L
Study

’

A
uy .
ghting

Spot Speed Study

Run-off-road
collisions

Slippery pavement

Roadway design inade-
quate for traffic
conditions

Poor delineation

Skid resistance
characteristics

Conflicts resul-
ting from slip-
pery surface

Rcadway inventory

Speed character-
istics

Sight distance
characteristics

Roadway inventory
Erratic maneuvers

Skid Resistance
Study

Weather-Related
Study

Traffic Conflict

Study

Roadway Inventory
Study

Spot Speed Study

Sight Distance
Study

Roadway Inventory
Study

Traffic Conflict
Study

78




Table 11.

Determination of selected prccedures

(Continued}.

Accident Pattern

Possible Causes

Pata Needs

Procedures
to be Performed

Run~gff-road
collisions

Inadequate roadway
1ighting

Inadequate shoulder

Improper channelization

Inadequate pavement
maintanance

Poor visibility

Excessive speed along
roadway

Roadway inventory

Volume data

Data on existing
Tighting

Roadway inventary
Erratic maneuvers

Roadway invantory
Erratic maneuvers

Pavement roughness
characteristics

Fog data

Speed c¢haracter-
istics

Roadway Inventory
Study

Volume Study

Highway Lighting
Study

Roadway Inventory
Study

Traffic Conflict
Study

Roadway Inventory
Study
Traffic Conflict

Study

Roadway Service-
ability Study

Weather-Related
Study

Spot Speed Study

Fixed-object
collisions

Obstructions in or too
close to roadway

Inadequate roadway
lighting

Inadequate pavement
marking

Inadequate signs, de-
lineators and guard-
rails

Roadway inventory
Erratic maneuvers

Roadway inventory

Yolume data

Cata on existing
Tighting

Roadway inventory
Erratic maneuvers

Roadway inventory
Erratic maneuvers

Roadway Inventory
Study

Roadway Inventory
Study

Volume Study

Highway Lighting
Study

Roadway Inventory
Study

Traffic Control
Device Study

Traffic Conflict
Study

Roadway Inventory
Study

Traffic Conflict
Study




Table 11.

Determination of selected procedures

{Continued).

Accident Pattern

Possible Causes

Data Meeds

Procedures
to be Performed

Fixed-chject
collisicns

Inadequate roadway
design

S1ippery surface

Excessive vehicle speed

Roadway inventory

Speed character-
istics

Sight distance
Ccharacteristics

Skid resistance
characteristics

Conflicts resul-
ting from slip-
pery surface

Speed character-
istics

Roadway Inventory
Study

Spct Speed Study
Sight Distance
tudy

Skid Resistance
Study

Weather-Relatad
Study

Traffic Conflict
Study

Spot Speed Study

Cellisions with
parked or parking
vehicles

Impreper pavement
marking

Improper parking clear-
ance at driveways

Angle parking

Excessive vehicle speed

I11egal parking

Improper parking

Large parking turnover

Roadway inventory

Roadway inventory

Roadway inventory
Traffic conflicts

Speed character-
istics

Roadway inventory

Roadway inventory

Roadway inventory
Traffic conflicts

Roadway Inventory
Study

Traffic Control
Device Study

Roadway Inventory
Study

Roadway Inventory
Study

Traffic Conflict
Study

Spot Spead Study

Roadway Inventory
Study

Roadway Inventory
Study

Roadway Inventory
Study

Traffic Conflict
Study

Sideswipe or head-on
collisions

Inadeguate roadway
design

Roadway inventory

Speed character-
istics

Sight distancs
characteristics

Roadway Inventory
Study

Spot Speed Study

Sight Distance
Study
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Table 11.

Determination of selected procedures

{Continued).

Accident Pattern

Possible Causes

Data Needs

Procedures
to be Performed

Sideswipe or head-on

collisions

Improper rcad mainten-
ance

Inadequate shoulders

Excessive vehicle speed

Inadequate pavement
marking

Inadequate channeliza-
tion ‘

Inadequate signing

Pavement roughness
¢characteristics

Roadway inventory
Traffic conflicts

Speed character-
istics

Roadway inventory
Traffic conflicts

Roadway inventory
Traffic conflicts

Roadway inventory
Traffic conflicts

Roadway Service-
ability Study

Roadway Inventory
Study

Traffic Conflict
Study

Spot Speed Study

Roadway Inventory
Study

Traffic Conflict
Study

Traffic Control
Device Study

Roadway Inventory
Study

Traffic Confiict
Study

Roadway Inventory
Study

Traffic Conflict
Study

Driveway-related
collisions

Left-turning vehicles

Improperly located
driveway

Right-turning vehicles

Volume data
Traffic conflicts
Roadway inventory

Roadway inventory
Volume data
Traffic conflicts

Volume data
Roadway inventory
Traffic conflicts

- Volume Study

Traffic Conflict
Study

Roadway Inventory
Study

Roadway Inventory
Study

Yolume Study

Traffic Conflict
Study

Yolume Study

Roadway Inventory
Study

Traffic Conflict
Study
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Taplie 11.

Determination of selected procedures (Continued).

Accident Pattern

Possible Causes

Data Needs i to be Performed

Oriveway-related
collisions

Large volume of through
traffic

Restricted sight dis~
Tance

Inadequate roadway
lighting

txcessive speeds on
approaches

Yolume data

Speed data

Gap data

Travel time and
delay data

Roadway inventory

Roadway inventory

Speed character-
istics

Sight distance
characteristics

Roadway inventory

Volume data

Data on existing
lighting

Speed character-
istics

Procedures

Volume study

Spot Speed Study

Gap Study

Travel Time and
Delay Study

Roadway Inventory

" Study

Roadway Inventory
Study

Spot Speed Study

Sight Distance
Study

Roadway Inventory
tudy

Yolume Study

Highway Lighting
Study

Spot Speed Study

|

;
i

Train-vehicle
accidants

Restricted sight
distance

Poor visibility

Excessive speeds on
aporoaches

Improper traffic signal
pre-empticn timing

Roadwzy inventory

Speed character-
istics

Sight distance
characteristics

Railroad data

Readway inventory

Fog data
Lighting data

Speed character-
istics

Roadway inventory

Roadway Inventory
Study

Weather-Related
Study

Highway Lighting
Study

Roadway Inventory
Study

Weather-Related
Study

Highway Lighting
Study

Spot Speed Study
Roadway Inventery

Study
Volume Study

Railroad Crossing

Study
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Table 11.

Determination of selected procedures (Continued).

Accident Pattern

Possible Causes

Train=-vehicle
accidents

Inadequate pavement
markings

Slippery surface

Improper pre-emption
‘ timing of RR signals
! or gates

Sharp crossing angle

Rough crossing surface

Data Needs

Roadway inventory

Skid resistance
characteristics

Conflicts related
to slippery sur-
face

Speed data

Sight distance
characteristics

Roadway inventory

Railroad data

Roadway inventory
Traffic conflicts

Roadway inventory

Speed data

Sight distance
characteristics

Railroad data

Procedures
to he Performed

Roadway Inventory
Study

Railroad Crossing
Study

Traffic Control
Device Study

Skid Resistance
Study

Weather-Related
Study

Spot Speed Study

Sight Distance
Study

Roadway Inventory
Study

Railroad Crossing
Study

Roadway inventory
Study

Traffic Conflict
Study

Roadway Inventory
Study

Spot Speed Study

Sight Distance
Study

Railroad Crossing
Study

Wet pavement
accidents

Slippery pavement

Inadequate drainage;
Inadequate pavement
markings

Skid resistance
characteristics

Conflicts resul-
ting from slip-
prey surface

Field review notes

Roadway inventory
data

Traffic conflict
data

Skid Resistance
Study

Weather-Related
Study

Safety Perform-
ance Study

Roadway Inventory
Study

Traffic Conflict
Study
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Tab

Determination of selected vrocedures {Continued).

[

Accident Pattern

o

Possible Causes

Data Needs

Proceduras
to be Performed

PR —

Night accidents

Poor visibility or
lighting

Poor sign quality;

Inadequate channeliza-
tion or delineation

Roadway inventory

Volume data

Data on existing
tighting

Traffic conflicts

Field review notes

Roadway inventory
data

Traffic conflict
data

Roadway Inventory
Study

Volume Study

Highway Lighting
Study

Traffic Conflict
Study

Safety Perform-
ance Study

Roadway Inventory
Study

Traffic Conflict
Study




This table, however, should not be deemed conclusive. Field situations

may result in some changes in the list of procedures. However,the table
does provide & usable tcol.

A search of the table for the respective situation will reveal the
procedures available tc obtain tne required data. For example, where

volune data is required, the use of volume study procecures will be aesig-
rated. Another ﬂxamnT@ would be where infeormation on the average queue
Tength at a 51gna11zed intersection for waiting left-turn venhicles s
desired. In this case, the queue length study procedure should be per-
formed. Appendix € displays the list of procedures and the various data
which can be obtained from them

It should be noted that within a procedure, a significant amouri of
data from other procedures are used. For example, in performing the sight
distance procedure, spot speed information typically cbtained from a spot
speed study procedure is used. Also, information from the roadway inven-
tory study procedure may be used.

Findings

Based on the input of the previous activities, further data needs an
the selection of the traffic, environmental and spec1a1 study procedures
will be made., These procecures w#will identify the necessary data and be
used to define the safety deficiencies at a site. With this data, the

selection of appropriate safety improvements can be accomplished.

-t

f£u

.
ja¥]
)

Inputs and Qutputs of Activity

® Inputs

® ldentified accident patterns anc probable causes.
® Available traffic and roadway data.

® Outputs

® List of data needs to define safety deficiencies.
® Recomnended procedures te cbtain data.

Description of Procedures

As an output of this activity, recommendations on traffic-based,
environment-based, and special study procedures to assist in selecting
safety-related countermeasures are provided. Following are the descrip-

tions of these procedures.
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TRAFFIC-BASED PRGCEDURES

Traffic-based procedures entail the stuay ie traffic characteris-
tics of a facility. This includes such basic traffic data as speec and
volume, and the more inter-related data, such as occupancy and capacity
characteristics. Not all traffic-based procedures are included in a study
of a hazardous site or condition. They are performed based on the pos-
sible accident causes obtained from the accident and fiela review proce-
dures. The findings from these studfes identify the traffic characteris-
tics cof the study area. 8y fidentifying these characteristics, a more
specitic definition of the safety deficiency can be determined and hence
greater reliability in the selection of safety-related countermeasures may

be obtained.

U
]

Since clearly defined relationships between many traffic characteris-
tics and safety do not exist, the resuits of these procedures are used in
conjunction with the accident findings to orovide a more accurate identi-
fication of the safety deficiencies. The findings are also used in the
economic analysis of countermeasures to assist in developing the specific
benefits or disbenefits of each countermeasure. In addition, the findings
may be used in the Evaluation Component of the Highway Safety Improvement

. L= It n P E . P N : ~
Program (HSIP) to identify the “"before" characteristics for an implemented

LER TR Y A Y

countermeasure.

Within Activity 3, the following procedures are described:

® Procedure 7 - Volume Study.

® Procecure 3 - Spot Speed Study.

® Procedure 9 - Travel Time and Delay Study.

® Procedure 10 - Roadway and Intersection Capecity Stuay.
® Procedure 11 - Traffic Conflict Stuay.

® Frocedure 12 - Gap Study.

® Procedure 13 - Traffic Lane Occupancy Study.

® Procedure 14 - Queue Length Stuay.
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Procedure 7 - Volume Study

Purpose

Traffic volume studies are conducted tc determine the number and
movewent of vehicles and/or pedestrians within, througn, or at selected
points in an area. The resultant traffic vo1Jwes are used to identify an
exposure factor to for estimating safety rates.

Application

Within highway safety applicaticns, various forms of volume informa-
tion are used as input in highway safet” studies. These forms consist of
the following information types. ne period:

Annual total traffic volumes relate the estimated or actual volume at
the location for & full (365-day) year. This information is used
for:

@ Computing accident rates on an annual basis.

@ Measuring and establishing trends in traffic volume.

@ Relating annual travel in vehicle miles as economic Jjustifi-
cation for countermeasures (economic analyses) or as compari-
son data for evaluating "“measures of effectiveness" {project
evaluation),

AALT {average annual daily traffic) or ADT {average daily traffig)
represents a daily or Z4~hour traffic volume at & location, Specifi-
cally it is used in:

® Measuring the present traffic demand for service.
@ Cvaluating traffic variebles in cther procedures.
® Relating daily travel in vehicle miles as eccnomic justifica-

tion for countermeasures (economic analyses) or as comparison
data for evaluating ‘“measures of effectiveness” (project
evaluation).

Hourly volumes represent volumes during a specific l-hour time
period. They are used to:

® Review time-specific data required in other traffic-based
procedures; such a&s, oeTay and travel-time studies, traffic
conflict studies -

studies, ¢
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Peak hour volumes reoresent hourly traffic volumes during the high-
est, or peak, travel periods at a Tocation. This data can be used
for: :

® Lletermining safety-relatec deficiencies in hiighway capacity
(highway capacity analysis).

® Reviewing time-specific data required in other traffic-based
procedures used to select countermeasures.

® Planning and designing safety improvements; such as, geo-
metric changes, traffic operation and regulatory programs,
and enforcement measures.

short-term velumes are obtained for intervals of less than 1 hr. The
short-term count data (1-,5-,6-,10-min., etc. intervals) are typic-
ally used for:

® Estimating volumes for longer time pericds.

©® Analyzing maximum rates of flow and variations within peak
hours for use in other traffic-based procedures.

® CDetermining traffic characteristics by peak hour volumes.

By location, velume count information is normally obtained at an
intersection or at a midblock location.

Intersectional volume counts determine: {1} total traffic entering
the intersection from all legs, (2) total traffic executing each of
the possible turning movements, (3) total traffic by time periocs,
and (4) classification of vehicles by type. This informaticn is used
for:

® Aralyzing accident data (to help esteblish remedial
measures ).

® GLvaluating traffic variables related to intersection
operation such as delay data, capacity information, etc.

® UDesigning intersection improvements.

@® Justification of intersection improvements.
Midbiock volume counts are used tc determine: (1) total traffic from
each direction, (2) total traffic by time periods, and {(3) classifi-

cation of vehicle by type. This information has similar uses as do
intersectional volume data.
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Other types of volume data or informaticn can also prove useful for
various applications.

Classification volumes give the types of vehicle, number of axles,
weight, and dimensicns and are used for:

® Adjusting machire volume counts.
2 Analyzing accident data involving commercial vehicles.

® /Analyzing roadway capacity by determining the effect of
commercial vehicles,

® Designing roadway facilities with vrespect fo wininun
turning paths, ¢learances, grades, etc.

® Justifying and planning roadway improvements.
Pedestrian voluie counts are used for:
® Analyzing pedestrian accidents.

® Determining the volume of pedestrians alony a walkway
or at a cressing.

® Lvaluating the adequacy of pedestrian centrol and
protection facilities; {.e., pecestrian barriers,
pedestrian signal timings, etc.

® Assessing further pedestrian travel trends.
@& Justifying and planning pedestrian improvements.

In specifying the need for volume data, all count information is identi-
fied by: (1} a time period and {2) a Tocation. These factors are deter-
mined by the planned use of the data. Other volume data {such as classi-
fication or pedestrian volumes) are obtained, when necessary. In many
cases, the use of short term volumes and expansion Tactors can signiti-
cantly reduce the effort involved in a volume study by allowing use of a
short count periocd to project an estimate of the required volume data.

® Use of VYoluine Data

In highway safety analysis, veolume data is principally used as a
means to describe the exposure, either vehicular or pedestrian or ooth, &t
a hazardous location. For this applicaticn, the volume information is
related to ancther traffic variable to aid in cefinfng the study area's
characteristics. For example, in describing vehicle delay &t an inter-
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section, the collection of intersection approach volume data will allow a
description of the celay characteristics on & ‘“per-vehicle," ‘“per-
approach,” or "totai-intersection" basis. In identifying the Tlevel of
service of a facility, the volume cata is applied to a computed value for
the capacity of the facility in order to relate the facility's ability to
service the traffic demand.

Volume information is also used in the economic analysis and evalua-
tion of safety-related countermeasures by providing a common measure to
Compare similar data items. For instance, in an economic analysis of al-
ternatives, the use of volume data to compare the total henefits or dis-
benefits of an aiternative is beneficial. Similarly, in selecting pro-
Jjects for implementation agencywide, volume considerations can result in a
different implementation order {as related by the effects of the benefit/
disbenefit data). The use of volume information in the Evaluation
Component of the HSIP is in relating various “measures of effectiveness”
in rate-related terms.

In general, the uses of the volume information will dictate the
specific form of volume data to be collected. For example, in assessing
the hazardousness of a location (Process 2 of the Planning Component of
the HSIP), annual total traffic volumes are used to develep an accident
rate factor. The following table relates the specific time-related volume
information required within Process 3, "Conduct Engineering Studies", of
the HSIP.

PURPOSE VOLUME INFORMATION
1. Collecting and analyzing data @ Hourly volumes.
(Subprocess 1 - Process 3 - e Pezk hour volumes.
Planning Component). » Short-term counts.
2. Developing projects {Subprocess 3 ¢ Annual totatl traffic
- Process 3 - Planning Component ). volumes.
e AADT or ADT.

The planned use of the velume information, as specified by the procedures
within Process 3 of the HSIP, will further cefire the exact volume infor-
mation to be collected. For example, where it is required to obtain the
Tevel of service of a facility during the peak hours, peak-hour volumes
would be cotlected, Similarly, for use in conflict studies, it would be
necessary to obtain volume information simultanecusly with the recording
of the conflict data.
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® Performance Guidelines

Typically, the timeframe for collecting the volume information will
be based cn the timeframe of the accident summaries. Where the accident
procedures indicate patterns of accident activity during a specific period
of tne day, this period will generally be used as the basis for the per-
formence of other procedures used to study the possible accident causes.
Simiiarly, the volume information would also be collected during this
timeframe.

Gereral guidelines for the collection of volume data are:

1. The location of the count should be well defined for the study
purpose. If an intersection area is defined as the study loca-
tion, then the count data should comprise only that traffic which
passes through or utilizes the {ntersection. Care should be
taken that counts do not include traffic which may use driveways
focated near the intersection and fail to pass through the inter-
secticn. For midblock {or 1link} situation, similar criteria
should be used to avoic influencing the volume data with addi-
tional traffic.

¢. In central business districts or suburtan areas, counts shoula
generally be taken between noon Monday and ncon Friday since this
period has been shown to be most representative of typical traf-
fic conditions.

3. Except for special cases fin which the accident activity warrants
it, counting periods should not coincide with atypicial activ-
ities or conditions which may resuit in the coliection of non-
representative count data. These activities or conditions could
include holidays, sporting events, unusual weather, transit or
mass transportation strikes, or temporary street closures.

4. For counts at special traffic generator facilities, the count
periocas may differ from the usual period and should coincide with
the peak operation periods of the traffic generator.

® Use of Expansion Factors

When volume information is required for a time period greater than
that originally coliected, volume expansion factors can be used. Expan-
sion factors [30-32] are typically developed using a systematic volume
monitoring system consisting of a number of control stations.

For short-count periods (5,6,10 or 12 min. ), expansion to an hourly
count is a function of the numerical relationship of the count period
length to an hour. For exampie, to expand a 5-min. count to an hourly
volume a nultiplier of 60 min., divided by 5-min. = 12 would be applied to
the sampied count. Control stations could alsc be used for such short-
count expansions provided that such disaggregate data is coliected.



Study Techniques

Several techniques are available for collecting velume data. They
include the use of:

Mechanical counters.
Manual counts.
Photographic Methods.
Moving Vehicle Methoas.

o & 0 0

Information on primary considerations for these techni
in Table 12.

® Mechanical Counters

AL e o

- al s are most often used to record traffic volumes
where counts of a long duration (24 hours or longer) are required. Two
methods of nechanical counting are typically used: permanent {fixed)
counters and portable counters. Permanent counters are used for contin-
ucus count cata and differ mainly in thie vehicle detection technigue used.
Types of permanent counters include:

Prassure devices.
Pushbutton devices.
Photoelectric devices,
Radar devices.

Magnetic cevices.
Induction Toop devices.
Ultrasonic cevices.

- WE
Infrared devices.

Radio frequency devices.

e 0 % 9o ¥ & &

® @

Permanent counters [1-9] are generally used for & continuous system-
wide program of counting or vehicle detection and are not readily adapt-
able for use in highway safety analysis except at those locations where
permanent counters exist. The installed equipment consists of the detec-
tion device {installed inground, above-roadway, etc.) and a recorder con-
nected to the detection device and located at & safe distance from the
road (tc prevent any disruptions to traffic or to alleviate any effect as
a fixed object). The volume data can be output in various formats,
inciuding printed tape, graphical charts or computer tape, and is sither
stored on-site or is relayed to a central processing station.
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Table 12.

Primary considerations

technigues.

for volume study

Ira

U S .

~w.. Consideration

e

Function

Equipment
licguirements

Manpowar
Requi rements

oy

Tz
Nesqud romenta

A,

H,

. Moving

Mechanical
Countaers

1. Permanent

2, Portable

Records continuous count
data at Tixed locations

JLounting device {(normaltly
installed at individual
locationa aa part of a
systemside program)
.Racording device
.Miscellancous maintenance
squl pment

JAfter installation of

counlara, an expevienced
technician is necessdary
for waintenance purposes

Jingtallation time per
countoer ranyges trom 4-8 hra
Lbata vecording or analysis
time is minimal

kecords short-term,
puriodic covunts ac
a flexible list of
locations

JArafk counter {junior,
period, or senior)
Pneumatic road tubing,
cable scasors or tape-
switeh

Sinstallation equipisant
{hamwer, nails, end ple-
cag, ete,)

Miscellaneous maintenance
aqui proeht

Hanual
counta

Vehicle
Melhod

ume data with the usa
of field observars

Records directional
uvisluma data (and spacd
and travei-tima data)
atong roadway segments
while traversing the
roadway section

I,

Photo-
graphiac
Techinigues

LConnting board or hand
counker

JLencila

BData ahests
Laleulator

.Vehicle

Lounting board or hand
counter

Time cecording device or
analyuzer

JLienoity

Nata gheets

.Calculator

kecords volume data
{(and other siream flow
datae characterigtios)
from photographic re-~
corls

Lcamera

Time-lagse machaniam
LAdrplane availability
{dependent on technigue
waad)

Counking board or hand
tally

.Caleulator

JTwo technicians to install
countars (one person to
inatall counter, othor
person to alert traffic to
their presencel

. technician or enyincor
to record or adjust counts
. oexperienced technician
for equipment maintenance
PULPOSEE

jent on volume of
ic and tally equip-
ment used

»Manpower requirements
range from one to faour
techniciana

crachnielan or engloecr to
sum or adjust counts

LA driver {technician)

A mindmum of cne recorder
(dependent on traffic val-
umes and availability of
time recording devices}
Engineer to computa volitmes
and other data

LA parson expervienced in
pholoyraphic gset-up pro-
cedures

+h technician bto check
equipment during opara-
tion

A trained technician or
engineer to view and re-
word data

.With aerial photagraphy
pilot and experienced
engineer Lo calculate data
ia required

A minimum of six t

.Installation time ranges
from 15 minutes - oonc hour
per counter depandeni on
travel time, number of coun-
ters installed, and main-
tenance of counter

.Bata recording time is mi-
nor {approx,. 15 minutes per
24 hr. count)

LTime gpent in abtaining da-
fa varies with period of
caunt

Miaimal recording time
{typically perforned
in-rield)

rans
par direction is recom
mended
Duration of test runs is
dapendent on length of test
section and tims of day
(peak aor off-peak period)
Bata analysig roquives ap-
proximetely one half hour
per scction

~Camera set-up Ui i p-
proximataly onc-half honr
JTechnician cheak of equip-
nent varies with distance
of location Frem of fice
{ranges approximately from
1% minutes to an hour)
Datu review and analysis
time is related to period
of wotual count
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Table 12.

Primary considerations for volume study
techniques {continued).

Consideration

Procedure

Associated
Coats

Nata
input

Data
Obtained

bata
antput

A, Mechanical
Counters

1. Permancnt

2, Fortable

3. mManual
Caunts

C. Maving
Vohicle
Method

2. Photo-
graphic
Technigues

Counter and installation
{dependent on type se-
lected) - $1000-18,000

Specific location

continunous volume count
aspeed, and other traffi
duta.

(&3

W luwe, speed, and other
related traffic dqata,

Inicial cost of counter,
tubing, hawwoer, nails,
elte, - $850-52,000

specitic Iocation

Initial cost of count-
ing boards ranges fron
$125 (single countar}
to $450 (four counter
board}

specific location

S5pecific valume count
data (in suma cases,
spead and other related
traffic data

Specific volume count
data

Yolume data

velume data

Tnitial coat of record-
ing device or traffic
anlayzer (dependent on
capabilities) and mis-
cellanzoius mafntenance
eguipment - $1,000-
$3,900

Speacific location

Travel time;

opposing tratfic,
avertaking traffic,

and pagsed traffic data

Initial cost of camara
equipment (dependont
on gwality) -~ $5060~
$2,000

Specific location

spead, volume, vehicle
clasgification, spacing
Letween vehicles, and
vehicle movement (turn}
patctorng

Travel time, travel speed,
and volune data

gpeed, voluma, and other
traffic data




Advantages:

1' wr

2. Provides extensive fime coverage.

3. May be able to obtain cothner traffic variables, if necessary
(i.e., speed, gap, cccupancy, etc, ).

4, Can combine volume data with other information to provide
imediate input to traffic controls.

5. Provides a high service life, if maintained.

Disadvantages include:

Unable to obtain axle or classification counts.

Has high initial installation costs.

Can require high maintenance costs.

Can result 1in excessive disruption to traffic durirg
maintenance activities.

. Can be highly susceptible to vandalism.

Can be difficult to detect malfunctions where unit
continues to operate.
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Chief limitations to the manent-type counte safe
studies are tne high initial installation costs {(approx. $2,000 - 518,06
and thelr permanent nature. However, the permanence of these counters
makes tnem effective for use as control stations at either midblock or
intersection locations or as part of a data ccllection system for other
data needs, such as timing actuated signal controls; evaluating speed,
gap, and other traffic variables; setting vehicular merging patteras; and
serving varicus other research purposes. At a control staticn, these
counters can be used for develeping volume expansion factors on a daily,
weekly, menthly, or annual basis and for obtaining AADT, ADT, or annual
tctal traffic volumes. The selection of this method for most volume data
coliection is Timited to lccations where permanent count equipment or sta-

tions currently exist.
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Portable counters (2,3,4,10-17] are typically used for shertterm,
periodic counts. Several types of portable counters are used and include
a recording counter (normally called a senior counter) and a nonrecording
(Junior) counter. The counters are typically battery cperated and usse
rubber hoses (road tubes) placed acress the specified portion of the road-
way as detectors. These detectors transmit traffic count information to
the counter through air impulses. Uther {ype counters are solid-state and
utilize either tapeswitch [15,16,18] or electrical cable [15,16] to trans-
mit electric impuises relating the traffic informaticn to the recorders.
The count information is recorded efther on a visual register (non-record-
ing), & graphic chart, or a printed or punched tape {recording). To
obtain pedestrian voiume data, a similar technique is used; however, the
detection device is typically &z pad [(across the sidewalk] providing an
electrical feedback to the recording device.




Uue to the portable nature of these counters, they are readily adapt-
able to the study of most study locations whether at an intersaction or
along a roadway segment and can be installed with relatively short notice.
In positioning the cevice at a locaticn, it is necessary that a rnearby
object be utilized as an anchor for the counter so as to prevent theft anc
mininize vandalism It is also necessary that the detection device be
situated within the roadway properly in order to gather the requirec
information types. Examples displaying the positioning of these devices
for certain information types is shown in Figure 17.

Advantages:
1. Has relatively low cost per hour of counting.
2. Can provide extensive time coverage.
3. Able to cbtain specific Tane use information.
4. Permits flexibility in use of the counters.
5. Provides a high service life.
6, Easy to maintain.

Disadvantages are:

1. Unable to obtain vehicle classification data.

Z. Is highly susceptible to vandalism.

3. Reguires periodic <checks to assure its  continuous
cperziion.

4. Unable to detect turning movements uniess a separate turn
lane exists.

5. Limits use primarily to paved roacways.

6. Provides a limitea count period if battery is not

maintained.

The use of portable counters is limited by the roadway (or sidewalk)
surface and weather conditions. The need to provide a stable surface to
attach the detection device restricts the use of portable counting devices
on most unpaved roadway surfaces. Alsc, cold or winter weather conditions
affect the use of portable counters by increasing the pessibilities of
breaking or cracking of the detection device {tubing, cable, or tape-
switchl. In addition, wet surface conditions can reduce the adhesive
gualities of the cable or tapeswitch connections, thereby causing the

detection to loosen and result in inaccurate or ne data.

t
devices

The use of portable counters is effective at most intersection or
midblock locations for time periods ranging from 10 to 15 min, to a 24-
hour or Tonger period. Longer periods are limited by battery life and the
need for a regular check of its operation. Portable counters are also
effective as control stations to be used for developing volume expansicn
factors on a 10~ to 15-min. hourly, or 24-hour basis.
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@ Manual Volume Counts

Mariual volume counts [2,3,4,1CG] are niest often used tou obtain traffic
volume counts which cannot be easily collected by mechanical counters,
suchi as, turning movements, vehicle classification data, occupancy stud-
ies, and pedestrian counts. This method invelves the use of observers to
manually record the volume data. Volume data is recorded using a tally
board, hand counter, or tally marks made on the data sheet. This cata is
then summarized and transcribed onto data sheets.

Traffic count data taken manually is usually limited to a 2-hour
period due to the human Timitations involved in long counting periods and
nigh perscnnel costs; additionally, long counting pericds may lead to
inaccuracies in the data. Also, nighttime counts are aiscouraged. For
certain uses (vehicle classification counts and longer pedestrian counts),
Tonger time periods may be necessary. When pericds greater than 2 hours
are used, shifts are recommended.

Personnel requirements for manual counts differ depending on the
ume of traffic to be counted. General recommendations for personnel

quirements include:

VO
g

r

e Low to medium volume midblock location (one observer).

High volume midblock Tocation (one cobserver per direction).
Low volume intersection (one observer).

Medium volume intersection (one cobserver per two approaches ).
High volume intersection (one observer per approach).

® 9 e @

Manual counts permit the accurulation of data for a variety of situa-
tions and concitions. Counts typically range from a l-min. count to a
two-hour total. The comprehensive data collection capabilities of the
manual counting method make it desirable for volume studies typically used
for highway safety analysis purposes.

Advantages:

. Generally maintains a high level of accuracy.
. Able to obtain turning movemerts and classification data.
. Can obtain a general field review of area while counting.

4. Able to accurately record pedestrian data.

. Has minimal equipment needs.
. Provides flexibility in its usage.

Disadvantages:

1. Can result in retatively high costs for long periods due to
personnel needs,

g8
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Z. Limits the length of the counting periods due %o human
limitations and manpower availability.

@ Photographic Technigues

Photographic techniques can be used to obiain volume data at a speci-
fic location or along a section of roadway. This technique normally fis
used ,n the study of traffic variables such as speed, gaps, conf1|cts
etc. This nethed films {photographs) the study site and uses an observar
to extract the filmed data from the pictorial record of the study site in

a controlled {office) environment.

Twe photographic methods are typically used: time-lTapse and contin-
ucus-film photograpny. Time-lapse photography methods 119,20 use a
motion-picture-type canera equipped with a time- 1apse mechanisn and a
frame-nulibering device, The camera is set up to provide a clear view of
the study area to be counted, typ1ca11y requiring a high vantage po1nt.
The camera 1is actuated to take pictures at distinct intervals of time
(typically 0.5 - 3.0 sec.), thereby permitting a substantially Tonger
filming time than by continuous filming. The camera will operate through-
out the film length {e.g., 3,600 frames or 30 minutes of filming at a 0.5
second filming interval). For longer time periods, pericdic checks of the
fiilm by a technicien will be required.

Review of the film data reguires personnel experienced in data ex-
traction by photographic methods,

Continuous-striz photography [20,21] s similar to the time-lapse
metnod. The Data-extraction methods are also similar.

With both Tilming nwodes, Tiiming can be performed from a vantage
point near the study area or cy an aerial method. In the first method,
data extraction is performed as cescribed above. The aerial method {22~
25] is more compiicated. It requires the asserbling of the film prints on
a board in their filming seguence. Venicle accumulations along the hign-
way section cduring each flight run are summarized. Assuming that no
change in vehicle accumulations occurred during the flight, the vehicle
accumulation can be assumed %o represent the volume of traffic along the
roadway during egch Ti1ight run. Converting this count to a specific time
periad invelives either the use of additional fiight run data or wol-
ume/time-of-day relationships for a similar type highway facility. This
method allows an accurate estimate of volume data.

In both cases, voluue data can be obtained for short-term {hourly) or

»
ne r‘ind counts., The aerf i3] et hnd ey o T3 od by the Fly-

OH:JE el ul:uliuu, IJVWC‘ICQ 5 I-} li!“l\.\. J’ \..IC ! l.‘)f"'
ing t1me and the availability of cata for comparable sites. Volume expan-
sion factors can increase the usage of the count data cbtained by pho*o—
graphic technigques.

Wl Al [ (=8
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Advantages:

1. May to obtain data on other traffic variablies.

2. Proved a permanent record of the study area.

3. Can obtain highly accurate data.

4. Able to obtain classificaticn and pedestrian data.

Disadvantages:

1. May require a time-consuming analysis of data.

2, Can result in relatively high costs due to
personnel and equipment needs.

3. Requires regular maintenance of equipment to
minimize malfunctioning of eguipment.

4. Reguires favorable lighting and weather conditions.

The effective application of photographic techniques to obtain volume
data is from supplemental input during the collection of other traffic
variables at either intersection or midblock Tocations. In many ways, the
film dete is similar tc the manual count method in its capabilities; how-
ever, the technique reguires substantial equipment needs.

® Moving Vehicle Method

The moving vehicle method [26-29]) can also be used to obtain traffic
volume data along a section of roadwey. This method is normally used in
stydying the travel time characteristics of a roadway section but can
provide an estimate of the traffic volume. It is usually conducted along
uniform two-way sections of rcoadway. The data collected shouid include:
travel time (obtained by a stop watch or other time reasuring devices),
the opposing traffic (obtained from a manual count of vehicles moving in
the opposite direction of the test car), the overtaking traffic volune
(obtainec from a manual count of vehicles nGving in the same direction and
overtaking the test car) and passed traffic (obtained from a manual count
of vehicles noving in the same direction and passed by the test car).
These data are recorded during each test run along the roacway.

For reliable results, & minimum of six test runs in each direction
are made. The estimated volume (Vi) is then:

Vi = 60 (M 405~P7)
i i J™1
where:

Vi = volume per hour, direction i (for volume in cther direc-
tion(s), subscripts will be changed).

M3 = opposing traffic count of vehicles while test car was

traveling in the oppesite (j) direction. :

nurber of vehicles overtaking the test car while

traveling in direction i.

fen]
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P number of vehicles passed by the test car while traveling
in direction 1.

Ti = travel time when traveling in direction i (in minutes).
Ts = travel time when traveling in direction j {in minutes.

The run results are averaged to preoduce an estimate of the volumes on an
hourly basis.

Advantages:

-

1. Able to concurrently cbtain travel time ena operating speed
data.
2. Requires minimal equipment.

Disadvantages are:
1. Provides an estimate of velume data.
2. Results in high personnel costs.
3. Limits results to roadway segments.

Volume data obtained by this method is Timited to an hourly traffic
volume estimate along & roadway segment {midblock).

Selection of Volume Technigues

In selecting a technique for performing a volume study, it is neces-
sary to define the manzgement concerns related to each technique. These
concerns inciude the time, manpower, and equipment requirements as well as
the information capabilities and the accuracy of the collected data.
Based on these management concerns, Table 13 displays the utility of each
technique. These characteristics are of course, dependent on and vary
with each particular agency based on its individual resources. In addi-
tien, the availability (or non-availability) of volume expansicn factors
may aiso make one technique more appropriate for an agency.

Table 14 Tists the volume techniques to be used by an agency based on
the volume information to be coliected. Where several techniques are
acceptable, a review of the managewent concerns as well as a consideration

f the particular characteristics of the area to be counted should be made
to aid in the selection of the most apprepriate technigue. For example,
in obtaining pedestrian and vehicular volume informaticn at an intersec-
tion during the evening peak hour, several techniques are feasible. In
this case, manual volume counting technigues would probably be used since
it is the only technique common to collect both types of data. However, if

ic1




Table 13.

Technigue

utility for voliume study.

Megchanical

Parmanent

Manual

Moving
Vehicle
Method

Photograpnic
Technigues

Drivometer
Device

.Time Recuire-— LFPlaxible LUsually LShort-term LShorsecerm
ments counting limited {1 heour in nature
geriods o a ar less} (several
tlimited periad davs max.)
ov cf two
battery aours
Life) or less
.Manoower Re- .Technician .Technic~ .Techni- .Techrnician .Technician .Tezhnician
guirements level ian cian ievel level level
level level
.Eguipnment . Permanent .Bortakle Minimal . Camexa .Vehicle
Reguire=- detector counter equipment availasility
ments install- .Alrplane
ation availa-
bility
(aerial)

JInformatien

aily

«Tyoicas~

.3y lane

N0t prace-
tizal

.3v lane use
or speci-

needs by appro- ¥ oy
=Intersec- azh approach fic move-
sion ment
veolumes
-Mid-Blook .By direc- .By direc~ .8y direc~}{ .By direc- .Bv direction { .By direction
Volumes tion tion tion tion
{where
ingtalled)
-pggii;;;an .Nf;cgiac— .focprac— .Frovides .Nop app~ .Reasonable Not applicakbl
= tical an ace- ligable Zor use
for high-— for high- urate
way safety way safe- record
applica- | ty appli-
tions | cations
~Classi ca- .Not app- -Not app- -Provides .Provides R -Provices ar
tion studies licabls Licatle an acou-— an esti- estimate
rate re- mate
cord
“Level of -Assurate -Accurate LEstimate .Accurate

Accuracy
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Table 14. Favorable volume study technigues.

\\\ Technigue

Mechanical Moving Photo-~
Vehicle| graphic
Information Type Permanent Portable Manual | Method |‘echnique
JAnnual Total
Traffic X
L AADT or ADT X
.Peak Hour
~Mid-Block X X X X
~Intersection X X X
.Short Term |
~Mid-Block X X X
~Intersection X X X
.Classification
F Counts X X
Pedestrian
Volumes X ¥




portable counters were available and vehicle volumes were significant,

portable counters could be used for the vehicle volumes and nanual methods

Tor the pedestrian volumes. To further assist in selecting the apprepri-
ate technique for such situations, scme general guidelines are provided.

1. The use of mechanical counting equipment is preferred where only
volume Tevels are required. This is due primarily to the Tow
cost per hour of ccunting and high reliability (when maintained
on a regular basis).

2. Permanent counters, because of their high initial cost and
refative immobility, are not readily adaptable for most situa-
tions. They are usually used as gart of a systemwide date
collection network or for collection of additional traffic
variables at a specific location as part of a traffic flow
prograr,

3. For count information where special  volume informaticn is
necessary, manual counts are advantageous due t0 the accuracy of
the nethod.  Such counts include classification counts, pedes-
trian volumes, etc.

4. The conduct of short-term counts oy manual or other ethods
should be encouraged when expansion factors are ava

generate count informetion for a Tonger time period.

°. The moving vehicle method should only be used when the neasure-
ment of delay and travel-time characteristics are wade., Similar-
ly, photographic techniques should only be used where other
traffic variables, such as speed, gap, occupancy, etc., are being
measured at the same time.

Findings

The tabulation and output of the traffic volume data uses data sheets
displaying the specific information type obtained. Examples of these
sheets are shown in the Appendix for intersection counts, miiablock counts,
classification counts, and pedestrian courts (pages T—1 to T-4).

Analysis of traffic volumes, vehicle classification, and the direc-
ticnal distribution of vehicles is sometimes useful in expiaining sudden
variations in accident frequencies or conditions. However, the major use
of volume data will be in defining the magnitude of a condition as defined

1
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Procedure 8 - Spot Speed Study

Purpose

Spot speed studies are used to determine the speed distribution of &
traffic stream at a or spot location.

Application

A number of characteristics are commoniy determined in spot speed
studies. They include:

F o
o
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e Median Speea (50th percentile) - The micale value in a speed
distributicn pattern, i.e., cne-half of the observed values are
nigher than the nmedian and one-half are lower.

e dodal Speed - The speed (or range of speeds) at which the greatest
frequency of cbservations occurs.

o &5th Percentile Speed - The speed within a distribution at or below
which 85 percent of the vehicles travel and above wnich 15 percent
travel.

s Skewness - The tendency of a speed distribution to favor & particu-
Jar speed range. It is used to identify the overall speed tenden-
cies of a speed study sample.

e Pace - The 10 mile per hour renge in speeds containing the highest
number of recorded cbservations. it is used in identifying the
range of speeds for the sample.

® Need for Spot Speed Study

The spot speed study may be performed because of information from (1)
the accident procedures, (2) the field review, (3) complaints made by
citizens cor {(4) other conditions which warrant a review of the "safe
approach or travel speed" of the traffic. Typical accident patterns and
nossible causes indicating the need for spot speed studies are:

Situation Pattern : Possible Cause
Signalized e Right-anglie accidents o Short amber phase or
Intersection high travel speed

e Left-turn accidents e Short amber phase or
high travel speec
e Rear-end accidents s Long amber phase.
Unsignalized o Richt-angle accidents e Insufficient sight
Intersection distance or high
: o Left-turn accidents travel speed.
Curve section of s read-on, run-off-road,| e High travel speed.
rcacway or fixed cobject acci-
dent.
Any locaticn e Hicgh severity charac- @ High travel speed.
teristics.

=
=
(9]




® Use of Spot Speed Characteristics

Spot speed studies are useful for:

e Uetermining and justifying the need for countermeasures, such
as the posting of advisory speed indications at curves.

e Relating to other traffic variables such as capacity
analysis.

e Evaluating Tocations or studying sites to determine the effect
of changes in controls or conditions.

® Period of Data Collection

The stuay perfoa for performing a spot speed study is dictated by the
time of day accident patterns at the site. For example, if a pattern of

accidents is incicated during a specific time pericd, this perioa should
be used for performance of the spot speed study.

It is important that studies be performed in good weather and typical
treffic conditions, except where special studies may dictate the perform-
ance of a study under special conditicns.

% Sanmple Size Determination

Prior to performing the study, it is necessary to determine the sam-
ple size required to depict the existing conditions accurately.

The minimum sample size [1] is determined by the following formula:

N = (SK/E)Z
Where:
N = minimur: sample size
S = sample standard deviation {mph or kph)
£ = constant relating to the desired confidence level
E = permitted error in the speed estimate (mph or kph)

If the standard deviation, S, nas not been determined prior to the
study, an estimated value should be used. The following table contains
sample standard deviations, classified by highway area and type, which are
based on past research and experience [1].
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STANDARD DEVIATIONS OF SPOT SPEEDS FOR
SAMPLE SIZE DETERMINATION

Highway Area Highway Type MPH KPH
Rural Two-1ane 5.3 3.5
Rural Four-lane 4.2 6.8
Intermediate Two-lane 5.3 8.5
Internediate Four-lane 5.3 §.5
Urban Two-1ane 4,8 7.7
Urban Four-iane 4,8 7.9
Rounded Value 5.0 8.0

[f the specific field conditions of the study area are not included
in the above table, the "Rounded Value" may be used. ’

Generally, a confidence level of 95.0% (K = 1.9) is used for most
tratfic engineering purposes. For spacial cases, a greater confidence
Tevel may be reguired. Commeniy used confidence levels and their respect-
jve "K" values are:

Confidence Level (%) K
68.3 1.0U
90.0 1.64
95,0 1.96
99.0 2.58
88,7 3.00

The permitted error, E, generally ranges from + 1.0 mph (1.5 kph) to
+ 5.0 mph {8.0 kphj. The selected "permitted error" is based on the im-
portance of the accuracy of the results. Safety studies typicaily require
a low permitted error.

A ceneral rule-of-thumb for sample size determination is to use a
sample of at least 10C vehicles.

Exarmple
g rerep—rr.

A spot speed study is to be performed at an isolated curve to deter-
mine conformance to the posted speed Timit. The study 1is warranted
because of & pattern of run-off-road accidents. The minimum sample size
was computed using the previously defined criteria:

5.3 mph (8.5 kph)
1. 96 {confidence level of 95.0 percent)
+ 1.0 mph (1.6 kph)

S
K
E
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English Metric

5.3 x 196y 2 _ 8.5 x 1.96y 2
(=) -we (52T -

@ Performance Guidelines

To depict an unbiased and accurate estimate of spot speed data at a
location, several general rules need to be followed:

Equipment should be cancealed from the approaching driver;

. The observer or the data recorder should be as inconspicucus as
possible;

Unlookers should be avoided;

An adequate sample should be observed:

» The lead vehicle in a queue should be used to represent the other
vehicles in a queue;

Select trucks for speed observation in proportion to their
presence in the traffic stream; and

7. Avoid sampling a large proportion of high and low speed
vehiicles.

a1 s I
. . *
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Speed Study Technigues

Four principal methods of data collecticn are available to obtain
spot speed data. They include:

Gopplier ieter.

Stop watch method.

tlectric or electronic methods.
Photographic technigues.

Primary considerations for these technigues are found in Table 15,

® Doppler Meter

Meters based on the Doppler principle [2,3,41 utilize reflected
electro-magnetic or sound waves to detect vehicle speeds. Two meter types
are typically used: radar and scnic. The radar neter [2,3] is usually
operated by trained personnel according to the manufacturer's specifica-
tions and procedures. It can be operated from a mobile battery pack or
plugged into a vehicle power scurce {(cigarette lighter, etc. ). Prior to
recording data, a tuning fork is used to calibrate the meter.

In operating the meter, the cperator is situated in an inconspicuous
manner on the road side. The operator points the meter at the desired
vehicle, attempting to keep the angle between the vehicle's directicn of
travel and the line of sight of the meter as small as possible. This

108



60T

Table 15. Primary considerations for spot speed study.

e e e it e

. Equipmeant Manpower Tima hesocinted Data Data o?:t:t
Tachniqua Functlan Regulrements Raqulremente Ra¢gud retmantn Coety Input Obtained P
L.5top Watch |:Manually records |.Stop Watch .One observer -Dapendent on Stop watch JDefined +Time (eaconds) j.Travel {spot)
Mothods time for vehicle [.Dapendent on {(technkelan} required sam- { $30-$200 location | to traverss speed at atudy
to traveres a mathod usad: per dlrection ple size and Spead watch | .Aecldent course langth locaticn
spacifiod dis~ ~flashing traffic vol- $150-5300 BUNMAEY
tanca lights, or ume at study Encacaops data
~ANGACOPE, OF locat ion §100 Travel
-gppad watch course
Pnoumatic length
tubing or
electrical
cahla
2.Electric ‘Mechanically re- {.Relay device |[.(ns observer +15-30 minutes j.Jisters and JDafined Jtime (saccenda)f . iravel {spot)
or Elac- cords time for {read tubing, {tachnlclan} per site to nlocella~ location ] -to traveise speed at atudy
tronie vahicle to tra- tapeawltch, er direction | set up equip- | necus Travel courds length | location
Hathoda val a short ape- ste.} .technician to ment squlpmant courun
clfied di stance |.Recording set up equip- |.Recaording ranye from length
devica (meter)] ment tima depen~ $200-%52000 JSocident
dent. on BUMMETY
sample aize data
regqulred and
traffic at
gpacitic lo-
cation )
S S U —_— P P —-
3.Photo- "HManually records {.(amera Jechniclan to |.Camera got up | .Camers Deafined .Time (seconds)j ,iravel (apot}
graphle or computes tima [.Alrplane {Lf sat up camera | tlme - 30-60 equipment location | to traverse spasd at atudy
Tochniques §j for a vehlcla to aavial means Jllot (if minutas par $500-52009 .Travael couras langth location
traversa 4 spe- umadj aerfal moans <amera cournAe
cified maction unad) JTachnician length
of roadway using +Techalcian to | equipment Accident
yhotographic chack canmara chevka varles summary
technigues during opers~ | wlth dletancs data
tion of location
JTechnician op from office
englneer to JData raview
raview, ro- and annlysls
cord, or com- time depan-
pute data dant on atudy
pariod
4.Hatere *Providss spot JRedar gun +lachnician to |.Dependent on Radar gun JDetinad Spot wpaed st | .Spot epaed
Vainy spaeds using aperats radar | mample size §500-51500 location location location
bopper radar tachuiques metar and traffie Jheetdent
frinciple volume in BummAry
study area data
{time is
uaually lass
than with
other tech-
nigues)




minimizes the error in the meter reading. The meter displays the speed of
the vehicie, which is then recorded on a data sheet {shown in the Appen-
dix, page T=5). This process continues until the minimum sample size is
obtained.

The ultrasonic meter method [3,4] utilizes an overhead, transmitter-
receiver. The meter is directed towards approaching traffic and records
in the sound wave reflections. In many cases the data are relayed (vie
telepneone lines or other transmission equipment) to & c¢entral Tocation,
where they are recorded on data sheets.

Advantages:
1. Set-up and operation is simple for radar method.
¢. Can produce reliable resuits.
3. Equipment has high service 1ife.
4. Typically permits sampling of high percentage of vehicles ir

a relatively short amount of time.

1. Experienced or FCC certified data collectors are required.

2. Difficult to distinguish a single vehicle being observed in
heavy and/cr multi-lane traffic.

3. Fer sonic meter, equipment is permanent and costly; and

4. For sonic wmeter, renting or buying of a data transmission
means is required.

The racar meter is the most widely used method of obtaining speed
data. It is appropriate for nost situations because of its low cost, ease
of use, and the capability to obtain a large sample in a relatively short
amount of time. Sonic meters are infrequently used due to the lack of
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available equipment.

® Stop Watch Method

The stop watch method [2-7] estimates vehicle speeds from the times
required for a vehicle to travel over a defined distance. In tnis method,
a measured course is laid out at the study location. Recommended course
lengths are dependent on the estimated travel speeds along the roadway.
Typical course iengths are given in the following table:
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Estimated Average Speed of
Traffic Stream . Lourse Lencth
i !
moh knh ft. I m
L5 i <40 88 25
25-40 | 40-65 176 50
40 j >65 264 | 75

Source: Transportation ang Traffic Engineering Handbook

In some cases, the course Tencth is laid out in lengths such as 1UC
feet, 100 meters, etc. For time measurement and accuracy purposes, these
distances should be set, so that the minimum Time to traverse the course
will not be Tess than 1.5 seconds, A 2.0-2.5 second target vaiue 1is
preferred,

Faverment markings or identifiable reference points are used to define
the course Timits. These markings or points should be readily visible by
the observer from an incenspicugus vantage point te insure unbiased speed
dat

Qs
Techniques avaiiabie to assist in timing vehicles include:

e An observer.

e AR enoscope.
e Flashing 1ights.

In the observer technique, an cbserver is positioned widway between
the reference markings. As the front wheels ¢f a vehicle c¢cross the refer-
ence marks, the observer actuates a stop watch. The watch is stopped the
instant the vehicle passes the second reference peoint. The stop watch
reading is then receorded on a data sheet.

Using an enoscope*, the observer 1is situated at one end of the
course. The encscope, placed at the other end, provides a flash of light
as the vehicle passes the reference, A stop watch is used to record the
elapsed time. The stop watch reading is then recorded on a data sheet.
in the f?“sh1ng lights technigue, a i and  sw
(pneumatic road tube, tapeswitch, or eiectr1ca1 conduit) is positioned at
cne end of the course. The device 1is connected to a set of flashing
lights. As a vehicle passes tne reference point, the lights are actuated.

* An engscope is an L-shaped box, cpened at both ends, with a mirror sst
at a §5° angle to the arms of the device, permitting a flash of light to
be emittea as a vehicle passes the device.
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The cbserver stationed at the otner reference point neasur
rd
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and ending times. The stop-watch reading is then recorded onto z data
sheet. Tne readings obtained by these techniques are recorded onto & data
sheet similar to the one shown in the Appendix (pageI-6]),
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1. Requires minimal set-up time.

Z. Has Tow cr nc maintenance costs.
3. Eguipment costs can be low.

4. Operation is simple.

Oisadvantacges:

1. May result in timing inaccuracies due to inapgropriate
vantage points.

2. Human bias may affect timing of venicles.

3. Locatien of relay or recording devices along the roadside
may result in atypical driving patterns.

The stop watch methods are appropriate for most situations. Prior to
the use of radar meters, such methods were commonly empleyed for spot
speed studies. Where equipment resources are minimal, these methcas pro-
vide a reasonably accurate measurement of spot speeds.

@& Flectric and Electronic Methods

The electric and electronic methods [[3,4,7-117 utilize detectiocn and
relay devices such as: pneumatic road tubes, tapeswitch, magnetic tapes,
etc., positicned within the roadway and interfaced to electric or elec-
tronic recording devices. In nost of these methods, vehicles travel times
over a ineasured course are used to define the spot speed. The course
Tength may be as short as 6 to 15 feet, depending on the expected travel
speeds. The course is bounded by switch cevices installed on the roadway,
which transmit the vehicle travel times to a recording device or recording
meter located along the side of the road.

Techniques for neasuring the travel time include:

Pen graphic recorder.

Speed watch.

Electrically operated meter.
Electronic meter,

Mobile traffic data collection system.
Electronic decade meter.

Magnetic loop detectors.
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The pen g¢raphic recorder utilizes either gneumatic rcad tubes or
tapeswitches positicned at the beginning ana end peints of the travel
course. As a vehicle passes the startiny point, inaicator marks are
automatically recorded on a chart (moving at & constant speed) for each
axle on the vehicle. When the vehicle passes the end point, anotner set
of indicator marks is generated by the same pen. The speed of the vehicle
is determined by the distance between the twe sets of marks.

In the speed watch method, the timing of z vehicle is obtained autc-
matically.* The speed watch s connected to roadway detecticn and switch
devices located at the beginning and end of the course. As a vehicle
passes the starting point, the speed watch s actuated. The watch is
automatically stopped as the vehicle passes the end point. The reading on
the speed watch 1is recorded ontc a data sheet by an observer who also
resets the device., This tecnnique uses short course lengths.

The electric and electronic cdecade meters are similar to the speed
watch.,  Pneumatic road tubes actuate the electric meters while tapeswitch
is used in relaying information to the electronic decade meter. Calibratad
speed readings are recorded from these devices.

Mobile traffic data collection systems and magnetic loop detectors
are similar in that both are able to obtain speed data by measuring the
Tine it takes a vehicle to pass & predefined lcop length. Such informa-
tion is relayed to a roadside recording device where if is recorded on
magnetic tape or on printed or punched tape. These methods can alsc be
used to obtain other traffic variables, such as, volume, space headway,
and time headway.

Advantages:
1. Reduces human error and bias.
2. Can be simple to operate.
3. Produces reliable measurements.
4. Collects & large number of measurements in & relatively

short amount of time.

Disadvantages:
1. Detection cevices located on roadway may influence driver
behavior. :
2. Requires frequent calibraticn of cdevices due to weather
changes.

3. Equipment costs may be considerabie.

* A speed watch s & calibrated timing unit operated by rcad tube or
electrical impulses.




These techniques can produce more accurate results than the stop
watch methed. However, the lack of available eguipment usuaily limits the
use of these methods. However, where the required equipment is availabie,
these techniques are apprcpriate for most highway locaticns.

@ Photographic Techniques

Photographic technigues [12] utilize distance and time relationsnips
to obtain speed information from the field data. Means of performing pho-
tographic surveys include time-Tapse and continuous film photography.
Steps for these techniques are similar tc those described in Procedure 7 -
"Voiume Studies".  Advantages, disadvantages, and limitations are also
similar.  This technique is generally limited to use where other traffic
variablies are being studied.

Selection of Technigues

In selecting technigues for performing a spot speed study, it is
necessary to consider the management concerns. These concerns include
equipment, time, and manpower requirements, the data collection capabii-
ities and the accuracy of each technique. Table 16 displays the utility
of each spot speed study technique as a functicn of these management
cencerns.

General guidelines tc use in selecting a technique are:

1. For most highway safety applications, the use of a radar meter is
preferred.  Although costs of a racar meter ($600- $1500) can be
moderately higher than some of the other technigues, the flexibi=-

Tity, ease of use, and overall efficiency of the radar meter make
Tt 2 desirable technique.

c. Where racar equipment ig unavailable, stop watch methods are
acceptable.

3. If greater accuracy is cesirea, the electric or electronic
metnods are required. ‘Where available, magnetic Toop detectors
produce highly reliable results.

5. Photographic techniques are discouraged except where other traf-
fic variaples are to be measured,
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Table 16.

Technique utility for spot

gpeed study.

Technique

Hanagemaent
Conceaern

Stop Watch
Methods

Electric or
Flectronic
Mathods

Photnaraphio
Taechnicgues

Nnopoler
Princiuia
Mathods

SAiine Require-
ments

Reguires shert
agqui pment: set
up and data
collection
af fort

Jteguires sub-
stantial data
manipulation
effort

-Requirea substantial
equipment set up
effort

.lsea short data
collection effort
JAsos short data
manipulation effort

Teaulres substantial
aautoment seb o up
ectfort

.sen short Adata
collection effort
LReauires substankial
data extraction

af fort

JMeanlires subatantial
data maninulation
effort

Jdimes short data ¢

and manionlation

allaction
affort

CBEgatpment
Requi rements

.Stop watch
.Other needs
minimal.

Netection devires
JRlectric or elec
tronic meters

JPhatoararhic erquin-
ment

Jadar meter

CManpowers
Bequirements

Jrechnieian
level

.Technician level

Mechnician level

LTachnician level

.Data Collecs
tion Capa-
bilities

JIndirectly
obtains
apecd data

JMost methods di rect-
1y obtain srend data

.Indirectly obtain
spead and obher
traffic variables

.Nirectly ohtains
snead data

LLevel of
Acocuracy

.Aceurate

JHighly acenrate (de-

pendent on maintenance

of equinment)

Jhoeouracy Yimd bed by
vantade voint of
camera

.pecurate for most
DUTrpPeses




Findings

The tabulation and output of the spot speed data are prepared on data
sheets as shown in the Appendix (pages I-5 to I-6).

In stop watch methods, several of the electric ancg electronic
methods, and photouraphic fechniques, the data obtained fis typicaily in
the form of travel time data required to rass over a defined course
length.  As such, the data must be transformed into speed information.
This is achieved by dividing the recorded travel time into the course
length distance.

® Use Of Findings

In cases where high travel speeds are noted &s a “possible accident
cause”, the speed characteristics are directly compared to the speed
Timits and conditions at the study site. \lWhere travel speeds are deter-
mined to be higher than is reascnably safe for field conditions, a reduc-
tion in travel speeds or a change in geometrics or field conditions, e.g.,
advance warning of vulnerable conditicns are feasible alternatives. Where
insufficient sight distance exists, the sight obstruction may Le renoved,
approach speeds reduced, or jmprovements to an intersection nade.

Finally, spot speed data can also be used to conipare the effective-
ness of an improvement using speed as a measure of effectiveness in a
before - after study. This study 1s covered in detail in the Evaluation
Component of the HSIP.

® Exanple

The following example is for a spot speed stuay conducted by a stop
watch method over & course length of 176 feet (52.8 m). From the data
shown in Figure 18, the following characteristics were calculated.
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Median speed - (50th percentile) - Ubtained by manually counting the
vehicle groups to depict the speed at which fifty percent (or 54 vehicles)
travel at a higher rate. 1In this case, the median speed is 37.5 mph,

odal Speed - Obtaired by manually counting and selecting the vehicle
speed group with the greatest number of observations. In this case, the
medal speed woula ve 40.0 mph (25 observations).

g5th percentile speed - Obtained by manually counting the vehicle
groups to depict the speed at which 15 percent [or 16 vehicles) of the
vehicles travel at or higher. 1In this case, the 85th percentiie speed is
42.8 mph.

Skewness - Obtained by dividing (Sgy - Ssg) by (Sgg -
$7).
42.8 - 37.5 5.3

= (. 898
37.5 - 3L.5 5.9

A skewness of 1.0 indicates symmetry of the speeds about the mean. A
value below 1.0 shows skewness towards the lower speeds, indicating a
greater tendency of Tower travel speeds alorng the study section. A higher
value will relate higher travel speeds. In this case, the distribution
shows very little skewness. It, typically, relates an uncongested condi-
tion.

Pace - Obtained by manually counting the vehicles in each speed group
to represent the greatest nusber of observations within a 10 mph o range.
In this case, the pace occurs in approximately the 33-43 mph range with 84
of 108 observations in this range. It indicates a narrow range of travel
speeds by the sample traffic which is favorable. A wide range usually
relates more hazardous conditions, caused by differences in travel
speeds between vehicles.

Similar findings can be obtained using a grapnical approach as shown
in Figure 19. This plot visually displays the speed distribution pattern
of the traffic. 0On one axis, the range of spot speeds is displayed. The
other axis records the cumulative frequency of cbservations within the de-
fined speed ranges. The key spot speed characteristics can be obtained
from, and are shcwn on the graph. It shows a narrcow distribution of
speeds along the study area.

Procedure S - Travel Tine and Delay Stuaies

Travel time and delay studies are normally grouped into two areas:

e Link studias.
e Intersection studies.

tach study serves a different purpcse and has differing criteria in
its performance, In this section, they will be discussed separately,



Link Stucies

Link travel f{ime and delay studies are used tc obtain data on the
amount of fime it takes fo traverse a specified section of roadway and the
amount, cause, location, duraticn, and freguency of delays occurring
during that traversing. Travel time anad delay characteristics are indica-
tors of the level of service of & facility. They can be used as a rela-
tive measure of efficiency of a traffiic flow.

Appiication
® Need For iLink Study

This stucy may be used where accident patterns relating traffic con-
gestion, i.e., rear-end, right-angie, cr Jeft-turn accidents along a road-
way occur. Other means of identification may be from field reviews or
complaints. These patterns occur typically during high traffic volune
periods. The accidents often result in minor severity.

@ Use Of Travel Time and Delay Study Data

These studies are useful for:

» Iidentifying and defining congestion Tor use in cdeveloping
appropriate countermeasures to remedy the congestion.

e Calculating delay costs wused 1in econcmic analysis or for
improvenient justification purposes.

e Evaluating the effectiveness of various traffic improvements,
such as determining the effectiveness ¢f a change in parking
conditions.

@ Period of Data Coilection

Link studies are typically performed during peak volume hours
(weekday) to obtain delay characteristics whiie traffic is operating under
the heaviest conditions. The actual time peériod is established from the
accident summary by time data. In some cases, a comparison of delay
characteristics for peak and off-peak conditions mey be desirable.

These studies must be performed under favorable weather conaitions to
obtain a sample of typical operating conditions. In addition, for 'be-
fore-and-after” evaluation studies, it is necessary that similar traffic
conditions exist during both periods of data coilection.
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® Sample Size Determination

The sanmple sizetS4 or number of test runs for 1ink studies s
based on the study purpose, the permitted error, and the desired confi-
dence level in the accuracy of the data. Ranges of permitted error in the
estimate of the mean travel speed are related to the study purpose. They

are:
Study Purpose Permitted Error
Transportation planning 3,C to 5.0 mph
and highway needs studies | . (5.0 to 8.0 kph)
Traffic operaticn, trend
analysis, and econcmic 2.0 to 4.0 mph
evaluaticns (3.5 to 6.5 kph)
Before-and-after studies 1.6 te 3.G mph
{2.0 to 5.0 kph)
Source: Manuai of Traffic Engineering Studies, Institute of Traffic £ngi-

neers, {1976).

The reguired minimum sample size is given on the charts in Figure2q
for a 95.0 and 99.7 percent confidence Tevel. Typically, a 95.0 percent
confidence level is desirable for most traffic engineering stuaies. A
sampie size should be determined for each direction of travel and for each
set of traffic and environmental conditions.

In using these tables, the following steps are to be performed:

1.

Determine the permitted error based on the specific survey pur-
pese.  Although this chart provides & range of values, the selec-
tion of the specific permitted error (within this range) is based
on the significance of the study. The more critical the study
results, the Tower the permitted error. This decision is made by
the engineer-in-charge,

Estimate the average travel speed {mph or kph) for the test
route.

Select a confidence Tevel.

Using Figure 20 for the selected confidence level anag the other
criteria, determine the minimum sample size.
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Exampie

It is desired to study the travel time characteristics along a
six-mile section of arterial roadway. The study is to be used to review
the traffic operations related to a pattern of congestion-related
accidents., Following is the sample size devermination.

1. Based on the study purpose (evaluation of traffic operations}),

the permitted error is 2.0 to 4.0 mph (3.5 to 6.5 kph). As a
consequence of the critical nature of this stuay a permitted
error of 2,0 mph {3.5 kph) to be selected

N

[
-

An average range of travel speeds for the study is assumed to be
5.0 mph (8.0 kph), and was obtained from an estimate ¢f an earli-
er study.

4. Utilizing Figure 20 or the above criterie, the required ninimum
sample size is determined to be four test runs or observations
per airecticn.

@ DUefinition of Study Area

For rcadway segments, study sections usually start and end at inter-
sections. The test section should both begin and end at a centerline. At
roadway segments not outiined by intersections, the starting and ending
points should be well marked or delineated.

Delay and Travel Time Study Technigues

Several techniques re available to
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include:

e Test car techniques

» Moving vehicle method
e License plate method

e Observer methods

e Photographic methods.
o Interview method.

Primary considerations of these techniques are shown in Table 17.

® Test Car Technigues

Test-car techniquest4-%1 involve a <est vehicle driven over
the test section for a series of runs or trips. Several driving patterns
are used. They jnclude:

o Floating car,
& Average car,

s Maximum car.
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Table 17. Primary considerations for travel time and delay
study techniques.

Equipment Manpower Time Associated Data Data Data
Teohnigues Function Hequirements Requirements Reguirements Costs Input Obtained Output
1. Test Car sObtains travel Vehicle .briver {technician} .Time for single test rua .Stop watches .Detined JIravel tine and
Technigues time and delay .Traffic analyzer -Techpician to record dependent on route length - $25-5200 iocation -lacation, amount, delay chavactet-
data by physi- or stop watches data and delay .Traffie {accident and cause of istics (stopped
cally driving (2] .Fraired technician Minimun of 12 test runs analvzer summary delay time, fixed de-
test section .Data sheets oY engineer to com- per direction $300-$1500 data) lay, ete.)
and recording pute delay charac- .1 hour to reduce data -Required
information teriscics saimgle
size
LStudy
period
2. :;;9:259 +Obtains travel .Stop watches +Twe technicians per -Dependent on test route .Ston watches 'Dﬁfin‘j'd .Re?grded Lime - '?‘—J,erau travel
a time data by {one per dirvec- direction per loca- length - $25-5200 location passage of ve}}: L1
Hethod recording tion per sta- tion {one to observe, j.Hinimwn of 50 1icense Test cle at a speci- 'Overf“ travel
licensa plate tion the other to record) plate matchings pet seclion fic station(s) speew
. numbers at Computer (if .Technician to reduce direction length :
Lt test route available) travel speed or aver- [.Several hours to reduce .Reguired
) ends age travel data data sample
¥ size
3. Photo- JObtaing travel -Camers eguipment Trained technician .Camera filming time de- .Camera equip- | -Pefined -Recorded time .Overall travel
yraphic time data (and .Data sheets to set up camera pendent on sample size ment - location passage of vehi- time
Hethods possibly delay .Technician to pari- and readway volume $500-52000 .Test cle at a speci- .Overall travel
information) odically chack cam- Viewing time-dependent ,Alrplans ren-| Section fic station(s) speed
using Filmed era or change film on study period tal dependent| Yenath .Possihbly speci- .Posgibly delay
records of the .Trained techmician .Hinimum of 50 license on test time | -Beguired tic delay in- information
test secticn oY enginegsar to viaw plate matchings or 12 sample formation
and record film re- test runs ot data per slze
cords direction -Rtedy
.Several hours to reduce pericd
data
4. Graphic «0Ohtainsg travel «Graphic pen re- .Technician to set up j.Data collection perio@ . Graphic pen _Dafined .Travel over test .Agproach travel
ren Re- tire data by corder recorder dependent on sample size recordar - lacation section time
corder registering _load tubes Mechnician{s) te op- | required and approach $300~$1500 .Test
Mathod time-related .Data sheels erate keys and aid in| volumes Bection
input on graph-— identifyino vehicles |.Several hours to reduce length
ical chart .Trained technicians data -Regquired
te record data from sample
charts Bize
.Trained technician to .Study
reduce data pariod
4. Interview Obtains travel ; bata Bummary .Technician to inter- [.Approx. 2 hours to +HNone Nefined .Travel time Loverall travel
Method time and gencr- shects view users of the arrange data collection Jocation .General list of time
a) gelay inpfor- ronte .1 hour to reduce data Sample delay points .General delay
mation from .Technician to reduce. |.Minimum of 50 vehicles group information
daily users of data per direction -Required
] test aection gample
] B1ZE
| LStudy
| e i - <t o bem s m e b _ period
| e e USSR T J L




In the "floating car method", the driver "floats” with traffic, ij.e., the
driver attempts to pass as many vehicles as pass the test vehicle. The
"average car" method uses a driving speed which is estimated as the aver-
age venicle speed within the test section. In the "maximum car" tech-
nigue, the driver operates the test vehicle at the posted speec limit,
unless impeded by traffic conditions. Each driving rethod produces fairly
similar finaings.

Several neans of recording data are available. The most common
method uses stop watches. Two watches are used. The first watch is
started at the begirning of the test run and used to record the elapsed
Time at various centrol points along the route. The second watch is used
Lo ieasure the Tength of individual stopped time delays. The time, Toca-
tion, and causes of these delays are recorded on data sheets similar to
that shewn in the Appendix (page 1.9.

Ancther means of recording delay data is with the use of automatic
recording devicesL1UJ, These aevices are able to graphically
recora on roll tape or magnetic cassette a 10og of the relationship of the
vehicle speed and celay with regard to time. Host of these devices are
able to record not only the duration of stopped time (time pericd that a
vehicle s actually standing still, due to any factor) but also fluctua-
tions in speed. However, an additional cbserver is used tc record the
Causes of delay and to relate the delays to the tape information. The
tape or cassette data can be transferred
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using standard computer prograns.

Advantages:

Obtain data based or
traffic stream.
Relatively simple to perform.

Able to obtain information on both travel time ana delay
characteristics.

. Equipment reeds are minimal.

. Data are usually reliable.

e experiences of a vehicle in the

-
.
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Disadvantages:

1. Can result in considerable time requirements.
2. Personnel costs may be high.

Tnis technique permits the reliable collection of travel time
stopped time delay, and other delay information. It i ew
field situations occurring during the test runs.
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& Moving Venicle Method

The nmoving vehicle methodl®=9. makes test runs of the study
section similar te the test car techniques. Infecrmation recorced on these
runs incluaes the travel time, voiume of opposing traffic, vclume of over-
taking traffic (estimated) and travel speeds. A further description of
this technique is given in Procedure 7 - "Volume Study."”

An additional observer in the vehicle can be used to obtain specific
delay information. This technigue differs from the test car technigues in
that additienal information is obtainea to estimate traffic volumes.

Advantages:

1. 0Otains data based on the experiences of a venicle in the
actual traffic stream.

Z. Able to provide an estimate of traffic volumes in the study
section during each fast run.
3. Relatively simple to perform.
4. Able to obtain both travel time and delay characteristics.
5. Equipment needs are minimal.
Disadvantages:

1. Can result in considerable time tc perform requirements.
2. Personnel costs iiay be high.

This technigue provides a reliable indicater of the travel time and delay
information. The technigue reguires auded perscanel where celay charac-
teristics are obtained.

® | icense Plate Method

This Ticense plate methodl4,5,6,13] utilizes observers gposted at the
beginning, end, and other strategic points of the test section. Observers
record the direction of travel, tne last several (two, three, or four;
digits of the Ticense plate number of the sample vehicles, and the stop
watch {ime at which the vehicie passes the observation point. The datea
are recorded onto speed uata sheets as shown in the Appenaix {pagel-8 ).
Attempts to record as great a sampie as possible should be made.

In analyzing the field data, the zone of oarigin is assumed to be the
station whera the venicle was first obsaerved. Thne travel route {(and time)
is traced by the vehicie's successive appearances &t a series of recording
stations. The zone of destinaticon is assumed to be the station where the
vehicle was last observed. The data are combined and adjusied to provide
infermation on the total travel time and, possibly, delay.

With tnis method, accuracy in the recording of the time data is a
major concern. It 1is necessary that all timing devices used cocincide
during the study pericd. A reliable means to achieve this coordination is

I'.._&
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, s uieet following
the completion of the study., At this tiwe, adjustment for slower or
faster watches can be made.

te have al
simultaneo

1 observers weet prior to the study and start their watches
JSZ“;& ATl watches are stopped when th rver
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Advantages:
I. Can obtain a large sample in a short amount of time.
Z. Equipment needs are minimal.
3. Data collecticn method is easy to perform.

Uisadvantages:

1. Requires a large rnumber of perscnnel to cbtain cata.
2. ©Data reduction can be time-consuming.
3. Cbtains primarily travel time infcrmation,
4. Travel time information is approximate.
5. A Tlarge number of personal errors in reccrding license
numbers can occur.
This technigue is appropriate for link studies where the overall
travel time information is the prime cbjective. Where detailed delay

information is required, hich personnel costs will result.

® Observer Methods

These rethods{4,5,6,14,15] trace sample vehicles within the defined
test section and record the travel time and delay information using
Lrained observers. Several stop watches ars usea to obtain the travel
tiie and delay informatien. Information recorced ana recording procecures
are similar to the stop watch methocs described in the test-car tech-
niques. For each station (observation point), & minimuni of two observers
are required to time vehicles, ncte specific delay information, and record
the data.

This method requires the availability of suitable cbservation pests
to observe the vehicles along the entire test section. Observation posts
can consist of windews in buildings or rocf tops.

I. Permits viewing and recording of delay causes under actual
field conditions;

Z. Results are reliable;

3. Simple to perform; and

4. Lquipment reeds are minimal.



Disadvantages:

. Requires observation posts to be available.

. May reguire substantial time requirements.

. Accuracy may be limited by test section length.
. Personnel costs may be high.

=S YOI AN S

This method is favorable for short test sections. [t can provide
reliable information within the visual range of the observer.

@ Photographic Methods

The photographic methods(5,6,16] utilize camera equipment located at
the beginning and end points of the test route and at selected locations
within the test route. The film is reviewed in an office environment in a
manner similar to the license plate technique. Data is timec using either
time-lapse photograpny or externa? timing sources and recorded cnto fieig
sheets similar to the license plate technique. Operational characteris-
tics of the photographic technigue are provicded in Procedurse 7 - "Voiume

Studies. "
Advantages:

. Provides a pictorial record of the study.

. Permits a detailed review of conditions under & controlled
gnvironment.

Able to obtain data on other traffic variables.

AbTe to obtain a large data sampie. and

Obtains an unbiased sample.

[S LR ES ™ b
. a

Disadvantages:

1. Requires considerabie data collection and extraction time.
Z. Equipment and time costs may be high.
3. Requires favorabie lighting and weather conditions.

This technique requires substantial coordination in timing during the
filming and viewing activities to achieve a high level of accuracy. Lue
to the data manipulaticn reguirements, this technigue has limited use for
roadway studies. . .

This technique c¢an provide highly accurate results for travel time
data.

® Interview Method

This method [5] involves irnterviewing selected individuals on their
travel time and delays experienced for specific irips. Indivicuals
selected for the interviews are usuaily located at residences ¢r places of

enployment located nearby and who use the stugy section for their trips.
The dirndividuais are reguesied tc  record their  travei time
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along the test secticn on a particular day. This aata is collected,
reviewed, and averaged to cobtain an estimate of the trave] time cata.

Advantaces:
1. Has low overall cost.
. Ubtain larce volume of data with relatively little effort.
3. Ubtains input frem daily users of the study area.

Disadvaniages:

I. Results may not be reliable.
2. Requires cooperation from invelved individuals.

Selection of Technique

Various methods are availa to perform these techniques. To select
the appropriate technique, the nianagement concerns need o be deterwdned.
They include the data collection capabilities, the level of accuracy, and
the nanpower, equipment, and time requirements of each technique. Table
18 displays the utility of each technique in relation to these management
concerns.  Table 15 «isplays available technigues used to perform the
procedures as a function of the informaticn obtained. Based on these
tables, a favorable technique can be suguested.

k!
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For roadway stucdies where travel time data is desired, the Iicense
plate method is favorable. t permits the collection of a large sample of
information in a reascnable amount of time. This method also has minimal
equiprient requirements. However, where delay characteristics are re-
quired, tne test car techniques are nmost faverable. They permit the col-
lTection of data at the delay points. For short test sections within visu-
al range of an observer, the observer methods may be used with reliable
resuits,

Findings

The tabulation and output of the travel time and delay characteris-
tics can be displayed in varicus formats. A sample output is shown in
Figure 21. The information obtained for this grapn is derived by comput-
ing the average travel speed along a section of roadway. The travel speed
for a single vehicle run can be c¢btained from: :

600
S = ——
T
lihere:
S = trevel speed {mph ur kph)
v = length of study route or section {(mile or km).
T = travel tine (min.)
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TRAVEL TIME-SPEED AND DELAY DIAGRAM
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Sourca: Manual of Traffic Engineering

Studies, ITE, {1%76)

Figure 21. Sample Travel Time and Delay Study output.

LEVELS OF SERVICE FOR URBAN AND SUBURBAN ARTERIAL STREETS
TRAFFIC FLOW CONDITIONS
(TYPICAL APPROXIMATIONS, NCT RIGID CRITERIA}
LEVEL Average
OF Overall Service
SERVICE Travel Volume/
Speed Likely Peak-Hour Capacity
Descrigtion {mph) Load Factor Factor Ratio
Poa Frea flow =30 0.0 =0.70 Z0.60
(relatively) FER— {0.80)
B Stable flow - ooemn - =250 =061 =0.80 =070
{siight delay) | {0.85)
c- Stable flow - —~ . .. - - =20 ; =03 = 0.85 = 0.80
(acceptable deiay} L N (0.50)
D Approaching unstable flow =18 =07 Z0.80 =0.90
{tolerabie delay} (5.85)
£ Unstable flow Approx. 1.0 < 0.085 = 1.00
{congestion : intolerable delay) 185 {0.85 typiczl)
‘: F Forced flow <15 (Not meaningful) {Not meaningfuf) {Not meaningful)
?‘ {jammed)
Source : Highway Capacity Manual, HRB SR 87, 1965, Table 10-13)
Figure 22. Highway capacity chart - exampls.
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The riean travel speed is computed as follows:

- pOND
S =
-
dhere:
S = mean travel speed {mph or kphj
D = Jength of study route or section (mile or km)

= sym of travel time for all test runs or observations {min.)
number of test runs or observations

1]

N
The travel time aata is obtained directly from the study data.

@ Use Of Findings

The travel time and delay information is also used tc determine the
operating level of service along a facility. An average overall travel
speed, obtained from the above formula, is compared to the traffic flow
conditions for & facility to determine the operating level of service.
For example, assuming the average travel time over a three-mile length of
arterial roadway during the evening peak period (4:00-6:00 p.m. ) was 7.4Z2
minutes, the average travel speed would be:

3,00 miles y 60 minutes = 24,3 mph
7,42 minutes hour

Using the table shown in Figure 22 (obtained from the Highway Capacity
Manual), would denote that the roadway operates at & ievel cf service "BY
"C" during this time period,

The travel fime and delay findings are used in the selection and
evaluation of safety-related countermeasures. In selecting feasible coun-
termeasures, delay data are used in the econcmic analysis to derive aelay
costs. Delay costs will inciude: the time cost to an individual {resulit-
ing from "lost" time which could nave been used.in a productive manner)
and the vehicle operating costs. These cost figures can be obtained from
various references on roadway econemics including:

1. Econpomic Analyvsis Tor Highways by R. Winfrey.

2. "Running Costs of Moter Venicles as Affected by Road Design and
Traffic", Paul J. Claffey, NCHRP 1ll.



The calculated delay costs are included in the econcmic analysis as a

"aisbenefit"; however, an anticipated inprovement (reduction) in delay
will result in a "benefit™ being derived from the proposed improvement.
Delay costs may &lso bte included in forvulas used in the scneduling or
planning of inprovements.

Finally, the use of the travel time and delay data for evaluation of
Countermeasures involves the measurement of these characteristics “"before"
ana  “after" iuplementation of the countermeasures. Differences in
“before” and "after" data are tested for significance of the results.

intersection Studies

Purpose
Intersection delay studies are used tu obtain data on the amount of

delay at an intersection. The delay characteristics can be used as a
relative reasure of efficiency of traffic flow.

Application

® keed For Intersection Study

The neec for a delay study in highway safety applicetions is primari-
ly determined by the occurrence of accident patterns relating traffic
congesticon, i.e., rear-end, richt-angle, or lefi-turn accidents near mia jor
intersection points. Other means of identification may come from field
review findings or local complaints relating concested conditions at a
site. These patterns occur typically during high traffic volume perioas.
These accidents coften resuit in wninor severity characteristics, generally
consisting ¢f a majority of "property damage only" accicents.

® Use of Intersection Celay Data

Information obtained from these studies are useful for:

¢ laentifying and defining congestion for use in developing
dppropriate countermeasures to reriedy the congestion.

o Caiculating delay costs used in economic analysis or for
improvement justification purposes.

e Lvaiuating the effectiveness of various traffic improvenents,
such as determining the effectiveness of a change 1in sig¢nal
timing.

o Preoviding a congestion index to be used in comparing different
roacways for use in programming safety projects.
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& Pericd of Data Collection

Intersection delay studies are typically performed during peak traf-
fic volume hours {weekday) to obtain delay characteristics while treffic
is cperating uncer the heaviest conditions. The actual time gerica is
established from the accident summary by time cate. in sone cases, a
comparison of delay characteristics for peak and off-peak concitions may
be desirable.

These studies nust be performed unger favorable weather concaitions in
orcer to obtain a sample of typical operating concitions. In adaition,
for “before-and-after" evaluation stucies, it 1is necessary thet similar
treffic conditions exist curing botn periogs of data collection.

@ Sample Size Determination

For intersection delay studies, c¢ritical factors used tc determine
the required miniwum sample size L4] are an estimate of stoppea traffic,
the perimitted error, and the confidence level of the results. It is ce-
termined from the foliowing formula:

(1-p)xe
K=
pd=
Where;
N = minirun sample size.
p = preportion of vehicles that are requirec 1o stop on the

intersecticn approach.
A¢ = chi-square value for the desired confidence level.

d = permitted error in the proportion estimate of stopping
tratfic.

Information on the proportion of stopped vehicles at an approach can
be obtained in a numbar of ways.

1. Past data for an approach yay be used.

2. A sample field test of approximately 1UG vehicles per approach
may be run,

3. At signalized intersections, the ratio of the rec time l¢ thie
cycle lencgth may be used.
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The chi-sguare, X2, value is obtained indirectly as a function of
the confidence level in the accuracy of the data. Typically, a 95 percent
confidence level is acceptaple for nost traffic encineering situations.
The following table serves to relate the Chi-Square value and a confidence
level.

Chi-Square (X2) Confidence Level (%)
2.71 90.0
3. 84 95.0
5.02 97.5
6. 83 89. 40
7.88 99.5

The permitted error is based on the reliability of the "p" data. 2
sraller value is used to assure greater reliability in the results.

Example

The case in point is used to evaluate the effect of an existing
traffic control on the scuth Teg of an intersection. A sample field test
was performed, and a "p" value of 0.70 for the approach was obtained.
Selecting a cenfidence level of 95.0 percent and a permitted errcor of (.10
(10 percent), the following values are obtained:

p = 0.70
X2 = 3,84
d = 0.10

The minimum required sample size on this approach is:

(1.0 - 0.7)3.84

N = 164 vehicles

0.7(0.10)2

® Cefinition of Study Ares

At intersections, the study area should extend far enough away from
the center of the intersection so as to include .zll venicles stopped or
deTayed as a result of the intersection operation or "bottleneck"”. A
preliminary review of the site may assist in identifying this point. The
end point of the study area shouyld pe set such that delayed traffic
stopped 1in advance of the intersection is able to attain an aperating
speed. As & minimum, this point should be set after the stop Tines. A
rore appropriate end point woula be the far side of the intersection.
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belay study Technigues

7 Te perforn an intersection delay study, Teur aiternate procedures
L1,25 are available. Thney ars:

e Point sample nethod,
o Input—ouput nethocg,
-]
9

Fath trace metn

i LV B P |||\_u1|uu’ i

jo

Fouelling,

The point  sample jethe ccb2»2,50  is based on  the periodic
sampling of tne number cf stop pEL or QdeuEG vehicles &t an approach. In
this method, an observer is stationed near or &t the test egpproach Lo
record the data. The nunber of vehicles Stopped (or in tne gueue) on Ih
intersection approach at successive intervals (such as every 15 se” na
are counted., At the same Lime & volune boun+ ¢f the approach traffi
auring the seme time pericd is concuctec. he length of saﬂp],ng ,nterv
is selected such that repetitive sampling in the same interval of the sig-
nal cycle is avoided. For exanple, sampling at a oU-seconc cycle lenyth
Tocation should use intervals of 2% seccnd lengtns rather than ten or fif-
teen seconds to avoid this effect. The sanpled count cata and the volune
data will permit the estimaticn of the vehicle-seconas of stoppec tTine
b

This nethod is self-correcting since each count interval is independ-
ent ¢f the cother intervails . If intervals ars aesignec preperly, +he
results will not Le influenced by the signal indicaticn, thereby per
ing randomness of the results. A majJor disadvantage is the possibi11
inaccuracies in the sampling results where a hich volune of samplec veni
cles vcecurs. It ray leac to biased results.

[ T

The  dinput  and output  methodli><s 4 s similar to  the
point sample nethod in its perforniance except that vehicles are observec
at the beginning {input) and end (cutput) of the intersecticn area. For
the sampling procedure, the number of vehicles occupying an intersection
aprreach at successive time intervals ére recorded during the stucy
pericd. Each successive count represents the instantaneous density {nun~
ber of vehicles occupying the length of the intersection approach per time
interval) of the approach. During the study period, the nuiber of vehi-
cles leaving the intersection approach is also counted. This count repre-

an

At e 3 o - + o~ 3
sents the approqch voiume. The combinaticn cof the ins neous density
ne average

inforimation and the traffic volume perr\ts'tne sstimation of
travel time.

15
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This procedure, based on sampling techniq¢es perniits the accuniuia-
tion of large amount of data in a relatively short emount of tiig. HOw-
ever, inaccuracies with this procadure may resu1t due to vehicles entering

or leaving the study area vetween the 1npUL and cutput points.

e path trace method L1,2,5,6,71 is based on a sample
es usinug the study approach. vata on eacn sarmpls venic

Th
ie

vehic

|-
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ed over the period of time the vehicle is within the study area. The
infermation recorced canr include total travel time, stopped time, time in
queue, acceleration/deceleration characteristics, or other factors. The
major drawback to this methed is the amount of time required to obtain the
reguired sample size.

Modeling techniques [1,2] utilize mathematical relationships. Sample
data are obtained, tested, and calibrated to develop a model. The results
are based on theoretical evaluations. It is time consuming and requires
substantial effort in altering the variables for each set of gifferent
intersecticn conditions. This procedure is primarily limited to research

_ purpcses,

Techniques for performing these . procedures include: sampling
methods, photographic metheds, observer methods, test-car techniques,
Ticense plate methods, mechanical recorder methods, and delay meter
methods. Priwary censiderations of these techniques are includec in Table
17,

@ Sampiing Methods

Sampling methods[1,2,5,11,12] involve the sample counting of vehicles
on an approach and leaving the intersection area. Uependent upon the
information desired, i.e., overall travel time or stopped time, the cpera-
tional procedurs for this technique will differ. Basically, this methoc
will count the number of vehicles occupying or stopped at the approach in
successive time intervals for a defined pericd. To obtain delay charac-
teristics, the approacn volume during the study period is counted. For
travel time information, the volume of traffic leaving the intersection
area is countea during the study period.

These volumes or fotals are related to obtain specific celay data,
such as: average travel time, total delay, average delay per approach ve-
hicle, average delay per stopped vehicle, and the percent of vehicles
stopped, as shown in the data sheet in the Appendix (page I-9 ). This
method has been shown to provide reliable estimates of the delay charac-
teristics at an intersection.

Advantages:
1. Simple to perform " S
Z. Obtains a large amount of data in a limited amount of time.
3. Results are reliable.
4. Equipment and manpower requirements are minimal.
5. Data manipulatien is simple.

Disadvantages:

1. DBelay and travel time represent averaced results.
2. Large volumes of stopped vehicies along an approach riay
timit the accuracy of the results.
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This technique ne$ bteen founa to be highly effective in performing inter-
section .delay studies. Its overall Tow cost, cue to minimal time and
equiprent needs, makes this technique favorable.

& Phiotographic Methods

The pnotographic methods (described in the Tink studies section) can
be used to obtain intersection delay information. Urice the data 1is
filmed, it can be extracted by a sampling or a license plate methou. Fur-
ther information on this methoc is provided in Procecure 7 - Volume
Study.

® Cbserver Method

The observe methed {described in the Tink studies section) is Tavora-
ble in that it can easily trace a seilectaed vehicle's path &t and tnrough
the intersection. 8y recording traffic volume data, the single vehicles'
findings nay be used to represent the approach velume at that time
period.

€ Test~Car Techniques

The test-car technigues {described in link studies section) may also
be used. However, it will be cumbersome o perform and result in signi-
ficantly greater Time expenditures than cother gvailabie nethcds.

® License Plate Method

The license plate method (described in link studies section) can be
used to obtain intersection deiay information. It usually reguires «
substantial amount cf personnel toc record the Ticense piates for the in-
tersection volumes. In additicon, timing of the venicle delay may te
approximate since it dis difficult to record the time date in much less
than minute or half-minute intervals.

@ Mechanical Recording Method

Mechanical recording methed £5,6] are useful for intersection delay
studies. This method uses rcad tubes or tapeswitches o transmit vehicle
passage data to a recorder. A typical setup is shown in Figure 23. AS
the vehicle passes the initial study point, & markK is made on the record-
ing tape. After passing the end point of the study area, another nark is
recorded. The recording paper autcmatically advances in & time- related
fashion. The indicator marks on the recorcing tape are then comparsd To
obtain the ifravel time data. This method may sometimes reguire an cbserv-
er to be stationed at the recorder to manually place marks on the tape Tor




N WM — — i — wames mmem

LEGEND

@ Observer
— Relay Device

X Mechanical Recording Device

Figure 23. Mechanical recording eguipment set-ups.
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vehicles which do not pass completely through the test section, such as
trun traffic.

Acvantaces:

1. Provides an accurate record of venicle passage tines.
Z. Device is easy to operate.

Disacvantages:
1. Cbtains only travel time information.
2. At intersection area, vehicie stopped on road tube cor tape-

switch can produce inaccurate data.

3. Requires additicnal persocnnel to monitor data sheets (to
obtain cdata on only those venicles passing through the test
sectionj.

4. Lata analysis can be time consuming.

This technique can provide highly accurate results for travel tiwe
data.

® Delay Meter Method

The delay neter method [5,6] permits the accusulation of venicle-
seconds of stopped time at intersections. Vehicles within a defined zone
zre countec and the amount of stopped time is measurec using & delay
meter, as activated by an observer,

Advantacges:

1. Simnple to perform
2. Time reguirements are Tow.

Disadvantages:

1. Accuracy may be biased by observer actuating the delay meter.
2. Information is cbtained only on the amount of stopped time
delay.
3. Equipment and setup can be costly.
This technique 1is 1imited by the availability of the equipment.
Since most agencies do not have access to this type of eguipment, it is
not often used.

Selection c¢f Technigue

Various technigues are available to perform these alternate proce-
dures. To select the appropriate technique, the managesent concerns
involved in the procedures reed to be delfermined. The management concerns




include the uata collection capabilities, the level of accuracy, and the
manpower, equipment, and time requirements of each technique. "Table 18
displays the utility of each technigue in relation tc these management
concerns.  Table 19 displays available techniques used to perform the
procedures as a function of the information obtained. Based on these
. tables, a favorable technique can be suggested,

For intersection studies, the use of the sampling method is mos%
favorable. It requires a low time requirement to obtain the required
sample and compute the findings. Other techniques require either substan-
tial data collection or data analysis procedures. ‘Where a record of the
field situation is warranted, photographic technigues have proven effect-
jve ytilizing the sampling method for data extraction.

Findings

For intersection delay and travel time studies, the output can be
presented in a format similar to that shown in the bettom portion of

Figure Z21.

Results of an intersection delay study are usually given by calcu-
lating the following statistics for an intersection approach:

. Total stopped-time delay in vehicle-seconds;

Average stopped-time delay per stopped vehicle in seconds;
Average stopped-time delay per approach vehicle;
Percentage of vehicles stopped;

. Overall travei time.

N = QO PO e
« s e

@ Use OFf Findings

The effective use of intersection delay findings for assessing level
of service conditions at an intersection has not been totally assessed at
this time. While attempts have been made to compare the average delay per
vehicle to the operating level of service, its effectiveness has not been
proved. As a general guideline, average delay (stopped delay) per
approach vehicle of 10 seconds or less at signal controlled intersecticns
signifies efficient operation. Average delay vaiues between 10 and 25
seconds indicate that some improvements might relieve the less than satis-
factory flow conditions. For four-way stop locations, the improvement
might take the form of traffic signal control.

The travel time and delay findings are used in the selection and
evaluation of safety-related countermeasures. In selecting feasible
countermeasures, delay data are used in the economic analysis to derive
deTay costs. UDelay costs will include: the time cost to an indivigual
(resulting from "lost" time which could have been used in a productive
manner) and the vehicle operating costs. These figures can be obtained
from various references on roadway economics including:



i. Econpmic Analysis for Highways by R. winfrey.
2. "Running Costs of Motor Vehicles as Affectea by Road Desicn and
Traffic®, Paul J. Claffey, NHRP 111.

The calculated cdelay costs are included in the economic analysis as a
"aisbenefit"; however, an anticipated improvement ({reduction) in delay
will result in a "benefit" being derived from the propcsed improvement.
Delay costs may alsc be inciuded in formulas used 1in the scheduling or
planning of improvements.

Finally, the use of the travel time and delay cata for evaluation of
countermeasures involves the measurement of characteristics "before" and
"after” implementation of the countermeasures. Differences in “before”
and "after" are tested for significance of the results.

@ Exarple

An exampie of the sampling techniques used in ceterwining intersec-
tion delay characteristics is given Figures 24 ana 25 for obtaining the
deiay characteristics and the travel <time data, respectively. Sample
calculations are shown at the bottom of the data sheets. The example
indicates an average delay per stopped vehicle of 22.8 seconds and an
average delay per approach vehicie of 11.2 seccnds. The sample venicies
are equal the total approach volume (596 vehicles;. Using the ueneral
guidelines, this value does not indicate unusual delays.

These celay findings are used in the selection of countermeasures and
evaluation of projects as described in the Tink studies section.

Procedure 10 - Roadway and Intersecticn Capacity Studies

Purpcse

Highway capacity studies measure the ability {(supply, of a nighway
facility to accomodate or service traffic volumes {demand).

Application

"Capacity" is defined as the maximun.number 0T vehicles which has a
reascnable expectation of passing over a given section of & lane or a
roadway in one direction {or in both directions for & two-lane or three-
lane highway) during & ¢iven time period under prevailing roacdway and
traffic conditions [13. A comparison of actual traffic wvolumes to the
computed capacity value will define a level of service of tne facility.

The relationship between the level of service and safety of highway

facilities have not been fully esteblished fhrough research. Until
research is undertaken to develop such precise relationships, it is not
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possibie to directly use the resuits of & capacity analysis to infer that
countermeasures that improve- capacity will have a beneficial effect on
safety. MNevertheless, capacity studies provide valuable information for
many tratfic safety engineering investications.

For most roadway conditions, six levels of service are defined. They

are:
Level of Service Descriptiocn
A free flow

stable flow (upper speed range)
stable flow

approaching unstable flow
unstacle flow

forcea flow

™Moo

Generally, levels of service "A", "B", or "C" are the nost desirable
conditicns. They represent a stable traffic fiow.

@ Need For Capacity Study

The need for a highway capacity study is triggered by the occurrence
of congestion related accidents (pattern of rear ends, rignt-anyle,
left-turn accidents during peak traffic periods), field observation cf
congestion or insufficient capacity cecncitions, and complaints by local
citizens.

® Use of Capacity Study

The information obtained from a hichway capacity study is used for:
o Planning and Justifying safety countermeasures.
o Selecting a safety project.

» Fvaluating the successful implementation of a safety project.

Ay avamrmia acciima  Fiwn ranntarmaaciivac avra ha -nrr r‘-r\nc'i«'h:;\nz:_)ﬁL L ranx FehBals]
JRY ¥ CA(AIH}JIC, o Suig LWL LLGHILED GG U oW SO [P bl 1Ty Lo PdTe T lUi Piosuied iy
accident frequency at a location. Also assune countermeasure Noo 1 will

result in level of service "B" operation as opposec tu level of service
"E' which is the existing condition at the location. Furthermore, coun-
ternmeasure Noo 2 1s expected to have little effect on capacity. Based on
capacity objectives, countermeasure No. 1.would likely be selected since
it improves the cperation of the locaticn,

D Period Of Data Collection

Two types of data are typically collected for a capacity study. They
are- roadway inventery iaformation and volume data. The data differs by
ne technicues used to assess the roadway capacity.
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The collection of roadway inventory data can be performed under

varying traftfic conditions. Traffic \m'lme "°’=S'fr‘ement;, hcwe\/er! are

normally obtained during peak traffic flow periocds. Typical peak periods
occur on weekdays (from Monday P.M. through Friday AJM. ).

Alternate Techniques

Several techniques to determine capacity are available. Analysis
methods include:

e Highway Capacity Manual (1965) charts.

¢ Northwestern University Signalized Intersection Capacity charts and
nomographs by Jack E. Leisch.

Interim Materials on Highway Capacity.

»

e Critical movement aralysis fechnigue.

e Cycle sampling method.
Primary considerations of these techniques are identified in Table 20.

® Highway Capacity Manual

The 1965 Highwav Capacity Manual (KCM) [1J] provides the most complete
and autheritative reference on capacity. It utilizes the following
factors to determine the capacity of a facility.

® Roadway Factors
- Approach width (urban)
- Lane width {(rural)
- Lateral clearance
- Shoulders
- Auxiliary lanes
- Surface conditions
- Alignment
- Grades

]
[ws)
oy
L
L)
n

Lane distribution

Variations of traffic fiow (load factors, peak hour factors)
Traffic interruptions (traffic signal, railroad crossing, etc.)
Turning traffic influence

1
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Table 20.

Primary considerations for highway capacity
study techniques.

N Conai-
daration Equipnant .

- Reguire- Time Manpower Rasociated Data BData
Technique Function ments Reguirements Requirements cogts Dath Tnput Ohtained Output
1.Highway ,Obtains capacity Highway Approx. 15-45 .Trained LHOM manual- .Dafined locatlon LAvailable | -hervice

Capacity data for free- Capacity miputes per technician $10 Rosdway wund road- or design valumes
Manual ways, weave and Manual gite or engineer side inventory capacity and op-
merge functions, .Data to perform -Signal timing arating
artevial gptrests, sheets analysia (for aignalized level of
downtown streets, tocations) service
rural highways, .Volume measure- of fack-
and major inter- ~ menta lity
sectiony using .Study period
table, charts,
and forumulas
z.capacity .Obtains capacity .Set of LJhipprox. 16-30 » Trained .Hone .Defined location .Byvallable | .Service
Homographs| of signalized charts minutea pex tachniclian -Rpadway inventory or design volures
intergections .Pata pite or engineer .Signal timing capacity and op-
using charts sheats to perforn (for signalized erating
derived from HCM , analysis locations) level of
data . Volume measure~ service
ments of faci-
Study perind livy
3.Interim .Obtains capacity .TRB JApprox. 30-60 {.Engineer to .TRB Clrcular | .Defined location JSvajlable | -Operating
Materials of freeways, ramps,| Circular minutes per perform 212 - %6 .Roaaway and road- or design aervice
weaving secticns, 212 Aite analysia Bide inventory capacity volunes
and unesignalized .Data .Signal timing and level
intersections ueing] sheets {for signalized of ser-
charts and fermalas locations} vice
.Volume measure-
ments
.Study period
4.Critical |.Obtains lével of .Data JApprox. 10-2¢ |}, Trained .None D=zfined location Lritical .Estimate
Lane service of signal- sheats minutes par techniclian Roadway inventory lane af Operen-‘
Analysins ized intersectiona site or engineer Volume measuras sumnation ting le-
using additive pro-] to perfoxm ments obtained vel of
cedures based on analysle éuring peak hour service
sum of conflicting +Study period
movenent
5.cycle «Obtaing a maasure Jiava JApprox. 26-8¢ +Tzchniclan .None Defined location Narbar of | -Estimate
sampling af loval ©f gervical aheate minutss par to collect .Lycle length fully of level
of measuring per- site data .Study pericd loaded of per-
centage of fully -lechnieian <ycles vice
losded cyclas to adjust
cdate




In general, capacity computations involve the determinatio

ik

O ¢f an
"unadjusted" capacity for a given set of stancard conditions. This value
is then adjusted by & series of mulitiplier factors to reflect the
prevailing roadway, environment, and traffic conditions.
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Freeway sections.
Weaving sections.
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.
]
e Raip junctions.

o Signalized intersections.

e Urban and suburban arterials.
o Downtown (CBD) streets.

e Rural highways.

Based on. empirical relationships, service voluiie or level of service
characteristics can be defined through the use of charts, tabies or for-
mulas. Additioral details of these feormulas and charts are providea in
the Highway Capacity Manual (1965).

Advantages:

1. Is nationally accepted.

2. Provides capacity and level of service information for a
wide range of highway situations.

3. Relationships are aefined in simple terms and calculations
are easy to perform

Tavn

Lisadvantages:

1. Some of the analyses contain inconsistencies.
2. May require considerable analysis to obtain Tevel of service
information for intersections.

A basic Timitation of this methoa is the time required to perforn inter-
section analysis. Several steps, i.e., reading graphs and charts and
using various formulae, are required tc obtain a capacity value. However,

this is only a winor limit

o
ness and applicability of thi

: ol

on and does not reduce the overall effective-
s method to most highway- situations.

@ Northwestern University Capacity Charts

l orinwestern signalized intersaction capacity charts anc nono-
graphs [2,3] utilize the Highway Capacity Manual data for intersection
Capacity. The nomograpns are designed to sSimplify and reduce the work
that otherwise would be required by the long-hand computational approach
of the Manual. Data input requirements are similar to the HCM method.




The various adjustment factors, e.g., truck percentages, Jeft-turn
and right-turn percentages, etc., are incorporated into a nomograph so
that for any known conditicn, intersection capacities can be obtained
directTy without reference to the Manuai. The resultant output from these
charts, for all practical purposes, are similar te those produced by the
Manual.

Advantages:

1. Provide results similar to those obtained with the Highway
Capacity Manual (1965).

2. Simple to perform

3. Requires Timited calculations.

Disadvantages:

1. Grapnical readings may produce slight inaccuracies.
2. Limited to signalized intersection analysis.

These nomographs are currently used by meny agencies throughout the U.S.
and are most appropriate for intersection applications.

® Interim Materiai Guide

A considerabie number of studies related tc highway capacity have
been completed since the 1965 HCM was published. To suppiement cuyrent
Manual procedures, & set of Interim Materials on Hichway Capacity {41 was
recently published by the Transportation Research Boarac. It is currently
uncder a two-year trial and evaluation period to be completed by January,
1982, Thne Interim Materials provide updated procedures in the following
areas:

¢ Signalized intersections - critical movement analysis.

e Unsignalized intersections - two-way stop and yield sign
locations,

e Weaving analysis.

o [reeway capacity.

» Pedestrian analysis.

e Transit analysis.

The procedurs developed for unsignalized intersection capacity is
only applicable to intersections with two-way stop signs or to locations

where yield signs are posted. The first step of the procedure involves
calculating the maximum flow available for eazch minor approach.

1~
fi+9
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Comparison of these values to the existing demand yields an estimate of
the level of service and the anticipated delay. The procedure includes
adjustment factors for conditions such as: the effects of main roadway
traffic waiting to meke left-turns; lane configuration on the minor
approach; and shared lane movements, i.e., right and through vehicles
dsing the same lane.

The sections of the Interim Materials that address weaving analysis
and freeway capacity procedures are major supplements to the 1965 Manual
technigques. The Interim Materials specifically deal with the following
freeway components.

o Basic Freeway Segments.
¢ Weaving Areas.
s Ramp Junctions.

The Interim Materials for freeway capacity analysis are organized into the
following parts:

1. Basic Characteristics - The basic factors and items which affect
the basic factors are presented along with equations, graphs, and
otner supporting materials.

2. Computational Procedures - A step-by-step procecdure is given for
conducting the analysis.

3. Sample Problems - Examples of the methodology are presented for a
variety of applications.

The procedure for determining the capacity of freeway segments in the
Interim Materials is similar tc the technique outlined previously for the
HCM; however, new charts, correction factors, ana level of service ranges
are given to reflect changes in roadway, vehicle, and driver characteris-
tics. The section on weaving analysis was derived from the results of re-
cent research investigations. Two procedures are available. They are
more complicated than in the HCM. However, the procedures have tended to
reduce inconsistencies in the weaving procedures, such as the definition
of the gquality of flow and level of service.

® Critical Movement Analysis

The critical movement analysis technique (TRB 212) [4,5,6] provides a
quick and efficient wmethoed of estimating the intersecticn JTevel of
service. The method utilizes input relating to intersection geometric
iayout, traffic volumes and traffic signal phasing for computing a total
intersecticn critical volume. In this technique, critical movements are
determined and summed for each signal phase. These volumes compared to
level of service criteria as shown in Table 21 to determine the operating
level of service.
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Table Z2I. <Critical volume and level of service relaticnships.

Level of Critical Yolunes
Service Description Z-rhase 3-Phase Multi-Phase
A Free 900 g5h5 8¢5
B Stable (upper speed rance, | 1,050 1,000 965
" Stable 1,200 1,140 1,100
D Unstable 1,275 1,200 1,175
£ Capacity 1,500 1,425 1,375

Source: TkE Circular No. 212

Initially, observed traffic voluies are distributed te¢ the available traf-
fic lanes. This 1is achieved by placing traffic in itis expecteu fravel
path using lane use factors. For instance, if 1,000 vehicles are otserved
on a two lane &approach during the peek hour, the lane distribution woula
be:

1,000 x 0.55 = 550 vehicies in cne lane
1,000 - 550 = 450 vehicles in the other lane

The lane carrying 550 vehicles is identified as the critical volume for
that approach. Traffic would be assigned using similar factors for
approaches with more than twoe lanes. If the voiume nad been recorded
separately for each approach lane, then the actual volumes would be used
insteaa of the estimated lane utiiization factors.

From signal phasing patterns, critical movements are then determined.
By summing conflicting movements using the highest voiume lane for each
specific moverment, a volume associated with each critical novenent or
phase is computed. The critical movements are then summed to produce 4
critical volume. The level of service 1is defermined by comparing the
critical volume to the service volume ranges shiown in Tabie Z21.

This technique is currently being used by a number of agencies, and
has been used primarily for planning purposes. It shouid be noted that
more detailed methodolcgies, incorporating. truck; Jane width, and other
eguivalency factcrs have been introduced to improve the accuracy of the
results.

Advantages:

—
3

Provides an estimate of the total intersecticn level of
service.

Effects of design and operational chances can be evaluated.
Uses simple ana quick computations.

LI AN
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Disadvantages:

Requires knowledge of lane utilization for accurate results.
Use of design factors can result in lengthy computations.
Requires knowledge of the operation of the adjacent
intersection and roadways.

. Levels of service criteria used are questicnable dependent on
the nuimber and extent of the varicus adjustment factors.

*

.

AN
.

Application of this technique is restricted tc signalized intersections,
where its use is highly recomnended. However, where the computed level of
service by this rmethod approaches a critical point {level of service D, E,
or F}, the HCM or nomograph technique should be used to provide a nmore
detailed review of the individual intersection approaches.

® Cycle Sampling Method

The cycle sampling method is based on a measurement of the number of
fully loaded signal phases resulting from a continuocus traffic demand on
an approach.  The number of fully loaded phases is compared with the
available number of cycles during the observation period to determine a
load factor. Levels of service related to the Toad factor are shown
below. These values were obtained from the 1965 HCM.

Level of Service Load Factor
A 0.0
B 0.1
C G.3
D G.7
E 1.0

This technique is performed in the field during the peak perioa. The
results are used to assess a peak hour level of service based on the sam-
ple counting period. Since this technigue is a sampling technique, it may
be feasible to count as Tittle as 15 continuous minutes of operation per
approach. However, the sample period should include the peak period with-
in thg hour to 1imit the influence cof lower volumes on the critical peak
periods. . .

Advantages:
i. Provides a quick estimate of the intersection level of
service.

2. Regquires a limited data collection period.
3. Requires minimal data analysis.
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Disadvantages:

1. Results may be biased by obtained sample.
2. Provides an estimate for operating levei of service.
3. Load factor may not relate to actual level of service.

This method is used at signalized intersections. The use of the load
factor &s a measure of the level of service may lead to inaccuracies in
the cata findings. The icad factor represents the percent of fully
utilized green phases within the peak hour. A loac factor of 1.0
representing 100 percent of green phases being fully loaded may not,
however, represent unstable flow conditions. Rather, full utilization of
green phase may represent, a stable flow if the demand rate fis equal o
the service rate. This method is useful, however, as an approximate
method for determining the Tevel of service. It is not extremely useful
for highway safety applications.

Selection OF Alternate Technigues

The selection of the appropriate highway capacity analysis technique
is dependent on the management concerns of the procedure. For capacity
procedures, these concerns include the specific application of the proce-
dure, the level of accuracy of the results, and the time, eguipment, and
manpower reguirements of each technique. Table 22 displays the utility of
each technique in relation to these management concerns. Based on the
specific needs of the procedure, Table 23 provides a list of availabie
techniques to review the capacity of a situation.

In utilizing these tables, Table 23 is used to identify alternate
technigues available te perform the capacity procedure. Where several
technicues are appropriate for a situation, & review of the management
concerns (Table 22) is made to seiect an appropriate technigue.

General cuidelines used in selecting a technique include the follow-
ing:

1. The Highway Capacity Manual (HCM), and Interim Materials due to
their wide range of appiications and overall reliabiiity in tneir
findings are favorable for use in most situations.

2. Where analysis of signalized intersections is required, the nomc-
graph method may be favorable. It uses the HCM data but combines
the several tables wused fn the HCM method cnto a nomograph
allowing for a more efficient technigue.

3. The critical movement technigque is a useful method for signalized
intersections where the overall intersection operation is being
reviewed. " Criticail novement analysis has not been used signiti-
cantly throughcut the U.S. Recent attempts to encourage its use
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Table

22.

Technigue utility

for Roadway Capacity Study.

Technigus

Highway Capacity Critical

Hanagemant Capacity Nomo~ Maverent - Cvela TRR 212

Cencazrns Mandal graphs Analyeis Sampling

Level of Freaways, waav- .Signalized .Sigqnalized Slagnalized Freeways, weaving

Application ing and ramp interssceiona intersecticns intarasctions and ramp junctions,
3 a; wmsignalized lnter-

sectiona, cedestrian

artarials CBD waliwmays and sianal-
{downtown) Lzed intersscticn
ftreets, rural (eritical movement
highways, signal- analysis}
ized intarsec-
tions

.lavel of .Detailed analy- -Datailed analysis .Datailed analy- |.Approximate analy- .Detailed analyais

Accuracy 8is of aituationa by appreach ais by total sizs hy aporoach of situations

intersecticn

»Time .Raquire tanle Permita simple sRaculreas caleu- | .Requires aimgla fRequires table look

Requiremants logk up and table lock up latiocna and somef oimple calculation up and calculations
calculations tahle look up

.Equipmant .Highway capacity .58t of nomo- Mindmal Minimal «Interim Gulde

Raquiraments manual graphs

H . Manpowar .Engineseyr lavel Enginear level .Engineer leval Technician level .Pnaginesr lavel
Equipment

Table 23. Favorable Roadway Capacity Study technigues.

Y
CHNIQUGE HIGHWAY CRIMTTCAL
CAPACITY CAFPACITY LANE CYCLE INTERIM
APPLICATION MANUAL NOMOGRAPHS ANALYSIS SAMPLING MATERIALS
. Fraeways x b4
. Weave and Ramp
Junctions X %
. Urban and sSub-
urban Arterials *
. CBD {Downtcwn)
Streets x x 4
. Rural Highways ¥
. Major Intersections % ® %
. Unsignalized Inter-
sections ’ x
j
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- {through wecrkshop session

s and classes) have tended to provide a
more widespread use of tni

s technigue.

4. The cvcle sampling methoc is favorable as e guideline for capa-
city evaluation of existing signalized intersections. It is not
intended for planning or design purposes.

Findings

Highway capacity results can be summarized in the form of tables com-
paring the existing use of the facility to the design capacity of the
facility. A sample table is shown in the Appendix (page 1-10). For
special use lanes, i.e., left-turn lanes, right-turn Jlanes, capacity
analysis is normally assessed as a separate item.

@ Use Of Findings

Findings from a highway capacity study provide a measure of the level
of service for a facility. Using the Highway Capacity Manuail, the North-
western nomographs, or the Interim [Materials Guide, the findings witl
produce a “service volume" (available capacity for a defined level of
service) of the facility for a given level of service. Level of service
"CU o denoting capacity conditions is commonly used. The observed volumes
for the site are then compared to the service volume to develop a V/C

ratic. Values of the V/C ratio for specific levels of service are:

V/C Ratio Level of Service
0.0 A
0.1 8
0.3 C
0.7 D
1.0 £
These ratios are used to describe the Tevel of service and to suggest
the need for improvement, a level of service "D" and "E" will typcialiy

warrant an jmprovement.

The findings from the critical lane analysis and cycle saipling
methods will result in a direct measurement. of the level of service. The
critical lane technique will describe the overall intersecticn operation
while the cycle sampling method assesses the level of service by intersec-
tion approach.

The resylts of the highway capacity procedure relates the traffic
handling capabilities of a facility, ancd can be used to provide input on
congestion-related safety deficiencies. 1Its primary use, however, is as
input in the selection of countermeasures.




@ Example

1

An example of this technique follows for a three-phase intersection

auring the evening peak hour, as shown in Figure 26.
the volumes are based on observed data.

Tana

neo rang

are used,

It is assumed that
Since cobserved volumes by lane

b 1 NV alatol o 2l V]
use factors are unnecessary.

By phase and lane use, the respective critical volumes are:

FHASE 1 -

PHASE 2 -

PHASE 3

Southbound through -~ 280
Southbound right - 210
Northbound through - 340
Northbound right - 13¢

left-turn - 130
teft-turn - 150

Southbound
Northbound

left-turn - 4060
righi-turn - 320
1&‘F+...1‘|:V~n - 3(30

LIV R VR VR B | =

right-turn - 325

Eastbound
Eastbound
Westhound

Westbound

through and
through and
through and

through and

The critical volume of each phase represent the highest volume for con-

flicting movements.

PHASE 1 (no conflicting movements) - Northbound through volume =

As such, the following critical volumes are defined:

340

vehicles

PHASE 2 (no conflicting movements) - Northbound left-turn volume =
150 vehicles

PHASE 3 (conflicting movement between left-turn traffic and opposing

through and right-turn traffic) -
westbound throuch and right-turn =

or,

tastbound Teft-turn and
75 + 325 = 4060 vehicles

- Westbound Teft-turn and eastbound through and right-turn =

50 + 325 = 375 vehicles

[ ]

PHASE 3 (critical volume) = 400G vehicles

Suminarizing these volumes, the total critical volume is:

PHASE 1 -

340 vehicles

PHASE 2 - 180 vehicles
PHASE 3 - 400 vehicles

8Y0 vehiclies

From the previous table for a three-phase signal, this intersection oper-

ates at level of service

HA II_' HB H.
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> E=50C
325 T=275
T=770

; 300 I.=50

T=75
T=325 400 o

T=3G0
R=20 320 ~=
‘\ Division St.
150 340 130 LEGEND
R = Right turn
T = Through
L = Left turn
Tixst St

\\\ 470

Figure 26. Critical movement technigue - example diagram.
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@ txample 2

Assume conditions for a signalized intersecticon as given below. The
cycle Tength during the evening peak hour is 80 seconds with a phase tim-

ing plan of:
@,  (G/C) =0.40 (40%)
w2 (G/C) 10 (10%;

aﬂber phase

=0
((:I/C) = .35 (3 .fa} }
s (total) = 0.15 (15%)

Uther factors are:

lane width = 12 feet

¢ thru lanes and the one-left turn lane per appraoch.
area = central business district

metropolitan area = over 1,000,000 population

peak hour factor (assuwec} 0.85

separate left-turn lanes for 1st Street

ist. Street right-turns = 10%

Division Street left-turns = 5%

Trucks and through buses = 4%

No parking in area,

Compute the service volumes and V/C ratic of the north approach.

In computing the capacity, the chart (taken from HCM) shown in Figure
27 is used for an urban intersection apprcach on a two- -way street with no

parking.

NORTH APPRCACH

Approach width (exclusive of left-turn lane) = 24'

SERVICE VOLUME (through and right-turn) L.0.S. "E" =

2100 veh, 4 (peak hour factor adjustment) X
hr. of -green

(Tocation within metro area-CBD factor) X
{adjustment for right-turns - 10%) X
{adjustment for left-turns - 0%) X

(adjustment for trucks and through buses) X

(G/C ratio for approach)
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Figure 27. HCM chart example.




= 2,100 veh., , 1.14 x 1.0G x 1.00 x 1.10 x 1.Gl x C.40
hr, of c¢reen

— M [ .7 -
= 2,100 veh, x 0.51 =

bt
=
=l

Pt
<
m
o
-
(]
——
m
W

The observed through and right-turn velume during the peak hour s 490
vehicles.

The V/C ratic is: 480 = 0.46
TC71
This represents a better than L.0.S. “C" condition representing a stable

f1ow.

For the separate left-turn with signal control, the capacity is

defined by:
W
C =L xG/C x
10LI+0.8(N-1);{1-C. 01(T-5}2
Where:
C = capacity

L = turn lane volume per hour of green time per 10 foot width (from
HCM table)

o

By

()
il

"green time to cycle length" ratio of the separate lane
W = width of turn lane, ft.
N = number of turn lanes

T = truck percentage
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12

1260 x 0.10 x
TOLT+0. 8 (1= 1) L0 0T(a=57]

CAPACITY

1200 x 6,10 x 1.19 = 143 vehicles
The observed left-turn lane volume is 130 vehicles. The V/C ratic is:
136
— = {,01
143
This represents & level of service "D" cperation, nearing an unstable

flow. It mey require a countermeasure t¢ upgrade the level of service to
“C" conditions,

Procedure 11 - Traffic Conflict Study

Purpese

Traffic conflicts stuydies are used in the diagnosis of safety and
operaticnal problems at a highway location. Traffic conflict counts can
be a supplement to routine field inspections of high-accident lecations,
or they can be conducted at suspected hazardous sites.

Application

A traffic conflict occurs when & driver takes evasive action such as
braking or weaving to aveoid a collision. The coilection, summarization,
and analysis of conflict data comprises a traffic conflict study. Many
safety engineers believe Traffic Conflicts to be an indicator of the acci-
dent potential at a site. However, defined relationships between conf-
licts and accidents have not yet been clearly established.

The traffic conflict technique (TCT) was coriginally developed by the
General Motors Research Laboratories in 1967 [1,2]. The technique was
designed to be a systematic method of observing and measuring accident
potential et intersections. Since then, it has been.modified and usea by
various U.S. highway agencies, particulariy in the States of Ohio,
Virginia, Kentucky, and Washington 13,4,5,61. Variogus other countries
including England, Sweden, and (anada have developed and utilized their
own versions of the traffic conflict technigque [6,7,8,9]. Time lapse
ghgtography is commonly used in these countries for collecting conflict

ata.




A traffic conflict stuay may involve igentifying conflict categories
by type, as well as cetermining conflict frequencies, rates, and sever-
ities {nearness to an accident). The conflicts are recorded ang analyzec
to provide input to meet the study purposes. In additicn a diagram
(siiilar to a collision diagram) may be prepared to grapnically display
the data.

®_Use of Traffic Conflict Study

A traffic conflict study is useful for several purpcses. In some
cases, detailed accident information is unavailable, and in these cases,
confiict data can serve as a replacement for these reccrds to agiagnose
safety deficiencies.

Conflict studies can also be conducted to assist in the selection of
safety-related countermeasures. For this application, traffic conflicts
can provide valuable information in the study of hazarcous locatiaons,
particularly at urban, signalized intersecticns where a significant number
of conflicting movements normaily occur in or near the intersection area.
Countermeasures may be developed or selected to alleviate certain notice-
able conflict types.

For use in the Evaluation Component of the Highway Safety Improvesent
Process, traffic conflicts can be used as a "measure of effectiveness" of
a project. Their use in this way is favorable for intersections contain-
ing significant traffic volumes and a variety of conflicting traffic move-
ments.,

® Traffic Conflict Definitions

Tne TCT procedure discussed herein is basec on NCHRP Report 219 [10],
as completed by Midwest Research Institute (198C). Definitions of speci-
fic conflict types pertinent to most conflict studies are as follows:

e Left-Turn, Same-Direction Conflict

A left-turn, same-direction conflict occurs when the first vehi-
cle slews to make a Tleft-turn, thus placing a second, following
vehicle in danger of rear-end coilision., The second vehicle brakes
or swerves, then continues through the intersection (see Fig. H-3 of
Figure 28.) _ .

® Right-Turn, Same-Direction Conflict

A right-turn, same-direction confict cccurs when the Tirst
vehicie siows to make a right-turn, thus placing a second, following
venicle in danger of a rear-end collision. The second vehicle brakes
or swerves, then continues through the intersection (see Fig., H-4 of
Figure 28.)
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Conflict types.
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o Slow-Vehicle, Same-Direction Conflict

A slow-vehicle, same-direction conflict occurs when the first
vehicle slows while approaching or passing through an intersection,
thus placing a second, following vehicle in danger of & rear-end
collision. The second vehicle brakes or swerves, then continues
through the intersection {see Fig. H-5 of Figure 28).

The reason for the vehicle's siowness may not be evident, but it
could simply bte a precautionary action, or a resuit of congestion cor
some other cause beyond the intersection.

o Oppesing Left-Turn Conflict

An opposing left-turn conflict occurs when an oncoming vehicle
makes a left-turn, thus placing a second vehicle, going in the other
direction, in danger of a head-on or breoadside collision. The con-
flicted venicle brakes or swerves, then ccntinues through the inter-
section (see Fig. H-6 of Figure 28).

By convention, in this and the following conflict situations,
the conflicting vehicle is presumed to have the right-of-way, and
this right-of-way is threatened by some other road user. Situations
such as a “conflicted" vehicle placed in danger of a cellision
because it 1is running a red light, for exampie, are not treated as
traffic conflicts.

e Right-Turn, Cross-Traffic-From-Right Conflict

A right-turn, cross-traffic~from-right conflict occurs when a
vehicie approaching from the right makes a right-turn, thus placing a
second vehicie in jeopardy of & broadside or rear-end coliisicn. The
second vehicle brakes or swerves, then continues through the inter-

~-section {see Fig. H-7 of Figure 28 for the directicn of the two
vehicies).

e Left-Turn, Cross-Traffic-From-Right Conflict

A left-turn, cross-traffic~-from-right conflict occurs when a
vehicle approaching from the right makes a left-turn, thus placing a
second vehicle in danger of a broadside ccilision. The second vehi-
cle brakes or swerves, then continues througn the intersection {see
Fig. H-8 of Figure 28).

o Thru, Cross-Traffic~From-Right Conflict

A thru, cross-traffic-from-right conflict occurs when a vehicle
approaching from the right crosses in front of a second vehicle, thus




T S o S

brakes or swerves, then.continues through the ?Iter“
H-9 of Figure 28).

e Left-Turn, Cross-Traffic-From-Left Conflict

A Tleft-turn, cross-traffic-from-left conflict occurs when a
vehicle approaching from the Teft makes a Teft-turn, thus placing a
second vehicle in danger of a broadside or rear-end collision. The

second vehicie brakes or swerves, then continues through the inter-
section (see Fig, H-10 of Figure 581,

Ll WLV e

e Thru, Cross=Traffic-From-Left Conflict

A thru, cross-traffic-from=left conflict occurs when & vehicle
approaching from the left crosses in front of a second vehicie, thus
placing it in danger of & broadside collision. The second vehicle
brakes or swerves, then continues through the intersection {see Fig.
H-11 of Figure 28).

o Secondary Conflicts

In the foregoing nine conflict situations, when the second
vehicle makes an evasive maneuver, it may place yet ancther road user
(a third vehicle) in danger of a collision. This type of event is
called a "secondary cenflict®  Nearly always, the second conflict
will Teck much like a slow-vehicle, same-direction confliict {or a
tane-change conflict, which has not yet been described). The differ-
ence is that, in a secondary conflict, the confiicted vehicle is re-
sponding to a vehicle that, itself, is 1in a conflict situaiion {see
examples in Figs. H-12 and H~13 of Figure 28).

By convention, more than one secondary conflict for any initial
conflict is not counted. Even if a Tline of cars stops because the

~first one turns left, it is counted as a single secondary conflict.

o Other Types of Traffic Conflicts

Under certain special conditions, one may be asked to watch
and record other types cf traffic an11cts, One such cenflict
the "lane-change conflict", which occurs when a vehicle changes from
one lane to another, thus placing a second, following vehicie in the
new Tane in danger of a rear-end or sideswipe collision. The con-
flicted vehicle brakes or swerves, then continues through the inter-
section (see Fig. H-14 of Figure 28)., However, if the lane change
is made by a vehicle because it is in danger, itseif, of a rear-end
collision with another vehicle, the following vehicle in the new lane
is said to be faced not with a lane-change conflict situation, but
with a secondary conflict situation.



Another unusual conflict is the "right-turn, cross-traffic-left”
conflict. It occurs when a vehicle approaching from the left makes a
right-turn across the center of £fhe roadway and inte an OpPRGSing
lane, thus, placing & vehicie in that lane in danger of & head-on
collision. The cenflicted vehicle obrakes or swerves, then continues
through the intersection (see Fig. H-15 of Figure 28). This conflict
is sometimes observed when the cross street is narrow, or when large
trucks or buses make right-turns. Note that the first vehicle nust
cross the center Tine for a conflict to exist!

An "opposing right-turn-cn-red" conflict can only occur at a
signalized intersecticn with a protected left-turn phase. Such a
conflict occurs when an oncoming vehicle makes a right-turn-on-red
during the protected left-turn phase, thus, placing a left-tuwrning,
coenflicted vehicle (which has the right-of-way) in danger of a broad-

Wal _ S q .
side or vrear=-enda collision. The conflictec vehicle brakes or

i
swerves, then continues through the intersection (see Fig. H-16 of
Figure 28).

There can alse be 'bedes*riar“ conflicts, which occur when a
nedestrian (the road user causing the conflict) crosses in front of a
vehicle that has the richt-of-way, thus, creating a possible colli-
sion situation. Any such crossing on the near side or far side of
the intersection (see Figs. H-17 and K-16 of Ficure 28) is liable to
be a conflict situation. However, the pedestrian movenents on the
right and left sides of the intersection are not considered to create
conflict situations 1f the novements have the right-of-way, such as

during a "walk" phase.

In addition, a special type of study exists for conflicts termed
"srratic maneuvers", A study of erratic maneuvers [ 11 records any
sudden, unexpected movement by a vehicle which could result in an
accident. It differs from a true conflict in that it usually in-
volves only one vehicle commiting an unsafe movement independent of
cther vehicles. An exampie woula be & vehicle ¢rossing the center-
line of a two lane roadway in a curve section. Other vehicles are
not present to produce & conflict, however, this siluation can be

extremely hazardous to potential oncoming traffic.

® Cata Coilecticn Requirenents

Prior to performing the conflicts procedure, it is necessary that the

cbservers understand and be familiar with the specific confiict types,
which will reduce misinterpretation of data and result in greater accur-

acy.

Tc insure repeatab111tv of the data between observers, they should

discuss among themselves the conflict types and their use 1in field situa-
tions.
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Ubservers should be trained in the traffic conflict technique pricr
tc data collection at an actual study location. Training requires the
supervision of a person experienced in the field performance of the traf-
tic conflicts technique. A period of one to two weeks is normally re-
quired for nost training purposes. '

Other data will also be obtained to effectively use the traffic con-~
flict data. These incluce traffic volume and roacway inventory data.

® Period of Data Collection

For most safety applications, data collection is Timited to & single
day. For low volume sites, nowever, more than one aay mey be necessary.
Conflict data is collected on typically weekdays. It is desirablie to
collect data during the peak cr higher volume hours o 1imit cata collec-
tion efforts and to diagnose safety problems under the anticipated peak
conflict conditions. The conflict data should be collected under favor-
able weather conditions to eliminate any influence of the weather on the
results of the study.

It 1is alsc preferable that data be collectad during each of the
various peak periods during a day to allow a review of conflict patterns
throughout the day.

Traffic Conflict Technique

@ Survey Reauirements

A general purpose form for collecting traffic conflict data at inter-
sections is shown in the Appendix {pegeI~1l}, as developed in MCHRP 219
L1U].  Informaticn on the day, date, and observer should be completed
prior to the field work. The actual beginning and ending count tires
should be recorded in the left column of the form. Data should normally
be collected in 20-minute intervais. A mechanical count beard may alsc
help-in recording all traffic conflict types.

Generally, a two-man survey team is used. The trained survey person-
nel cbserve the same intersection approach leg at the same time. (One per-
son observes and records the conflict information while the other person
records volume data, Where specific traffic movement by lane is not re-
quived, portable counters can be used to reduce manpowar regquirements.
In many situations, manual counting of traffic volures 1§ necessary.

The survey team is stationed approximately 100-30¢ feet (35-100 m)
from the intersection in order to observe the specific eappreach. The
specific distance is dependent on the anticipated gueue packup during the
sampling (survey) periods. It is necessary to be situated so as to be
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able to accurately observe all the vehicles and recognize activation of
brake Tights and weave fovements.

When the survey commences, the observers record the volume and con-
flict information on the data sheets. Severe conflicts and special or
unusual types of events should alse be recorded on the data form. It can
include “erratic maneuvers™” which are similar to traffic conflicts but are
single vehicle events.

Time-lapse photography can be used to study conflict situations.
Photographic means are particularly appropriate when studying erratic
maneuvers, low volume locations, expected low confiict situations, and
other situations which could require excessive time expenditures if manu-
ally observed. Further details of the TCT counting procedure and minimum
data requirements can be found in NCHRP Report No. 21% [104 Information
on major considerations of the traffic conflicts technigue is shown 1in
Table Z4.

Findings

After traffic conflict data are collected and summarized, they must
be properly analyzed to help determine specific locational problems that
may exist. One way to display conflict data for further analysis purposes
is with a Conflict Diagram, an example of which is shown in Figure 29,
The diagram i$ prepared in much the same way as a collision diagram One
arrow per conflict type is shown with the number of routine and/or
moderate conflicts per hour.

Ancther means of summarizing conflict data is by tabular summaries of
conflicts types or rates (sample shown in Figure 30). This method is
useful in identifying conflict patterns but it fails to locate the con-
flicts as tney occur along an approach.

@ Use Of Findings

For analyzing traffic conflict data, similar techniques exist as for
the accident procecures. Conflict types are reviewed fer patterns of a
specific conflict type. They may be visually assessed or compared to an
expected value. If data are available, the use of expected values is
preferred. -

After traffic conflict patterns have been defined, the results may be
used along with accident informatien or cther safety neasures to diagnose
safety deficiencies. To assist in selecting countermeasures to alleviate
the deficiencies identified by the conflict patterns, a set of tables was
developed by Glauz in NCHRP 219 [10]. They include the type of intersec-
tion improvements that are appropriate for alleviation of specific con-
flict types. A sample table for a signalized, four-leg (four lane)
intersections, Table 25, contains 19 possible improvements as a function
of specific conflict types. These tables are useful in develcping pos-
sible countermeasures at intersecticns. While the TCT may be applicadle
to locations other than intersections, 1its wuse has not bpeen well
documented, to date, cr other types of locations.
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Tahle 24. Primary

considerations for Traffic Conflict Study.
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CONFLICT NUMBERS AND RATES AT THE TEST SITES

(12)

TAL

CONFLICTS CONFLICTS PEAK-HOUR CONFLICT
INTERSFCTION APPROACH 11-HOURS) PER HOUR CONFLICTS RATE**
New Circle Hul al § 594 81 127 89.5
Woodhill Drive
Euclid Avenue at NW (IR)* 601 55 97 144.9
Woodland Avenue SE (o) 36t i3 81 111.6
Limestone Street at N (B 631 57 95 922
Virginia Avenue S (0B) 595 54 98 88.3
Main Strcet at SE (IB) 913 83 103 1529
Jefferson Street NW (0B} 496 s 65 79.3
Harrodshurg ‘Road at NE {IB) 349 12 52 47.1
Larkspur Drive $W (OB) 470 43 119 1!

*Significs Tubound or Outbound.
**Conflicts per [,000 Vehicles.

Scource: Neferenoce

5
Figure 30, T

abular summaries of traffic conflict data.



Table 25. Feasible improvements for conflict patterns -
signalized, four-leg (four-lane) intersections.
Same ";
Direction Right Left §
{Rear~End) Turn Turn Thru |
Iwn
E Cross Cross Cross
- Traffic Traffic Iraffic ”
2] 1 Yt (o]
— gt L1 . =
C U &l W -l nd £ At =] o4
[~ W I I --] L e bt = A L =]
“ T o ow ol ot =13 e ") Yt ob -t ob
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e OH QO © & =3 b= Q o o [+] 5] b (=%
[ I e B - B = =4 B L I St St e 33 S
Improvenment S E®BAdB O B Bt B B [ [S)
Left-Turn Bay X X x
Left-Turn Phase X X *
Lefr-Turn Restriction X X X
Right-Turn Bay X X
Right-Turn Radius oz X X X X
Reoadway ’
Signal Cycle cr Phase X X XX X X
Length
Actuated Signals X X X X X
Longer Amber or ali Red X X X X X X
Clearance
RTOR Restricrions X X ] C X
Pedestrian Barriers X
Pedestrian Phase X
Add Langes X XX X X
Parking Restrictions XX
Install Median ‘ X
Improve Corner Sight X X
Pistance - -
Speed Zone XEX X X
Advarnce Warning or XXX XX ’ X
Sight Distance Control
Advance Street Name Sign X K X X X
Enforcement X X X X X




@ Exanple

Given the intersection conflict diagram shown in Figure 31, define
the conflict petterns anc possibie safety-re!ateo improvements to alle-
viate these patterns. The intersecticn gecreirics &t the four-leg, four-
lane, signa iﬁzed intersection are cisplayed in the lower porticn of Figure
31,

From a visual review of conflict patterns {(using similar criteria e&s
in the accident procecures), the following patterns are notec (confiict
nurbers are noted on the confliict ciegram).

1. East and West legs - "Same Direction {Rear-End)"
e Left Turn
e Lane Chance

o] L B L L o AL T L a1

Ce Ladl ol wWESL [EYL - U’}JUbe’ Ler =t ulilt

\

3. diorth leg - "Same Direction (Rear-End)"
o right Turn
e Lane Change

L, South leg ~ “Saume Directicn {Rear-End)”
e Lefi Turn
e Lane Change

5. Scuth leg - "Cpposing Left-Turn

Using Table 25 for a signelized, four-leg, four-lane intersection,
the foliowinc rossible inprovenents cen bte suggested.

Pattern 1 & 2 {East and lest leys)
Lefi-Turn Bay v

Left-Turn Phase

e Left-Turn Restriction _

e Sicnal Cycle or Phase Lengii

o &

- Pattern 3 (North Leg)

Riaght-Turn Bay

Right-Turn Radius

Advance warning or Signt Uistance Contrel
Acvance Street Name Sign

e & 2 a9
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- Pattern 4 & 5 (South Leg)
e Left-Turn Bay
e Left-Turn Phase
e Left-Turn Restriction
e Signal Cycle or Phase Length

The findings from cther procecurss, such as velume studies, safel;
performance studies and traffic control device stuaies, can be corbined
with the conflict data to justify a specific countermeasure.

Purpose

Gap stucdies are usea to reasure the time headway or gap betwesan
vehicles along & highway or at an intersection and to analyze the capa-
bility of a major traffic stream accommodating & minor or aiternate

traffic stream.

Appli ion

@ Definitions

Two terms are normally used to describe gap characteristics. They
are gap and tag. A gap is a measure of the time or distance between suc-
cessive vehicles passing & particular point on & highway. Lag is 2
measure of time between the arrival of a minor stream vehicle ana the
arrival of a conflicting najor stream vehicle. A pictorial representation
of these terms is shown in Figure 32,

Several measures are used to determine the gap characteristics for 2
traffic situation. They include: (1) the gap accepted by half of the
drivers; {(2) the gap for which the number of accepted gaps shorter is
equal to the number of rejected lags longer, defined as critical cap; (3}
the average gap, and (4) the critical lag, the lag between sice sireet ana
main street traffic such that the number of rejected lags larger and

accepted lags smaller with be equal defined as critical lag.

in most gap studies, the use of lag datae is preferred, as it ce-
scribes conditions relating to both a major and a minor stream traffic
flow. Gap data relates solely to the major traffic strean However,
depending on the field situation, Loth terms have been used 1in the study
n-F can <1ty ;ﬁ"wnnc

SUp T SR VRS VR SV

'

9 keed For Gap Study

The need for a cap study is normelly incicated by the occurrence of
accidents involving crossing or merying treffic.  Although defined rela-
tionships between gep characteristics and safety at a site have not Deen
developed, it 1is generaily felt that inadequate gaps in & major traffic
strear; can result in unnecessary vrisk being taken by & minor strean



Figure 32.
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traffic flow which can result
accident patterns are:

in a potential

for accidents.

Typical

LOCATICH

SITUATION

FACTGR REVIEwWIL

Freeway Raop or
Weave Junction

Pettern of Sideswipe Accidents
and Rear-End Accidents

e Vehicular Gap

Lengtn of
Weave or Merge

Signalizec Inter-
section

Pattern of Pedestrian
Accidents or Conflicts

Pedestrian
Crossing Gaps
Speed Distri-
bution

Unsignalized
Intersection

Pattern of Right-Angle or
Rear-End Accidents

Venicular Gap
Traffic Signal
Neetis

Speed Distri-
bution

Sight Obstruc-
ticen

Unsignalized
Intersection

Pattern of Pecestrian Acci-
dents of Conflicts

Pedestrian
Crossing Ged
Speed Distri-
bution

Mid=-8lock
t ccations

Pattern of Pedestrian Acci- ®
dents or Confiicts

Pedestrian
Crossing Gap
Speed Uistri-
bution

- Pattern of Right-Angle
Accidents

Venhicular Ge&p
Traffic Sig~
nal Needs
Speec Distri-
bution

Sight Obstruc-
tion

In addition to these situations,

the need for a gap study can bDe

determined from field reviews of the lecation and from complaints by Tocal

citizens.

@ Use of Gap Study

The informaticn obtained fromw gap studies is useful for:
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e lcdentifying operational deficiencies in a traffic situation.

e Uetermining the safety of crossing, merging and weaving
situations.

e Assessing the need for additional traffic controls (counter-
neasure deveiopment.

e Lvaluating the effeciiveness of a safety improvenment.

@ Periodg of Data Collection

The period of the data collect

the accident data.

ien activities is normally aefinec by

-

til'

‘-

The stucies should alsc be performed under favorable weather condi-
tions. Poor weather cengiticens will tend to Tower traffic speeds, thus
infiuencingc tne gap distribution data.

© Semple Size betermination

In collecting cap information, a variety of wnocels are available 1o
compute & mininum saspie size L1,3]. The nodel used depencs upon the fielc
situation. For most highway safety applications, the sample size can be
deternined frem the following fornula.

standard deviation (sec.)

s V]
n

constant correspondinq to contidence ievel in the accuracy of the
data in representing the actual gap characteristics

inat
I§

permitted errcr in the gap or lag estimate (sec.)

at nd the permitted error £ denend on the situa-
tion under study. A sample studv taken at the site witl assist in cefining

therm for use in the above formula. Values of the constant, C, for given
confidence levels are:

Constant C Confidence Level (%)
1,64 90, U
1.96 - 85.0
2.58 89.0

177



Gap Study Technigues

Available technigues for collecting gap information include:

Manual method.

manual/machine method.

Photographic techniques (time lapse and videotape).
The Instrunented site method

oo & O

Primary considerations of these techniques are inciuded in Table Z6.

& Manual Method

The manual method [2,4] uses an observer (technician) at the Tocation
to reccra gaps manually with & stopwatch. The observer is stationed at
the study location, situated in a position Zo view ana accurately tire ail
vehicles. Ceare shoulc be taken to insure that the cbserver's presence
does not influence ariver behavier in the area.

s the first vehicle's front end passes over a defined referencs
point, the ocobserver activates a stopwatch. When the seconc venhicls
crosses the reference point, the stopwatch is stopped anc the tine
{measured as the tire cap between vehicles) is recorded onto & suiinary
data sheet., A second observer can be used tc reccrd the mincr stream gap
needs. This can be achieved Ly assuming an average demana rate for the
study perica (basea on the volune ¢f approach vehicies divided bLy the
period of data collecticn) or by actual neasurement of the accepted and
rejected gaps or lags.

A sarple data sheet is shown in the Appendix {(pageI-12},

1. Eguipment needs are minimal.

2. Data are reliable.

3. Can be perforired with very 1little preparation or setup.
4, Data manipulation is minimal.

[isadvantages:
1. Personnel costs coulu be high.
. Tining subject to human blases.
3. Data can be influenced by presence of cbserver.

This method 1is suitable for pedestrian situations (signalized or
unsicgnalized intersection, or midblock locaticns) and for nany unsignal-
jzed intersections and midblock situations. However, where vclumes or the
corplexity of the situation make the tanual technique difficult toc apply
other more efficient means may be utilized.

3

@ Vanual/rachine Method

The manual/machine methoc [2,4] uses an observer to record the gap
distribution data using a recorcder-type rmachine. Typically, the recorder
device utilizes a recording pen and a timer. The recording pen is
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Table 26. Primary considerations of CGap Study

techniques.

\\S?naideration

Aggociated

(R RS MY L

Nata Data Data
Technique N Cost Input Obtained Output
Manval Method .8top watch .Nefined Venicle gap +Gap distribu-
825 to %150 location durationsg tion character-
. Study istics (mean
period gap, standard
duration, etc.)
«Manual/Machina .Recording de- | .nefined .Vehicle gap «Gap distribu-
Method vica 550-%5100 location durations tion character-
. Study Tape recoxd istics
periad of gap data
+Photographic Coamara eouip- | ,Nafined LFilm record .Various traffic
Techniquas mant SANN - location of location stream character-
82000 .Study Traffic atream istics, including
nariod characteriatics gap distribution
characteriatics
«Instrumented Detaction & .Dafined .Tape record of { .Variocuas traffic
8ite Method recording location gap data stream character-
equipment JStudy Traffic stream istics, imcluding
$500-813000 pariod characteriatlics gap distrihution

characteristics
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Table 26. Primary considerations of CGap Study techniques {continued) .

Considaration

fachnique

Punction

Equipmant
Raquirements

Manpower
Roqulrementa

Fima
Requirementa

.Manual Mathod

.Obtaina gap
data by cb-
server timing
individual
vehicles

.Stop watch
.Data sheets

.Techniclan to
observe and re-
cord data

+Engineer to ad-
just data

.0na half-one hour
per studv

.Approx., one-half
hour to adjust data

Manual/Machine
Mathod

.Obtains gap
data using
observer to
activate
the gap re-~
cording da-
vice

.Racorder
.Data summary
sheats

+«Technician to obh=
sarve data
.Tachniclian to ra-
cord tape data on
summary sheets
+Engineer to ad-

just data

.0One half-orea hour
per study

Anprox, ona hour

to record tane data
onto summary sheats
.Approx, ona-half hr
to adiust data

. Photographic
Tachniques

«Obtaina gap
data manually
from fiim
racorda of
location

«Camara equip=
ment

.Stop watch or
timing machan-
iom

.Data sheets

+Trainad technioian
to set up camera
.Trained technician
or englnaser to re=-
cord data from film
.Engineer to adjust
data

JApnprox. ona hour to .
sat up Oor remova
camera equlpmant
.One-half to one hour
filming time

One-two hours to

view and record data
.Apnrox. one~half hour
to adjust data

Ingtrumented
Site Method

t:"""

+Obtains gap

data through
field detec-
tion and sam~
pling methods

.Datection de=-
vice

» Racording de-~
vice

Program instru-
mant

.Data summary
sheets

+Two teohniclans to
get up and ramove
equipment

+Trained technician
to recoxd data
sEngineer to adjuast
data

JApprox. ona-~half hr..
to set up or remove
equipment

+Approx. one-half hour
to record data
«Approx, onas-half hour
to adjust data
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aCctuated as the first vehicle passes the reference line. As the second
vehicle passes the reference line, the pen is de-activated. The Tengtn cof
the pen line (based on the time relationship of the cap timer to the pen
movement) records the gap size relationship. From these recordings, the
gap data are computed using simple mathematical relationships.

This technigue requires a minimum of cne recording device be usecd per
gap study. For & section of roadway requiring both directions of travel
te be stucdied, separate recorders are required for each <irecticn.
Gbservers gy also be used tg minimize the possibilities of error in the
recording of data. '

The yap acceptance characteristics are obtained by manual rethods, as
described in the previcus technigue.

Advantades:
1. Provides a record of the gap deta.
2. Reguires winimel setup or preparation.

3. Simple to perform
4. Reduces bias by observer.

Disadvantages:

1. Maintenance of portable power source for gap recorder 1is re-
quired.

¢. Personnel costs coulc be high.

3 Jata can be infiuenced by presence of observer .

This method is favorable for use in similar situations as the rmanual
methoas. However, is more eppropriate under higher voluse or more complex
situations due to the automatic recording capabilities of this method.

@ Photographic Technique

The photographic technique 1is described in Procedure 7 - "VCLUME
STUBIES. "

Advantages:

1. Able to obtain cther variables.
2. Provides a permanent record.
3. Obtains reliable data.

Disadvantages:

1. Requires time-consuming review and analysis of data.
2. Relatively high cust due to persconnel and equiprient needs.

This method is most favorable for complex traffic situations {freeway
cross-weave situations, merge situations) where the hich nurber of move-
ments can limit the accurate study of conditicens by sanual methooes. Tne
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the igve? of accuraty. Table 27 displays the technique utility of each
technigue basea oun the management concerns.

e 2t ideniifics *he techniques favorable for a sjtuation. Either
cur listeu technicues are applicable in most situations, To
S ¢ favorable Telnnigue, a review of the management cencerns is neces-
sary. A mator reguirement in this selection process is equipiment avajiabi-

1 In the absence of special recording eguipment, the marugl wetncc
nust be usea. The aveliebility cof other equipment wiil dictate the gap
measurenents technigue to be used.

Several guidelines are provided for selecting & technigue.

i. The use of the instrusentecd site method is recommended for
complex traffic situations where additional traffic cats
should be collected.

2. The photographic techniques are preferable where &z filn recorc
of the field situation is needec.

3. For most Gap studies needs, the manual nethods are 1¢gst feas-
ible. To recduce the dateé collection load for an observer,
the marual/ machine rethed is favorabie. The manual rnethed
should be used where gcap recording equiprent is not avail-
able.

Findings

The data obtained from a gap study can be presented In & variety cf
formats. The sinplest methoc of presenting cap distributicn informaticn
for a traffic strean s & tabular Tist of the gap information oy Treguency,
similar to a spot speed sumiiary sheet. For aata analysis, the average ¢ap
value within an incremert is usea 1o represent each observed gap within the
increient.

Alternate means of presenting cap distribution data is by a g¢raphical
surmary. Graphs of the fregquency of gaps versus the ¢ap duration ray be
preparea.

Gap acceplance date are typically ypresented 1in graphical form, as
shown in Figure 33. (ne axis indicating the length of the gap (or lag) and
the cther axis represents the freguency of gaps {or lags) of a particular
gap (or lag) duration. Two c¢riteria are plotted, the number cof accepted
gaps {or lags} shorter than "X" secoends; and (Z) the nunber of rejectec
gaps (or Tags) longer than "X" seconds. "X" represents the cap (lag)
duraticn alcng the axis. The crossing of these data lines represents the
critical gap.
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£i1m record permits the review of the field situation under a controlled
environment.

® Instrumented Site Method

The instrumented site methoa [5] uses sensors placed on ing pavenert
to detect the vehicle cata. This information is recorded ontc & tape or
cassette. Gap characteristics can be obtained airectly or indirectly from
available computer programs.

The detection device is connected tc a recorder located along tre
side of the road. Various recording devices are available. One such
device is the FHWA Traffic Analyzer which is a multi- channel recorder used
for compiex traffic studies. Another device is the Traffic Counter Device
(also ceveloped for FHWA). This unit uses a reconverted traffic counting
device to record gap and volure data. A third device is the RATEM (Recora-
ing and Analysis of Traffic Engineering Measures) system. This cevice uti-
lizes microprocessor control to scan 16 input channels and perform seven
different types of traffic studies, includiny: speed, volue, and
occupancy. (ther devices providing similar capabilities have been cevel-
oped. These devices can record the gap data and otner output in a variety
of forms, dependent on the recorder capabilities. Available programs
within device can directly provide gap distributicn curves and other Gap
characteristics.

Aavantages:
1. Able to obtain other traffic data.
2. Qutput is reliable.
3. Eliminates human biases in reccrding data.
4

. Available computer program can easily output data in a usable
form .

Disadvantages:

1. Eguipment setup and costs can be considerable.
2. Requires trained personnel to operate equipment.
3. Difficult to detect maifunctioning equipment.

This technique is favorabie for most highway situatieons due to its
ability to obtain a number of traffic variables; i.e., speed, volune, occu-
pancy, etc. in & limited amount of time. However, the availebility and
high costs associated with the use of this technique have tenced to limit
its use in most cases.

Selection Of Alternate Technigues

The use of a particular data collectien technique is related to the
managerent concerns invoived in the study. The primary managemant concerns

include: the tine, equiprment, and manpower requirements, the cata needs anc
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Table 27.

Technique utility for gap study.

Technigne

Manaygoement
con

Manual
Method

Manual/
Machine
Mathod

Photnaraphic
Tachnlidques

Inatrumenten
Site Mathod

 Equipment
Tequirements

.Stop watch
.Other needs,
minimal

.Gap racording
machine
.Other noeds,
minimal

JCamera pauipment
fton watch or gap
recording machine
JOther needn, minimal

Teteoctlon, recordineg
and anhlyzing devica

Hanpower
Regul remehaks

.Techniclan level
to collect data
.Frngineer level to
manipulate data

.Techniclan level
to calloct data
.Fngineer 1rvel to
manipulake datna

Sechnician lovel to
¢0llect data
JFngineaer lovel to
maninulate Aata

.Tachnlcian level to Aet-
up and eolleck data
JJData maninulation can be
nerformed by racording
device

LThima
Renuirements

.Data cellection

.Fqui pmant get up
Data collection

LFauinment set un
Fauipment checks

C.hata ontiection

LPauwlprment aet up

.Data
Capability

.Chtaine gap
distribution
and acceptance
data

.Ohtaing gap dis~
tribution and
accrptance data

LOhtaina gan dlstxibu-
tion and acrentance
data and others
{1imiten trafflec data
valime, apeed)

.Obtalnas qar distribution
and accentancn data and
wide numher of traffic
variablea {veluma, dpeed,
occunancy, denaity, etc.)

.lLevel of
Accuracy

Reliable

«Pallahle

LVnry rolinabln

JRelinbln




Table 28.

Primary considerations for traffic lane occupancy

technique.
Consideration )
Eguipment Manpower Time
Technigue \\\ Function Reguirements Recuirements Requirements

.Detector Method

.Obtains occu-
pancy data
through use
of detection
equipment
within road-~
way

.Detecticn and
recording
equipment

.Technician to
record and acd-
just fielid data

.Limited to data
recording and
adjusting time

.Time regquirements,
minimal

.Manual Metheod

.Chtains occu~
pancy data by
manual speed
and volume
field studies

.Volume counting
device {volume
measuremant)
.Stop watch
.Data sheets

.Technician to
record volume
data
.Technieian to
summarize data
.Technician to
adjust data

.Requires techni-
cian for collec-
tion of volume data
during study period

.Data recording and
adjustment 1-2 hrs.
per site

.Photegraphic
Technique

.Obtains occu-
pancy data by
reviewing f£ilm
receords of
study area
taken during a,
defined study
pericd

.Camera egquip-
ment

.Volume counting
device (volume
measuremnent)
.Stop watch
.Data sheets

.Technician to zet
ur and remove
damera eqguioment
.Trained technician
or engineer to re-
view film
.Technician to ad-~
just data

.Camera set up and
removal time
(approx, 1/2 hr.
each)

+Reviewing film
dependent on
study period

.Data adijusting
time is minimal
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28. Primary considerations r traffic lane occupancy
technigue. (Continued)
\ Consideration Associated Data Data Data
’ . Cost Input Obtained Output
Technigque
.Datector Method [ -Petection -Defined -Occupancy or  pOccupancy
eculbmnt J‘matlon ViUl atliul Cilalauviel 1o
$1000 to .Study time msasure- tics by time
318,000 period ments of day
«Stop watch Nefined .Volume measure-{.0ccupancy
-Manual M
a ethod $25 to 8150 locaticn ments characteris=-
. . Study tics for study
period period
) .Camera eauip-},Defined .Volume measure=-{.Occupancy
.P?gtggzapglc ‘ment $500 to | location ments characteris-
chniqu $2000 . Study tics for study
.Ston watch period period
825 to S15n

}.—l




NUMBER OF LAGS

34
32
30
28
26
24
22
20
18
16
14

12

10

- ‘Number of rejected lags
longer than "X" seconds.

11 11 L] * [ L L) 1 LJ £ ¥ ¥ L] L]

¢ 1 2 3 4 5 6 7 8 9 10 11 12 13 14

LENGTH OF 'LAG (SEC.)}

v

15

hxl'

Critical lag = 7.3 seconds

Number of accepted legs
shorter than

seconde.,

LOCATION: _Adams R4, Noxth of Tienken Rd.

TIME:2:40 pm=2:55 pm DATE: _ 5/22/79

WEATHER: Clear .

Figure 33. Graphical presentation of
gap acceptance data.

187




@ Use of Findings

The findings obtained from such methods as the graphical summary
(Figure 33) are used to evaluate the field situaticns by comparing the gan
acceptance characteristics of the minor streem to the gap distribution
characteristics of the major stream Where conditions are found defi-
cient, countermeseures tc alleviate the deficiency will be warranted.

Analysis methods for specific situations are provided in the follow-
ing references.

e Freeway or highway merging [6,7].

Weaving [4,6,71].

L4

Crossing stop sign controlled intersections [2,8].

e Signalized intersections [2].
e Pedestrian crossing [Preccedure 223.

Procedure 13 - Traffic Lane Qccupancy Studies

Purpose

A traffic Tane occupancy study provides a measure of the traffic per-
formance ¢f a highway facility. Related tc density, the occcupancy factor
measures, as a function of vehicle length, volumes, and speecs, the per-
cent of time a point on a roadway is occupied by a vehicle.

Application

Lane occupancy is defined as the ratio of time that vehicles are
present at a station feor -a specific traffic lane. Related to traffic
volunies over a period of time, the occupancy data is used to identify the
traffic perforrance at a site.

® heed For Stucy

The need for a lane occupancy study is identified by the presence of
congestion at & location (obtained from field reviews or complaints) or
from accident informaticn, as defined by a pattern of rear-ends and cther
congestion-related accident types.

With the incressed use of vehicle detection equipment, the use of
occupancy characteristics as a rneasure of traffic performance has in-
creased significanily. With permanent-type detectors, regular monitoring
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of the occupancy (and other traffic variables) can be conducted.

@ Use of Cccupancy Stuay

The information obtained frowm occupancy studies is useful for:

e Defining the level of ocperation of freeway, arteriazl, anc
cther major facilities.

e Identifying the Tocation of bottlenecks.
e Selecting countermeasures related to traffic control.

e Uetermnining the effects of traffic contrel changes, such as:
signal timing,

e GCvaluating safety improvements.

@ Period of Data Collection

The cate collection period is normally identified from the accident
data. It is typically performed on a representative weekday during the
peak hours, It is alsc preferable that data collection activities be
performed under favorable weather conditions.

Lane Occupancy Technigues

The collection of lane occupancy data can be obtained by:
e Roadway detector nethogs.
e Manual metheds.
e Photographic techniques.
Primary considerations for these techniques are defined in Table 28.

® Roadway Detector Methods

The principal neans of data collection is the use of detectors
[1,2,3]. Detection and reccrding equipnent used consist of two types:
permanent or portable. The operational procedures of the detectors are
tdentical to these aiscussed in PRUOCEDURE 7 - "VOLUME STUDIES". In most
cases, detectors are used for traffic control purposes.

The detector for each lane transmit a continuous electronic pulse for
each vehicle auring the tine pericd required to travel through the detec-
tion zone. Each detected vehicle produces a unigue pulse having a defined
Tength. The cetectea information is fed to a small computer cr central
computer programued to calculate lane occupancy for each station by com-
bining individual pulse lengths over some regular time base, such as one

ju-]
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minute, five minutes, etc. Other data such as lane volume and vehicle
speeds are also obtainec.

The occupancy, Occ. is referred to as [1]:

I
b

Occ. = 100 =t

i i=1
Where:
N = number of vehicles detected during the time perid, T
T = specified time period
ti = measured presence time of "i"th vehicle
Advantages:
1. Can provice instantaneous or continuous data.
2. Time and manpower requirements are minimal.
3. Able to obtain other traffic data.
4, Data is reliable.
Disadvantages:

1. Initial cost of eguipment is high.
2. Technique is limited to locations where equipment exists.
3. Malfunctioning equipment is difficult to detect.

The use of this technique requires the availability cf detection
equipment. It is favorable for use in highway safety situations due 1o
its accuracy and reliability.

® Manual Methods or Photographic Technigues

{ ane occupancy data can also be collected by manual methods [2,3]
using speed and volume measurement techniques listed 1in PROCEDURE 7 -
"YOLUME STUDIES" and PROCEDURE 8 - “SPOT SPEED STUDIES."™ These methods
produce average or estimated results, Precise speed or "passage time"
measurements are extremely difficult to obtain for each vehicle in the
traffic flow during the period studied, particularly under high speed
situations.

In these techniques, lane occupancy data is cbtained by manually re-
cording the number of vehicles occupying a traffic lane zone during speci-
fic time intervals. A zone length is defined prior to the study perform-
ance. Minimum zone length should be the length of a vehicle. It is pre-
ferable that they be an even increment of 50 or 100 feet. The zones
should be clearly marked for increased accuracy.
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The occupancy is determined as [1j:

Qece. = 100KL
Where: Occ. = occupancy {percent)
K = density {vehicles per lane per unit of roadway)
L = mean vehicle length = 20 feet

Density is obtained by recording the number of vehicles occupying a
defined space {(unit of roadway).

The lane is sampled throughout the defined study period tc obtain an
average density.

Photc ran s +arlhnimiioac [» 25 S va cindlaw Aavrant +hao st o SIvrao
!Jlll\.- L-L.\allll!\.iuc LL.’\J_] Ul o - P E P LA\’C L i MU LV

obtained f rom a Tilm record of the study location. Further operational

characteristics are provided in PROCEDURE 7 - "VOLUME STUBIES"™.

Advantages:

1. Able to be performed for a variety of situations.
2. Equipment needs can be minimal.
3. Results can be reliable.

Disadvantages:

1. Substantial perscnnel may be required.
2. Photographic techniques will result in a significant nurber

Ul t‘qU I}JHIUHL Ht!t'_“uh.
3. Analysis of results can be tedious.

The manual technique should be used for situations where detection equip-
ment is not available. Where a record of the situation is required or
sufficient personnel are unavailable to perform the study, photegraphic
technigques are encouraged.

Selection Of Alternate Techniques

To select the appropriate technique for performing a traffic lane
occupancy study, information on the management concerns asscciated with
the procedure is reguired. The management concerns for this procedure -
include: the time, manpower, and equipment requirements and the Tevel of
comprehensiveness and accuracy of each technique. Table 29 provides the
technique utility of each technique based on these management concerns.
Table 30 relates the preferred techniques as a function of the field
situation.
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Table 29. Technique utility for Traffic
Lane Occupancy Study.
Technigue
Management Detector Manual Photogravhic
Concern Method Mathod Technigues
-Tire .Requires review LData collection |.Foguioment set up time
Reguirements cf results .Data manipula- .hata extraction time
tion time .Data manivulation time
-Manpower .Technician . Technician .Technitian
Requirements level level level
Equipment .Roadway detec— L. Stop watch .Camera ecuinment
Recuirements tion eguipment . Other needs, _5top watch
.Other needs, minimal .tther needs, minimel
mirnimal
.level of .Obtain occupancy §Chtain cccuparncyj.Cbtains eceupency
Conprehensive— data and other characteristics and other limited
ness traffic variables] traffic data (volume,
{volume,speed, speed, gap)
gap, etc.)
.level of .Precise L Approximate .Avproximate
Accuracy
Table 30. Favorable Traffic Lane Occupancy technigues.
Technique
Detector Manual Photographic
Situatio Method Method Technigques
- Freeway
Surveillance X X
.Freeway
Merge X X
.Urban
Arterial X X X
.Urban
Collector X X
.Rural Route X X
J
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Based on the utility of each technique, a favorable tehhnique can be
oselected. Equipment requirements are a principal factor in the selec-
tion.

Several general guidelines are provided.

1. The use of the detector methoc should be made where permanent
detectors exist.

2. Where detection equipment is unavailable, the use of the manual
method is favorable. It requires minimal equipment needs and can
be performed at most locations due to its flexibility.

3. Similar characteristics as in the manual method alsc exist in the
photographic technique, However, equipment setup, data extrac-
tion, and familiarity with photographic procedures discourage its
use except for complex situations or where a film record of the
situation is required.

Findings

"Occupancy” may be obtained directly using detector systems or can be
computed from field information obtained manually.

® Example

A sanple problem is given based on a roadway approach zone Tength of
200 feet. At consecutive intervals of the study period, the volumes
within the study zone were recorded as 2,3,2,4,6,1. These values repre-
sent the density, i.e., "x" vehicles per lane per 200 foot section of
roadway. The average density K is the average of these values, ive., 3

vehicles. As such, the occupancy, "0", equals:

3
Occ. = 100 x — x 20 feet = 30.0%
200

-1

® Use Uf Findings

The ouput or presentation of the occupancy data can be in the form of
a tabular listing of the occupancy or in the form of a volume/occupancy
curve (Figure 34). Based on a history of volume vs. occupancy data, the
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Volume

Occupancy

Figure 34. Volume/occupancy output.



accurulation of groups of data for a specific location or situaticn will
define a curve. From the curve, the peak volume point can be assumec as
the volure and occupancy under steble flow conditions. An OCCUparcy rate
at less than "x" percent woula represent stable flow conditions. At "x"
or creater rates, an unstable flow of traffic woula result. Tnis rela-
tionship is used to assess the highway operating conditions for the sTudy
Tocation and te plan anc evaluate traffic control improvements.

From freeway merge studies {11, the difference between z preceter-
mined estimate of capacity and the fiela volume conditicons woulc represent
the metering rates for safe merging application. In some cases, it will
relate a low metering rate. If the demand is greater than the metering
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Cccupancy data can also be used to evaluate the effectiveness of
safety-related countermeasures. Measurement of the pccupancy characteris-
tics during a specific time period "before" and "after" implerentation of
a safety improvement and statistical testing of the comparea results can
check the significance of the results. In this case, the occupancy factor
is used as a "measure of the effectiveness" of the improvement.

Procedure 14 - Queue lLength Studies

w U v A

Purpose

Queue length studies identify the number of vehicles that are stopped
in & traffic lane behind the stop line at an intersection. They are pri-
marily used as a measure of traffic performance at an intersection, bui can
alsc measure the vehicular backup at locations such as: lane drop sec-
tions, railroad crossings, freeway incident locations, and other bottleneck
situations.

Application
@ Need for Study

The need for a queue length study is triggered by accident information
relating congestion along an intersection approach or ingividual traffic
lane. These accidents will typically include rear-ends within the queue,
although some right-angle, left-turn and side-swipe accidents may result
from drivers naking unsafe movements resulting from lengthy delays. Other
scurces of input may include complaints by local citizens or the fielc
review of the site.

® lise of (ueue

Length Study

The information cbtained frou queue length studies is useful for:

e Describing the Tevel of operation at a location.
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e Identifying the 1location of bottlenecks, such as freeway
incident detection.

¢ Selecting appropriate countermeasures.
e Evaluating safety improvements.

@ Period of Data Collection

As in the case of the traffic lane occupancy and other similar traf-
fic operaticn procedures, the colliection of queue length data is primarily
related to the accident by time of day patterns for congestion-related
accidents. [t is typically performed on a weekday during the peak iours.
It is als¢ preferable that data collection activities be performed unger
favorable weather conditions.

Queue Length Technigues

Queue length studies can be performed in & number of ways. They
include:

Manual measurement.
Roadway detector methods.
Photographic techniques.
Mathematical models.

o @ 00

Primary considerations of these technigues are given in Table 3I.

@ Manual Measurement

Manual measurements {1] are cobtained by an observer manually recording
queue lengths {number of stopped vehicles} by lane along an approach. The
observer records the queue length at specified intervals of time. A
sample data sheet is shown in the Appendix (page I-13).

The time interval used in recording data varies with the study pur-
pose. At signalized intersections, the effectiveness of traffic controls
on moving traffic 1is determined by recording the queue lengitns at the
beginning of the green phase and at the end of the amber phase. For
defining average or maximum queue lengths, data are recorded at regular
intervals. A 15-seccnd interval is typically used; however, where high
traffic volumes or more than a single lane is studied, a longer tire
interval may be used to allow data to be recorded on all apprcach lanes
with minimal personnel requirements.

Where traffic signals are used, the time interval selected should not
result in the regular recording of data during similar times of the cycle
length. For example, in a 60-second cycle Tength, the recording interva’
should be Z5-seconds rather than 15-seconds. A 1b-second interval would
result in the recording of similar data from consecutive c¢ycle lengths and
would result in biased findings.
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Table 31. Primary considerations for queue length study
techniques.
Congi-
derations
) ) Equ%pment Manpower Time Associated Data Data
Technigue Function Requirements Requirements Requirements Costa Input Ohtained ogiﬁﬂf
l.Manual .Obtains guesue .5top watch .Technician to } .Limited to .3top watch - .Pefined . Queue length Queue
Method length data .Data sheets record gueue study period $25 - $158 location data length
over time from length data length (1-2 .Study charactor-
field cobserva=- .Technieian or hours) period istics
tion of study engineer to
location reduce data
2.Detector .0Obtains an LDetection .Technician to | .Data record- JHNone {detec-~ Defined JTraffic stream § .Qucue
Methed estimate of Equipment record data ing and ad- tion eguip- location characteristics| length and
guene length .Summary from vehicle justing time ment in- +Study .Queue length other traf-
over time using sheets detection re~ is minimal place) period data ' fic stroam
field detectors corders character=-
. istics
j.Photogra- -Obtains queue LCamera .Technician to | ,Camera setup LCamera equip- Dafined .Quene length . Queuve
phic length data over| eguipment sct and re- and removal ment - $500~ logation data length and
Technigues time from film LSummary move camera 1/2 hour $2¢00 LStudy Traffic stream cther traf
record of field sheets eqgquipment per event period characteristies] fiec stream
conditions .Engineer to .Study period charactex-
réview and .Film viewing istics
reduce data limited to
study perioed
length
4,Mathema- «Obtains average | .Based on .Based on mat- { ,Related to .Dependent on LDefined .AVerage gueue .Average
tical guecue length unavailable power nceds individual unavallable location length data gueue
Mode ls data for a spe- data needs for individwall study needs data neecds .Study length
cific period studies .Data adjust- period data
based on field .Engineer for ing 1/2 .Gap data
observaticens reducing data hgur per ap- .Jolume
proach data

and defined
mathematical
relationships




Advantages:
1. Provides direct field observance of conditions.
¢. Equipment needs are minimal.
3. Data is reliabile.

Uisadvantage:

1. Extensive manpower requirements could result at high-voluse,
multi-lane appraoches.

This technique is favorable for collecting gueue length data for nost
highway safety applications. For complex situations or high volume loca-
tions, increased personnel are required.

@ Photograhic Techniques

Photographic techniques [1] use film records of the stugy lecation
taken during the study period to extract gueue length data. It is similar
to the manual method of measurement in that an observer records the data
from field observations. However, review of the film is done uncer a
controlled (office} environment.

To cobtain time-related data, a time clock or timer is used in conjunc
tion with the camera to reference time data. This ability permits identi-

fication of the queue length data to a specific tire period or by a speci-
fic time interval.

Advantages:

1. Provides a film record of the field conditions.
2. Permits review of other traffic data.
3. Results are reliable.

Disadvantages:

1. Equipment requirements are substantial.
2. Data extraction can be time-ceonsuniing.
3. Requires favorable weather and lighting conditions.

The use of photographic techniques for obtaining queue length data is
limited to those agencies having available canera equipment. This method
is favorable where a film record of the data is necessary, &t corplex
intersections, and where other traffic data may be desired.

& Detector Methods

The detector methods [2] utilize in-place, pernmanent type detectors
to record gueue length data. This method uses a series of detectors along
a traffic lane to provide an account of the queue length. The detectors
are spaced at specified lengths apart {e.g. 50 ft.(m), 150 ft.(m), etc.).
The detector processing capabilities permit the estimation of the queus
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length from the determination of occupancy, speed, volunie, and an assured
vehicle length. This information is output ontc a tape or cassetite.

t. Provides continuous recording of ocueue length and relatec
data.

2. Able to record cther traffic cata.

3. Can easily provide comparison data auring non-peak pericas,

4. Can provide queue length output as a function of cther traffic
data for use in cther analyses.

5. Tiwe and manpower costs are minimal.

Disadvantages:
. ftgquipment costs can be high.

. Difficult to detect eguipment malfunctions.
. Results are approximate.

O M) s

This technique is limited to situations where the appropriate detec-
tion equipment is availabie.

@ Mathematical Models

Mathematical models [1,3] can be used to derive an averace gqueue
length as a function of the arrival rate and the service rate. The meas-

1Hyrod :.n-ys-h.«a} ratn Ao [ |

ured arrival rate can be obtained from a volume count teken over a speci-
fied period. For example, if 200 vehicle were recorded over & 20 minute
period, the arrival rate (vps) would be:

200 vehicles - minute  _ 0.

e v .17 vns
2U nrinutes A B0 seconds

VpS

o

~ The service rate is cdefined as a function of the flow of the con-
flicting traffic stream and the arrival rate. It is based on the expected
delay and the critical cap in the conflicting traffic strean Information

S wlilie adi 1S i

on the development of the service rate is given in PROCEDURE 12 - “GAP
STUDIES™",

For uncontrolled or stop-yield sign intersections [1], the expected
gueue Tength may be defined by:

N = X
U=-X

where = average queue Tength

arrival rate (vps) _

average service rate (1/d} (vps)

N
X
U

I



1f the service rate is less than the arrival rate, “N" would be a negative
number. In this case the gueue length would increase until the earrival
rate fell below the service rate.

For signalized intersecticns, L1] the average queue Tength can be
defined bGy:

N

H

R
or q
N

It

B+ D

m]'*:l

where N = average gueue Tength
approach flow {vps)
red time (sec}

average individual delay (sec)

oo =
]

whichever 1is the larger of the twe values. The Jatter vaiue 1is wore
precise and would fend to account for cownstiream traffic patierns. Row-
ever, both eguetions are used to estimated an expecled averzCe (ueue
th.

Informaetion ¢n the averace individual delay at a signalizec intersec-
tions is also found in PROCEDURE © - TRAVEL TIME AMND BELAY ST“'E.

The natnematical method, produces an estimate of the queue length.
For most hichway safety applications, the results can be adequate.

Advantaces:

1. Data analysis is relatively sinmple.

2. Calculations are based on defined and proven nathematicel
models.

Disadvantages:

1. Results provide an average queue length for tic study period.
2. Substantial fielc data collection may be reguircd.

This technique is appropriate where data on the service rate, arriva
rate and delay information are available. It is useful for cariving the
averag queue length value as a “measure of effectiveness” of & saf
related counterneasure. For other safety applications where wore spec

Vi n
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techniques are uiore favorable.
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Selection Cf Alternate Technigues

To select the appreopriate technigue for performing a queue length
study, information on the management concerns associated with the proce-
dure is reguirea. The management concerns in this study incluce: the
time, manpower, and equipment reguirements, the level of comprehensiveness
and the level of accureacy associated with each technigue. Tacle 3¢
provides the technique utility of each technigue based on these manageuen:t.
concerns Tabie 33 relates the faveorable technicues as & function of tne-
field situa tion.

Several general guidelines in selecting & technigue are provided.

1. The manual method is favorable for most field situations due to
its flexibility and limited time, manpower, and equipment reguire-
nents.

Z. Where appropriate vehicle detection equipment exists, this tech-
nigue should be utilized.

3. Photographic technigues are reccrmmended for use when situations
are too complex for manual mrethods or where a film record is
necessary.

4. The use of mathematical models is favorable where accurate delay
information is available. 1t provides an estimate of the average
queue length over a defined time perjod.

Findings

Queue length data can be output in tebular form by time of day or a
graphical summary.

@ Use Of Findings

Gueue length information is primarily used in "before-after" studies
as a measure of effectiveness. For this purpose, the before and after
findings can be used to test the significance of any reductions in the
average gueue length.

Queue length studies can also be used as a measure of traffic perfor-
mance. By comparing average queue lengths during two distinct peak and
off-peak times, a level of traffic flow can be determined. This measure
can be used to describe traffic operations for a specified time period and
to assist in selecting safety-related countermeasures.

201




Tl , s N _ =
Table 32. Technique utility for gueue lencth siud:
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Manaal Detector Photograchic ¥athematical ;
Method Hethod Technigues Models .
4
i
3
. + . + i
Time .Data .Data review .FEouinment set JFouipment set :
coilection m up ¢
.Datz .Datz extractionl!.Data collecticn” g
manipulation .Data manipula- {.NData maniwvula~ |
tion tion ;
!
Manpower .Technician Technician .Pechnician & .Fngineer }
Reguirements level level Engineer level i
: level H
i
LEcuipment Minimal Vehicls .Camera eguip- Minimal {
Raguirements detection ment i
eguipment i
H
e
level of .Obtains cavel| .Obtains gueoue .Mbtains averacs
Comprehen- gueue lenghh ta length data gueue length
siveness data by in- and limited hv time varicc
terval (1~ traffic {houzly, etc.!
minute, 2- ar- stream char-
minutes, cs acteristics
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-~miny (l-min.,2-min
etc.)
s
! . s
i Ievel of .Precise LApproximate .Precise .Approximate !
Aocuracy : :
& . o spscrem S t
N - 4 f
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Y
Manual Detector Mathematical
‘; Method Method Models :
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;. .Freeway X X X
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| Intersectica X X hS b4
i
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i
i .Urkan
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! Intersection | X X X ?
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§
JRaral ! ; :
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ENVIRONMENT -BASED PROCEDURES

Introduction

Environment-based procedures are used tc determine the effect of
physical roadway and roadside environuent characterisitcs at a high acci-
dent iocation. Environmental characteristics inciude rcadway Ggecmetrics,
roadside structures and appurtenances, pavement surface conciticns, anc
lighting and weather conditions.

Selection of a procedure is based upon the possible accident causes
at a site. By identifying the environment-related characteristics which
contribute to accident experience, appropriate countermeasures wmay be
selected.

The environmental-based preccedures include:

Procedure 15
Procedure 16
Procedure 17
Procedure 18
Procedure 19

Roadway Inventory Study
Sight Distance Stugy
Skid Resistance Study
Hicghway Lighting Study
Weather-Related Study

Procedure 15 - Roadway Inventory Study

Purpese

A roadway inventory study provides information on the physical enc
environmental characteristics at & location. 1In this study, the lccatioun
and dimensicns of roadway and roadside characteristics are obtained and
recorded. These items are illustrated in & condition diagram

Application
@ Need For Study

A roadway inventory study shoula be performed for ali locations under
study.

& Use of Study

An inventory can be used as input in other procedures such as: high-
way capacity studies, sight distance studies and traffic control device
studies. Inventory informetion can also be used in the accigent proce-
dures to identify possible causes of accidents. For example, an inventory
may indicate that a sideswipe accident problem is due to inadeguate lane
widths anc lateral placement of fixed cbjects near the edge of the pave-
ment,

The inventory information is also used to assure that counterueasurss
are Teasible for the site conditions.
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® Data Collection Needs

conditicn diagram, as shown in Figure 33. Concition diagrams are scelec
drawings of the location under study which illustrates measures aista
and locaticns of the roagwzy and roaasicde charzcteristics. A congi
diagram displays such characteristics as:

Traffic lanes

Lane widihs

Crosswalks

Pavernent Markings

Traffic contrels

Curb tines

Property lines

Sidewalks

Oriveways

medians

Shouiders

Lane usage

Signt chstructions

M ysical obstructions in and near the roadway.

1
[

e 9 0@ ® 920 € ¢ 9 O 06

Steps in performing an inventory ena preparing a conditicn dizgrem
incliude:

1. Establish the bound

ries of the si

vt

e tu be inventoried

LY

s3]

Z. ldentify data items to be recorded.
s. Obtai» inventory data.

4. Check tc see that all available information has been recorcec anc
is reascnable.

5. Take photographs to supplenent inventory data.

6. Prepare condition ciagran, using symbols where appropriate.

/. Check for inclusion of all pertinent data items and accuracy.

The boundaries cof the conditicn diagram are cdictated by the safety
probless  Boundaries should be establishea to include the porticn cof the

roadway and roadside which may impact or influence accident experience.
Distances should be cdefined, as dictated by traffic volumes and reoadway
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characteristics which may affect the intersection operation. For roadway
sections, the boundaries of the study area are defined from the link
description used in the identification of the hazardous location.

€ Period of Data Collection

Unless weather related data are of concern, data collection activi-
ties should be conducted under favorable weather conditions. Poor weather
conditions can result in the data collector “rushing” the study and
omitting key data items. Also, snowy conditions or wind driven sand ray
cever or obliterate pavement markings, curb lines, etc. and result in an
inaccurate inventory of roadway data. .

Inventory data should represent the field conditions for the accident
review period. Where roadway conditions were altered from or during the
study period, all changes (and date of occurrence) should be noted. Such
changes can adversely effect the analysis resylts.

Roadway Inventory Study Technigues

Several data collection methods are available to obtain inventory
data: :

e Manual method
o bata files search
e Photographic techniques

Table 34 summarizes the primary considerations for each technique.

® Manual Method

The manual method [1,2] is the method most widely used., The method
requires two field observers. One observer measures longitudinal and
lTateral distances to the data items with respect to a selected reference
point while the second records the measurements on a hand drawn sketch of
the study area. Reference points are typically a curb line or any perman-
ent Tandmark that can be easily identified at the study site. A scale
drawing (condition diagram) is then prepared from the field notes.

Advantages:

1. Provides a current record of field conditions.

2. Data are generally rmore accurate and reliable than other
nethgds.

3. Equipment needs are minimal.

Disadvantages:
1. Time requirements may be substantial.

2. Manpower requirements may be substantial for complex loca-
tions. - :
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Table 34. Primary censiderations for roadway inventory study techniques.

hY CONSIDERATION
EQUIPMENT MANPOWER TIMR ASBOCIATED
TECHHIOUE FUNCTION REQUIREMENTS | REQUIREMENTS REQUI REMENTS COSTS DATA INPUT DATA ORTAINED | DATA OUTPIFT
i, Field
Method .Obtain inven- Measuring .Technician to | .Approx. one Measuring | .Defined .Roadway and |.Condition
tory data wheel measure data hour per in- wheel location roadside diagram of
through direct ) .Data sheets | .Technician to tersection $25~850 Specifie environmant location
measurement of record data .Segment dep. data ltems characteris~
field condi- .Draftaman to on length required tics
tions. display data {approx. one
hour per
1/10 mile)
2. TFile Search .Obtain inven- .Measuring .Techniclan to{ .pep. on .Measuring |.Defined .Roadway and {.Condition
Method tory data wheel pearch data availability | wheel location roadside en-{ diaaram
through office| .pata sheets } .Technician to of data {good| $25-8§50 .Specific virenment .Segment
file records .Computer fleld collect gystem will data items characteris-| charac-
aupplemented capabilities data produce mini- required tics teristics
by minimal .Drafteman ta mal time .Data files
£ield measure- display data effort)
moent
3. Photolog .Obtain inven- .Instrumented .Technician to | .Filmino speed|.lnstru- Defined . Roadway and .Condition
Method tory data vehicle film bBasnd cn ve- mented location roadside en-| diagram
using photo- .Photolog .Film processorx hicle sneed vehicle .Specific vironment .Segment
log process camera .Technictan to {can attain $20,000 tel data items characteris- charac
{continuous equipment view {ilm speods 40 £25,000 required tics teristics
filming by LFilm viewer | .Technician to mphy s film LFilm .Computer
frame) . Computer reduce data viewing viewer summary
capabilities] approx. onn 8150 -
hour/1/2 mllel S100n0
«Data reduc~
tion minimal
4. Videeclog .Obtain inven- .Ingtrumented .Technician to ) ,Filming aspeedj.Instru- .Pefined . Roadway and .Condition
Method tory data vehicie film based on ve- { mented location roadside en-| dilaaram
using videclog} .Videolog .Technician to| hicle speed vehicle -Specific vironment «Begment
process (con- camera drive vehicle (can attain $20,000 to] data items characteris- character=
tinuous f£ilm- equipment .Technician to speeds 40 25,000 reguired tics isties
ing - high LFPilm viewer view f£ilm moh); £ilm .Camera .Computer
speed) .Computer .Technician to viewing eaqujpment summary
capabilities] reduce data approx,. one $500 -
hour/1/2 mdle| $2500
.Data reduc- LFilm
tion minimal viewer
S5O0~
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& Data Files Search

When an existing highway data file is available, a data file search
may provide sufficient information for a roadway 1nventory study enc con-
dition diagram. An example of a highway inventory file is shown in Figure
36. However, a field review is recommenced tc check the resulting condi-
tion diagram for coupieteness and accuracy.

Advartaces:

o
-h

1. HMay reguire less time and manpower than the manual methoc
existing files are accurate and current.

Disacvaniages
i. File data nay be incomplete, and thus reguire tire and man-
povier for field review.

A basic Timitation on the use of this method is the availability
of a highway data file. Many agencies retain highway data but not to the
extent reguired for an inventory study. Thus, significant field review
rmay be required. However, datz collection efforts are usually less then
that for the manual method.

® Photographic Technigues

Another inventory nethod uses photographic technigues {37 to cbtain
inventory data fer a study locaticn. Twe comnon photographic technigues
are in use todeay: photologs and videclogs. The photographic process in-
volves the continuous or time lapse filming of the roadway anc its envi-
roniient using a camera nmounted in an instrumented vehicle. Pictures are
shot as the vehicle traverses the study area. On each frame of the film,
identification informaticn, such as: distance, date, and direction of
travel can be superimposed. UData extraciion is acccm']1shed by projecting
the film or video tape onto a calibrated screen to locate objects with
respect to the calibrations. The data are then used to develop a condi-
tion diagranm

Advantages:

1. Provides a permanent pictorial record which can be usesd for
other purposes.

Disadvantages:

1. Eguipment costs are relatively hich.

2. Reguires trzined personnel Tor data cellection and extrac-
tion.

5. Use of ¢rids or calibration devices wmay reduce accuracy of
feasuremnents.
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Typically, the photographic method is performed on an agencywide,
corridor, or road segment basis where its use as an inventory procedurs
makes it more cost-effective. For spots or short sections, this metnoc
may not be cost-effective unless the photographic equipment is owneg o¥
the agency.

Selection of Alternate Techniques

The selection process should be based on time, manpower, and equip-
ment requirements of the highway agency. Tabie 35 summarizes these
rescurce issues for each technique. In additicn, techniques are suggested
in Table 36 according to the location under study.

General gquidelines to assist in the selection process are summiarized
as follows:

1. Existing data file search is appropriate where data are known o
be conple*e and accurate.

2. TFor segment lengths greater than 5CC feet, it 1is desirable to
ut111ze a photographlc techn1q¢e. Manual inventories of relative-

I_)I lung segments ay contain substantial errors, inaccuracies,
and omissions.

3. For short seguents (b500 feet or less), spots, or intersections,
the manual method is more favorable due to the lower lime and
cost reguirements of the technique.

Findings

Tha datas rhtasroad by +hic ctiidy e roc adiva e 11cant a0 cnm
111 Uut.u VLU il [ %) o Dbuuj P Cuul L [ [P uh U1 L& ] -)L(I./

information in the accident, traffic, other environment and the special
study procedures. The cufput from such a study is the identification of
the roadway and roadside environment at a study location.

3

Procedure 16 - Sight Distance Study

Purpose

This procedure is used to measure the available sight distance at
intersections or along a roaaway section.

Application

Three situations are comaonly ccnsidered in sight distance studies.
They are “passing sight" distance, “stopping sight” distance and ™i
tion sight” distance. These situations are shown in Figures 37 ana 38,

intersec-



Table 35,

Technique utility for roadway inventory study,

Technigue
File
Yanagement Field Search Photoloc Videoloyg
Concarn. Methnd Method HMethod Method
Y
.Time .Data collection .File review Filming LFilming
Requirements .Diagram preparationj.Data collection .Data extraction -Nata extraction
- .Diagram prepara- | .Pata collection .Data collection
tion .Diagram prepara- |.Niagram rrecaration
tion
.Equipment .Hand measuring Minimal .Photolog eaitin- .Videolog equipment
Fequiremants equipment ment or capahil- or cavabilities
.Other needs, ities
minimal
.Manpower .Technicians to .Clerk or tech- -Technicians «Technicians trained
Requiramants measure and recerd nician to record trained in rhoto-f in videnloo nro-
field data data from files log procedures cedures
Table 36.

Favorable roadway inventory study

technigues.

\ Technique

File
Field Search -; Photolog Videolog
Situation \\ Method Method Methed Mathod
. Agency= X X
wide b
. Corridor X X b4
Basis
. Segment X X %
Basis
. Intersection
or Spot X
Basis
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"Passing sight distance" is the minimum distance required to safely pass
ES [ - h3 ia -
another vehicle along a two-lane roadway. Stopping sight distance” is

the minimum distance required to safely react and stop in respcnse to ar
unsafe condition. “Intersectio sight distance®™ is the minimum distance
required to respond appropriately to approaching cross traffic.

® heed For Study

The need for a sight distance study carn be based on either cne of
three conditiocns, (1) accident patterns which indicate a possible sight
distance problem, (2) a fiela review which indicates that sight distance

may be inadequate, and (3) complaints made by local users of the roadway.

R e e TRk~ = ey~

Various accident patterns and appropriate sight distance studies are shown

in the following table.

STUDY SITUATION

ACCIDENT PATTERN

SIGHT DISTANCE STUDY

Section of hichway

Head-on Ceollisions

Passing sight
distance

Intersection
(uncontrolled, "STGP

or “YIELD" controlled)

Right-angie
accidents

Intersection
sight distance

Rear-end accidents
on major roadway be-
tween left-turn and
through vehicles (in
same direction

Stopping sight
distance

Intersection (
or "YIELD" con-
toiled)

Rear-end accidents

Stopping sight
distance

Intersection (sig-
nal controlled)

Eear-end accidents

Stopping sight

distance
Right-angle accidents Stopping signt

distance or

intersecticon
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@ Use of Study

The desiugn standards £1] for minimum stopping sight distance criteriz
is & function of the design speed of the roaaway.

DESIGN SPEED (MPH) MINIMUM STOPPING SIGHT DISTAWCE (FT)
25 mm e e e 175
30w e 200
35 e - 250
LU e 275
4D e e 325
50— e 350
BRI e 525

Fer passing sight distances, wminimum standards basec on WUTCD
pavement imarking requirements are L2]:

DESIGH SPEED ({#PH) MINIMUM PASSING SIGHT DISTAMCE (FT)
30 mmm e e o 500
S 600
Y O 800

Where the reasured sight distance is greater than the stancard (pas-
sing or stopping,, safe sighit cgistance cenditions are assurmed tc exist.
However, where measured sight aistance conditions are insufiicient, a
safety deficiency can be identified. From this study, appropriate safety
improvenents can be determined.

At intersections, sicht triangles are used to define the stopping
sight distance. The legs of the triangle are forieca aiong the intersect-
ing paths of the conflicting vehicles. The length of each Teg is a func-
ticn of the speed of approaching vehicles. Three ditferent cases are
illustrated in Figure 38.

riteria is used to
he crach shown
g as a function

Crawv racne T aeAd o nine

For cases 1 and II, the mininum stopping distar
deteruiine the length of the traingle legs. In ca
in Figure 39 is used to determine the sight traingle

723 DJ
o]
—t
—t
-—J._.M.'")
¥
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Figure 39.

Intersection sight distance criteria

for minor street crossing major streets.
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of the travel speed and the number of traffic lanes for the major roadve
A safety deciency is assumed to exist where sight distance is inadecuais

......... ] n ML MU LT

Appropriate safety improvements can then be ?dent1f1ed

a

® Period 0T Data Coliection

Data collection sheuld be performed during the time of predominant
accident occurrence. For instance, if accident patterns reflect z specif:
time of day or season of the year, the study should be perfornea during
periods which reflect similar conditions. In many cases, changing foliace
of sun angles will affect sicht distance but may not be cbservec unless
tine of accident occurrence is considered. Where the accident activity is
not related to & specific season or tine period, the study shoulid be per-
formed under favorable weather conditions curing summer.

Sight Distan "e Study Technigues
In performing a sight cistance study, two technigues are comsonly

used. They include:

e ianual nethod.
o Yehicle method.

Table 37 surmarizes the mejor considerations for each technique.

@ Manual Method

iU 1

The manual method [31 utilizes two technicians.  For intersecticn
sight distance studies, one technicien is staticned at & point on the
minor intersection approach typical to a stepped vehicle. The second
technician moves along away fTrom the intersection on the major approach
with a vertical marker and stops at intervals of 50 feet and places the
vertical narker on the pavement surface. This marker way consist of a
survey range pole or other device, with a highly visible indicator at a
height level of six inches. The technician staticned at the reference
point then attempts to see the range pole from a position tqu1vaicnb to
the standard driver's eye height of 3.75 feet. (Stuaies have shown,
however, that smaller vehicles may have eye heights of 3.00G to 3.50 feet),
If the 6-inch rark on the range pole remains visible, the second techni-
tian continues to nove down the roadway. The study continues until the
observed sight distance becomes creater than the design sighi distance
(based on vehicle speed and roadway gecmetrics). It may alsc be perforrec
graphically, where an accurate road way inventory is providea.

For passing and stopping sight distance studies along a link,
technicians nove along the roaaway separated by a distance equal to
passing sight aistance. Locations haveing inadequate sight distance
recorded on a scale map of the study area. lininum lengths of & no pa
ing zone are cefined in Figure 40.

[T e

V}
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Table

37. Primary considerations for sight distance study
techniques.

Consideration
Equipmant HManpowe Tima hrnoclated Data Data Data
Technique Function Requiramentn Roquirements Reguipnmonts Conta Input Ohtained Output
-Manual Method .Obtains field «Ficld poles .Two techalcians JApprox. 1/2-1 JMaasuring Jofined loca- vBafo sight Aasessrent of

sight distanca
wondltions using
observers

Jtand meamuring
device
«Diagram sheets

to raview field
conditions and
aketch data
JFraiand techni-
cian or enginnar
to review datn

hx. per site
[interaection)
JSevoral hra,
por milo [road-
why aegmeiit)

wheel $25-
5§75

tion
+Spaed limit
Design standard

distance
(ft. or m,)
baeed on
field condi-
tions

pata slght dip-
tanca conditlons
JTrobable cauvse
for insufficlent
alght digtance

Vehicle Method

sObtainy field
slght distunce
conditions using
ingtrumented
vehicle

+ Instruman tad
vehicle

Jlend measuring
davice {pousibly)
Diagram shocta

TWo techniciana to

eperate vehicla
sTrained techpi-
ciana to adijuat
and review data

JApprox. 1/2-1
hr. por glite
{interoection)

JApprox, 1/2 hr,
per mile {ropd-
Whay sogment)

« Instrumen—
ted vohicle
§20,000

.bofinad loca-
tlon

Lspeed limit
Design standards

Sight dia-
tance condi~
tions based on
field review

<Apgessmant of
pafo aight dis-
tance conditions
JProbable cause
for insufficiant
right distanca
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Figure 40.

Non-passing zone measurement.
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Advantages:
1. Equipment needs are minimal.
2. Able to study field conditicns under a variety c¢f eye height
and object height situations.
Disadvantages:

1. Not appropriate for long segrnent lengths.
2. Time requirements can be substantial.

& Vehicle Method

The vehicle method reguires two vehicles. The rear of one vehicle is
marked at standard heights related to the sight distance criteria {passing
or stopping} under review. The other vehicle is designated as a reference
vehicle to observe field sight distance conditions. For link stuaies, the
vehicles are separated by the minimum passing sicht distance based on the
85th percentile speed or the posted speed limit. A distance meter nay
assist in maintaining a constant vehicle separation. Throughout the sur-
vey, two-way radio communications are used to enhance a constant vehicle
separation. When the designated mark on the lead vehicle is nct visible
to the driver of the trailing vehicle, the location along the roadway is
noted on a distance meter. When the trailing driver is again able to see
the designated mark on the lead vehicle, this location is recorded. This
procedure is continued along the length of the roadway segment.

Special mechanical device may also be used to note these lcoations
and distances. They reguire manual actuation, though.

For intersection sight distance, one vehicle is used to simulate an
approach vehicle on the minor roadway and the second vehicle simulates the
approach vehicle on the major roadway. Through the use of walkie-talkies
or observations by the waiting vehicle and subseguent manual measurement
of distances, the field sight distance conditions are recorded.

Advantages:

1. Able to obtain a significant amount of dinformation in a
relatively short amount of time.

2. Measurements are generally reliable.

3. Field conditions are viewed as drivers would actually observe
conditions.

Bisadvantages:

1. Eqguipment needs and costs are relatively high.
2. Studies are limited by specific test vehicle characteristics.
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Selection of Alternate Techniques

technique. General guide-

s
L PLATE

Tables 36 and 3% ma
lines for ine sel ion

C
=

1. It is favorable to use the vehicle method for studying nost rosa-
way links due to its ability to ccllect a large amount cof data in
a relatively short amount of time.

2. For spot locations (500 feet in length or less) or intersections,
the manual metnod may be more appropriate. It permifs greater
maneuverability of personnel to allow the study of & greater
variety of situations.

3. A graphical approach may be used at intersections where an
accurate recorc of the roadway and roadside charecteristics
exist.,

Findings

Sight distance data for intersections can be presented on a condition
diagram as shown in Figure 38 to show existing and minimum sight distances

and sight obstructions.

For link studies, sight distance data can also be presented on
condition diagrams which contain horizontal or vertical curve {crest ang
sags) data, and obstructions within the required sight distance area.
These figures include the observed field conditions ana sight distance.

@ Major Consideration

Minimum design values for passing sight distance along links are base
on AASHTO (American Association of State Highways and Transportation
Officials) criteria. These stendards are in the AASHTO “Bluebook™ [ 1] and
“Redbook" volumes. The criteria for mwarking (operational) "no passing”
sone differs considerably from the design standards. Design standards
develope by AASHTO and the marking standards contained in the Manual of
Uniform Traffic Control Devices (MUTCD) are shown below.

AASHTO CE SIGH MUTCD MAKKING
SPEED_(HPH) VALUES (FT) VALUES (FT)
30 1100 500
40 1500 6U0
50 1800 800
60 2100 1000
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Table 38. Technique utility for

Sight distance study.

Technigues
Management Manual Vehicle
Concern Method Method
.Time -FPor spot location or -For spot location or
Requirements intersection studies, intersection studies,
time effort is not time effort will be sim-
substantial ilar to Manual Method
.For link studies, time .For link studies, time
effort will be sub- effort will be sienifi-
stantial cantly less than manuaal
method
-Manpower .Two Technicians -Two trained te¢hnicians
Requirements
.Equipment * .Eand measuring device .Vehicles, special meastring
Regquirements .Other needs, minimal equipment
+level o -Very reliable for in- -Reliable for intersection,
Accuracy tersection and short and link studies
’ segments of roadway
.For links, accuracy
can be reliable, how-
ever, where segments
lengths are consider-
able, human limitations
may reduce accuracy
.Comprehensive- -Can study sight distance | .Study limited bv test
ness of Results under varying height vehicle's characteristics
conditions
s

Table 39. Favorable sight distance study technigues,

Situation/Technigue Manual Method vehicle Method

Section of Highway X

Intaraaction of Major

roadway with minor

roadway {Uncontrolled,

"stop,” or "vield"

controlled) X

Signalized intergection X
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Significant differences between these values occur. They are due
primarily to the assumptions made in cetermining each standard {44, For
instance:

1. The MUTCD values are based cn an off-peak 85th percentile speec,
while the AASHTO values are based on the roadway desig¢n speed.
The MUTCD speed is typically lower than the AASHTO design speec.

2. In computing minimum required sight distance, the MUTCD assumes
that a driver is able to abandon the passing manuever while in
the passing lane if a safe passing maneuver cannot be completed.

Th +h o ccing i 1 i g + 19
Thus, the safe passing sight distance is equivalent to the dis-

tance travelled by an opposing vehicle curing the passing maneu-
ver plus a safety factor. AASHTG, on the other hand, considers
safe passing sight distance to be the distance travellec during
the time a driver first perceives that he is able to pass and the
time when the passing maneuver is completed (see Figure 37aj.

When using these criteria, the differing assumptions shoulc be kept
in mind, AASHTO design standards are for roadway design purpcses where
MUTCD marking standards are for traffic control. For safety studies of

(C R VY L aitid? Lo

the passing sight distance, the MUTCD criteria are used,

® Use Of Findings

Where field conditions are found to be deficient or sufficient
distance 1is not available, upgrading of these conditions is wa
Available counterreasures may include:

e Removal of sight obstruction

¢ Pavement marking improvements or alterations

e Roadway alignment changes (grade reductions or curve realignment)
e Speed limit reductions

¢ Advance warning signing.

This study assesses whether sufficient sight distance occurs at or
along a highway facility. Such a determination assists in the selection of
apprepriate safety-related countermeasures.

Procedure 17 - Skid Pesistance Studies

Purpose
i 1 1 T o el vy - 43
A skid resistance study commonly measures the frictional properties

of a pavement surface,
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Application

Skid resistance, expressed as a skid number {SN) {17, describes the
level of friction between a roadway surface and vehicle tire when the tire
is prevented from rotating.

The SN is defined as 100 times the coefficient of friction. The
standard procedure for obtaining the skid number is described in the ASTY
Standard E-274.

® Need For Study

The need for a skid resistance study is generally based on a pattern
of "wet weather", "wet-skidding”, or "skidding" accidents. Such a pattern
may emerge as a predominant accident type or the number or rate of acci-
dents may exceed an area-wide average value (threshold value} for the
accident type.

Two threshold measures may be used. The first is the comparison of
"wet pavement" accident rates for similar sites. The second technique is
the ratio of "wet pavement” to "total" accidents. The "wet pavement”
accident rate technique may produce a more usable threshold Tevel since
the use of an exposure factor may tend to discount the differences in
traffic volumes between sites. It will permit a greater number of sites
to be use for comparison purposes.

Other scurces which may identify the need for a skid resistance study
includes field reviews and input from local sources. Observance of "skid-
ding" and "sliding" vehicles during wet or dry pavement conditions may
Justify a skid resistance study.

® Measurement Modes

There are several methods of measuring skid resistance. The most
common s the locked wheel braking method. The Jlocked wheel braking
method measures the force required to pull a specified tire, while it is
prevente from rotating (see Figure 41).

Other less common measurement modes include: the brake slip, the
drive slip, and the cornering (YAW mode). These modes have an advantage
over the locked wheel mode in that continuous measurements are obtained
since the tire rotates during the test procedure,

In the stip mode method [11 (brake or drive), the friction factor is
a function of the "slip"™ of the test wheel as it rides over the pavement.
For example, as the brake of a wheel is applied with an increasing force,
the wheel develops increased "s1ip" (as i1llustrated in Figure 42). The
siip gradually increases until at its maximum, the wheels lock up, result-
ing in a lower friction factor.
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This mode has not been used to mesure skid resistance characteristics
of highways throughout the U.S. It has, however, been used successfully
throughout Europe.

The YAW mode [1] uses a test wheel in the cornering mode at an angle
to the direction of motion. The use of this test procedure assulies tha:
the critical situation for skid resistance cccur on curves. This tes:
allows continuous measurements of a friction force since the tires rotate
during the test and can provide skid characteristics as a function of
time. One reasuring device which has been used successfully in some parts
of the United States is the Mu-meter, which consists of & trailer uni-
connected to a test vehicle.

Other testing rnethods have been used which include portable and

laboratory testers. To date, these testers have not been widely usec in
nighway safety studies.

@ Use Of Study

The measures of skid resistance which result from each test rode are
usually comparea to a pre-established standard based on travel speed.
Since the friction facter ray vary significantly with speed, as shown in
Figure 43, a determinaticn of skid characteristics under varying speed
conditions is performed. This review indicates the rate at which the skid
number cecreases with increasing speed referred to as {skid nuiber - speed
gradient). A pavement with a rate of decrease near zero (skid nunber vs.
speed) typically retains a higher skid resistance at higher speeds than a
pavement with a high rate of decrease. 1In addition, it will define the
skid resistance of & pavement at the roadway travel speeds ana be used to
determine the pavement skid characteristics at these speeds. '

Where unfavorable skid numbers or skid number - speed graaients
exist, this information can be used to verify a safety deficiency, as
previously identified by the accident procecures, and to select a counter-
neasure to alleviate the condition.

® fFactors to Consider

Several factors should be considered when reviewing skid test re-
sults. First, a skid number can change over time due to traffic. Al-
though sonme pavement aggrecate particles may wear and become poelished,
others may, through tke breaking of fragments, expose fresh surfaces.
Also wear may open new water escape passages in the surface.

Second, research on skid resistance nieasurements have shown that skid
numbers vary with the seasons of the year and air and pavenent nmoisture
content, temperature, precipitation, and other factors. Therefore, skid
measurenents should be performed under the conditions described in the
ASTM Standards.
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Finally, skidding accidents may occur where a favorble skid unber
exists. In these cases, accidents may be caused by the presence of water
on the roadway. Therefore, consideraticn of . pavement drainage
characterstics is necessary.

® Pericd Of Data Collection

-~ PR N PR " e Y = e a4

For safety reasons, data collection may require that a portion of the
roadway be blocked off or that the study be performed under 1low volune
conditions to e&ttain the necessary range ¢f travel speeds. It is recoi-
mended that skid resistance studies be perfornmed during off-peak pericas
to minimize disruption to traffic. At high volume, urbanizec locations,
perform the study on the weekend. Studies can also be performed at night
when lighting conditions are favorable.

As previously stated, the results of skid tests are affectec by the

season of the year. T1rb of day conditicns can alsc affect the results.
Periods of moisture {precipitation) and temperature affect study results
and should be avoided.

Skid Resistance Study Techniques

Several rnethods of obtaining skid resistance data are available. They
include:

{ ocked wheel trailer nethods.
o Mu-meter tester.

¢ Automgbile methods.

e Portabie/laboratory testers.

"»

T t1

fable 40 surmarizes the primary considerations for each technique.

® Locked-Wheel Trailer Method

The locked-wheel trailer method {1,2,3,4,5] is the most widely used
method within the U.S. for skid resistance measurement. IT is based on
the ASTM Method of Test E-274, The method utilizes a test tire (ASTM
Standard E-501) instalied on the wheels of a test trailer. The trailer is
towed ey a truck at & speed of 40 mph wh11e water 15 appl1ed uniformly 1in
front of the test wheeis. The rate of dppllLdLlUH of the water, aCCOFCTHC
to the ASTH specifications, is 4.0 gal./min./in. (0.60 liters/min./mu) ©
wetted width, resulting in a standard thickness of water of U.b5mm (0.02
inch). A deviation of + 5 SN may occur at 40 mph.

The test wheel{s) is locked by & brake and a recording cf the wheel
torgue during braking is made using either rnranual or electronic rneans.
Analysis of this torque results in a skid number {SN). Further cetaiis in
this method is given in ASTM Method E-274.
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Table 40.

Primary considerations for

skid resistance studies.

\\kVConsideration

Technigue 4\\

Function

Equipment
Requirements

Marnowar
Requirements

Ti{me
Requirements

. Locked-Wheel
Method

.Moagures fric-
tion force
uging traller
device in lock-
ed wheel mode
{ASTM Method
FE 274)

.Trailer device
.Data shents

.Techniclan to
drive vehicle/
trailer unit
Enalneer to
evaluate data

.1/?2 hr. per
gite or mile

LAutomobile
Method

Measures fric-
tion force
using test
vehicle in
locked wheel
mode (ASTM
Method E 445~
71T)

.Teat vehicle
.Hand measuring
device, stop
watch or decel-
erometer

.Data sheets

.Mechnician to
drive vehicle
.Fechniciang to
measure and
record data
Fngineer to
adjust data

.1/2 hr, ver
gitma
.1-2 hrs, per
mile

+Mu~Meter

Tester

.Meagure fric-
tion force
using skid
trailer in
yaw mode

.Mu-meter trailer
.bata sheets

.Techniecian to
drive vehicie/
traller unit
.Engincer to
avaluate data

+1/2 hr. per
gite or mile

.British
Pendulum
Tester

.Measures
energy unit
using pavement
samples test-
ed in a labor-
atory environ-
ment or on-
5ite

+British pendulum
tester
.pata sheets

.Tachniclans to
drive vehlcle
.Technician té
operate tester
.Fngineer to
adjust data

.Tegtlng arprox.
1-2 hr. ver
ganple




Advantages:

1. Recognized as standard practice.

2. Economical and convenient to perform for a large nuuber of
tests.

3. Skid trailers available commercially.

Disadvantages:

1. Requires relatively expensive eguipment (trailer).

2. Difficult to perform except under low traffic volume condi-
tions.

® Mu-Meter Tester

The Mu-meter tester [1,4,5] typically employs methods as statec in
ASTM-E-670G. It uses & trailer type device with both wheels (treadless}
yawed inwardly cduring fieia testinc. In this mode, it simulates the
cornering effect. However, since the wheels are yawed in opposite {but
equal) angles, the trailer continues to move straight ahead.

In using this device, it is necessary that the yaw angle, as shown
in Figure 44, be set such that the test results are minimally effected by
surface characteristics or operating conditions. For highway safety
applications, a yaw angle in the range of 10-15 degrees is suggestec.

The results of this nethod consist of a set of nreasurements of the
skid number as the brakiny force increases. Measurements of the skid
number are hade for both wheels and averaged. The results can correiate
extremely well with the locked wheel methocd using similar test cenditions,
such as treadless tires (standard practice for Mu-meter) and an external
water source (sprinkler truck). However, a maximum deviation of +5 SN at
40 mph can occur. ’

Advantages:

1. Can be performed under ASTM standards.

2, Trailers are simple to operate and commercially available.

3. Economical and convenient to perform for a large number of
tests.

Disadvantages:

1. Results can differ from locked wheel methods (which is a
standard practice).

2. Equipment is relatively expensive.

3. Requires testing, for safety reasons, in a low traffic volume
condition.
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@ Autonmobile Method

The automeile method [1,4,6] uses a standard automobile driven along
the roadway at the speec of 40 mph. An external water source is used te
simulate the ‘wet pavement" conditions. The automobile's brakes are
Tocked and measurement s made of how far the vehicle travels until it
comes to a full step. The braking distance, U, is then used in the fol-
lowing relationship to obtain the friction factor.

V-]E-sz
f=—— +6
3Cb
Where:
D = braking distance (ft. or m )
V. = initial velocity {(mph or kph)
¥ final velocity {mph or kph)

friction factor
percent of grade (+ or =)

n " Hn n

i
G
The friction factor may be transformed to the skid number (SN} using the
following fornuia:

SN = 1C0f

If performed properly, this technique can produce more consistent

results than the road fricticn testers since it simulates actual criving
conditions,

Advantages:
1. Equipment needs are minimal.
2. Requires a low capital investment.
3. If performed and weasured according to standards usable

results may be obtained.
Disadvantaces:
1. Tgchnique can be dangerous to perform under high speed condi~
2, %%ggﬁ}es testing under low volume or blocked off rcad cendi-
jons.

® Laboratory and Portabie Field Testers

Many laboratory and portable field testers [1,7] have been ceveloped.
However, 1in nighway safety studies, they are not as applicable as the
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previous nmethods. This is primarily due to the fact that measurenents
obtained by wany of these methods fail to correlate well with the stapdarc
tests suggested 1n the ASTM standards One such cevice which has +

< s
uuuuuu Vil [ wlr 110> .Jruhll LU

be suitable for some safety uses cnd 1s gaining acceptance is the Britisn
Pendulum Tester. The tester consists of & penculum to which a spring-
loaded rubber shoe is attached. A vehicle (tester connected to venicle)
drives slowly {7 nph) over the roacdway section, and the pendulum is
dropped after which the shoe sliides over the surface to be testea. The
height of the rebound serves to measure the frictional resistance.
Details of the testing procedure is based on ASTM Method £-303.

-
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T this tester veloped into a British Pendulu
irect]

[ Ve c

Number (BPN,. Th is number is unique tc this device and cannot be direc
correlated to the results of other testing methods. However, it is use
widely throughout other parts of the world for pavement evaluations.

—d

o

ot

(el

Advantaces:

1. Can test fiela saiples in situations where field testing is
nct practical,
2. Acapteble to use as field or as laboratory tester.

Disadvantages:
1. Results do not cerrelate directly with locked-wheel results.
2. Cost per test can be quite high.
3. For field use, setup and preparation is usually extensive.
4. Laboratory testing nay not fully reflect the fiela condi-

tions.

Selection of Alternate Technigue

Table 41 surmiarizes the utility of the techniques based on agency
rce 11F1tat1on5 and the accuracy of the technique. General guide-

calartina a2 +arhns

res
lin seielting a telnnique are:

o
e

u
S

-

-'h

1. The locked-wheel methoas ¢enerally are considered as standard
practice for performing skid resistance studies. lWhere lockeca-
wheel testers are available, they are preferred due fc their
recognition as accurate, safe and reliable rethods. However,
where this equipment is wunavailable, the automobile method is
favorable. It can sinulate the Tocked-wheel condition.

2. Mu-rmeter tests may be appropriate because they sirmulate the

’ dre

locked wheel condition in a cornering node. The results differ
slightly from these obtained by the locked wheel testers.

de reliable results
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Table 41. Technique utility of skid resistance studies.
Techniqgue
Locked British
Management Wheel Mu~Mater Pendulum Automgbile
Concern Methed Method Mathod Mathod
.Time .Regquires data +Requires data .Reguires data -Reguires data
Requirements collection typic~ collection typic- collection typic- collection typic-
ally at 40 mph ally at 40 mph ally at 40 mnh ally at 40 mph
speed speed spaed speed
Meter readings +Moter readings -Meter readings . Require measure-~
. ments and compu-
tations
+Equipment +Locked wheel .Locked wheel -Locked wheel «Automobile
Requirements trailer and trailer and .trailer and .Stanfard test
measuring de- measuring de- measuring de- tires {ASTM E 50.1)
vice vice vice +Measuring instru-
. Other needs, .Other needs, -0Other needs, ments
. minimal minimal minimal
.Manpower .Technician -Technician .Technician .Technician
Requirements lavel level lavel level
+Level of .Highly reliable -Highly reliable .Mighly reliable +Accurate where
Accuracy if well calibrated 1f wall calibrated if Well calibrated measurements are

obtained mechanic~

ally

«Manual measurements
may produce slight

inaccuracies




potential hazard involved in performing this study, its use is
not encouraged.

4. The portable/laboratory testers do not produce results correla-
tive with the locked wheel results and, as such, their use in
highway safety studies is not encouraged. However, as a tool
for pavement comparison and cther similar purposes, they can
produce effective results. One device which 1is gaining more
widespread attention in skid resistance studies 1is the British
Pendulum Tester,

Findings

The ocutput of a skid resistance study can be presented in a chart by
test run (page I-14 of the Appendix). Since the skid number results are
sensitive tc many factors, (precipitation, air temperature, and vehicle
speed [8,9]1, documentation of these conditions is important on these
charts.

@ Use Of Findings

In evaluating the skid resistance qualities of a pavement, a review
of the skid number at a 40 mph speed and the skid number - speed gradient
of the pavement is performed. This review not only assists in evaluating
the pavement skid characteristics basea on standards for the ASTM test
methods, but also assesses the pavement's skid resistance characteristics
under varying speed conditions, in particular, actual field conditions.
The speed gradient is used to assess the skid resistance qualities for the
range of travel speeds expected along a roadway.

The skid nusbers at various speecs are compared to minimum standards
defined by the state highway agency in which they are used. Skid numders
lower than these values will usually dictate the need for upgrading (coun-
termeasures) of the pavement skid characteristics. Countermeasures may
jnclude pavement grooving, surface overlay, roadway speed reductions, and

warning signing.

Procedure 18 - Highway Lighting Study

Purpose

Highway lighting studies are used to determine the adequacy of exist-
ing lighting systems and the need for new, additional, or improved sys-
tems. These studies may be used to study sites with existing lighting
facilities and sites which may need Tighting based on accident experiences.

Application
@ Need for Study

Highway 1lighting studies may be warranted based on an observec
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pattern of nighttime accidents. In addition, field reviews perforned
under nighttime conditions wmay show that dnsufficient or inadequate

lighting or delineation of the study area may be warranted. Input from
- tocal users can also justify a highway lighting study.

@ Use Of Study

When the need for a highway lighting study exists, site data (roadwav

study exists, data (roadway
volumes, area type, accident rate, existing lighting in area, roagway
georetrics, etc.) shoula be collected, reviewed, and compared to roadway
Vighting warrants to determine the effectiveness of the current nighway
lighting cenditions. The warrants are directed at those locaticns where

e

highway 1ighting currently does not exist.

When there is a need to assess the lighting adeguacy for existirg
systews, a study can also be perforimed by comparing existing lignting sys-
tem characteristics tc desicn standards. These dgesign standards are set
forth by AASHTC L1], the Illuninating Engireering Society {21, or ince-
pendent local standards.

The study can determine whether a safety deficiency exists erd
ists in identifying a countermeasure where lichting conciticns are
dered deficient.

Lighting Study Technigues

The fellowing techniques are available:

e American Association of State Highways and Transportation Gfficials
{AASHTO) criteria.

e MCHRP Report No. 15z method.
nt

e Selected individual warrants based on individual research,
¢ Field review rethod.
¢ A light weter technique.

Table 42 suiwarizes the major considerations for each technigue.

® AASKTO Criteria

The AASHTO criteria [1,3] were prepared by the Joint Task Force for
Highway Lighting of the AASHTO Operating Subcommittees on Design ana
Traffic Engineering. The criteria is based on a description of cpera-
tional, geometric, end developmental conditions that rust be rmatched cr
exceeded to Jjustify the installation of roadway lighting. AASHTU warrants

are currently developed for the following area types:

& [reeways
e Interchances
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Table 42. Primary considerations for highway lighting
study technique.
\Comldaration Equipment ABBO=
" Require- Manpower Tima ciated| Data Data Data
Techniqua Function ments Raguiremants Raquirements Costs | Input Obtained output
1. AASHTO JEvaluates lighting Y olume Jfachnicians to |.With available | None |.Defined JAssessmont Review of
Criteria needs for freeways, counters perform volume volume data, location of warrants need for
interchanges, tun= .Lata Burveye approx. 1 hour .Yolume data 1ighting
nels and underpasa~ | sheets .Engineer to per alte tor spacitio
08, ate, based on calculate ac- location
traffic volume, cident data JArea des-
. area description, .Engineer to cription
and accident data raview watrants JAccident data
applied to guide~ by time of
lines for these day
conditions
2. NCHRP .Evaluates lighting |.Radar +Jachniciana to | ,Flald data None JDefined Compilation .Review of
Report needs for freeways, meter obtaln field collection - location of tabular need for
No, 152 interchanges, hon- {speed) data approx. 1-2 JFleld dats form lighting
Method contrelled access Measuring | .Enginear teo days {per tabu- .Comparison
facilities and in- device avaluate Adjust data lar form) valus to
tersections based .Data weighting plan gheet - .Area descrip~ | warranting
on geometric, sheets apporx., l-2 tion condition
operational, en- hours per Accident data
vironmental, and site
accident factore
appiied to tabu-
lar form and com-
pared to warrante
ing valus
3. Informa- .Evaluates lighting Btop .Engineer to re- |.Approx. l=-day |¥ense Defined .Summary of [Roview of
tional needs for all Bi- watch cord or separata| to psrform location information need for
Needs tuationa based on Data driving task atudy .Lnfomattm demand and lighting
Approach the time required sheats factora upply aupply at
to perform driving .Engineer to re- [riving task study site
task undor exist- view informa- {asgsoclated
ing information tion supply timas)
supply data
.Engineer to re-
view and assess
data
4. Individual }.Evaluates lighting Data .Enginear to re- |JApprox. 1 hour | Nona |.Defined | Azeeasment of |.Heviaw of
Warrants | needs for rural sheats view sccidant par aite . location - waxrant Eeed ftor
intersection baned data and assons JAccldent data ighting
- Rural on accldent data ' warrants
Intar- applied to guide«
saction line for this con-
Lighting dition
Hathod
L
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Table 42,

Primary considerations for highway lighting

study technique (Continued).

Consideration Equipment Asgo~
Reguire- Manpower Time clatad Data Data Data
Technique Funetion ™ents Roquiremanta Regu:ireimentsy Loty Input Obt ained Output
- Paden~ wEvaluates special Volume Techniclan to “With available | fone |-Defined 1Assesamant L Reviow of
trian lighting needa for counters { perform volume volume data, location of warrants nead for
Cross- crosswalks based Data surveys approx. 1 hour .¥Yolume data for] special
walk on traffic volunm, sheots .£nginenar to yer alte specific loca~- lighting
eccident, area perform field tion
deacription, and review and Area descrip-
pedeatrian behav— evaluate acci- tion
ior data appliead dant data JAccident data
to guidalines for «Enginoer to
these conditions review warrante
5, rield «Evaluates adequacy | .Data .Engincer to Lpprox. 1-2 Rone {.Defined -Evaluation of [Review of
Condition of existing light= shosts fiald review daya par site location fisld nystam adequacy or
Mathod ing syatem based location, obtain Exieting light-| to denign sys-| need for fure
on a comparjson of exiasting hard- ing hardware team ther lighting
existing hardware ware character- Area deserips noeds
in field to de- latice, and com- tion
8ign standarda pare to dealgn .Denign stan~
standards dards
6. Light «Evaluates adequacy {.Light Englneer to JApprox. 1/2 LLight [.Befined +11lumination  fraview of
Heter nf existing lumi= motor field review 3o~ day psr site mater location lavel at sam- | adeguacy or
Hethod naries to provide .Data cation and aam- BE600= {.Area descrip= pPle locations |need for fur-
proper lighting sheots ple illumination E1000 | ticn ther lighting

based on fimla
oEasureirent of
illumination lavel
and comparison to
deaign standarda

levels

Lngineer to com-
pare fleld re-
sults to design
standards

LDesign stan~
dards

neads




e Tunnels and underpasses
e Roadway safety rest areas
e Roadway sign lighting

Basic data needs for these warrants include traffic volumes (by time of
day for a 24-hour period), accident freguency (night vs. dayj, and a
knowledge of the study area and its environs.

The warrants for freeways and interchanges are shown in Figure 45.
Warrants for other field situations are provided in Reference 1. Addi-
tional general warrants which may be used to justify lighting improvements
are:

1. Where there is continuous freeway lighting, there should be com-
plete interchange 1ighting.

2. When continuous freeway lighting is warranted, but not initially
installed, partial interchange lighting is justified.

3. Where complete interchange lighting is warranted, but not ini-
tially fully installed, & partial lighting system which exceeds
the normal partial installation in number of lighting units is
Justified.

4. Lighting of creossroad ramp terminals is warranted where the ae-
sign requires the use of raised channelizing or civisional
islands, and/or where there is poor sight distance.

Advantages:
1. Provides a sinple, usable method.
Z. Requires a minimal of data needs.
3. Produces reliable results based on present experience.
4. Accepted as a national guideline.

Disadvantages:

1. Is not effective for nrost urban street and rural highway
situations.

The NCHRP Report No. 152 method [1,4] is based on research related to
the driver visual information needs. Infermation needs for this rethod
include roadway geometric factors, operational factors, environmental
factors, and accident data. They are compiled in separate tabular forms
for situations such a&s: non-controiled access facilities, intersections,
freeways, and interchanges. The forms are displayed in Figures 40-49,

Within these forms, the "CLASSIFICATION FACTOR" refers to the speci-
fic data item or information to be studied and for which data is to be
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\\ Criteria

Average Daily Traffiec (ADT)

Interchange Might/Day
Situation Freeway or Ramp Other Spacing Accident Rate Other
1. Continucus | .in or near Rot Applicable | ,Three or more fa) 2.0 or .For a two or mora mile
Preeway cities, succegsive in- higher; or length of freeway
ADT's 30,000 terchanges () Higher than {through an urban or sub
or more with an aver- Statewide urban area)
age spacing of average for {a) local traffic uses
1.5 miles or gimilar, -un- street having
less in an ur~ lighted lighting which is
ban-type area areas visible to freeway
traffic;

{b) freeway runs
through lighted
area;

{c) streets crossing
freeway having an
average spacing
of 1.2 milé or
less; or

(d) narrow medians or
borders are used.

2, Complete .Total ramp .Crossroad ADT Not Applicable (a) 1.5 or .Immediate area is
Interchange traffic ADT traffic ex~ higher; or lighted; or
Lighting exceeds: ceeds: (b} higher than |.Crossroad approach legs

- urbait - urban Statewide are lighted for 1,2
{10,000} {10,000} average for mile or more.

- suburban ~ guburban similar, un-
(8,000) (8,000) lighted sec-

- rural - rural (5,000) tions
(5,000;

3. Partial .Total ramp +Freeway ADT Not Applicable (a) 1.25 or Not Applicable
Interchange | traffic ADT exceeds: : higher; or
Lighting exceeds: . -~ urban (b) higher than

—~ urban 5,000) (25,000) Statewide
-~ fuburban "= suburban average for
(3,000) (20,000} gimilar, un-
- yural (1,000) - rural lighted areaqg
(10,000} areas

Figure 45. Lighting warrants (AASHTO criteria).




EVALUATION FORM FOR CONTROLLED ACCESS FACILITY

Highway lighting warrant form - freeway.
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(FREEWAY) LIGHTING
RATING UNLIT LIGHTED SCORE
CLASSIFICATION WEIGHT | WEIGHT DIFF. [RATING
FACTOR 1 2 3 4 3 (A) ® “-B) | X@-l
Geometric Factors
Number of Lanes 4 & >8 1.0 03 02
Lane Width > 12° 12 it 10 <9 o 25 05
Median Width » 40 2439 1223 411 0.3’ Lo 13 05
Shodlder o ar & 4 1 1.0 as ]
Sopes > 81 61 41 3:1 21 1.0 05
Crrres g2 1y21°* 1.2° 23° 8° 130 50 24
Grades < 3% 3-39% 4-39% 5-6.9% > T 3.2 28 ¢4
Interchange Frequency 4 milea 3 milaa 2 miles 1 mile < 1 mile 4.5 10 3.0
Geometric Totd
Operational Factors =
Level of Service A B C D E 6.0 1.0 5.0
{any dark hour)
Operationol Total
Ervvironmental Foactors
% Development 0% 25% 0% 3% 100% 35 0.s 3.0
Dffset to Development 200" 150° 100 59" < 30 35 05 30
Enviranmental Totol
Accidents
Ratio of Night-to-Day 10 i-1.2 12-15 15-20 20" 10.0 20 8.0
Accident Rates
*Continucus lighting warranted. A-cident Total
GEOMETRIC TOTAL =
OPERATIONAL TOTAL =
ENYIRONMENTAL TOTAL =
ACCIDENT TOTAL =
SUM f i POINTS
WARRANTING CONDITION - _ S3points
| ! ] |
Figure 4%



EVALUATION FORM FOR INTERCHANGE LIGHTING

CLAS : . BATING UNLIT | LIGHTED SCORE
giFgéﬂo.N WEIGHT WEIGHT DIFF. [RATING ;
ACTUGR 1 2 3 ) 5 (A) B (A-B} |X(A-B)} !
Geometric Foctors
Famp Types Darect BPhiamond Button Hooks Trumpey Scimors and 2.0 10 1.9
Covereats Left-side
Crose-Rosd none continwous interehange 2.0 1.0 1.0
Ohannelization .itn:::cﬁw
Froatage Roeds none one-wEy two-way 1.5 10 05
Freewsy Lane Widths > 127 1r 1m 10 < 16 30 25 {13
Freeway Median Widths > 40" 34-40° 12.24" 4-12 < 4 1.0 05 65
No. Freswmy Lanes 4orles 6 Ber more 1.0 0.8 62
Bain Lane Curves < 1/2° 3-2° 23° 34° > 4% 130 50 8.0
Grades % 3-3.0% 4-49%% 5-69% 7% or more 32 28 0.4
Sight Dhstance Croes > Jo0g” 704 - 1000° 500 - 700 400 . 500° < 400" 20 18 02
Foad Intessection
Geometric Facrors e
ational Factors
Level of Service A B C b E 6.0 1.0 5.0
{any dark hour}
Operational Facton [
Emvironmental Foctors
% Developenent none 1 quad 2 quad 3 quad & quad 20 05 1.5
Sct-Back Distance > 200" 150 - 208" 100- 150" 50, 100° < BO* 0.5 03 o2
Crom-Road none 3 3.0 20 1.0
Approach Lighting partial complete
Freeway Lighting none ; interchangts only] continpow® 5.0 3.0 2.0
Environmentai FoctorS | ———
Accidents
Rate of Nightto-Day <10 19.12 12.15 15.20 > 20" 10.0 20 80
Accident Hates .
*Complete lighting warrmnted. Accident Foctors
GEOMETRIC TOTAL = .
OPERATIONAL TOTAL = .
ENVIRONMENTAL TOTAL L
ACCIDENT TOTAL = .
SuM - . POINTS
COMPLETE LIGHTING = 90 points
WARRANTING CONDITION
PARTIAL LIGHTING = 60 points
WARRANTING CONDITION —

Figure 47. Hicghway lighting warrant form - interchange,
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EVALUATION FORM FOR INTERSECTION LIGHTING

RATING UNLIT | LIGHTED SCORE
CLASSIFICATION WEIGHT | WEIGHT | ' DIFp. &PATL“&S
FACTOR 1 2 3 4 5 N (8} {A-B) {A-B}
Geomezric Foctors
Number of Legs 3 4 5 6 or more 30 25 B.S
{induding
traifie pirolest
traffic circles)
Approach Lane Width > 12t 2 1 10 <l10* 3.0 13 ——
Channelization oo turn lanes | left tum lanes | left tum lanes | left and right left and right 20 Lo 1.0 e
on major legs on all legs. nun lznes on | rurn lenes oo
right turn fancs majoc legs alt Jege
on major legy
Approach Sight Dixtance >T0° 506-700° 300-500° 200-300° < 200 2.0 18 0z —
Gradas on < 3% 30-3.9% 4.0-49% 5.0-6.9% 7% or more 3.2 28 0.4
Approsch Streets
Curvazure on <«3.0° 30-6.0° 6.1-80° 81-100° > 10° 13.0 5.0 BD —
Appeoach Legy .
arkine in Vicinity neohibizsd toadins soman o £ e, T [P | [ ns N1 nt
Parking in Vicinity prohibized ding zones | off-peak only permitiad mitted 0.2 0.1 L8
both dides only onc side only ik sides
Geomerric Total P
Operarional Foctors
Operating Specd on 25 mph 30 mph 35 mph 40 mph 45 mph 1.0 02 o8 ——er
Approach Legs or less or greater
Type of Control all phases left tumn lanc t=xfixe 4way stap control 3o 27 0.3 —————
signalized mgnal controf i control | sop control to minor
Gincl. tumn fanc) only or RO COR
Channelization left and right { left and right left turn lzne | left turn lane f0 turn lane 3.0 2.0 1.0 —_—
sigral control turn lene signal control | signal ¢ontrol control
signal control on &ll lege on maejor legs
oa major legs
Level of Service A B C D E 1.0 o2 08
(Load Factor) 0.0 0L.1 0.1-03 03.07 07-18
Pedestrian ¥olume very few 050 50-100 100-200 > 200 15 05 1.0
{peds/br crossing) or noxe
Onergtional Tota! —_
Environmentol Factors
Fercent Adjacent 0 0-30% 30-60% 60-90% 100% 0.5 03 02 —_—
Development
Predominant Develop- undeveloped residential 50% reaidentasl | industrisf or | strip industrial 05 0.3 02 —
ment near Intersection 50% industrzl | commercial | or commercial
or commercial {po circuity)
Lighting in Tmmediaze nont 0-40% 40:60% 60-B0% essentially 3.0 15 13 —
¥icinity continuons
Crime Rate extremely jow lower than ity mveTage higher than | extremely high 1.0 0s 0.5
city average GHty average
Emvirgrenentol Torg!
Actidents
Ratio of night-to-day 1.0 1012 1215 152.0 20% 10.0 20 80
Aceident Rates
*lInterscction lighting warranted. Accident Totol —
GEOMETRIC TOTAL .
OPERATIONAL TOTAL E O —
ENVIRONMENTAL TOTAL =
ACCIDENT TOTAL = .
UM = POINTS
WARRANTING CONDITION = __TSpoints |

Figure 48,

Highway lighting warrant form - intersection.
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EVALUATION FORM FOR NON-CONTROLLED ACCESS FACILITY LIGHTING

RATING UNLIT | LIGHTED SCORE
CLASSIFICATION WEIGHT | WEIGHT | DIFF. |{RATING
FACTOR ! 2 3 4 3 [N B) (A-B) X(A-33
Geometric Factory
No. of lanes 4 or lem - 6 -~ B or moce 10 [1¥:] 02
Lane Width > 12 2 1 1w < 19 3.0 25 3.5
Median O, <4.0 or one- 4.0-80 81-120 126.150 >15.0 orno 50 30 20
Per Mile way operztion acers eontrol
Curb Cuta <10% 10-20% 20.30% 30-40% > 40% 5.0 3.0 20
Cuarves < 30*° 31-60° 6.1.86° 81-10.0° > 18° 138 5.0 8.0
Grudes < 3% 3.0-39% 40-4.9% 50.6.9% Th ot more 32 28 04
Sight Dastance >0 500 - 700* 360 - 500° 200 - 300" < 200" 2.4 18 02
Purki prohibited loading rones off-peak permitied pemitted 0z ol 0.1
" both sidcs only only one side lhoth sides
Geometric Total I
ional Facrors
Sigrals all major eubstantia) most major ahout kalf the frequent 3.0 28 0.2
inlersections majority of intersections intensections | aon-signalized
sgnalized mtersections sgnalived Egnalised in tersections
wgnalized
Left Tem Lane ail major subetantizi most frajoe sbout half infrequent 50 4.0 1.0
miersectons majority of mteracchions the major tarn bays or
of one-way intersections intersections | unclivided streets
operztion
Wedian Width 30 20-30° 16-20° 4 .10 0-4" 1.0 0.5 0.5
Openating Specd 25 0rless 30 35 40 45 oz greater 1.0 0.2 08
Pedestrian Treffie at very few 0-50 50 - 100 100 - 200 > 200 L5 05 18
Night (peds/mi) of pane
Opervtional Tote!
Epvironmental Focrors _ .
% Development [+} 0-30% 30 - 60% 60 - 90% 100% 0.5 03 02
Predotninant Type undeveloped or | residentisl half residential | industritd or | strip industrial 0.5 0.3 0.2 e e
Development back-up design &or o i jor il
Sethack Distance > 200" 150 - 200° 100 - 150" 50 - 1007 < 50 05 03 0.z
Advertising or none 0. 40% 40 - 60% 60 - BO% essentially 3.0 10 20
Ares Lighting continsous
Ruised Curb Median none continuous at ul st signalized 2 few 1.0 0.5 0.5
intersections intersections bocations
Ceime Rate extremely low lower than city average higher than extremely high 1.0 0.5 4.5
city rverage eity sverage
Emvironmental Tottl | e
identy
Ratio of Night-to-Day <19 1.0-12 12-15 1.5-2.0 20* 10.0 20 8.0
Accident Rates
*Continuous tighting warranted. Accident Total
GEOMETRIC TOTAL = —
OPERATIINAL TOTAL L
ENVIRONMENTAL TOTAL .
ACCIDENT TOTAL T ——
SUM e POINTS
WARRANTING CONDITION 2 ___ Bipownfg.

Figure 49.

Highway lighting warrant form - highway section.
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obtained. The 'RATING" is based on the data item's specific characteris-
tics. Individual cata items are weighted based on their expected signi-
ficance as an evaluation factor. This is done by comparing weights for a
"1it" and & "unlit" situetion. The sum of the weighted ratings for the
indivicual factors are computed. This value is compared to a warranting
value (condition). However, the warranting condition may bLe a&adjustec
according to the agency’s experiences. General guidelines for warranting
values are shown in the Figures.

This technigue requires substantial data collection to provide an ac-
curate inventory of existing conditicns ard 1ighting needs. \Where data
are unavailable, estimated values based on engineering jucgrent should e
used.

Advantages:

1. Technigue is flexible {by assigned weightinys anc warranting
condition) to meet individual agency's needs and exper-
iences.

2. Produces evaluation criteria for wide range of situations.

Uisadvantages:

i. Requires extensive data collecticn,
2. Guidelines for "WARRANTIRG CORDITIOR" not based on extensive
previous experience.

3. Time requirements may be substantial.

This technique is apprecpriate for intersections and non-access con-
trelled facilities. For these situations, it provices a defined, reliable
technique for evaluaticn of hicghway lighting conditions. The technique is
also favorable for freeway and interchange evaluation; however, due to the
large amount of data collection involved with this method, it is not en-
couraged.

® Uther Selected Warrants

Warrants for rural intersection lighting (3] were develcped by the
University of Iliincis in cooperation with the [1linois Departnent ¢f
Transportation. This warrant relates the need for lighting where the
average frequency of nighttime accidents is one-third or greater than the
day accidents. It is also reccomiended that lighting be installed at rural
intersections using channelization.

In & vresearch project for the Federal Highway Administration,
warrants for special Tighting of pedestrian crosswalk facilities L D] were,
developed The warrants are based on volumes (pedestrians and vehicles},
gccidents, pecestrian behavior, or a combingtion of the above. The "volure
criteria” are shown in Table 43.
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Table 43.

Pedestrian crosswalk lighting warrants.

WARRANTING CONDITIONS ACCORDING TO VOLUME

AREA

ROADWAY CLASSIFICATION

MAJOR COLLECTOR

ARTERIAL DISTRIBUTOR LOCAL
CBD * 500 veh/night 200 veh/night
(COMMERCIAL) 100 ped/night 50 ped/night
FRINGE 1600 vehfnight 500 veh/night 200 veh/night
(INTERMEDIATE) 100 ped/night 100 ped/night 50 ped/night
0BD 1000 veh/night 500 veh/night 200 veh/ni;ght
(INTERMED-COM>M) 100 ped/night 100 ped/night 50 ped/night

1000 veh/rnight 500 veh/night 200 veh/night
RESIDENTIAL 50 ped/night 50 ped/night 50 ped/night
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The “accident criteria” are met if for a perioa of four consecutive
years, a minimum of three redestrian accidents in the crosswalk per year
cecur &t night. These acciaents shoulc be partially or wholly &atiributed

to recuced visibility of the pedestrian which coulc be altleviatec Ly
illumination.

The “pedestrian behavior warrant” can be met when it
i b P | 1

that & minimum of 5% of observed pedestrians
patterns.

A “combination warrant” can be met if any two of the abcve warrents
meet two-thirds of the prescripec levels or it is Jjudged by responsible
engineering judgment thal special lighting is warranted.

Advantages:

Disadvantages:

1. Requires further testing on a nationwide basis.

2. Linited scope.

For the study of existing lighting systens, several other rethoas are
available;, (1) the field lighting ccncitions can be compared 1 aesign
standards, or {2) light meters can be used to record lighting outputs anc
conpared to cesign guides.

@ Field Review Method

In the field conditions 6,71 nethod, the collection of field data
for the roadway environment ana office data for the 1lighting hardware
information is necessary. The fielu data to be collected incluce:

e Roadway classification (freeway, expressway, najor arterial, col-
lector, local or alieys).

e Land use (commercial, residential, or intermediate),
e Lighting (luminaire) spacing.
e Lighting (luninaire) mounting height.
e Lighting {lurinaire) lateral location.
Office data, from existing inventery files, include:

e Lignht source size (lurmen output).




o Light scurce type (incandescent, flourescent, mercury vapor, metal
halide, high pressure or low pressure sodium).

s Luminaire type.
The characteristics of the existing luminaire system are compared tc

the cesign based on design methods and guides given in the Roatway
Lighting Handbook [3] (FHWA).

Advantages:

l. Produces a direct comparison with design standards.
2. Results provide recommendations for upgrading conditions.
3. Results are based on actual field conditions.

Disadvantages:

1. Requires substantial time and manpower expenditures.

This technique is appropriate for all field situations. It can be
used to evaluate other highway lighting characteristics such as: glare,
reflectivity, etc. However, it requires a substantial computational work
effort.

@ Light Meter Method

Light meters [6,7] can be used to measure the illumination output of
the lighting sources. Measured at various peoints within the study area,
field characteristics-(1ight intensity, light distribution) are recorded.
These measurements are compared to the design illumination guides stated
in the Roadway Lichting Handbook [3]. Deficiencies are noted by
differences in the illumination level at the test locations.

Advantages:

1. Provides a comparison with design guides.
2. Results provide recommendations for upgrading conditions.,
3. Results are based on field measurements.

Disadvantages:

1. Measured output does not account for glare, refiectance,
etc.

2. Requires measurement of light output under favorable weather
conditions.
3. Requires considerable data collection effort.
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Selection of Alternate Technique

Table 44 summarizes the utility of each technique. Table 45 identi-
fies the favorable stucy technique as a function of the fielc situation.
To assist in selecting a technique, the following general guide lines are
provided.

1. The use of AASHTO criteria for evaluation of highway lichting
needs 1is recommended for freeway and interchange locations.

2. For non-controlied access locations and intersection situations,
the NCHRP Report No. 152 Methoa is preferred. It is also favor-
able for freeway and interchanges; however, the data collection
needs are considerable.

3. For evaluation of existing lighting systems, the AASHTC method is
preferred. It is an easy and simple means. For a more deta11ed
review, the light meter method may be more favorable than the
field condition method since it directly measures the light out-

put.
Findings
A checklist can be used to compare site data with the AASHTO cri-
+maria +he vural intovcortinn othnd and the nedectrian ecraococwall methnd
Ll iQa l.llc UGl Ol DO BT ilLbll\JU Lalind L P\.U&—Db( ey Wil VIO WL L
Output forms for the KCHR? Report No. 152 method were displayed in

Figures 46-49, Further information is provided in Chapter & of the
Roadway Lighting Handbook [3].

In addition to the warrants, a nighttime field review of the area is
performed to obtain the following information.

1. Driver's visual field (as related to characteristics of the
traffic facility),

. Roadway fac111ty function

. Supplemental information for the lighting warrants,

. Subjective comfort benefits of existing roadway 1ighting, and

. Information for the design guidelines.

Ol WM

® Use of Findings

Where existing Tighting is found inadequate, the need for upgrading
of conditicns 1is warranted. Where further 1lighting needs are not
warranted, yet the accident data or field review shown nighttime accident
problems, the need for fmproved positive guidance may be required [8j.
These can include: improved roadway delineation (thermoplastic, raised
reflectors, delineators, etc.), improved signing (advance warning, target
arrows, chev rons, etc.), or internal iliumination of signing. These

L

fiprovements wiil be related based on a field review of tne study
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Table 44, Technique utility for highway liéhting study technique.

Technigque

HManagement

Paedestrian Crogswalk

Field Condition

Light Meter

AMSHTO Criteria

NCHRP Report
No, 152

Rural Intersection
Lighting Method

Concern Facilities Method Method Method
., Tire .Peguires minimal .Requires <Requires .Requires minimal .Requires Requires minimal
Reguirements data ccllection substantial substantial data collection extensive data collection
and review effort data collec- data collec- and review effort data collection and review effort
tion and re- tion and and review effort
view effort review effort
.Manpower . Technicians, .Engineers .Enginecrs .Technicians, . Technicians, .Engineer
Reguirements Engineer Engineer Engineer
Equipment .Volume counters Minimal ‘.Light meter .Volume counters, «Volume counters Minimal
Regulrements .Other necds .Other needs .Other needs .Measuring wheel
minimal minimal minimal .Other needs
minimal
Level of Com- .Based on volume, .Based on .Based on .Based on volume, .Based on detailed |.Based on accident
prehensiveness general area existing illumination general area geometric, opera- data
description, hardware output on- description, and tional, environ-
accident, and system as site as com- accident data mental, and acci-
pedestrian beha~ compared to parced to de- for site dent data for site
vior data design stan- sign stan-
dards dards
level of .Primarily unproven .Objective .Objective
Accuracy approach; relates approach; approach; Subjective . Subjective .Primarily unproven
to all standards relates to relates approach; com- appreoach; aceepted
all stan- iHlumination monly used as as upcoming stan-
dards level standard dard
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Table 45. Favorable highway lighting study techniques.
Technique Informat.ional Rural Inter- Pedestrian Field Light
AASHTO NCHRP Report Needs settion Crosswalk Condition Meter
Situation Criteria No. 152 Approach - Lighting Method Method Method Method
.Freeways X X X X X
+Inter-
changes X X X X X
.Urban
Intersec=
tion X X X X
.Rural
Inter-
section X X X X b4
.Pedestrian _
Crosswalks X X X X
.Tunnels and
Underpasses X X X X
Non-Con- .
trolled
Access
Facility X X X X




situation and the past experience of the agency. Informaticn cn this
concept 1is included 1in the FHWA Manual "“A User's Guide to Positive
Guidance"” {June, 1877).

@ Exarple

A sarple probiem for an urban intersection using the NCHRP Report Neo.
152 method is shown below

O e

Intersection: 3 Mile Road and Blake Road, Anytown, USA

1. Geometric Factors

Nurber of Legs: 4

Approach Lane Width: 11 feet

Channelizaticn: Left-turn lanes on all legs, right-turn Tane on major
legs

Approach Sight Distance: > 700 feet
Grades on Approach Street: < 3°
Parking in Vicinity: Prohibited beth sides

2. UOperaticnal Factors

Operating Speed on Approach Legs: 40 mph
Type of Control: A1l movements signalized
Channelization: Left and right signal control
Level of Service: E(1.0)

Pedestrian Volure: 0~50

3. Environmental Factors

Percent Adjacent Development: 100% ) )
Predominant Development Near Intersection: Strip commercial
Lighting in Immediate V1c1n1ty 6CG-80%

Crime Rate: Extremely low

4. Accidents

Ratio of night-to-day accident rates: 1.2 - 1.5

The application of these factors is shown in Figure 50. The tota’
score for this review was 57.7 po1nts. Warranting conditions require a

75.0 point total. From this comparison, further intersection 11aht1ng is
not necessary. IT¥ the score was greater than the warranting condition,
however, it would require further Tighting needs.



EVALUATION FORM FOR INTERSECTION LIGHTING

. G .
CLASSIFICATION
mm%n 1 2 3 4 5 e ®) (A-B) (A-B}}
Geometric Foctors 1.5
Number of Legy 3 5 6 or more 30 25 o5 .
Greloding
traffic circles)
1.5
Approach Lane Width > 12 j¥ 10" <10 30 25 05 P
Chennelization oo turn lanes | left turm lanes beftand right | Jeft and right 20 LD Xy 3.0
on tajor legs turn lanes on | turn janes on
major legs alt lege
: . 0.2
Approsch Sight Distance| (> 700" 500-700 200300 < 200° 20 18 o2 | <
Grades on €3 | 03 50.69% | Thormon | 32 28 o4 [ 0.4
Approach Sireets
Carvature o 30-60 63-80° | &1.100° >10° 130 50 80
Approach Legs :
Purking im Vicinity profibited \ | losding rones | off peak oaly | permiteed rmitted 02 0.1 ol .
both gides only one side only :)til nda
Geometric Totod l_‘éz-_?_
Operationd Foctors 2
Openﬁ:.g Speed on 25 mph 30 mph 35 mph 40 mph 45 mph 1.0 02 08 3.
Approach Lege or les or greater
Type of Control left tarm fane | thr trafbic wry stop control o 27 03 0.3
Sgrial control ignal contrel | stop coatral | 1o minor
only or no ton! 1.0
Channeiization left and right beft torn lane | left tom lane »o turn lane 3.0 20 0 M

turo lane mgns coarrol | Bgnal control constrol
wgnzl control on ol begy ona major begy

Leve] of Service A B [ D / 10 0z [13.] P———
{Load Factor) 4.0 001 ¢.1-03 ¢3.07 2.0

Pedestrian Volume very few 50-100 106-200 > 200 15 05 16

{pede'hr crossing) o1 none
10.5
Opergtional Tota! ———
Enmviroamentol Foctors 1.0
Percent Adjacent 0 0-30% 3060% 60-90% 0s 03 02
Development
Predominant Develop- ondeveloped residential 50% vesidential | industrial or  J strip industrial 0s 0.3 02 1.0
ment near Intersection SO% industrial |  commercisl | or commercial
Lighting in mmediste none 040% 40-60% esaenti 3g %3 15 .
Viciniry continugts
Crime Rate lower than city average higher than | extremely high 1.0 05 05 ..M_
city everage ity average
Envirorsmentel Torta! _._&:..._5_
Accidents
s " 24.0
Ratio of nightto day 1.0 1012 1218 1520 20 10.0 20 8.0
Accident Rates
wosemront | 2420

*Intersection dighting warranted.

GEOMETRIC TOTAL = 14.7
OPERATIONAL TOTAL = 10.5
ENVIRONMENTALTOTAL = _&.5
ACCIDENT TOTAL . ;53_‘; 9 .
SUM = - POINTS
WARRANTING CONDITION = __ 75 points
Figure 50. Lighting warrants (NCHRP 152 criteria) - example.
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Procedure 19 - Weather-Related Studies

Purpose
These stucy procedures can be used to determine whether anc to what
externt fog or ice contributed o a safety predler.  The impact these conci-

tions have at & location, may cictate counterimeasures to reduce the hazarc-
cusness of the location.

Application

@® Need For Study

Patterns of accidents in which the contributing circurstances were
“reduced visibility cue to fog" or "slippery pavement due to icy condi-
tions" may incicate that a weather relatec study 1is warrantec. Field
reviews and local input can also incicate the need for these studies.

Areas for which these studies nay be reguired include:

A. Hazardous Fog Conditions

Swampy areas

Low lying areas
Bridges over water
Mountainous areas

v 6 4 9

B. Hazardous Icy Conditions

Bridge decks
Underpasses

L

o

e Curves 1in ncuntainous areas
e Roadway near a bpdy of water

@ Use (Of Study

The information cbtained by these studies are used to:
e Verify accident findings.
e Select counternmeasures to reduce or restrict the hazarcousness
of the situation.

@ Period of Data Collection

Data on foggy or icy conditions shoula be collected during actual
occurrence cof the condition. Weather reports, forecasts, or discussions
with local weather forecasters can assist in determining when these condi-
tions are likely to cccur.
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Weather-Related Study Techniques

Several nethods of analysis are available to study weather-related
safety hazards. The following alternate techniques may be usec.

A. Fog-Related Conditions

e Iin-field direct measurement
e Use of field instrument

B. Ice-Related Conditions

e Fiela reviews

Table 46 summarizes the primary considerations for each technique.

Fog-Related Conditions

@ In-Field Measurement Technigue

The in-field measurement technigue [1] involves determining sight
distance during fog conditions using two vehicles or a vehicle and a port-
able target device. One vehicle or tarcet 1is stationed in the study area
and the second vehicle uoves through the study area. When the seconc
vehicle cobserves the stationary vehicle (or target), the location anc
distance to the target is recorced as the feasible sight distance. The
rneasured sight distance is compared tc the design stopping sight aistance
[23 based con the posted speed limit for the area. This stuay shoula be
perforred at several lccations in the study area to deternine representa-
tive sight distance under the prevailing environiental conditions.

Advantages:

1. Measurenents are based on actual driving conditions.
2. Equiprent needs are minimal.

Disadvantages:
1. Field tests may resul!t in safety problems.
2. Results nay be bicseag by drivers knowledge of test object-
ives.

® rield Instrument Methods

The use of field instrumenis [{1,3] to nieasure the fog density is an
alternate technique. Fcg index reasuring devices 1include videographs,
nepheloneters, tramissometers, and others [1J. The predicted visual range
or fog index is determined using the cevice input and the following rela-
tionship:

V = Fl = BVpn
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. ' . .
Table 46. Primary considerations for hazardous fog and ice
study techniques.
Consideration
Equipment Manpower Time hssoclated Data Data Data
Technigue Function Requirements Requiremernty Raguirements Costsg Input Cbtained Outgut
1. In-Field .Cbtains sight} .2 test vehi- .Technicians .2~3 hours «Distance .Dofined +8ight diastance .Safe travel
Measurement distance un- cles or test to set up per day; measuring location under field apeed under
Method der fog con- vehicle and and measure 3-day mi- instrument JAccident conditions fog conditions
ditjions uti- portable sight dia- nimum $25-512% pattern
lizing test target tance
vehicles un- sDistance mea- .Technicians
der field suring device to test
conditions .Data sheets conditions
2, Field .Obtains sight] .Fog measure- .Technician +1 hour per | .Fog mea- Defined .Fog density .Sight dliastance
Instruments distance un- ment device to record day; 3-days| surement locatjon characteristics under field
Method der fog con- .Data sheets field data minimum device .Accident throughout conditions
ditions uti- .Enginecer to §3G0- pattern study area Safe travel
lizing fiela reduce data $150¢ .spedd under fog
measurements and compare conditions
of foy den- to design
sity charac- values
teristics
3. Field Review|} .Obtains a re~{ .Data sgheets .Engineer to . 2-3 hours .Hone Defined .Conflict data at| ,Review of
Method view of icy per form per day: location gite icy conditions
pavement con-~ field review 2-day mi- JAccident .General comments
ditions by and assess nimam pattern related to study
field obaser~- data area
vance of

study area
under oper-—
ating con-
ditjions




= predicted visual range (ft.)

FI = fog index

= photoretric visibility distance (ft.)
= parameters

Sample values of "B" and "n" for ceneral conditions can be usea as

Frnllnwe
Tui i

Accident ITluminetion Condition B n
Might 4.32 .81
Early Dawn 4.28 0. 80
Cay 6.75 1.GG

The visual range to the minimum stopping sight distance {based on
d

posted speed limit for the area) should be compared. When the visual rance
is less than the winimum stopping distance, warning or speed control coun-

termeasures may be appropriate. If the predictec range is greater tnan the
minimun stopping sight distance, conditions may be considered acceptable.

Advantages:

1. Simple to perform
2. Tire and manpower requirerments are minimal.

Disadvantages:

1. Equiprent costs are relatively high.
2. Measuring devices may have limited accuracy.

Ice-Related Conditions

® Field Review Method -

Data on traffic operaticns, physical conditions, and ariver behavior
during ice concitions should bLe collected during field reviews {4,5,63.
The Traffic Conflicts Study (Proceaure 10) or the Safety Perfornance Study
(Procedure 6) are appropriate in this respect.

Advantages:

1. Provides field review of area.

Z. Provides a structured, organized review of conditions.

3. May be used to record other usable data such as speeds anc
volunes.

Disadvantages:

1. On-site revizw may present a safety hazard to observers.

2. May vrequire lengthy time period to obtain sufficient stucy
findings.

3. Requires presence of icy conditions to perform study.
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Selecticn of Alternate Technigques

Table 47 displays the utility of each technique and may be used in
selecting a technique.

General cuidelines to assist in selecting a technique are provided
below:

1. The field instrument method should be used for fcc-relatec
studies when the eguipment is available. It requires less tice,

provides reliable results, and is safer than the in-field¢ reasure-
ment technique.

2. when equipment is unravailable, the in-field measurerent mnethca
can provide reljable results for fog-related studies; however,
this technique results in & safety hazard to the data ccliectors.

3. For review of iJce-related conaitions, the field review methed
provides & structured review of the icy conditions.

Findings

The output of the fog-related studies should be recorded in a tabuiar
format, as shown in the Appendix.(page I-16).

® Use Of Findings

The output of the fog-related stuaies is typically a precicted or
estimated sicht distance uncer the fog field conditions. The predicted
visual range cor sight cdistance value 1is conpared to the design values based
on the posted speed limit for the area. Mininun stopping sicht distances
{according to AASHTO) for various travel speeds [2] are:

Travel speed - mph (kph) Sight Distance - ft. (m)
30 (48) 200 (60)
40 (64) 275 (83)
50 (80) 350 (105)
55 (88) 420 (126)

Where field sight distance values are Jower than the design values,
conditions can be considered deficient and countertieasures to improve the
situation appropriate.

For ice-related studies, conflict data (Preocedure 10) and safety per-
formance study (Procedure 6) surmary sheets should be used. The cutput of
jce-related stuaies is & review of the traffic operations under the fcy
conditions. From the data and analysis performed by the conflict and/or
safety performance studies, a safety deficiency may be detected. Based on
this review, feasible counterreasures can be developed L5,6,74.
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Table 47. Technlque utility for hazardous fog
and ice condition study.
Technique
In-Field Fleld Field
Management \\ Measurement Inatruments Review
Concern \\\. Method Method Method
<Time .Reguires substan-= E,Requirea minimal «Requires sub- -
Requirements tial data collec- | . data collection stantlal data
tion and minimal . and manipulation collection and
data manipulation needs evaluation needs
needs
.Manpower .Technician level «Technician and ,Engineatnlevel
Requiremehts engineer level )

.Vehicle availa-
bility

.Distance measur-
ing instrument
.Other needs,

minimal

+Fog measurement

Anvd~a
Ucviue

.Other neads,
minimal

«Minimal g

+Review hazardous
'an condition

-

+Reviews hazardous
fog condition

+Reviaw hazatddun
ice condition .




SPECIAL ENGIKEERING STUDIES

Introduction

This sectiocn contains special encgineering study procecures. These
studies are ccnsiderec special in that they co not relate specifically ¢s
an accigent, traffic, or envircnmental-based procedure. They are perforuec
on a site basis and relate & special situatiorn at @ highway location. I
this sense, these stucy procedures are lcentified in & speciail class cf
stucies.

Within this section, the folluwing procedures are includec:

PROCEDURE 20 - Schocol Crossing Study
PROCEDURE 2% - Rail-Hichway Crossing Study
PROCECURE 22 - Traific Control Device Study
PROCEDURE 23 - Bicycle or FPecestrian Study
Frocedure 20 - Schoel Cressing Stugy
Purpose

The purpcse of these stucies are to provide optimal safety conaiticnrs
for schcol-age pedestrians within the roadway environment in anc arounc
school areas. This study identifies safety deficiencies at a site vesed on
the roacway physical and operetional characieristics, anc stucent Crossing
chiaracteristics,

Application
@ heed For Study

School crossing accidents are consicered randoni events. Their rate of
occurrence is typically very low. As such, accident data usually pay not
exist or is insufficient for study of sost scheol crossings. In lieu of
this deficiency, the use of traffic conflict cata can supplement accident
data and verify a need for stucy of & school crossing.

Angther source, perhaps the primary one, is from a field review of the
school site provided by & local coverning highway agency. The review can
be based on either a recular plannec schedule or complaints fron school
officials, stucents parents, anc cther concerned groups.

@ Use Of Study

In stucying school crossing areas, cetails on the crossing's physicel
and opereticnal characteristics end site characteristics are wefinec.
These characteristics are related to the rcadway operation, i.e., the
aveilability of safe crossing caps, to fcentify whetlier a safety ceficiency
exists, From the results of this stuay, ccunterneasures can be suugested.
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The use of pedestrian conflict data can alsc be used as an integral
part of the stuay. The findings obtained from the conflict study can be
used to identify cther safety deficiencies and tc assist in the cevelcpuent
cf counterneasures. The conflict cata can alsc be used as a measure of
effectiveness when evailuating the effectiveness of countermeasures.

@ Period of Data Collection

Pedestrian characteristics at school crossings vary markecly during
the several pericds of pedestrian demand throughout the day. The school
closing hour is typically the critical period used to collect secestriern
data. However, where pedestrian volunes exist during other tinmes, these
periods shouid also be reviewed. UDifferent conditions during these time
pericas may result in other deficiencies becowing apparent.

The stucy of the crossing uncer favorable weather conciticns curing
early fall or late spring conditions is preferred. During these times,
pedestrian volumes will occur at their highest leveis.

School Crussing Study Techniques

Two techniques are available to assess a school crossing's effective-
ness. '

e Institute of Traffic Engineers (ITE) - %A Program for School
Crossing Protecticn',

e FPedestrian conflict studies.

Informaticn on the najor considerations of these technigues ere provided in
Table 48.

@ Institute of Traffic Engineers Methed

The ITE method [1,2,3] is described in the manual "A Program for

School Cressing Protection.™ It is based on a progreafm of six steps as
follows.

Step 1 - Organize a School Traffic Safety Committec

Step 2 =~ Cevelop a Schocl Route Plan

Step 3~ Study the School Crossings Where Apparent hazards Exist

Step 4 - Analyze the Need for School Crossing Protection

Step 5A - Select Appropriate Measures for Locations khere Contrcl is

Needed
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Table 48. Primary considerations for school crossing study techniques.

Consideration . .
Equipment Manpower Time Associated Data Data Data
Technigue Functicn Requirements Requirements Requirements Costs Input Obtained cutput
1. ITE Method .Evaluates need .Volume .Technicians to Approx. 1 hr, | .Counting .Defined .Pedestrian Jercent
for special counter count pedestrian per day; 2 device - location valume Pedes-
traffic control .Distance volume day minimum $125 data trian
at school cross- measuring .Technicians to Measuring .Vehicular delay
walks based on device observe and re- wheel - gap data time
pedestrian de- Data cord vehicular $50 - $§125 . Roadway .Assess-
lay and demand sheets gap data crossing ment of
.Technician to width need for
assess data «Percent special
pedestrian traffic
delay control
time
2, Pedestrian .Ohtains data .Data .Technician te .Approx. 1 1/2( .None «Defined .Pedestrian/ .Review
Conflict on pedestrian/ sheets record conflict hours per day location vehicle con- poten=
Study vehicle con- data 2 days flicte tial of
flicts in cross- .Engineer to minimum pedes=
ing area evaluate con- trian
flict data hazards
_ at ¢ross=-
ing




Step 58 - Select Appropriate "Assistance” Measures

Step 6 =- Select the Standard Devices Neeaed to Carry Out the Protec-
tion Measures

Step 3 and 4 involve the direct study of the crossing ang will Do
covered in considerable detail.

In Step 1, a School Traffic Safety Conmittee is organized to ¢uice anc
coordinate all activities of the school safety program. Step ¢ develops &
safe school route plan for each school serving elementary and kingergarten
students.

In Step 3, a program for study of identified hazardous cressing loca-
tions is developed [5,6]. It is basea on three basic assumptions:

e Alternating caps and biockades in the vehicular traffic sirean eare
peculiar to each Jlocation. As such, inaividual study of each
crossing is required.

e Pedestrians will wait & “reasonable” time for an adeguate safe g¢ep
in the vehicular traffic stream before crossing a street.

e A traffic control signal does not exist at the crossing. Wkhere &
signal does exist, alternate study reans are necessary.

In this wethed, several items are determined. They include: the pedestrien
demand, and the pedestrian celay time. The pedestrian demanu is ceteruwined
from a manual count of the crossing using a sampie data sheet, &s shewn in
the Appencix {page I-17).Irn this sheet, the croup size is ceternined fror
the accurulation of pedestrians as they wait for a break or gap in ihe
traffic strear. It is assunea that five pedestrians will walk abreast when
a group crosses a roadway. As such, the nunber of rows requirec in cros-
sing the roadway is found by dividing the nuwber of waiting pedestirians oy
five. The 85th percentile ¢roup size 1is used to represent nost fielc
situaticns.

To deterimine the pedestrian delay time, the adequate gap time rust Be
derived. It is computed by:

ADEQUATE GAP TIME (SECS.) = W + 3 + (N-1)2

3.5
Where:
W = Roadway crossing wicth,
3.5 = Walking speed {fps) of pedestrians (1.05 n/sec.]).
3 = Perception and reaction tineg.
N = Group size (85th percentile).
1 = First row.
2 = Tine interval between rows.
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The adequate g¢ap time will vrepresent the safe <crossing gap for
pedestrians.

The roadway crossing width is heasured manually as the curb-to-curb
{shoulder-to-shoulder) width. If a nedian exists and is wide enough v
service the waiting pedesirian cemand, the median-to-curb width nay Le usec
to represent the reguired roadway crossing wicth.

Cnce a safe ¢rossing gap has been aetermined, a field situdy to ceter-
mine the number of available safe crossing caps 1is performed. 1t is per-
forimed alorg with the pedestrian demand activity. A sample data collection
sheet fer this purpese is shown in the Appendix (page I-18). For this
sheet, ¢gap times are ueasured using & stop watch and recordec at the cros-
sing. The total number of gaps egual to or g¢reater than the safe crossing
gap is sumnarized,

From the above data, the pecdestrian percent celay time is cbtainec.
Using data from the available acequate ¢aps, the vap size is nultiplied by
the nusber of eavailable caps within this increrent. The surimary of this
conputation derives the total safe cap tine (seconds). It is known as "t'.
The total survey time, T, equals the lencth of the survey periocd in sec-
cnds. The pecestrian delay, U, therefcre, is equal to:

D {in %} = {T-t/T}100
This data is surmarizec for analysis purposes in the next step.

Step 4 analyzes the need for special school cressing protection.  Two
assunptions are used in this aralysis. First, it is assurned thal when the
delay tine between adequate ¢aps becomes excessive, children rnay becore
impatient and encancger thenselves by c¢rossing the street uncer an inad-
equate ¢ap. Second, the delay time rnay be considered excessive when the
nurber of adequate c¢aps in the traffic stream, during the schecol crossing
pericd, is Tless than the number of minutes in that perjod. As such, one
safe gap per minute represents a satisfactcry situation.

Based on these assumptions and other research, the chart in Figure 51
was developed. It evaluates the neec for special crossing protection as &
function of the roadway widith, the pedestrian ¢roup size, anc the percent
pecestrian delay time. These vaiues are on the axis of the ¢raph. When
they wneet to the left of the g¢group size (N} line, further contrcl will not
be needed. Values to the right of the group size (N) line will require
that further control be used at the ¢ressing.

For signaiized crossings, a similar technigue is used. The allowable
pedestrian delay tine (%), however, is equal to:
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Figure 51. Crossing protection evaluation - ITE method.
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B, = {C-6/C) 100

where:
Uy = Allowable pedestrian delay time (%).
C Cycle length (seccncs).
G = Adeguate gap time {Seconds) where G = }/3.5 + 3 + N=132.

The adequate cap time is used as the green and yellow signal interval cof
the pedestrian phase or of the allowable pedestrian movement &t & sicnal.
to determine whether a special form of protecticn is needed, the caiculated

"D%” is compared to the field measured "B" {as described earlier). Where
1 3 . . X -~
D" is less than 'D;", special control is not needed; however, where ‘C"
1s greater than "Uy", further special controls are necessary.

Steps 54 and 5B select the appropriate counterneaures (1,71 for the
study Tocations based on the findings obtainec in Step 4. Counterneasures
are aivided by (1} those which can contrcl traffic streams anc {(¢) those
which provide assistance in the pedestrian crossing maneuver,

Finally, Step & entails the selection of the specific traffic control
devices needed to carry out the recounfencations previously deveioped. Use
of the MUTCD standards is required.

© Pedestrian Conflict Study

Pedestrian conflict studies are a useful toocl in the stucy of schooel
crossing data. From patterns of specific conflict types, a review cf
potential safety hazarcs can be obtained, as in the Traffic Conflicts Stucy
of Procedure 11,  Conflict data will provide valuable inforration on pede-
strian and <river behavior characteristics and their acherence tc existing
safety regulations or standards. It provides additional information on
safety-relatec characteristics unable to be defined by the ITE guidelines.

In collecting the confiict data, operational procedures are sinilar te
the steps in Procedure 11 - Traffic Conflict Study. A sarple pedestrian
confiict data form is shown in the Appendix (page I-19). Definition of

feasible conflict types are shown in Figure 52. The use of conflict Gata,
as a supplementary study, for school crossings is encouraged.

selection of Alternate Technigue

Within this procecure, the use of both techniques is recowniendec. The
ITE method will evaluate the effectiveness of the school crossing in pro-
vicing safe crossing conditicns. To supplement this assessnent, conflict
data is obtained to identify further safety deficiencies on driver behavior

and pedestrian behavior characteristics within the study area.
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Findings

The output of this study determines the need for additional control at
a crossing. A conflict diagram can be cbtained from the conflict data.

® tse Of Findings

Where it is determined that special protection is needed, varying
Tevels can be used [1,2,3,4,5]. They zan vary from the use of studan:
patrols to in2 installation of a grade-separated Jedestrian Jalenay in
many cases, the tevel of control is dictated by the experiences of the
individual agency. The criteria for implementation will vary among States.
General criteria for warranting specific controls, based on ITE guicelines,
have been developed and are included in Reference 1.

A1l traffic control devices shall be in conformance with the Manual of
Unifors Traffic Control Devices [8]. For information on provicding in-
creased safety within or around the school area, se of the manual "Traffic
Safety Planning on School Sites" (ITE) s recommended [9]3. It provides
general design guidelines on safety at:

School bus zones,

Parent pickup/dropoff zones,
Parking areas, _
Pedestrian and bicycle facilities.
Playground areas.

Service roads.

Driveways.

Off-site locations.

e ® &9 ¢ @ 2 ©

© Example

The sample crossing {unsignalized) is Tlocated near a Junior high
schoel in a suburban community. From data collection activities the
observed data 1s shown in Figure 53. The adequate gap time is computed
by:

W
adeqguate gap time = 3.5 + 3 (N-1)2

22 + 3 + (3-1)2

6,3+ 3 + 4 = 13.3 secends 14.0 seconds

Based on these calculations and the gap data, the percent pedestrian delay
time (lower portion of Figure 53) equals 79 percent. Using the ITE chart
for:
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PEDESTRIAN DLLAY TIME STUDY

5=-1~79

Study date

Location __Avon TWp. _ Crosswalk across Adams Rd,

" Gap Size
. A5cconds)

End of Survey (to nearest minute) 3_{35““
Start of Survey (to nearest minute)2:33pm

Total Survey Time (minutes) 30

Humber of Rowe - “H" __.....13,_._.“_'.
Roadway Width - "W __ 22 ft,

hdcguate Gap Time =-“GY _14 socs.

Number os Gops

“Tnoltiply by

Tally

Total

Gap Size Computations

80

34
18

40
1o

PEDESTHI] oUp S1ZE STUDY
Study date 5-1-7%  Time:r From _2:55pm o 3:125pm  pocation Aveon Twp.
Crosswalk across _ Adamg Rd. Curb-to-curdb distance _  22' _
pivided roadway? Yes (pc) Width of island None
u Humber of Number of Groups
t Group size |Rows (N} Tally Total | Cumulative | Computations
46 - 50 10
41 - 45 9
36 ~ 40 a
31 ~ 33 7
26 - 30 6
21 - 25 5
16 = 20 4
11 - 15 3 ” - 2 2
6 ~ 10 2 ™I ! 6 8
5 or Less 1 T‘HJ, “” g 17
Total Humher . -
of Groups 17 x 0.1522.6 N 13
(a)

greater than

(B)

Figure 53, School c¢rossing data - example.
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roadway width = 22 feet
percent pedestrian delay time = 79%
group size, N (85th percentile) = 3

It is determined that a special form of traffic control may be needed.
This represents a "gray area". In this case, a recomnmendation is not well
defined. A review of pedestrian conflict cata for the site cculd be used
to deteriiine the need for traffic control or other inprovements. For thess
situations engineering judgment based on past experiences, shoulc be exer-
cised.

Procedure 21 - Rail-Highway Crossing Study

Purpose

Rail-hichway crossing studies are performed to evaluate existing anc
"potential conflicts between vehicular and train traffic at & high accident
rail-highway crossing. These studies constitute & professionat examination
of the physical and operational characteristics of both highway anc raili-
road elements of a rail-highway crossing.

Application
@ heed for Study

The need for a safety study at an at-grade rail-highway crossing can
be identified from several sources. First, from the accident records, a
pattern of “vehicle-train" accidents can inaicate a hazardous condition.
Typically, however, the frequency of "vehicle-train" accidents at a rail-
road crossing are low compared to other hazardous accident locations L1l
However, the severity index for grade crossing accidents is relatively high
when corpared to other types of traffic accidents.

A second scurce of "hazardous" locaticn identification is thrcugh a
hazard index £2,3,4,5] for each railroad crossing. Such an index is used
to assess the potential hazardousness of a site based on its field charac-
teristics. Application of a hazard index on an areawide basis will provice
a priority ranking of the at-grade rail-highway crossings. Selection of
the top "X" number of sites, can be included for study of hazardous condi-
tions and countermeasures.

Other sources of identification include field review by local engi-
neers or input received from users of the crossing.

@ Yse of Study

After identifying a rail-highway crossing for study, a review of the
existing conditions at the crossing is made. This review consists cof the
study of available accident cata if any, the site characteristics, the
existing rail-highway crossing warning system, and the roadway and Crossing
operational characteristics. Based on a review of these conditicns, an
assesstient cof the existing or potential safety hazards can be nade. OUnce
the safety deficiencies are identified, countermeasures can be deterninedc.
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@ Uata Collection Requirenents

In conducting a rail-highway crossing study, a questionnaire s
recommended to assess safety at the crossing. The questionnaire will preo-
vide a structured account ¢f the crossing characteristics ang its fpact on
hichway sefety. 1t can be divided into four areas of review. 1we sections
are to be completed for each reoadway approach and one on the crossing in

gereral. A fourth section incluces a review of the driver reguirenients
upon approaching the crossing. A general description of these sections

follows.

SECTICN T - Items related tc driver awareness of the presence of the
crossing.

Driver awareness (including "repeat drivers").
Visibility.

Effectiveness of advance warning s5igns
Gecmetric features of the roadway.

nd signals

feR ) 1A -

SECTION I1 - Items related to whether or not the criver has sufficient
information tc niake correct decisions while traversing the crossing area.

Awareness of approaching trains.

Driver depencence on ¢rossing signals.

Sight obstructions to trajn.

Reoadway ceoretrics diverting driver attention.
Location of stationary railroad cars.

Removal of sicght cbstructions.

Availability of informaticn for driver decisicns.

SECTION II1 - Itenm

ing the rcadway area adjacent to the
crossing

Pavenent markings.
Recadway conditions.
Other nearby traffic control devices.

Hazard presented by certain vehicles required to stop at all
Crossings.

Signs and sicnals near crocs
Opportunity for evasive act

o3

sing.
ion by drivers

;
on Dy

"

2t L]

SECTION IV - Items concerning the general features of crossing.

Major features of crossing which contribute to safety.
Features which reduce safety.

Possible methods for improving safety at the crossing.
Overall crossing evaluation.

Comments and suggestions.

P o0 0 0
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A sample questionnaire is shown in Figure 54. This questionnaire should be
altered to reflect the individual agencies' needs. Further information on
the formulation of the questionnaire 1is provided in the Railroac-Highway
Grade Crossing Hancbock [1] (Federal Highway Administraticn, FHWA-TS~7c~
214).

To adeguately complete the questionnaire, study of the sight aistance
characteristics at the crossing is reguired. 1In this review, & visibility
triangle is formed based con the vehicle ang train speeds as shown in Figure
55 and Table S0. The criteria for study of a safe sight distance is that
all areas within the traingle must be clear tc afford the driver adeguate
visibility.

For locaticns without active warning cevices (signals, cgates, bells},
the posted speed limit can be used tc obtain the lencgth of the driver's leg
of the sicht triangle. Where active warning devices are afforded, a
“stopped" (0 mph) condition is used.

® Period of Data Collection

Review of the rail-highway crossing should typically be performec as
the driver views the crossing. For sight distance determinations, field
reviews should cenerally be perfermes during summer to assure maxiBum
foliage conditions. It this 1is not feasible, full foliage conditions
should be assumed.

It 1s preferable where nicht train novenents are made at a crossine

..... e OS50,

to perforim a night review of conditions to assess the acequacy of signing,
pavement rarkings, and lighting uncer these conditions.

Railroad Crossing Study Technigues

Two methcods of providing rail-highway crossing reviews are commonly
used.

e Multidisciplinary diagnestic team approach.
e tvaluation by individuals.

Primary considerations of these techniques are defined in Table 49.

In the sultidisciplinary diagnostic team approach 1], use is mace of
experienced individuals from varicus agencies e&nd disciplines. These
indivicuals review the site and, collectively, identify safety hazards and
develop countermeasures.

To be effective, the teem requires indivicuals with a variety cf
experience and nust contain representatives of the agencies or g¢roups
responsible for the safe operation of grade crossings. To ensure appropri-

[\
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Table 49.

Primary considerations for railroad crossing study
techniques.

Consideration Equipment Manpower Time Associatned Data Daty Data
Technigue Funetion Requirements | Requirements | Reguiremonts Costs Input Obtained Output
-Diagnostic Tean +Reviews Railroad | +Data Sheets | -Traffic ‘Data collect-f *Targets -Defined *Assessment ‘Ydentitication of

Approach Crossing situa- § «Targets Engincer ion needa (cones) location of visibility BA!ety daficiencies
tion uwsing a {Cones) (with are minor $5-§25 »hccident triangle «Recommondations for
gelected toam safety «Review needs data +Sufficiency of upgrading of
of individuals axperience] 2-8 hrs per »Traffic croasing and conditions
with varying “Railroad team member volume warning devices
disciplines sianal depandent data (subjective

engineer on crossing »Tratn data basis)
sRailroad « Roadway <Presence of
official operat- hazards
*Highway fonal
official and
«Human factors physical
engineer data
«Law
enforcement]
officer
*Regulatory
agency
official
‘Individual +Review railroad -Targets *Single indi- .Data *Targets Same as Same as above Same an above

Approach cresging sit~ {Cones) vidual with collac- (Cones) above
uation using «Data extensive tion $5-525
an experjienced Sheats knewledge needs are
chserver in minor

railroad review
crossing neads 4-8
area hours,
{typically, dependent
logal on Cross-
traffic ing

engineer
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LOCATION: SECTION IIT
CiTY OR TWP: ReR, COMPANY! s 1. 1Is a nenrby traffic signal or other control device affaecting the
cressing operation? I€ so, how?
VEHICLE DATA TRAIN DATA
2. Is the stopping area at the crossing adequately marked?
No. of Approach Lanes: No. of Tracks: .
3. Do vehicles regquired by law to stop at all crosgpings present a
Approach Speed Limit: Train Speed Limit: hazard at the crossing? :
Approach Gradient: . _Track Gradients: 0
) 4. Do conditions at the crossing contribute to or are they conduciva
Approach Curvature: Train Use Per Day: to a vehicle stalling at or on the crossing?
ADT 2
SECTION I 5. Are nearby signs, railroad crossing signals, etc. adequately pro-
. : ‘tacted to minimize hazards to oncoming traffic?
1. Is advance warning of railroad oressing available? If 8o,
what?
; 6. 1p the crossing surface satisfactory? 1f not, how and
2. 1s advance warning of railroad crossing visible to drivers to why?
allow them to react to crossings adeguately? SECTION IV
3. Do approach grades, roadway curvature, or obstructions limit the 1., List major attributes of the croasing which may contribute to
view of advance warning devicea? If ac, how? wafety?
4. 1Is placement of any advance warning signing adequate for drivers a.
to chserve? . b
5. Are advance warning devices visible to a readabla degiee undar c .
night, rainy, srowy, or. foggy conditions? b
2. List features which reduce crossing safety?
6., Do advance warning devices adequately alert drivers teo presence
of railroad grade croassing? 1f so, why not? a.
i b A
SECTION II -
3, Posaible methods for improving safety at the crossing?
1. 18 sight distance to approaching train adequate for driver to
raact safely? a.
2. 1f sight distance is inadequate, are other means of altering b.
drivers of an approaching train available? I1f so, what?
8
3. Where the driver's sight is obstructed, can the asight obstruc- 4. Overall evaluation of crossing?
tion be removed to improve the safety situation in the crossing
area?
4. Do approach grades or roadway curvature reskribt driver's view
of crogsing? 5. Other commenta:
5. Are railroad crossing signale or other active warning devices
acting properly and visible to adequately warn drivers of on-
coming trains? L .

Figure 54. Sample railroad crossing

review questionnaire form.
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Figure 55. Sight distance check points at rail-highway crossings.




Table 50. Data for visibility triangles.

REQUIRED DESIGN SIGHT DISTANCES FOR COMBINATIONS
OF HIGHWAY AND TRAIN VEHICLE SPEEDS™

Train Speed Highway Speed in MPH

0 10 20 30 40 50 60 70

Distance Along Railroad From Crossing

10 162 126 94 94 99 107 18 129
20 323 252 188 188 197 214 235 258
30 ag4 378 281 281 295 32 352 387
40 645 504 376 376 394 428 470 516
50 807 630 470 470 492 534 586 644
60 967 756 562 562 590 642 704 774

70 1129 882 656 €56 684 750 822 904
80 12390 1008 752 752 788 856 940 1032
90 1450 1134 844 844 854 964 1056 1160

Distance Along Highway From Crossing

20 65 125 215 330 470 640 840

NOTE: 1 mph = 1.61 kph
1 fooct = .304 metres

SCURCE: Reference (2)

* Single Track
NOTE: For multiple track crossings, consideration miast be given

to the additional distance recguired to completely clear all
tracks.
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ate representation, the Raiiroad-Hichway Grade Crossing Handbook {13 sug-
gests that & team be cormposec of members chosen freom the following list:

a. Traffic engineer* with nighway safety experience.
b. Railrcad signal encirneer**,

c. Railroad administrative *officials.

d. Highway acministrative officials.

e. Human factors engineer.

f. Law enforcement officer.

g. Regulatory agency official (where applicable).

As the diagnostic team assembles at the stuay crossing, vehicle anc
train cperaticnal data for the site are verified. In addition, instruc-
tions and clarificaticn of the questicnnaire form is made. Finally, the
accident data are reviewed among the team nembers.

A member of the project team should locate targets for both crossing
approaches at (1) the point where a driver would begin to make a decision
as to whether or not he nay safely proceed over the crossing and (2) the
peint where a driver nust begin applying the brakes if he is to stcp short
of the crossing. These tarcgets are shown on Figure 55, The distances are
based on the operating speed of the roadway and mininum stopping distances
for 'wet pavement” conditions. A Tist of these cistances follows:

DECISION STOPPING
HiGHWAY 'POINT 1 ‘POINT 2°
SPEED LIMIT - mph(kph) [ FT. | M. FT. | M.
30 (48) 215 65 731 22
40 (64) 330 99 | 131} 40
50 (80) 470 | 141 | 208} 63
55 (88) 560 | 168 | 300] 91

The targets are used in identifying the critical points tc use in the
safety analysis.

The team nenbers drive each approach several tinies to become familiar
with all crossing conditions. If the approach is signalized, the signails
should be activated so that its operaticn can be observed and evaluated.
While at the approaches, each team nmenber individually completes the ques-
tionnaire.

* Pesirable on all teanms.
** Desirable where active traffic control devices are present or under
consideration.
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The Ehysical characteristics inventory of the crossing is also coni-
pleted. sample inventory form is shown in Figure 56.. hotograpns nay

alsc be taken tc supplement the physical data. These data are usea in a
team aiscussion of findings to identify the site characteristics during the
session.

After the cuestionnaires have been completed, the teaw nmenbers are
reasserbled for & short critigue and discussicn period The critigue
usually begins with the local traffic engineer's summary of his cbserva-
tions. Input from other tean rembers is included in the discussion phase.
The findings are reviewed and feasible counterneasures discussed. Based on
these ciscussions, the team merbers reach agreement on the appropriate

inprovenents.

This technigue, through involvement of perscns with sultidiscipiinary
backgrounds, will result in a critical review of the railrcad crossing
situation.

Advantaces:

1. Provides means of focusing the attention of all concernec
agencies on the problen.

2. Combines the expertise and experience ¢f a group of individu-
als.

3. Is vrecognizea as one of the best techniques availacle for
selecting counteraeasures.

Disadvantages:

1. Requires the presence of several specially trained indivi-
duals.

. Difficult to schedule a specific time for review anong various
tear nembers.

3. Requires cooperation of all team members.

Although this technigue requires the ccoperation of varicus profes-
sional personnel, the success cof using perscnnel with varying disciplines
within the team carries extensive advantages. Where feasible, this tech-

nique should be used for the safety eveluation of all railreoad crossing
situations.

@ Evaluation By Individuals

The evaluation by an individual {1,2] conducts a safety review of the
crossing using a single experienced individual. This individual is typic-
ally a local-traffic engineer with background experience in rail-highway
crossing and hichway safely. A background in signal control and safety
prograir administraticn would also be advantageous.
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The review is performed similar to the team approach. The steps

include:

1.

-

-

(SRR = TS LN

-

The roadway approaches are driven to familiarize the inaividual
with the crossing.

The railroad crossing review questicnnaire is completec.

A physical characteristics inventcory is preparec.

An overall review of the findings is riade,

Counternmeasures are selected.

Counterneasure selection, however, may be performec using a tean
approach based on the fiela review and findings made by the indivicual

cbserver.

Advantaces:

1. Requires minimal manpower needs.
2, Difficulties asscciated with team approach minimizec.

Disadvantages:

1. Findings may be biased.
2. Individual's expertise and experience nay vary.

Where the availability of sufficient manpower and expertise is a
factor, this technigue is favorable. However, it should be noted that the

review represents a single observer's viewpoints and can be blased by the
individual's background.

Selection of Alternate Technique

In selecting study technigue, use of the management concerns with each

technique

is required. Table 51 relates the utility of each technique

based on ithe managenient concerns.
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Table 51. Techniqgue utility for railroad crossing study.

Technigque
Management Diagnostic Team Individual
Concerns Approach - Approach
=
*Time Requirements -2-8 Hours per team *4~8 Hours for
.member review person
“Equipment Regquirements *Minimal sMinimal
“Manpower Regquirements *Traffic Fngineer -Righly experienced
-Railroad signal engineer traffic engineer
*Railroad and highway
officials
+Human factors engineer
-Law enforcement officer
Regulatery agency
official
"lLevel of Comprehensive— +Based on viewpoint of *Based on single
ness individuals with Individual's
varying backgrounds viewpoint
on a collective basis
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General cuidelines to assist in the selection process are providec.

1. It is preferred that the team approach be used for the safety
study of railroad crossings. This technique permits the review of
the crossing and the selection of safety countrmeasures from
several viewpcints.

Z. Where sufficient levels of perscnnel are unavailable to perform z
team study, the individual approach can be used successfully. By
i is

using an experienced individual, the study findings and resul:
can be quite comparable to tne team apprcach.

Findings
® Use Of Findings

The findings of this study procedure are used collectively to iden-
tify safety deficiencies and tc select countermeasures.

A primary safety factor at a crossing is the determination of the
sight triangle. Basea on the premise that all areas within the triancle
must be clear to allow the vehicle driver adequate visibility, recomenca-
tions to upcrade the required sight distance are made.

In many cases, restricted sicht distance will be the result of co-
structions within the sight triancle. If these obstructions consist of
vegetation or other natural features, they shculd be removed. ther ob-
structions (e.¢., buildings, electrical towers) may be difficult to remove.
For these cases, speed recuction measures may be used to reduce vehicle
speeds to & level 1in which aderuate signt distance is providec. Active

1 YR " -s‘!r‘r\ by nt oA

control cevices can aiso e lmpicmcswcu.

A second safety concern at rail-hichway crossings is providing suffi-
cient advance warning of an upcoming crossing. ‘here it is determined that
insufficient advance warning exists, acherence to the Manual of Uniforn
Traffic Control Devices [ 6] (MUTCD) recommendations is required.

Other areas of concern are related to the crossing arcé. Typical
deficiencies include: the cguality of the crossing surface; thc protecticn
of vehicle occupants in the crossing area; drainage of the surface cros-

sing; and illurination of the crossing. Where it is noted thet {hese haz-
ardous conditions exist, an appropriate countermeasure can be sclected to
alleviate the deficiency. A summary of these countermeasures cen be found
in the Railroad-Highway Grade Crossing Hanabook (FHWA-TS-78-214).
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Procedure 22 - Traffic Control Device Study

Purpose

A traffic contrcl device study procedure reviews the effective appli-
cation of a traffic control device. These studies include the review of
"stop”/"yield" sign needs, traffic signal requirements, and the adherence
{observance) and enfeorcement levels at these locations and their effective
application in the field envircnment.

® Need for Study

) The need for a traffic control device safety study is dictated primar-
ily by accident cata for the study location. Certain accident types, in
particular right angle accidents, serve well to relate a safety deficiency

resulting from an inadequate use of a traffic control cevice. A Yisting of
typical accident patterns are:

Situation Accident Characteristics Reguired Study
Uncontroiled inter- Right angle accidents Need for "STOP"
section or "YIELD" contrel
"YIELD"-controlled Right angle accidents Need for "STCP"
intersection or signal control
"STOP"-controlled Right angle accidents Need for signal

intersection contrel or in-
creased enforce-
ment of control
Signal-controlled Right angle accidents Increased enforce-
intersection ment of control

Other sources can include field review Gata and local input frow users
of the area. :

@ Use of Study

Where this study is suspected or warranted at a location, a review of
the site characteristics is performec. It involves a review of sight ais-
tance characteristics, cobservance of the control device in operation, and
review of available accident cata. A review of the effectiveness of the
devices is then mace. If conditions are found deficient, upgrading the
type or application of the control or increasec enforcement of the existing
control may be warranted. The techniques of this procedure are also used
as a tool in evaluating the effectiveness of a recently installed traffic
control device using “before" and "after” evaluation analysis.
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© Period of Data Collection

The fAata ralla

i

+ ; D + 5
e Gata Coiriely tly defined by the a

C a
acteristics for the site, WK ined pericc does not exist,
peak volume periocs are mace. It will facilitete anc expecwite the
collection effort. £ similar study can be conducted oauring
periods to provide comparison data.

Traffic Control Device Study Technigques

Data needs for the traffic control devices stuay procecure will con-
sist cof accident cata, intersecticn sicht cistance information {inclucing &
review of travel speeds 1in the intersection areay, and traffic contrcl
device cbservance cheracteristics. Means to coliect accicent cata anc
intersection sight distance informatien are providea in Proceaure 1 -
"Accident Summary By Type" procecure ana Procedure 12 - "Sight Distance
Study" procecure, respectively. :

Twe techniques are conmonly used to perform a law observance study.

e Field observer nethod.
e Phctographic technigues.

major considerations for these technicques ere ¢iven in Table 5z,

P
L

In the fiels observer method {1,2,31, & technician is staticned in the
field and cobserves an intersection for adherence of traffic to the traeffic
contrcl aevice recgulating right-of-way conircl. Sarple ocate sheets fer
this stucdy are displayecd in the Appencix {pagesI-20 to I~-22) The observer
records the Tield informaticn cnto these sheeis using tick marks.

The observer should be stetioned within view of the intersection or

armvnach ndov ety bt o cehen

o e .
approdaln undéer 5uudy CuL 5nCuU.d enain 1neons

Ly FRL O3 BN 4 tidevila U

cLiNle €n +
CUQUS SO 3S Nt +ay no b
‘

LRAwEY [V [CRELIVIES

Sp u
influence driver behavicr in the area. The data should be sampled CGHt1P—
uously during the study period te¢ minimize bias in the results.

Advantages:

1. Permits review of intersection operation.

2. Allows flexibility by observer in performing stucy.
3. Egquipment requirements are miniual,

4, Prcauces reliable resulits.

Disadvantacges:

ity by cbserver can inmp
1 gata s

inpact rESults.
ts Tlimited to cata sheet

[Reg gy Pl )
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Table 52.

Primary considerations for traffic control device

study techniques.

Congiderations
Equipment Manpower Time Associated Data Data
Technique Fuhction Requirements Reguirements Requirements Costs input Obtained pata Qutput
1. Field Observer .Raviews driver .Data sheats .Technician to .Nata collection None JDefined .Obsarvance . Adequacy or
Mothod {or pedestrian collect data approximately location of traffic effectiveness

observance of {Engineer to 1 hour «Law ob- control of existing
traffic contrel review data Data review Barvance devices traffic
devices from approximately problem control devices
field observa- 1/2 hour
tion of Jloca-
tion

2. Photographic .Reviews driver +Photographic | .Technician to .Data collection .Photographid .Defined LFilm »Adagquacy or

Technigue (or pedestrian) egquipment Gt up camera 2-4 hours aguipment location record of ef factliveness
obhservance of LFilm screen equipment Data review $500-$2000 .Liaw ©b~ of axisting
traffic control] .Data sheets .Trained techn 1-4 hours servance C vraffic
devices from nician to ob- problem of traffic cantrol devices
review of film serve f£ilm control
records of data davices
study location .Engincer to
review data




This technique is favorable for a law or regulation observance stucy.
1t allows the observer to review the situatiocn under actual field condi-
tions and to interpret the cata based on the field operations of all
approach traffic.

@ Photocraphic Technigues

The photographic technigues (2,3} uses time-lapse or continucus photo-
graphy to obtain a recora of the field data. The film recorc¢ is extractec
by a trained observer. Data summary sheets are similar to those used in
the field observer method. The film record can be also used to obtain ang
review other traffic date at the study location.

Advantages:
1. Provides a film record of the study location ana field op-
eration. .
2. O(bservers are able to review other traffic data.
Disadvantages:
1. Equiprment needs are considerable.
2. Camera view may be limited.
3. Time requirements can be considerable.
This technique is appropriate where a permanent record of the study
location is required or where conditicns are complex, such that extensive
manpower requirenients would be neeced by the field observer method.

Selection of Alternate Techniques

Criteria for selection of a study technique are based on the manage-
ment concerns of the procedure. Table 53 relates the technique utiiity of
the management concerns. General guidelines to assist in the selection of
an alternate procedure are provided.

1. The field observer nethod is the preferred technigue due to the
expected lower tine, manpower, and equipment requirements.

2. However, for situations where the need to maintain a film record
of the situation occurs or where the location is complex, the
photographic technique can be favorable.

Findings

In analyzing the study findings, the accident data is used as the
primary source of input. Gther information, such as sight distance charac-
teristics and law or traffic regulation observance data provides additicnal
input.

@ Use Of Findings

The occurrence of richt angle accidents, sight distance preblems, cor
the lack of adherence to a specific control (as identified by law observ-
ance study} can identify safety deficiencies where the need for upgrading
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Table 53, Technique utility for traffic control device study techniques.

98¢

Technigue
Management Photoaranhic
Concerns Field Observer Method Technigues
. Time . Requires data collection . Recuires data col-
Requirements and data manipulation lection, data ex-
traction, and data
manipulation
. Bguipment . Minimal . Photogranhic egquip-
Requirements ment
. Other needs minimal
. Manpower . Technician level . Experienced Techni-
Reguirements cian level
. Level of Com- - Reviews full scope - Scope of study area
prehensiveness of study area limited hv camera
field of view




et e o

the traffic control devices at an intersection becomes apparent.

The review of this data will also assist in selecting appropriate
counterneasures. Countermeasures may consist of:

Installation of “YIELD"™ contrecl.

Installation of two or multiway "STOP" control.
Installation of signal control.

Reduction of intersection approach speeds.

Increasea enforcement of existing or planned control.

e & @ o9
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Procedure 23 - Bicycle And Pedestrian Study

Purpose

It is the purpose c¢f this procedure to study situations involving the
bicycle or walking wodes, as they relate to conflicts with other traffic.

Application

Bicycle or pedestrian study procedures provide a structurec safely
review of a situation where an existing or potential hazard beiween these
transportation moces and other vehicular traffic occurs. Due to the sever-
ity of bicycle/vehicle or pedestrian/vehicle accidents, the study of haz-
ardous situations involving these modes represents a critical phase of
highway safety.

@ Heed for Study

The need for a bicycle or pedestrian safety study can be triggered
from ova11ab1e accident data as identified by a pattern of "bicycle/vehi-
cle” or "pedestrian/vehicle" accidents. (Other sources of iddentification
can include field review data, or input by local users.

@ Use of Study

Where a bicycle or pedestrian safety study is performed, a review of
the following field information will be rade [1,2,3]. They are:

Review of available accident characteristics.

oo
Review of fiela conditions.

Collection of vehicular and pedestrian or bicycle voluke counts
and conflict cata during the period where a safety problem is
evident.

4, PReview of field notes made during field review of location.

[T A
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>. Review of adequacy (effectiveness) of existing traffic control
devices as related to both the vehicular and bicycle or pedestrian

traffic.
Based on the information obtained in these steps, identificaticr of
safety deficiencies can be made. These deficiencies are used tg develoy
safety-related countermeasures,

® Period of Data Collection

Periods of data collection for these studijes will be determinec by the
tine of day accident data related to the bicycling or walking nodes.

For rost favorable results, field data collection should be perforiec
under favorable weather conditions. This 1is 1important since favorable
weather conditions will tend to generate maximum pedestrian and bicycle
traffic. :

@ Data Collection Reguirements

A bicycle or pedestrian study will typically involve the perfeornance
of a conflict study and a field review of the situation. To assist in the
field review, a questionnaire ray be used to assure review of key data
items. The questionnaire is cerpleted auring the field review. A sample
questicnnaire is shown in Figure 57.

A special conflict sumnary sheet is used, as shown in page I~-19of the
Appendix. This sheet can be altered slightly to include conflicts resuit-
ing from bicycle activity.

Bicycle or Pedestrian Study Techniques

Two techniques are available to perform a bicycle or pecestrian
study.

e Field observer method.
e Photographic techniques.

Information on primary considerations of these techniques are displayed in
Table 54.
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LOCATICN:

CITY OR TWP:

DATE:

TIME:

QOPERATICNAL

CHECK

pet

3
i

. Do gbstructions block the drivers view of

opposing or conflicting bicyelists or
vedestrians?

2. Do pedestrians, bicyclists, or vehicles
respond incorrectly to signals, signs,
or other traffic control devices?

3. Are vehicle speeds too high?

4. Do pedestrian or bicyclist movements

throueh the location cause conflicts?

5. 1Is pedestrian or bicyclist movements in
the area accocunted for in the area's

design of hicghway facilities?

5. 1Is existing lighting operating effect-
ively for nighttime travel by bicyclists
or pedestrians?

PHYSICAL CHECKLIST:

decreased?

1. Can sight chstructicns be renoved or

2. Fhould pedestrian or bicycle crosswalks

e —almsatol p-o. :
oe reiccated’? rEpainTears

[ - £

3. Are signs adeguate as to usefulness,
message, size, conformity and placement?
{see MUTCD - Sections II - A,B,C,D,E and F}

4. Are signals adequate as to placement, coa-
formity, nurmber cf signal heads, or timing?
{see MUTCD - Section IV)

5. Are pavement markings adequate as to their
visibility or location?

(see MUTCD - Section III}

6. Do speed limits appear safe and reasomable?

7. 1s street lighting adequate?

COMMENTS:

Figure

57. Sample
bicycle or

289

safety review form for
pedestrian studies,
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Table 54. Primary considerations for bicycle and pedestrian study
techniques.
Consideration
Equipment Manpower Time hAssociated
Technigue Function Requirements Requirements Requirements costs Data Input |Data Obtained | bata Input
Operational .Reviews field .Data Sheets +Engineer to +Approximate~
Review operations using observe field ly I~-2 hours
- Field £ilm record of operations . Hone Defined .Agsessment .Evaluation
Observer field situation locaticn of safety of ob-
Method .Accident operations served
character- safety de-
istics ficiencies
.Volume Data
- Photo- .Reviews field -Csmera .Technician to | .Camera set -Camera »Defined +Assessment .Evaluation
graphic operations using equipment set up, check up, removal equip- location of safety of ob-
Techniques film record of and remove time approx- ment .Accident operations served
field situation camera imately 1 hr $500- character- safety de~-
.Engineer or .Data review $2500 istics ficiencies

trained tech-
nician to re-
view film
data

time-several
hours

.Volume data




® Field Observer Method

The field observer methoa [1,4] uses an observer to recorc volume
count data, review the study area operation and recora conflict cata ang
notes on observed ceficiencies or special situaticns occurring curing the
review perioc. The observer should remain inconspicuous during this effort
so as not te influence criver, pedestrian, or bicyclist benagvior in tne
area. This technicue reguires an observer experienced in bicycle and pece-
strian as well as highway safety.

Advantaces:
1. Equipment needs are minimal.
2. Data are normally reliable.
3. Able to view total study area operations.
4. Permits flexibility in performing intersection studies.

Uisadvantages:

1. Results can be influenced by presence of observer.
2. Data sheets serve as the cnly record source.

This technique is preferred for pecestrian and bicycle studies due t¢
its overall low cost and minimal personnel needs.

® Photographic Techniques

The photographic techniques (4] nake use of time-lapse or continuous
photography to obtain the field data. The cameras are situated to observe
the desirec field cata. The data is extracted in an office environrent anc
recorded on data sheets as used in the field observer technique.

Advantages:

i. Provides a f{lm recoerd.
2. Able to obtain other traffic data.

Disaavantacges:

1. Equipment requirements are substantial.
2. Camera may 1imit field of view.

Selection of Alternate Technigues

The selection of the alternate technicue is based on specific nanage-
ment concerns (i,e., time, equiprent, anc manpower reguirements and the
Tevel of conprehensiveness of the technigue). Table 55 can be used to
relate the fechnique utility of the management concerns.
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Table 55. Technique utility for bicycle and pedestrian studies.

Technique

Management
Concerns

Field Observer

Method

Photogranhic Techniaues

. Time

Requires data

Pegquires camera setun, check

lequirements collection and removal time and data
extraction review
. Equipment
Requirements Minimal Camera equipment
Other needs are minimal
. Manpower Trained Technician for camera setup, etc.

Reguirements

technician or
engineer level

Trained technician or engineer
for data review

. Level of Compre-
hensiveness

Areawide scope

Lirited by camera field randge




General guidelines to assist in the selection process are provided.

i. The field observer method is preferred for most bicycle or pedes-

trian-related studies due primarily to its lower cost and niniral
personnel needs.

2. The photographic techniques ere favorable where a lengthy data
collection perioc is reguired.

Findings

In reviewing the study findings, safety problems are defined from the
review of the various input scurces. These findings will icentify safety
deficiencies and assist in developing appropriate countermeasures.

A review of  feasible countermeasures for pedestirian ana

bicycie-related safety deficiencies can De defined in the DUT
publications:

e Model Pedestrian Safety Program - User's Manual - Inplementation
Package 70-0 (June, 1978)

e A Study of Bicycle/Motor Vehicle Accicents: Identification of
Probler; Types anc¢ Counterneasure Approaches, Volumes [, 11, and I1:,
DOT~-HS-50U3-315.
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Activity 4 - Select Techniques

Purpose

The purpose of this activity is tc select the techniques for perforo-
ing the study proceaures required for the site. It will dcentify the
available techniques 1o perferm each procedure and assist in selecting tne
most favorable techniques for an individual agerncy.

Overview

Within all hichway agencies, the financial budget is a najor facter in
highway operations. Typically, available funds, rnanpower, anc time re-
sources all tend to 1imit the safety engineer's abilities to provide a
conpletely fail-safe roadway environment. In efforts to obtain as safe a
roadway environment as possible, the safely engineer is requirec t¢ rake
optimum use of the rescurces (i.e., time, equiprent and ranpower) available
to him

The effective performance of a highway safety progran reguires that
highway safety studies be performed as a key part in the stucy of nazard-
ous locaticns. These studies permit an grganizea approach for the qata
collection, review, and analysis of conditicns. 1In an effort to attain the
above cbjectives, it is necessary that each study procedure be performea to
produce effective results.

Very often, the two objectives of the safety program cenflict., That
s, the reed to perform the procedures in a cosprehensive manner anc the
optinization of available resources are aifficult to achieve sinultan-
eously. For instance, to obtair a 24-hour traffic volune at & tocation,
the lack of nechanical volune counters and the infeasibility of perforning
a wanual Zé-hour count will restrict the collection of this cata. Gptions
may include: (1) obtain manual velure counts for a shorter perica of tite
and expand thern to a 24-hour tutal and (2) use a shorter pericd manual
count in the anailysis. Either technigue may result in less direct anc,
possibly, less effective results of the analysis. The selectec technigue,
however, must be within the resource limits provided the safety engineer.

@ Selection Criteria

To optimize the cverall performance and results of the study proce-
dures, the technique selection process requires that a review of the avail-
able resources and the study objectives be nade as they pertain to the
study procedures. This review requires an assessment of the basic ranage-
tent concerns related to each study technicue. Typical managerent concerns
will include:
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o Time requirements.

o Manpower reguirements.

e Equipment requirements.

e Information capabilities.
e Level of accuracy.

The cemands each nanagenent concern requires for & particular tech-
nique are determined. They are then evaluated by the safety engineer basec
on the acency's available rescurces anc study demands.

Using either qgualitative or quantitative methods, an evaluation of the
individual techniques based on an agency's rescurces is perfornea for each
procedure, A review of the selected technigues for the procedures used in

a study will then result in the selection of the most effective overall
riethods.

® Selection Plan

To aid in the selection of the appropriate techniques, the following
steps are sugtested:

1. Identify the field situation anc¢ information needs for each
required procedure. Fiela situations may consist of either:

e freeway, ramps, arterials, collectors, etc.
e Link and intersection.

Information needs will identify the specific information desired
from the procedure, such as peak hour volume count, 24-hour volune
count, peak hour level of service.

2. Utilize the information to identify the most favorable techniques

for each study procedure. In most cases, more than a single
technique will be favorable. A Tist of technigques 1is shown 1in
Table 56.

3. Review the management concerns of time, manpower, and equipment
resources; level of coniprehensivensss; and level of accuracy for
the favorable techniques.

4. Relate the management concerns to the particular agency's require-
ments.

5. Select the appropriate technique for each required procedure.
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Tabhle 56.

and special study procedures.

Procadurs Typa

Procodurs

Avallable Tachniqune

Traffic

.Safety Performanca
Study

.Fleld nothod
.Photogranhic techniqua

«Volune Study

«Mechanical counter
-Fermanant
~Portahle
«Manual counting
Moving vehicle method
«Photographic techniques

Surmary of techniques for traffic, environment,

remre oo

Frocedura Type

Procadure

Avallabla tochniauoen

Trafffo

.Bpot Spesd Study

.Stop watch methods

Flectric or electronile
methods

.Phatographic technlgquas

.Radar meters

Travel Time and
Delay Studies

.Test car technique
JMoving vehicle method
Sampling method
.License plate method
Photographic techniques
.Graphic pen recorder
.Observér method

.Delay meter

Interview method

« Roadway and Inter-
section Capacity
Studies

.Highway Capacity Manual

metho
Northwestern Hniversity
capaclty nomcgraphs
LTRB 212 method
.Critical movement analyals
.Cycle sampling

Studies

flunue Length sDetactor method
Studies Manual method
.Phatographic technigues
«Mathematical models
Environment «Roadway Inventory JField method

.File search method
+Photolog mathod
Nideolog methnd

.Roadway Service=
ability Studies

A e U

Subjective avaluaiion
Machanicnl method

.8kid Rroslatance
Studiesa

Jdocked wheel moethod

Mu mater

JAutomebl le method
.Portable/Laboratory method

+Highway Lighting
Studies

JAASIITO criteria

NCHRP Report No.152 method
Individual specific warrants
Fleld conditiona methnd
Light meter method

+Heather~Related
Studies

+In=-finld measuremant method
JFilald instruments method
.Fleld review method

Special Studies

2TratfloTCoiflict -

Studies

JField method

.Gap Studtes

«Manual method

«Manual /machine methon
Photographic techniques
+Instrumented gite method

+School Crosaing
Studies

LITE method
Padestrian conflgcta method

«Railroad Crossing
Studies

JMulti-disciplinary diagnostic
team approach

.Subjective evaluation by
individual

«Traffiec Control
bevice Study,

.Fleld ohserver method
.Photographic technigues

.Bicycle and Pe-
destrian Btudias

.Fiald observer method
.Photographie techniques

.Traffic Lane Occu-
pancy Study

+betector Mmethod
.Manual method
.Photographic techniquesn
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@ Selection Methods

Two neans are available to select techniques. First, a qualitative
compariscn can be performec. This approach requires that a safety engineer
or team of engineers evaluate the managenent concerns ana cevelop an
assessment of eacn favorable technique. It will be based on the overali
effectiveness of the technique in performing the procedure given the

a

agency's capabilities. Freiw staterents for each management concern,
single technique can be selected.

The second approach uses a nurerical weighting scheme as its basis.
Each managerient concern is providec a weighted value based on its import-
ance to the agency in performing the technique. The sum of these weights
should, preferably, equal 100 percent.

Each management concern is evaluated basea on the technigue's effect-
iveness in meeting the management concerns. Six levels may be described:

- not feasible
- poor

-~ below average
average

N W o
i

- gdesirabl

The numerical approach is of the form:

J
UL =2 Wil
i=1
where: Ul = ytility index,

Wi = weighted value for management concern "i',
= level rating for management concern “i",
= nunber of nanagement concerns.

-t

w

LA
[

A sample computation form is shown in the Appenaix {page 1-23).

The utility index will produce a numerical value for each technique.
A higher rating will result in a rore desirable technique. It should Le
noted, however, that the utility incex provides a rating value for each
technique specific to the agency using the rating method. It is not meant
to be used as a rating nethod between agencies since each agency typically
has differing rescurces and study needs.

® (ther Considerations in Technique Selection

When raking the final selection of techniques for several procedures,
several considerations should be reviewed. First, resources available to
an agency should be checkec. For instance, a city traffic engineering
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department may not have a radar speed reter. A check with the local or
nearby police agency nay increase the availability of such a cevice. or,
for skid resistance stucies, a phone call to the State Highway Cepartment
may allow the agency to cbtein use of State equipnent. A check of all

feasible scurces for available rescurces is suggested,

Y3
i al i

Tl CUST Lile UVGd LQLd o

Secona, combining study procedures by a single technigue shoulc be
encouraged. For instance, where detection devices are available to collect
needed traffic volume, speed, gap, lane occupancy, anc gueue length data or
any conbination of the above, they should be selected. Or where a nanual

field stucy is performed &t a location, it could be planned to utilize
marnual data collection for other activities concurrently. It will usually

result in the optimization of available resources.

Finally, once the techniques have been selected for each procedure, &
review of the list of selected techniques should be made. Duplication cf
efforts and rescurces nay then be avoided by assuring that the technigues
selected are most favorable te the overall study of a specific location.

Findings

This activity will result in the selection of technigues which will
optimize the use of rescurces available to an agency. It will also allow
the coilection of the necessary data required by a specific procecure. The

i Vo
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results ¢f this activity will be used in ce ing the aata collection

plan for the study location.

-
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Inputs and Outputs of Activity

® Inputs

e Required traffic, environment, and special study procedures
for study locaticn.

e List of available and preferred techniques to perforn
procedures.

e Characteristics of nranacement concerns for each technigue.

s Assessnent of available resources to an agency.

s Assessment of study needs.

® Outputs

e Etvaluation of manacement concerns for each favorable technique
- of a procedure.

e Selected technique for each procedure.

o List of selected techniques for safety study of location.
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Activity 5 - Perform Procedures

Purpose

The purpose of this activity is toc develop a data collection plan for
the selected stuay procedures and to perform the procedures using tne tech-
nigues selected in the previous Activity .

Overview

Safety engineers are often faced with the challenge of performing
safety studies with several time, manpower, and equipwent limitations.
The selection of the most favorable study techniques aids in cptimizing
available resources. Resources can be further optimizec with proper
planning and the timely perfornance of the data collection technigues.

® Data Collection Pian Developrent

Development of a data collection plan prior to study performance is
extrenely desirable. Careful planning optimizes the use of availatle
resources and minimizes the chance of collecting too much or too little
data. These are irportant factors in conducting an efficient study proce-
dure which will produce complete and reliable data.

The planning activities should consider:

Selection and training of manpower re
Acquisition cf equipment resources.
Preparation of data collecticn forms.

Development of cata collection schedules.

LR B B ]

Pianning is often considered simple and routine. However, when a
number of study procedures are requirea for a specific locaticn, data col-
lection efforts become more time-consuming. In addition, planning with
existing resource limitations becomes more involved and rore crucial to the
cutcome of the study particularly with the limitations affordec the safety
engineer. ‘

To assist in the proper planning of the study procedures, the
following guidelines are provided:

@ Selecticn and Training of Manpower Resources

L. List the required tasks and anticipated nianpower needs for each
procedure and technique to be perforued. For instance, to perforn
the vroadway inventory study procedure by the field methoa, two
tasks are involved: (1) collect, measure, and record data and (2)
prepare condition diagram. The first task typically involves twe
people, one to collect and measure the field information and a
second individual to record the data. The second task requires

[
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one person to transform field notes and measurements into a condi-
tion diagram

2. Determine available manpower resources. Manpower may come from
existing staff personnel, staff from other departments, or person-
net from other agencies. For each available person, iist their
backgrounc and capabiiities, such as data collection, data record-
ing, diagram preparation, data analysis, etc.

3. Compare manpower neecds and manpower resources. If manpower avail-
ability permits, select individuals with direct experience in con-
ducting the study procedures to be performed. In many cases, hov-
ever, this may not be possible. This makes the training of inex-
perienced personnel an extremely important issue.

4. Train selected personnel. Although highly experienced perscnne!
may be available, it is recommendea that training be perfeormea o
acquaint all personnel with specific details of the study proce-
dure including:

Study purpose.

Preliminary information regarding the study site.
Tasks to be performed.

Information on the task and study output.

Perioa of data collection.

Operation of data collection equipment.

Proper use of data sheets.

Pitfalls and cautions of the task.

Need for accuracy and efficiency.

* & 0 & 9 0 0 % 0

Fellowing training, a questicn-and-answer period for the selected
personnel should be held. If inexperienced personnel are being
used, it 1is advisable to conduct supervised trial-runs of the
study procedures.

® Acquisition of Available Equipment Resources

1. List the equipment needs of each task in the technigue. For the
exaiiple given in the previous section, two tasks are required:

e Collect, neasure, and record field information.
o Prepare condition diagran.

Equipment requirements for these tasks would incluce:

o Measuring instrument (i.e., hand measuring wheel, or tape
neasure, etc. ).

e Blank data sheets.

e Clipboard.

¢ Pencils.
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2. Inventory the agency's existing equipment resources. The avail-
ability of these resources are usually known by the safety engi-
neer. However, the whereabouts of the equipment should be checkea
to guarantee availability.

3. {ompare equiprent requirements and availability. Make a list of
additional equipment needs. In some cases, this equipment may be

borrowed from anolher <department. Typically, access to major

equipment and its availability were considered when the technique

was selected.

Check all equipment for reiiability prior to the stuagy

ance.

o
a

® Preparation of Necessary Data Collection Forms

1. List the required data forms for each procedure.

2. Check existing files for data sheets. Very often, an agency

maintains a file of data collection forms. Where data forms are
unavailable, use of forms included in the Appendix or in the ITE

EIGL Vi b Tk et e e

Manual of Traffic Engineering Studies £1] is recommended.

3. Fill out as ruch of the data forms as feasible pricr to the data
collection effort. Make sure extra copies of the data sheets are
available to the data collectors.

@ [Developnient of Schedules for the Data Collection Effort

i. Define the data collection periods as determined from the accident
summaries. This is of particular importance for operational data
items. For many physical data items, data collecticn is not

necessarily related to the time of day.

When performing the data collection, favorable weather conditions
should exist. The data collection, however, should be planned for
the early part of the week. In this way, 1if one day is unfavor-
able, the next reqular day may be used for data collection. Sig-
nificant time and effort may be wasted where surveys are postponad
till the next week.

17
[

2. When feasible, combine data collection activities for different
tasks on the same day. This will typically maximize use of avail-
A sample Task, Manpower, and Equipment Summary Sheet is inciuded in
the Appendix (page I-24)}. Once the plan has been cdeveloped and the person-
nel and equipment are readied, the data collection activities can be
performed.
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@ _Performing the Procedure

When manual date collection methods are usec, the data ccilectors
should assemble &t or near the site at least 1/2 hour prior to the cata
collection activity. This serves several purposes. First, it allows a
check that all cata collectors are present. When & data ccllector(s) is
absent, plans toc perform that person’s activities can be made. Secuna,
it aids in assuring that the data collection activity starts on time. Late
arrival of data ccllectors can result in a postponement of starting times.
Finally, it allows the data ccllectors to cbserve the study site, test the
equiprment, and ask questions regarding the study procedure.

Once final instructions are completed, the observers should s to
their respective stations. This allows a brief time for them to familiar-
ize themselves with the location anc the demands of the data collection
effort.

When machine rethoas are used in data collecticn, the equipment should
be irstalled at Teast one-half hour prior to the data collection perioc.
This will allow sufficient time for the installation and operational check
of the equipment. Operational checks involve the testing of the machine
data versus observed data using manual reasurements. For exanple, when
installing volure counters, a nanual count is used to check the accuracy of
the volume counting machine.

PaVa iR Ratiatats)

The equipment should be instalied on the same day as the data collec-
tion effort to minimize chances of vandalism or equipment failures. When
1t is necessary that the equipment be installed the day before the study,
operational checks shoula be performed at the time of installation and
again pricr to the study period. Backup equipment shoulc be available and

carried to the site in all situations.

) h ]
i

The study procedure should be performed in accordance with the direct-

ives provided by the safety engineer and the techniques described for each
procedure, :

Following completion of the data collection effort, the data collect-
ors should again asserble near the site. At this time, the data sheets are
reviewed and any questions by data collectors are answered. Also, all
equipment 1is checked for accuracy and all data is briefly doubie-checkec
for completeness.

Findings

The output of this activity will be a cata collection plan and the
performance of the study prccedures required for the site. The findings
from this activity are usea in the identification of safety deficiencies
and the developrient of safety-related countermeasures.
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Inputs and Qutputs of Activity

@ Inputs

Defined location.

Pericd of cata collection.

Technigue{s) to be perfornec.

Available time, manpower, anc equipment resources.
Time, manpower, and equipment requirements.

Data coliection forms.

e S e D G @

@ Cutputs

e Selected manpower and task assignments.
e Schedule of data collection efforts.

e Data sheets by data collector.

e Summarized data findings by procedure.
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Activity 6 - Identify Safety Ueficiencies

Purpose

The purpose of this activity is to asserble and analyze the various
data collected at a study site, review the finaings, and verify or icentify
safety deficiencies.

Overview
Safety problems at a site are identified by the following factors:
e Field conditions relating a deficiency.
s Measure (extent} of a deficiency, where feasible.
s Probabie accident cause or safety deficiency.
This activity will result in the accusulation and analysis of the site

data collected from the procedures to be used to identify the safety defi-
ciencies. This information is used in the developiment of feasible counter-

- measures.

® Accurulation of Data

After the procedures have been performed, the collected data should be
asseibled and placed in a format amenable to the analysis of the data.
This format should permit an effective determination of the safety defi-
ciencies at the site. A faverable format woulae 1list the data in the order
used to define a safety problem, i.e., conditions, neasures, anc the cause
of the preblern  In this way, once site conditions and neasures of the
problem are definec, the probable accident cause cor safety ceficiency can
be more readily identified. To assist in orcering the cata by its purpose,
Table 57 is usea. It lists the purpose of the data obtained by each of the
study procedures. The data from each procedure is then assemblec and pre-
pared for analysis.

® Analysis of Data

The data obtained from each procedure is reviewed using the analysis
methods described within each procecure. The outputs are then used to
identify and cdescribe the conditions and measures of each safety problem at
the study location.

Once the safety problem data is assembled and reviewed, it is used to
make a final assessment of the safety ceficiencies. Each of the possible
accident causes noted from the accident summaries and the field review are
reviewed with the findings of the other study proceaures. From this re-
view, a 1ist of probable causes or safety deficiencies is identified. 1t
may ciffer from the list of possible causes or have no difference. The
results are used in the countermeasure cevelopment activity.
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Table 57. Data purpose by proéedure.

B - Identifying field (
€ - Identifying measure

e acc
site
{ex
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PROCEDURE DATA PURPQSE
1. Accident Sumwary By Type A
2. Accigent Summary B8y Severity A
3. Accident Summary By Contributing Circumstances A
4, Accident Summary By Environmenrtal Conditions A
5. Accident Summary By Time Period A
6. Safety Performance Study A,B,C
7. Volume Studies B
8. Spot Speed Studies B,C
9. Delay and Travel Time Studies C
10. Roadway and Intersection Capacity Study C
11, Traffic Conflict Stucdy A,C
12. Gap Study C
13. Traffic Lane Occupancy Study C
14, (Queue Length Study ¢
15. Readway Inventory Study B
i6. Sight Distance Study C
17. Roadway Serviceability Study C
18. Skid Resistance Study c
19. Highway Lightirng Study C
Z20. Weather-Related Study C
21. Schootl Crossing Study C
22. Railroad Crossing Study C
23. Traffic Control Device Study C
24. Bicycle and Pedestrian Study £
LEGEND:
A - Defining "probabl ident cause”

d
) conditions relating probable cause
tent) of safety deficiency(s)




Where all "possible accident causes” have been deleted bassa on the
procedure finaings, & re-check of the accicent sunmaries, fisle revieyw
notes, anc other stugy procecure findings shoula be perforiec. It nay
reveal inaccurate assufiptions c¢r fingings. In L0 CASE should & safery
probler lack & probable accicent cause., Without tihis informeticn, effeci-
ive counterneastres rey not be developed.

Findings

This activity assembles and reviews the study site data, placing it ir
a tormat favorable 1o the identification of safety deficiencies. This
forimat will allow 2 more effective identification of the safety ceficien-
cies. The output of tnis activity will be used in the development of
feasible countermeasures.

Inputs and Qutputs of Activity

® Inputs

e DUefined location.

e List of "possible accident causes.™

e Stuay findings from traffic, envircnment, and/or special stuay
proecedures.

@ COutputs
e Sunrary of study findings.

e Review of possible accident causes.
e Definition of safety deficiencies.
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SUBPROCESS 2 - DEVELOP CANDIDATE COUNTERMEASURES

Activity 7 - Develop Feasible Countermeasures

Purpose

The purpose of this activity is to develop candidate countermeasures
for & location based on the identified safety deficiencies &t the lgca-
tion.

Overview
Prior to this activity, a detailed study of the identified hazaraous
Tocation was rade. The stuay activities identified the safety deficencies

at the site. The definition inciuded

e Probable accident causes.
e Site characteristics relating the probable accident causes.
e Measures (extent) of the safety problems or deficiencies.

Frorm ?his aefinition, feasible countermeasures can be developed by the
safety engineer.

@ Factors To Consider

Several factors {1 need to be considered. First, countermeasurss
should be selected carefully based on a knowledge and understanding of the
effectiveness of similar inprovements in the past. Inputs from past pro-
ject and program evaluations (Evaluation Component - of HSIP)} are very
inportant to the results of this activity. 1If a past project resulted in
favorable safety benefits at similar type fccations, such inprovenents

would likely be considered candidate countermeasures.

Second, countermeasures which may have produced major safety inprove-
ments in one area of the country nay not necessarily produce similar
inprovements in another part of the country or at alternate locations in
the same area. This is due to the complex interplay among the various
traffic variables at the site. A careful review of traffic and site condi-
tions should be performed when developing counterigasures. This will
assure effective coordination of countermeasures with the existing condi-
tions.

Third, several candidate countermeasures can be proposed for the sane
location if it is expected that a combination of countermeasures are prac-
tical and will procuce an overall improvement in safety. In this activity,

it s suggested that all practical combinations of countermeasures be
identified.
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Fourth, the developed list of feasible countermeasures shoulc alsc oe
comprenensive. 1t s more favorable to include a greater number of courter-

measures than have an inadequate Tist. A1l practical improvements, froo
the "do nothing" alternative to ultiwate irprovements, should be identified
and considered so that no feasibie alternative is ¢vericockea.

Finglly, the pctential sefety-related effect of each &iternctive
irproverent or corbination should be identifiec. 1t will assure that ine
countermeasures ceveloped are based on safety objectives.

Findings

The output of this activity will be a comprehensive list of feasibie
countermeasures ana the potential or anticipated effect the inproverent
wWill have on safety at the site. For instance, a feasible counternmeasure

consisting of the construction of & separate left turn lane nay have the
following potential effects or the study location:

i. A recuction of left turn accidents.

2. A recuction of rear-end collisions between throuch and left turn
movenents.

3. A reduction in sideswipe accidents.
4. An increase in the capacity of the facility.
5. A reduction in delay to throuch traffic.

6. An increase in safe sight distance for left turn traffic.

The 1ist will serve as input to assist in selecting a single safety
project.

Inputs and Qutputs of Activity

@ Inputs

o Defined hazardous lccations.

e Definition of safety deficiencies at each lccation.

e Basic understanding of availabie safety improvements which are
effective in reducing accidents and travel costs.

e Past experiences of agency and other in the effectiveness of
specific countermeasures.
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Procedure Description

Two procecures are available to develop the feasible safety-relatec
ccuntermeasures for a location.

¢ Procedure 1 - Accident Pattern Tables.
¢ Procedure 2 - Multi-Disciplinary Investigation Team

Primary considerations for these procedures are shown in Table 38.

Procedure 1 - Accident Pattern Tables

Purpose

The purpose of this procedure is to identify feasible counterneasures
based on defined accident patterns at & stuay location. Using findings

: ; O :
obtained from the accident summaries and fileld review and supplemented by

the traffic, environment, and special stucdy procedures, canaidate counter-
measures can be develeped.

Application

The development of accident pattern tables is based on the following
assumptions:

e The need for specific improvements can be inferred from analysis cf
probabie accident causes.

Using these assumptions, accident pattern tabies can be develcped. The-
background feor the tables are based on traffic safety engineering exper-
ience, the past experiences and evaiuations cf &gencies, and various re-
search conducted throychout the United States.
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Accident pattern tables have been developed iy various groups (1,Z,3,

4). These tables have been summarized, producin, 2 general accident pat-

tern table to assist in the developnent of counterieasures, as displayec in
Table 59.

& Use CGf Tables

In using these tables or locally developea tables, accident patterns
and probeble accident causes, as identified from previous activities are
used to identify a 1list of general countermeasures. For example, at a
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Table

58. Primary considerations for countermeasure development protedures.

Consideration

Equipment Manpower Time Data Data Data

Procedure \\ Function Requirements Reguirements Reguirements Input Ohtained Output
.hcocident Pattern .Determines LAccident .Tngineer ro re- .Very little JAccident .List of .List of possi~
Tables countermeasures pattern view tables where data is pattern possible ble counter-

using tables tables adequate Probable counter-~ measures

based ¢n acci- causes measures

dent situation JSite

ans probable data

cause
JMulti-Disciplin- .Determines .None +Individuals with | .Cach individual] .Accident .Possible LList of possi-
ary Team Approach countermeasures varying disci=- devotes one to summaries causes ble or feasible

using a team of plines twce hours per .Site data .Possible countermeasures

individuals to site counter~

study and elect measures

the counter-
measure (g}




Table 59.

General accident

pattern table.

Accident Pattern

Probable Cause

General Countermeasure

Left-turn head-on
collisions

targe volume of
left-turns

Restricted sight
distance

Too short amber
phase

Absence of special
left-turning phase

Excessive speed on
approaches

« s 0+ 9

Create one way street

Widen road

Provide left-turn signal phases
Prohibit left-turns

Reroute left-turn traffic
Channelize intersection

Install stop signs (see MUTCD)
Revise signal sequence

Provide turning guidelines (if
there is a dual left-turn lane)
Pravide traffic signal if war-
ranted by MUTED

Retime signals

Remove obstacles

Provide adequate channelization
Provide special phase for left-
turning traffic

Provide left-turn slots

Install warning signs

Reduce speed 1imit on approaches

Increase amber phase
Provide 211 red phase

Provide special phase for left-
turning traffic

Reduce speed 1imit on approaches

Rear-end collisions
at unsignalized
intersections

Driver not aware
of intersection

Slippery surface

Large numbers of
turning vehicles

Inadequate roadway
lighting

« ® & & a

Install/improve warning signs

Overlay pavement _

Provide adequate drainage

Groove pavement

Reduce speed 1imit om approaches
Provide "slippery when wet" signs

Create left- or right-turn lanes

Prohibit turns
Increase curb radii

Improve roadway lighting
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Table 59. General accident pattern table (continued).

kccident Pattern

Probable Cause

General Countermeasure

Rear-end collisions

at unsignalized

intersections

Excessive speed on

Lack of adequate
gaps

Crossing pedestrians

Slippery surface

Large number of
turning vehicles

Poor visibility of
signals

Inadequate signal
timing

tnwarranted signals

Inadequate roadway
1ighting

Reduce speed limit on approaches

Provide traffic signal if war-
ranted {see MUTCD)
Provide stop signs

Install/improve signing or
marking of pedestrian crosswalks

Overiay pavement
Provide adequate drainage
Groove pavement

Reduce speed 1imit on approaches
Provide "slippery when wet" signs

. Create left- or right~turn lanes

* 4 0

-

Prohibit turns

Increase curb radii

Provide special phase for left-
turning traffic

Install/improve advance warning
devices

Install overhead signals

Install 12-in. signal lenses (see
MUTCD)

Install visors
Tnctall back nlates

1wl whn

Relocate signals

Add additional signal heads
Remove obstacles

Reduce speed 1imit on approaches

Adjust amber phase

Provide progression through a set
of signalized intersections

fdd atl-red clearance

Improve roadway lighting
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Table 59. General accident pattern table (continued) .

Accident Pattern

Probabie Cauyse

General Countermeasure

Rear-end collisions

at unsignalized
intersections

Crossing pedes-
trians

Install/improve signing or :
marking of pedestrian crosswalks
Provide pedestrian "WALK" phase

Right-angle colltisions
at signalized
intersections

Restricted sight
distance

Excessive speed
on approaches

Poor v1szb1]1ty
of signal

Inadequate signal
timing

Inadequate advance
intersection warn-
ing signs

Large total inter-
section volume

s 2 & %
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Remove sight obstructions
Restrict parking near corners
Install warning signs {see MUTCD)
Reduce speed limit on approaches
Channeltize intersections

Install advance markings to
supplement signs

Reduce speed Timit on approaches
Increase amber phase
Install rumble strips

Install advanced warning devices
Install 12-in. signal lenses
Install overhead signal

Install visors

Install back plates

Improve location of s1ana1 heads
Add additional signal heads

Add illuminated name signs
Adiust amber phase

Provide all-red clearance phase
Add multi-dial controller
install signal actuation

Retime signals

Provide progression through a set
of signalized intersections

Improve roadway i1lumination

Install advance intersection
warning signs

Retime signals
&dd traffic lane

R1ght~ang1e ollisions
at unsignalized inter-
sections

Restricted sight
distance

Remove sight obstructions
Restrict parking near corners
Install stop signs {see MUTCD)
Install warning signs (see MUTCD)
Reduce speed 1imit on approaches
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Table 59. General accident pattern table (continued).

Accident Pattern

Probable Cause

General Countermeasure

Right-angle collisions

at unsignalized
intersections

Restricted sight
distance

Large total inter-
section volume

Excessive speed on
approaches

Inadequate roadway
lighting

Inadequate advance
intersection
warning signs

Inadequate traffic
control devices

Install signal {see MUTCD)
Install yield signs {see MUTCD)
Channelize intersection

Install advance markings to
supplement signs

Install 1imit ldines

Install signal (see MUTCD)
Reroute through traffic

Reduce speed limit on approaches
Increase amber phase

Install rumble strips

Improve roadway illumination

Install advance intersection
warning signs

Upgrade traffic control devices
Increase enforcement

Pedestrian-vehicle
collisions

Restricted sight
distance

Inadequate
protrection for
pedestrians

School crossing
area

Inadequate signals

Inadequate phasing
signal

Remove sight obstructions
Install pedestrian crossings
Install/improve pedestrian
crossing signs

Reroute pedestrian paths
Prohibit curb parking near
crosswalks

Add pedestrian refuge islands
Install pedestrian barriers
Use crossing guards at school

crossing areas

Install pedestrian sigrais (see
MUTCD)

Change timing of pedestrian phase
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Table 59. General accident pattern table {continued).

Accident Pattern

Probable Cause

General Countermeasure

Pedestrian-vehicle
collisions

Driver had inade-
quate warning of
frequent mid-block
crossings

Inadequate pave-
ment markings

Inadequate gaps at
unsignalized inter-
sections

Inadequate roadway
Tighting

Excessive vehicle
speed

LA - -

Prohibit parking

Install warning signs

Lower speed limit

Install pedestrian barriers

Install thermoplastic markings
Supplement markings with appro-
priate signing (see MUTCD)
Upgrade pavement markings {see
MUTCD)

Install traffic signal, if
warranted by MUTCD

Install pedestrian crosswalk and
signs

Install pedestrian "WALK-DON'T
WALK" signals

Improve roadway lighting

Reduce speed limit

Install proper warning signs
Install pedestrian barriers
Enforcement

Run-off-roadway
collisions

Stippery pavement

Roadway design in-
adequate for traf-
fic conditions

Poor delineation

Inadequate roadway
Tighting

Inadequate shoulder

a =+ »

Overlay existing pavement
Provide adequate drainage

Groove existing pavement

Reduce speed timit

Provide “slippery when wet" signs

Widen lanes
Retocate islands
Close curb Tanes
Install guardrails

Improve/install pavement markings
Install roadside delineators
Install advance warning signs

Improve roadway lighting

Upgrade roadwa} shoulders
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Table 59.

General accident pattern table (continued).

Accident Pattern

Probable Lause

General Countermeasure

Ryn-off-roadwa

W
hnl®
collisions

roper channeli-
n

Inadequate pavement
maintenance
Poor visibility

Excessive speed
on approaches

Improve channelization

Hariiey &

Perform road surface repair

Increase size of signs

Reduce speed 1imit

O
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(et
WD

too ¢l
way

irt s
[
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n

w
1 1

w

~r
(8111

C o
ose to road-

Inadequate roadway
lighting

Inadequate pave-
ment marking

Inadequate signs,
delineators and
guardrails

Inadequate road
design

Slippery surface

Excessive venicie
speed

1

er curbing

Install breakaway features to
1ight poles, signposts, etc.
Project objects with guardrails
Install crash cushioning devices

Improve roadway lighting

Install reflectionized pavement
Tines

Install reflectionized paint and/

or reflectors on the obstruction

Provide proper superelevation
Improve superelevation at curve
Install appropriate warning signs
and delineators

Improve skid resistance

Provide adequate drainage

Provide "slippery when wet” signs
Provide wider lanes

Collisions with parked
or parking vehicles

Improper pavement
markings

Improper parking
clearance at drive-
ways

Paint parking stall limits 7 feet
from curb face

Post parking restrictions near
driveways

L
b
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Table 59. General accident pattern table (continued).

Accident Pattern

Probable Cause

General Countermeasure

Angle parking

Excessive vehicle
speed

111egal parking

Improper parking

Large parking
turnover

Convert angle parking to parallel
parking

Reduce speed limit if justified
by spot speed studies

Widen lanes

Enforcement

Prohibit parking
Create off street parking

Create one-way streets
Reroute through traffic

Sideswipe or head-on
collisions

Inadequate roadway
design

Improper road
maintenance

Inadequate
shouiders

Excessive vehicle
speed

Inadequate pave-
ment markings

Inadequate
channelization

Inadequate signing

Create one-way streets provide
wider Tanes

Perform necessary road surface
repairs

Improve shoulders

Reduce speed limit
Install median devices

Remove constriction such as

parked vehicles

Install or refurnish center
lines, Yane lipes and pavement
edge lines

Install reflectorized lines,
edges

Install acceleration and deceler-
ation lanes

Channelize intersection

Provide turning bays

Place direction and lane change
signs to give proper advance war-

1T Vi A mamme T e
[}
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Table 59. General accident pattern table

{~entinued) .

Accident Pattern

Probablie Cause

ns - v wrsmmned

General Countarmeasure

Driveway-related
coliisions

teft-turning
vehicles

Improperly located
driveway

Right-turning
vehicles

Large volume or
through traffic

targe volume of
driveway traffic

Restricted sight
distance

Inadequate roadway
Tighting

Excessive speeds on
approaches

. Move driveway to sidestreet

Install two-wzy left-turn lanes

Install med an devices

Regulate minimum spacing of
driveways

Regulate minimum corner of clear-
ance

Move driveway to sidestreet
Install curbing to define drive-
way Jocation

Consolidate adjacent driveways

Provide right-turn lanes
Restrict parking near driveways
Increase the width of driveways
Widen through lanes

Increase curb radii

Construct a local service road
Rerpute through traffic

Signalize driveway

Provide acceleration and deceler-
ation lanes

Channelize driveway

Remove sight obstructions
Restrict parking near driveway
Install/improve street 1ighting
Reduce speed limit

Improve street lighting

Reduce speed limit

Train-vehicle
accidents

Restricted sight
distance

Remove sight obstructions
Reduce grade

Install train actuated signats
(see MUTCD)

Install stop signs {see MUTCD)
Install advance warning signs
(see MUTCD)

Install automatic flashers and
gates
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Table 59. General accident pattern table (continued).

Accident Pattern

Probable Cause

General Countermeasure

Tratn-vehicle
accidents

Poor visibility

Impro€er traffic
signals pre-emption
timing

Excessive vehicle
speeds on approaches

Inadequate pavement
marxings

Stippery surface

Improper pre-
em?tion of RR sig-
nals or gates

Rough crossing
surfaces

Sharp crossing
angle

improve roadway lighting

Increase size of signs

Retime traffic signals

Revise speed limit

Install advance markings to sup-
plement signs

Install limit lines
Install/improve pavement markings
Skidproof roadway

Retime RR signals and gates

Improve crossing surface

Rebuild crossing with proper
angle

Wet-pavement
accidents

Slippery pavemant

Inadequate drainage

Inadequate pavement
markings

* & o s

Overlay existing pavement

Groove existing pavement

Reduce speed limit

Provide “"slippery when wet" signs
Skidproof roadway

Provide adequate drainage

Upgrade pavement markings

Night accidents

Poor visibility or
Lighting

Pagr sign quality

Inadequate channel-
ization or delinea-
tien

Instalt/improve street lighting
Install/improve delineation
markings

Install/improve warning signs

Upgrade signing
Provide illuminated signs

Install pavement markings
Improve delineation markings
Provide raised markers

Upgrade advance warning signing




signatized intersection, 1t was determined that a pattern of right angia
collisions occurred. From previous activities, the probable accident
cause was identified as "restricted sight distance.”

Tne list of general countermeasures associated with these accident
causes is cbtained from Table 58. They are:

Remove sight obstructions.

Restrict parking near corners.

Install stop signs and remove signals (see MUTCD}.
Install advance warning signs {see MUTCD).

Reduce speed Timit on appreaches.

Install yield signs (see MUTCD).

Channelize intersections.

Install advance markings to supplement signs.
Install “STOP" Tines.

P e O B & & & B B

The 1ist of feasible countermeasures 1is the output of this
and is used in following activities to select a safety project.

& (Cther Situations

Where several "probable causes" may have contributed to a particular
accident pattern, feasible countermeasures are determined on a collective
basis. For instance, in the above example, if "poor visibility of signals"
was determined to be an additional or a secondary “probable" cause, the
£4s consist of the previous list and the

T e~ £
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following list:
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Install advanced warning devices.
Install 12-1in. signal lenses.
Install overhead signals.

Install signal viscers.

Install back plates..

Irprove location of signal heads.
Add additional signal heads.

Reduce speed limit on approaches.
Add illuminated street name signs.

© @ O O e 8 69 ©

The findings obtained from the various study procedures would produce
a list of feasible countermeasures. This 1ist of feasible countermeasures
would then be used in the economic aralysis to develop a single project.

A similar approach would be used to develop feasible countermeasures
where two or nore accident patterns are defined at a location. The counter-
measures would be assessed collectively to develop the feasible counter-
measures.




@ Limitations

Advantages:

1. Provides a method which is inexpensive.
2. Tables are simple to use.
3. Requires very little manpower needs.

Disadvantaces:

1. May result in incomplete or inconclusive findings.

2. Requires indivicuals with substantial highway safety
experience to develop countermeasures.

3. Is difficult to apply for complex situations.

This procedure requires that an individual experiencec in highway
safely be used for selection of feasible couniermeasures. it has been
found favorable for rmost locations due to its Tow cost and ease of applica-
tion. Wkhere situations are complex, an alternate nethod, such as the team
approach, may be more favorable.

Findings

This procedure will develcp a list of feasible countermeasures for &
Tocation based on the identified accident patterns and probable causes.
The output will be used as input in the economic analysis and project
selection activities,

Procedure 2 - Multi-Disciplinary Investigation Team

Purpose

The purpose of this procedure is to define feasible counterneasyres
based on the input received from a study of the location by a teawm of indi-
viduals from varying disciplines.. From the input and discussion of the
team mernbers, a consensus of the causal factors and countermeasures to cor-
rect the hazardous Tocation is developed.

Application

In this procedure, individuals from various agencies and disciplines
are used to review the safety problems and develop feasible counterieasures
for a site. These individuals collectively identify safety deficiencies
and develocp countermeasures,
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€ Team Selection

To be effective the team needs individuals with a variety of
experience. It should also contain representatives of the agencies or
groups responsible for the safe operation of the hazardous location.

Three criteria must be met for an effective investigation team [91:

1. The team should be small enough to be managable and easily

organized, yet large enough to incorporate all desirec
disciplines.

2. The professional disciplines should cover the areas of roadway,
driver, and vehicle aspects of highway safety to obtain a compre-
hensive anaiysis of the location. :

3. There should be a variation in the degree of familiarity with the
lTocation by team personnel.

In addition to highway and traffic engineers, the study team may in-
clude:

Human factors experts (psychologists, sociologists, etc. ).
Law enforcement officers.

Autorotive engineers {mechanical engineers}.

Phvsicians.

Lay persons.

¢ 0o & & O

@ Study Performance

In perferming a stucy of a hazardous location, the team should
assemble at the site to conduct a brief review session. At that time, the
team leader (typically a safety engineer) supplies each individual with
copies of the available site data; e.g., collision diagrams, volume data,
and condition dfagrams. These data are discussed briefly and any questicns
answered. '

In the next step, each team member conducts a site investigation dur-
ing the period of significant accident experience. He drives along all ap-
proaches, observes operations at the location, and inspects any character-
istics which he feels may be important to the study. A1l observations and
findings are recorded.

While at the study Jlocation, each team member reviews the collisicen
diagrams, possible causes, and other site data. They determine from per-
sonal Jjudgement the predominant accident types, causal factors, and poss-
ible countermeasures.

fach team member then prepares a short report on his findings. The
reports are submitted to the team leader.

The team rmembers are then reassembled for a short critique and discus-
sion period. The critique usually begins with the safety engineser's sun-
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mary of his observations. _Input from other team members is encouraged in
the discussion phase. - During this phase, the finaings of each team enber

are reviewed and countermeasures discussed. From this discussion, the team
merbers reach a ceneral consensus on the safety deficiencies and the feas-
ible countermeasures.

@ Limitations

Advantages:

1. Attempts to view hazardcus locations from the standpoint of
human factors, law enforcement, etc., as well as from the
highway and traffic engineering stancpoint.

2. Provides extensive, detailed, in-depth analyses.

3. Provides an excellent means of focusing the attention cof &il
involved acgencies to the hazardous situation.

Uisadvantages:

1. Requires large amounts of time, effort, and funcing.
2. Difficult to schedule & specific time for review aiong
various team nerbers.
3. Requires the use of several specially trained indivicuals.
4. Requires the cooperaticn of all team rnenbers, both on &
individual! and on a team basis.

This precedure, by invelving perscns with varying backgrcunds, can
result in a rore comprehensive and critical review of & locaticn. 1t coes
require, thougn, that the team leader be capable of hanaling the team anc
able to lead the variocus discussions.

Although this technique requires the cooperation of the involvec
personnel, the success of using personnel with varying disciplines carrisgs
extensive advantages. Not only is the viewpoint of differing indiviauals
important but the inclusion of personnel frem the involved agencies will
typically facilitate the implementation of the project. This procecure is
favorable for most locations when sufficient personnel is available. 1t is
recommended for use in complex highway safety situations.

Findings
This procedure will develop a list of feasible countermeasures for &
location basec on the input received from a team of individuals. The

output will be used in the economic analysis and project selecticn activi-
ties.
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SUBPROCESS 3-DEVELCP PROJECTS

Activity 8 - Predict Accident-Reduction Capabilities of Countermeasure(s)

Purpose

The purpcse of itnis activity is tc predict the number of accidents
prevented {reduced) resulting from the implementation of a proposea
countermeasure. The information cobtained from this activity s used in
the economic analysis of feasibie couniermeasures.

The major cbjective of a highway safety project is to reduce acci-
dents {and severity) or the accident potential along the highway facility.
In this regara, the effectiveness of a safety project is Jjudgea by its
ability to recduce the number and severity of accidents. Similarly, in
selecting safety improvements for a site, the anticipated effectiveness of
a project to reduce accidents and/or severiity serves as a major criteriea.
This effectiveness (or lack of) is expressed in the economic analysis as a
honofit {Or d'ichon'efjt}

[Faw § Lony B4 9 A3 - P .

& Accident Reduction Factors

To obtain an indication of the effectiveness of a safety project, the
developrient of factors suggesting trne potential reduction of accidents
associeted with an improverent is necessary. These factors, cormenly re-
ferred to as "accident reducticn factors" (AR), have been developed by
nuierous states anc agencies to date., They are based con past and current
evaluation efforts of safety projects ana research data developed by
various groups. Because of the variability in accident frequencies among
sites and sections of the country, differences in these accident reduction
factors for specific improvements exist between agencies. In a completed
FHWA bocklet[1], Accident Reduction factors for nationwide use is avail-
able. Through these efforts, a detailed Tist of safety improvements and
their respective accident reduction capabilities were developed. They are
measured as a percent reduction of accidents (by severity type or accident
type). A sample of these factors [1] are shown in Appendix F.

& Use 0f AR Factors

Accident reduction factors are used to determine the economic bene-
fits of feasible countermeasures. They represent a critical factor in the

econoniic analysis since: (1) accident reductions are the primary cbjective
of any safety progran and {2} accident reductions will serve as a primary
benefit to offset safety improvement project costs. In determining the
benefits of a feasible counterneasure, the following formula [2,3] is
used:

Accidents Prevented =N x AR (ADT - after period)
(ADT - oefore period}
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Where:

N = Expectec number of accidents without implementation of the
improvement project

AR = Accident reducticn factor (percent}.
ADT = Average daiiy fraffic volume

In computing the number of accidents pcrevented, values of “N" can be basec
on éverage results for the study period. For instance, if cver a 3-year
period, the left-turn accident cccurrence was 8, 12 and $ accidents, re-
spectively, the value of "MN" would be 29/3 or 9.67 accidents. The use of
average values throughout a study perioc is encouragec to recuce varia-
bility in the results anc to rinimize the likelihood of uncharacteristic
resultts influencing the data.

Similarly, the "ADT-before perioc” volumes will be basec on averagad
velues throughout the ‘before’ study period. The “ADT-after perioa” vol-
utes are based on the anticipated volumes during the period following in-
plementation of a safety project. This period will be determined by: the
plannec implementation period for the project. Estimates of future vol-
uries can be corputed Dasec on the normal traffic growth, nistorical
trencs, ur cetailed transportation models.

Khere individual states or areas have a reliable Tist of iR factors,
these lists should be used. Where such a list does not exist ¢r is inade-
quate, the 1ist providec in Appendix F is recomuended, The factcrs are
stated in terms of "percent of accidents reduced" and are usually classi-
fied by improvement type as a function of accident type, severity, or
total nunber of accidents.

The use of the accident reduction factor in the above formula will
result in the expected number of accidents to be reduced with the imple-
mentation of a specific countermeasure. This value can be obtained for
total accidents at & location, specific accident types or by severity
class, whichever is available.

@ Multiple Improvenents

Accident reduction factors are usuaily based on a single counter-
measure at a location. However, where miltiple countermeasures are being
proposed, the accident reduction factor will be a combination of the indi-
vidual accident reduction factors. Since it is not feasible to reauce ac-
cidents by more than 10C percent, the following formula 33 is used to de-
velop an overall accident reduction factor for mwltiple improvenents at a
locaticn.
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+ (1-AR1I(1-AR§-1) ARy

where: ARM = overall accident reduction factor for multiple im-
provements (mutually exclusive) at a single location
AR; = accident reduction factor from Appendix F for specific

improvement or countermeasure
nurber of improvements at a single lccation,

i

The accident reduction factors for the individual improvements should
be listed by degree of Iimportance. For 1instance, AR7 should be the
factor with the hichest accident reduction factor; AR2, the seccnd high-
est factor; and so on. A different order of sequence will result in z

different and, possibly inaccurate overall accident reduction factor,
ARp»
Example

An exarple of the use of this formula is shown for three improvements
at a single locaticen with individual accident reduction facters of 0.45,
0.15, and 0.30, respectively. Placing these factors in their orcer of
significance, the accident reduction factors are as follows:

AR] = 0.45
ARp = 0,30
fR3 = 0.15

The overall accident recduction is:

ARy = AR1 + (1-AR1} AR2 + (1-AR1)}{l- R ) AR
= 0,450 + (1-0.45)(0.30) + {1-0.45) 1 0.30)(0.15)
= 0.450 + 0.165 + 0.058
= 0.673 = 0.67

Where individual accident reduction factors are available by sever-
ity, a separate ARy fTactor can be developad for each severity class by
applying an accident reduction factor ®r 2ach saverity class to the adova
formzia

@ Other Situations

Current state-of-the-art does not adequately provide a means to use
accident reducticn facters for multiple improvements where different data
bases are provided. For instance, one set of AR factors may be based on
the sever1ty of the accidents whereds gnother set may be based on the

nt

vt d on
reduction of in accident types.

For this case, the use of a general or total accident reduction fac-
tor for each improvement type may be used. It may, however, result in the
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over- or under-estimation of the accident reduction potential since this
factor is applied to the sum total of the accidents while the improvement
may actually impact only one group of accidents.

Also, the AR factor for the principal countermeasure may be used anc
acjusted upward or downward dependent upon the judgement of the safety
engineer. Etxperience in engineering and safety evaluation is reqguired tc
permit a reascnable estimate of the accident reduction potential.

® Update of AR Factors

For reliable use of AR Tactors the individual States should regularly
update the factors based on the evaluation efforts of the individual
State. This will permit the factors to be current and more representative
of the improvement being made.

L] Summarz

This activity will provide an estimate of the number of accidents
that would be prevented by a countermeasure. Relationships between the
number of accidents prevented and accident costs will be used to derive
the major portion of the benefits anticipated for a countermeasure. This
output will be used in the economic analysis of the feasible counter-
measures.

Inputs and Outputs of Activity

@ Inputs

e Accident data at Jocaticn for study period prior to improve-
ment or the expected accident frequency without the irprove-
mert.,

o ADT volunes et study location during study period.

o Future traffic voiumes at study location.

e Table of accident reduction factors for variocus
improvements.

o List of feasible countermeasures.

€ Outputs

e Accident reduction factor for counternmeasure(s).
o Nunber of ‘“expected accidents saved" as a result of feasible
countermeasures.
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Activity 9 - Perform Economic Analysis

Purpcse

The purpese of this activity is to perform an economic analysis of
the feasible ccountermeasures with primary emphasis on the accident reduc-
tion benefits and the cost of the project. The output consists of a nu-
merical vaiue assessing the economic feasibility of each project.

Overview

The ceconcmic analysis ¢f countermeasures is & primary tool 1in the
seiection of a safety project. 1t uses the expected economic benefits of
an improvement to determine the cost-effectiveness of the counterneasure.
A primary input to this analysis is the accident reduction benefits ce-
rived in the previous activity. These benefits are compared to the
project costs to obtain a numerical relationship which is used as the
measure of the cost-effectiveness. :

€ Factors in Economiic Analysis

Key factors to consider in performing an economic analysis include:

Accicent savings.

Initial implementation costs.
Uperation and maintenance costs.
Service life of improvenient,
Salvage value of improvement.
Current or expected interest rates.

e 00060

Uther factors which ray be used in the economic analysis include ve-
hicle uelay-related costs, traffic ¢rowtn rates, and the effects of infla-
tion.

Accident Cost or Savings

The accident savings represent the primary benefit anticipated for ¢
countermeasure. The results of Activity 8 (Predict Accident Reduction
Capabiiities of Countermeasures) are used tc obtain the expected “number
of accidents prevented" per year resulting from the countermeasure. This
value is used as basic input in the economic analysis.

The accident savings can be expressed in several ways. It can be
stated as the expected "number o¢f accidents prevented", as obtained
directly from Activity 8. Where feasible, this factor may also be separ-
ated by the severity of the accidents {(e.g. number of fatal accidents
prevented, number ¢f personal injury accidenis prevented) or by the number
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of “"equivalent property damage only" accidents.*

A secconog method of expressing accident savings is the anticipated
accident cost savings ?EbU!uTﬁg from the improvement. The nurber of acci-
dents prevented as obtained from Activity 8 is assigned a cost per acci-
dent to develop a totel accident cest savings. This results in & dellar

value assignec to the expected number of accidents prevented.

This method requires that the "number of accidents prevented" be
separated by the severity type and number of persons (or vehicles in PDC
accidents only) invoived in each severity croup. Since available accident
costs are typically stated in terms of the fatalities or injuries, the

X . :
accident savings data rust be arranged in this format to be usable. This

is performed by defining ratios of the accident data as follows:
Ratios are defined as:

No. of persons killed
No. of Tatality accidents

No. of perseons injured
No. of injury accidents

No. of vehicles involved
No. of property damage only accidents

This i is identified from the accident summary data for the
study perioa. Us1n these ratios and multiplying by the expected number
of 1injury, fatality or PRO accidents prevented, the expected nurber of
injured or killed persons or vehicles (fer PDC accidents) saved can be
defined. Accident costs are applied to these values to determine the
accident costs savings.

w

Several sources of accident costs are currently used. They incluce:
idual States. :

al Safety Council (NSC).

al Highway Traffic Safety Administration (NHTSA)

s
na

= =

@ Vi
e Nation
¢ Nation

*Obtained by use of ecuivalency factors for each accident severity group
(i.e., fatal accident = 12, personal injury accident = 3, property damage
accident = :\ and agcumuTafznG the groups to an EPRO (pnujva1pnf property

damage only)} accident. Transportat1on and Traffic Eng1neer1ng Handbook
ITE, (1976)
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Many incividual states maintain records on accident costs. They
assign a cdollar value to accidents that are unique to that particular
agency. If & set of cost figures has been adopted by the agency, they
should be usec in the economic analysis and cocumented in tne econcmic
anaiysis report.

Accident costs for the other sources are shown in Table 60 [1,2]
and apply to nationwide statistics. Differences exist between the cousts
deveioped by these two sources. However, they can be attributed to the
different factors used to determine the cost in each source, For exanple,
NSC costs incluce wage losses, medical expenses, insurance, aaministrative
costs, and property damage. [NHTSA includes tne calculable costs asso-
ciated with each fatality and injury plus the cost to society (i.e., con-
surption Josses of individuals and society at large caused by losses in
productien and the inability to procuce). It should be noted that the
NHTSA costs are given for 1975,

It is desirable in any case to use uniform cost figures in the ecc-
nomic analysis.

The evaluator may use cost figures developed specifically for the
agency, WHTSA, KSC, or other cost data. Whichever is selected, the evalu-
ator should use only the most recent cost figures in the eccnomic analy-
sis.

@ Example

An example of the use of accident cosi savings is shown below. Based
on the following average annual accident reductions:

e 1.33 fatal accicents (1.00 fatalities/fatal accidents)
e 4.0C injury accidents (1.50 injuries/injury accidents)
e 9.25 property damage only accidents (2.00 vehicles per accident)

the expected number of units saved are determined to be:

Expected "number of killed persons” saved

ol ol
a

L
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al accidents X 1.33 expected fatal accidents saved

-
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—] 50
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[aw) Lan]
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= 1.33 "expected fatalities" saved.
Expected "number of injured persons' saved

= 1,50 injured persons
1.00 injury accicents X 4.00 expected injury accidents saved

= 6,00 "expected injured persons” saved.
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Table 60. NSC and NHTSA accident costs.

Cost Per
Source/Accident Severity Involvement (1)
NSC(1979}/ Fatal $ 160,000
Nonfatal disabling injury £,200
Property damage (including
minor injuries) 87N
Cost Per
Involvement {2)
NHTSA(1975)/ Fatality § 287,178
Critical injurv 192,240
Severe injury - life
threatening 86,955
Severe injury - not life
threatening R,085
Moderate injury 4,350
Minor injury 2:.195
Average inijury 3,185
Property damage only 520

(L) Cost per fatality, injurv. or per PNDO accident
(2) Cost per fatality, injury or mer vehicle (for PDN accidents)
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Expected “number of vehicies" (PLO accidents) saved

0 vehicles
0 PDO accidents X 9.25 expected PUO accidents saved

= 2.0
1.4

= 18.50 "expected vehicles” saved.

Using NSC figures (1979), the total accident cost savings would oe:

FATALITY: 1.33 "expected fatalities saved" X $160,000 = $212,800.CC
fatality

i

INCURY: 6.00 "expected injuries saved" X $6200
injury

37,200.00

,095, 00

Lo

it

PDO: 18.50 "expected vehicles saved" X $270 1

PLO accident

TOTAL 5266,095. ¢

b

<3

Using NHTSA ficures (19705), the total accident cost savings wouid be:

FATALITY: 1.33 “"expected fatalities saved" X $287,175 = $302,%00.0C
fatality
INJURY: 6.00 “"expected injuries saved*" X $3,185 = 19,110.00
injury
PDC: 18.50 "expected vehicles saved" X __$520 = 9,620.00
vehicle
TOTAL = $411,630.00

These values are input into the economic analysis models as benefit
factors. A noticeable difference exists between the accident cest savings
of the two sources, NSC and NHTSA. Either method, however, can be used.
An acency shoula however, be consistent with 1its use of a source,
particularly when comparing countermeasures for the same location.

Initial Implementation Costs

These costs represent the estimated initial cost to implement a
countermeasure, They include all costs associated with rignt-of-way
acguisition, construction, site preparaticn, labor, equiprent design,
traffic waintenance, and other costs that may be associated with the
irnplementation of the project. The overhead and administrative costs,

*Assuming “average injuries”
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however, are usually included as a percentage of labor and materiail
costs,

Indivicual agencies normally maintain a cost estimate file which
lists the varicus materials or constructien units and their associatec
cost per unit of neasurement. These files should represent current data
and be updeted regularly based on recent costs or construction projects.
Overhead and administrative costs may differ sligntiy each year. However,
these costs shoula be monitored to prov;de more accurate results. A sam-

ke Py L R .

ple cost estimate form is displayed in the Appendix (page 1-25).

Operation and Maintenance Costs

The cperation and maintenance (C&1) costs represent the estimatea
costs to operate and wmaintain the facility both before and after the im-
plementation of a proposed countermeasure. These costs typically differ
due tec changes in the hichway conditions.

The "before implementation" 0& costs are derived from a review of
historical records of costs asscociated with the location. Typical oper-
ation and waintenance cost items include traffic sign upgrading, periodic
paverment marking, roadway repairs, power costs of signals, and otrer site-
related items. These costs are usually surmarized on an annuai basis anc
averaged over a period cof time to represent the average 0&1 ccsts. Where
a single large maintenance cost is invelved, it may be more favorable to
defer this cost over a period of years using interest formulas.

The "after implementation" costs are based on the anticipated 0O&
costs as expected by the safety engineer. They are based on the agency's
experiences in 0&i costs due to changes in the site conditions. The costs
are normally given on an annual period.

Service Life Of Improvement

The service life of an improvement represents the time perioca tnat
the improvement can reasonably be expected to affect accident rates [3..
Both costs and benefits are usua11y calculated for this time pericd
The expected service life reflects this time period and not necessarily

the physical life of the improvement.
Generally, major construction or cgeometric improvenients have a maxi-

mur: service life of 20 years. The prediction of service life for specific
highway improvenents can be made reasonably accurately if the agency main-
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tains service life data and survivor curves for various types cf improve-
ments and proJects.

It is desirable for each hichway agency to maintain files to accur-
ulate service life experiences and to develop service life estimaticn cri-

teria. The procedure for the development of survivor curves for the ser-
vice life esiimetions are available in most engineering econony texts. In
the absence of service life data, past experience and engineering Judce-
ment should be appliec for estimating service lives. The evaluator ray
also wish to use service life estimates generated by other agancies.
Table 61 cdisplays estimates of several commonly used service life esti-
mates for safety improvements,

Several States, including California and lowa, have develcped sur-
vivor curves, Existing surviver curves may provide a starting point for
an agency tc determine expected service life of safety improvenents. The
service lives of safety irprovements such as traffic signs and paveren:
markings can be estimatec from the life expectancy cate of the manuface
turer and rocified by actual field experience. The evaluater is recor-
mendea to start such service life data files.

Based on the interest formulas used in the economic analysis of coun-
terneasures, it has been shown that the selected service life can have &
profound effect on the economic evaluation of inprovement alternatives.
On this basis, an accurate account of the expected service life is

needed.

Salvage Value Of Improvement

The salvage value of an improverent represents the cost value of an
irproverent at the end of its defined service 1ife ninus the costs in-
volved in reroving, repairing, transferring, or seiling a device. For in-
stance, part of a traffic signal will have some worth feliowing 1its
effective Tife. Similarly, the value of replaced {upgraded) traffic signs
will contain some value in either the aluminum blank or the sign post.

Agency maintained histories of safety improvements, service life
data, and subsequent usage should provide the basis for estimating the
salvage value of a project or an improvement. In the absence of organized
data files, past experience and literature should be used to estimate the
salvage value. Although salvage value is cenerally considered as a posi-
tive cost item, some projects may reguire an expenditure te remove the
residual elements themselves. In these instances, the difference between
the cost cof removal should be deducted from the value of the scrap or res-

1 - ] } 3 ) £4 A ysaToin L oo s
tdual elements in estimating the final salvage vaiue. At times, salvage

value can be zero or negative.

For most highway safety projects, the salvage values are generally

very small, particularly for those with a relatively long service life.
They often represents a small difference in the econcnic analysis whether
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Table 61. Sample service life estimates

SAFETY IMPROVEMENT PROJECT CODES, DESCRIPTIONS, AKD
SEAVICE LIVES USED w EFFECTIVENESS EVALUATION

Lode Description Service Life
Intersection Proiects -

ie Chanrelizetion, left-turn bay 10

11 Traffic signails 10

12 Combinaticn of 10 and 11 10

1s Sight distence improved io

19 Other intersection, except structures 10

Cross Secrion Profects

20 Pavemert widening, no Jenes xdded 20
21 Lanes added without new wedian 20
22 Highway divided, nev median added 20
23 Shoulder widening or imsproveasent 20
24 Cozbination of 20-23 20
25 S5kid treataent - grooving 10
26 5kid treatwent -~ overisy 10
r ¥ Flattening, clesying side slopes 20
29 Other cross section or comsbinations of 20-27 20
Structures
30 Midenang bridge or major structure 20
1 Replace bridge or major structure 0
32 New bridge or major structure [(except 34 and 51) 10
a3 Minor structure 20
34 Pedestrisn over- or under-crossing .1
19 Other structure 20
Alignment Projects
40 Horitontal aligneent chenges fexcept §$2) 20
&1 ¥ertical slignwent changes 20
42 Cosdinaticn of 40 and 41 20
49 Other alignment . 20
Riilrosd Crede Crossing Projects
50 Flashang lights replacing sagns 10
£} Elisinstion by new or reconstructed gresde separaticen 30
52 Elimination by relocaticn of highway or rallroad 30
53 Tllveinstien 10
54 Flashing liy .s replacing sctive devices 10
1 3.3 Autometic gates replacing signs 10
56 Autozmatic gates Teplacing active devices 10
57 Signing, marking 10
13 Crossing surfsce isprovement - io
59 Other RR grade crossing 10
SA Any combination of 50, 53, 54, 5%, 56, 57, 538 10
Boadside Appurtenances
60 Traffic signs 6
61 Breskaway sign or lumicsire supports 10
637 Road edje guirdrail 10
63 Hedinn barrier Is
64 Markings, delineators 2
65 Lighting 15
&6 Isprove drainage structures 20
&7 Fencing 10
&8 Inpact nttenuators 10
1 1] Other roadside 10
BA Coabination of 60-64 : 10
&c Cosbination of 60 and 62 [
6D Coprbinatien of &0 sad 64 F]
Other Safety Improvemconts
%0 Safety provisions for rosdside fertures and sppurtenances 20

29 411 projects not otherwige cisrsifiable 20

(2
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they are used or not. For most hichway safety improvements, & zero sal-
vage value is assumed.

Current or Expected Interest Rate

This value represents the expected rate of return of funcs cver the

Lol
service life c¢f the countermeasure. Statea in c¢ther terms, it 1is ths
"opportunity cost of capital™ [ 4] or the assumed rate that coulc be earnec
by funds if privately invested.

In selecting an interest rate, several viewcoints have Leen used,
which account for the wide range of rates used throughout <tne Unitec
States. These viewpoints include:

I. The interest rates should be zero for safety improvements
financed from current faxation rather than borrowing.

2. Tne interest rate shoulc equal the rate for borrowing ronies. If
the proposed safety improvement is to be financea by oorrowing,
the interest shculc corresponc to the cost of borrowing money.
IT tne proposed safety improvenment is to be financed froi exist-
ing funds {current taxation), the interest rate should be similar
to that for long-ternm investrent.

3. The interest rate should represent the rate of minimunm attractive
return on invested woney. This rate will include the cost of
borrowing roney and, usually, a safety factor to account for un-
certainty in the data used in the economic analysis nocels.

Current state-cf~-the-art does nct provide a single critericn for the
selection of an interest rate except that an agency be consisten:t i
use of the rate when cosparing alternatives and that the rate be cocu-
mented. -

) Many agencies adept interest rates as a natter of policy. However,
1n some instances the evaluator way be required to assulle an interest
rate. The interest rate should consider:

The niarket.

Interest rates for covernuent bonds and securities.
Past practice of the agency.

Current practice and policy of the agency.

@ o a o

The importance of the interest rate can be shown in the effect of the
rate on an irproverent., Based con past analyses, it has been shown theat
Tow interest rates will gererally favor aiternatives with larce capital
investiients while high interest rates will tend to favor small capital
investment programs. In adaition, & Yow interest rate will c¢ive z rore
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significant emphasis on improvement fimpacts in the more distant future.
High interest rates will tend to discount the effect of long-term iuw-
pacts.

It may be advisable t¢ vary the interest rate to determine the eco-
nomic effectiveness cf the countermeasure. If a countermeasure is found
to change from a fiscally effective countermeasure tc a marginally effect-
ive counternieasure with srall changes in interest rates, the evaluator way
obtain additiocnal insight as tc the *true effectiveness of the countertieas-
ure and draw appropriate conclusions in the final analysis of the total

countermeasure effectiveness.

These findings should be reviewed prior to selection of an interest rate
since the selection of an inappropriate rate could easily result in inap-
propriate countermeasure costs and benefits. '

Other factors which may be important in the economic gnalysis in-
clude the vehicle delay-related costs, traffic growth rates, ana effects
of inflation. These factors traditionally produce little effect on the
economic analysis findings.

Vehicle delay-related costs represent the expected costs resulting
from delay-related impacts. Considerations involved in computing these
costs include the number of stons. the lencth of stons. and the accelera-

----- uhT Ridad el SRS TS VD SV S, QR Lo Gultacia
tion/deceleration costs associated with each stop. The cost of fuel, wear
of tires and brakes, o0il, repairs, etc. are higher for stopping and start-
ing than for continuous operation. In addition, the time costs associated
with delay represent a negative cost item. It 1is assumed that this tine
may be used for more productive purposes.

AASHTO [43 and others [5,6,7] have developed costs based on the adgi-
tional costs per stop. These costs include the acceleration/deceleration-
related costs. Standing delay, obtained from delay studies, is also in-
cluded. These costs are usually calculated for a l-year period. As such,
daily totals are summed for a 365-day period based on average aaily delay-
related factors obtained from the Travel Time and Delay Study Procedure.

iraffic growth rates represent the expect a
volumes. These rates are used in determiring the number of accidents
saved and the vehicle delay-related costs. Since road user costs are
directly proportional [43 to the estimated ADT, any projected increase in
ADT will affect the overall road user and accident costs.

] T o
cted wth r i [

Traffic growth rates wmay be obtained based on a historical trena of
volume data where the safety improvement is not expected to attract a sig-
nificant change in traffic volumes. VWhere a significant change nay be ex-
pected, the use of traffic projection mocdels may be necessary. Many of

w
w
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these riodels are discussed in transportation pianning textbooks and re-
search papers [4,811].

The effects of inflation on a safety project may be includea to
reflect price changes over the life of the project. Although the effects
of inflation are difficult to predict, an approximate figure cf 2 percent
per year [4], compoundec, has been used throughout the United States for a
long-term rate. Since many safety projects may not be consicered "Tong-
term", the use of an inflation rate may not be necessary. In audition,

the effect of inflation may be accounted for in the selection of an appro-
priate interest rate.

@ Use of Factors

The above information jtems can be used as input to economic analysis
models to assess the effectiveness of proposed safety counterneasures.
Trneir inclusion will be dependent on the reans selected to perform the
economic analysis. Only those factors need to be identified which will be
used in the specific economic analysis procedure.

The findings produced by these methods for several counterneasures
will consist of a range of values identifying the economic desirability of
the countermeasures. The values are used to assess the econonic effect-
iveness of the countermeasures and to rank the countermeasures based on
the eccnomic analysis.

To provide a proper comparison for the countermeasures, a single
procedure should be used to provide & common and consistent value. The
findings obtained from this activity will be used as input to Activity 10
to select a safety project.

The economic analysis will prove to be a particularly valuable tool
since it determines not only the effectiveness of a project based on
safety objectives but alsc assesses the economic effectiveness of the
countermeasures. This aspect is important since it is possible to have an
extremely effective countermeasure in terms of reducing accidents but
which is cost-prchibitive.

Inputs and Qutputs of Activity

® Inputs

e List of feasible countermeasures.
e Accident data.
@ Accident reduction facters.
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Cost information for project implementation and operation and
maintenance of project.

Traffic volume data.

Traffic growth rates. _

Service 1ife of improvements (OPTIONAL ).

Salvage value ¢f improvements (OPTICNAL ).

Current expected interest rate (CPTIOKAL}.

Vehicie delay-related costs (OPTICONAL ).

Effects of inflaticn (CPTIONAL).

20 0 & 0 % &

@ Cutputs

e tconomic feasibility of each countermeasure.

o Ranked 1ist cf feasible countermeasures based on

. economic
analysis results.

Procedure Descriptions

Several procedures are available to determine the eccnomic feasi-
bility of countermeasures. They include:

e Cost-Effectiveness Hethod (Procedure 1).

e Benefit~te-Cost Katio Methoa {Procedure 2).
e Rate-of-Return Method {Procedure 3).

e Time-of-Return Method (Procedure 4).

e het Annual Benefit Method (Procedure 5).

Major considerations of these procedurss are given in Table 62.

_ | Fellowing
1s a description of these procedures.

Procedure 1 - Cost-Effectiveness Method

Pyrpose

The purpcse of this procedure is to determine the cost o an agency
to prevent a single accident (or “property damage®, “injury", "“fatal” ac-

cident). It is measured in terms of the dollar cost to prevent a single
accident.
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Primary considerations for economic analysis procedures.
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Application

~ this procedure computes the cost to the agency of preventirg z singi
accident, A1l costs are valued on a dollar basis. However, expected
benefits are not priced but are used to aetermine the expected c¢ost ¢
recucing the type or total number of accidents. This can only be per-
formed for one type of accident at & time. For example, the outcone of &
cost-effectiveness analysis may indicete that the cost for each expecied
accident tec be reduced is $750. In the same analysis, it can also te

concluded that the cost for each expected injury accident to be reducecg is
$2500.

ta
ce -
cC
$1

If the agency conducting the study has neither adopted a set of acci-
dent cost figures nor is willing to select established figures, it is rec-

ormiended that the cost-effectiveness techrique be selected. Also, if the
measure of effectiveness (MOE) of major interest is related tc & specific

L W ) e 1 T R e w N Ji.J b
accident type {as opposed to severity), this method may provide a good
measure of economic effectiveness.

@ Procedure Steps

The following steps are performed [5] in the cost-effectiveness

rnethod:

1. Determine the initial estimated cost of implementation of the
safety improvement being studied. Typically, such cost data are
available from right-of-way (ROW), design and constructicn files

anc reports.

2. Determine the net estimated annual operating and maintenance
costs. The net annual operating and maintenance cost should re-
flect the annual difference between the costs incurred before
countermeasure impiementaticn and those expected to occur follow-
ing the implementation of. the countermeasure. Therefore, if the
counterieasure is expected to result in & low conbinec annual
Operating and maintenance cost following the implementation, a
negative cost could result, Gn the cther hand, if the after

operating and raintenance costs will be greater, the difference

i +

1 L

S positive.
3. Select the units of effectiveness to be used in the analysis.
The desired units of effectiveness may be:

&, [Expected number of total accidents prevented.

b. Expected number of accidents by type prevented.

¢. Expected number of fatalities or fatal accidents pre-
vented,

d. Expected number of personael injuries cr perscnal injury
accidents prevented.

e. Expected number of EPDC accidents prevented.



Determine the anticipated annual safety benefits derived from the
countermeasure. Safety benefits in this anaiysis priharily re—
fer to the reduction in the accident frequency associated wiilh
each severity MCE. This 1is the difference between the "before”
freguency and the expectecd 'after' frequency for each severity

MOE. These values were determined earlier in Activity %.
Estinate the anticipated service life of the countermeasure.

Estimate the projected salvage value of the countermeasure.

Na+ arrmin
o LTl

A thna Tntarnct v
Cliaiddc L LTI CoL

8 L U

Using the information described in items 1, 2, 5, &, and 7 above,
the eguivalent uniform annual costs {EUAC) or present worth cf
costs (PWOC) should be determinea. The EUAC s deteriined from
the foilowing equation:

EUAC = 1 (CRT} + ¥ - T (SFY)

Wnere:
EUAC = equivalent uniform annual cost {$).

;s N § . LR ek AL JU'A i S [
estimated initial cost of the project (3.

—t
1}

i = assumed interest rate (%).

n = estimated service 1ife of the countermeasure
(years).

T = net estimated salvage value ().

V = s+t aAcdtdrimd ad et L et o =Y Aant AF AnAavatann
| A S el P C:Jl., g Lao WL P uT ey Qi [ L vl Uptlubill}j
maintaining the improvement {$/year).
CR1 = capital recovery factor for n years at interest
n rate, i.
SFT = sinking fund factor for n yzars at interest
n rate, 1.
The capital recovery factor may be found in the compound interest
tables provided in Appendix G or may be calculated as follows

342



10.

The sinking fund factor may be found in the compounc interest
tables provided 1in Appencix & or it may be calculated es
follows:

SFi = cri -~ 3

n n
Using the information described in items 1,2,5,6, anc 7 above,
the present worth of costs (PWOC) may be determined from the
tfollowing equation:

40C = 1 + K (SPM

—

3
] -
n n

Where:

PWOC = present worth of costs {$).

1—t
1}

estimated initial cost of the project (5).

n = Eftimated service Tife of the project or improvement
rears .

= estimated net salvage value ($).

K = net estimated uniform annual cost of operating anu
maintaining the improvement or project ($/year).

Pl = present worth factor for n years at interest rate,
n
1.

SPHY = present worth factor of a uniform series paynent
for n years at interest rate i.

[
o}

Calculate the expected average annual benefit,_é, in the desired
units of effectiveness.

Calculate the C/E value using one of the following equations:

C/E = EUAC/B

i}

C/E = PWOC (CRI)/B
n
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Where:

CR1 = capital recovery factor for n years at interest
N rate, i
, e

(This changes the PWOC to an annualized cost for
corpatibility with B. )

This preocecdure is not applicable for multiple improvements with
unegual service Tives. A C/E worksheet is provided in the Appendix
(page I-26).

Advantaces:

1. Does not require assigning a dollar value tc human life or
injury. _

¢. Is able tc consicer the optimization of benefits on a
systenwide basis.

Disadvantages:

1. May be difficult to relate when a project is Justified.
2. Difficuit to evaluate the effects of multiple improvements.

This procedure is generaily applicebie tc agencies which ao nct wish
to directly assign dollar values to human injuries and fatalities. 1t car
be applied using either manual or ccrputer technigues.

® txample

A highway safety countermeasure to provide increased iighting levels
at an urban intersecticn with a high level of nicght accident occurrence
is proposed. The following summary shows estimated initial implementation
costs, net esiimated operating and maintenance costs, and anticipated
annual benefits. The expected annual benefits were obtained by subtract-
ing the expected 3-yr accident freguency for the after period with the
countermeasures from the expected 3-yr after accident frequency without
the countermeasure and annualizing the difference. They are expressed as
annual savings 1in injury accidents. The service life of the counter-
measure is estimated &t 15 yrs with a salvage value of 10 percent of the
initial cost.
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. Net Operating and Benefits {Injury
Initial Maintenance Costs Accidents Prevented)
Construction
Costs 1974 1975 1876 1974 1975 1875
$40,000 $1,000 | $1,000 | $1,000 8 7 6
An interest rate of 10 percent is used in the analysis. The cos:

effectiveness calculations are shown in Figure 5&.

A cost-effectiveness (C/E) value of $875/injury accident savea was
derived. The resulis of this analysis may be interpreted by comparing

this C/E value with those from other competing highway safety counuer-
fneasures.

Procedure 2 - Benefit To-Cost Ratio Method

Purpose

The purpose of this procedure is tec determine the ratic of expected
benefits accrued to the cests incurred for a countermeasure. It s
measured in terms of a numerical value (ratio) comparing the expected
bernefits to be achieved at en estimated cost.

Application

The benefit/cost ratic is the ratic of the expected benefits accrued
from an accident and/or severity reduction resulting from a countermeasure
to the costs needed to irplement the counterneasure. It requires that a
dollar value be placed on all estimated costs and expected benefits
related to the counterneasure. Any countermeasure that has a benefit/cost
ratio greater than 1.0 is considered economically successful.

The selection of a dollar value for the expected benefits must be

1 + ¥ A + +ha tarhed Th 1 e
made b_')' the evaluator in order to use the tecnnigue. ihese vaiues shoulc

be documented in the analysis. If the agency conducting the analysis nas
adopted a set of cost figures for highway fatelities, injuries, and pro-
perty damage accidents, the benefit/cost analysis technique is reccr-
mended. Also, if the MCOE of major interest is related to accident sever-
ity, the benefit/cost method may provide a good measure of economic
effectiveness.

The benefit/cost method wmay be performed for either an individual
counterneasure or one consisting of several improvements.

345



CRTAY

C/E ANALYSIS WORKSHEET

Evaluation No: 1

Project Ho: 1

Date/Evaluator: g9,/20/80 (MAF)

1. 1Initial Implementation Cost, I:

2. Annual Operating and Maintenance
Costs Before Project Implementatioen:

3. Annual Operating and Maintenance
Costs After Project Implementation:

4., Net Annual Operating and Maintenance
Costs, K (3-2):

5. Annual Safety Benefits in Number of
Acecidents Prevented, B:

Accident Type

Injury  (1974) ...

$_ 40,000
$ 0
$ 1,000
5 1,000

7.0

Expected - Actual = Annual Benefit

ceemerecnstassssd

(1975). cesanan
(1976} cevananns P
Total
= 21L/3 = 7.0
6., Service Life, N: 15 -yra
7. Salvage Vvalue, T: $4,000
2. Interest Rate: 10 % = 0.1p

10. Annual Benefits:
B (from 5) = 7.9 Injury accidents prevented per
year
11. C/E = EUAC/B = $6,134/7.0 = $875/Injury accident
saved
12, PWOC Calculation:
i
PH, = 0.2394
5PWis 7,606
PWOC= I + K (SPW) = T (Pwl)=540,000 + (7.606) §1,000
-54,000 (0.,2394) = 546,648,440
13. Annual Benefit
n {(from 6} = 15 YIs.
B (from 5} = 7.0 accidents prevented per year
14. C/E = PWOC {CRE)/B = $46,648,40 (0.1315)/7.0

= §6,134/7,0 = $875/injury accident
saved

9. EUAC Calculaticon:

CRY = _p.131%

i
SFf = 00215

- i n i
EUAC = 1 (CRy) + K - T (SF3)

$40,000 (0.1315) + $1,000 ~ $4,000 (0.0315)

To56,134

Pigure 5

8. Cost-effectiveness method - example.




@ Procedure Steps

i

he benefit/cost method requires the foliowing steps to be performed.

o
L

Determine the estimated initial cost of design, constructicn,
right-cf-way, and cother costs associated with countermeasure
implementation.

Determine the annual estimated operating and waintenance cost for
the countermeasure.

Determine the annual safety benefits derived from the counteriea-
sure. Safety benefits in this analysis refer to the anticipated
reduction in the accident frequency, using AR factors, associatec
with each severity ¥OE. This 1is the difference between the
expected adjusted freguency anc¢ the after frequency for each
severity MGOE.

Many economic analyses consider the difference in road user costs
as a hichway safety benefit. Since the basic purpose of this

analysis 1is to evaluate proposed highway safety countermeasures,
the roed user cost may be used.

Assign a dollar value to each expected safety benefit unit.
Estimate the predicted service life.

Estimate the projected net salvage value.

Assurie an interest rate.

Calculate the B/C.ratic using equivalent uniform annual (esti-
matea) costs and {expected) benefits. The use of these economic
parameters provides the evaluator with the first of twe alterna-
tives for obtaining & B/C ratio for the analysis of highway
safety countermeasures. This formulation of the B/C ratio can be
used when the expected service Tlives of individual counter-
measures within a single countermeasure are equal or uneaual.

The EUAC is described in Step 8 of Procedure 1,

Eguivalent uniform annual benefits (EUAB) may be determined using
+ho TnpfFarvmation Hesr‘r‘ﬁhnri TN 1'+nms ? 45 and 7 ahn\re ana the
LV R llllUl“i\.Aul\TJll N el [T v, L T alil U,'!’\J’ [TNR R ’ LRV [RAY [}
foltlowing equation

EUAB = B
Where:

LUAB = expected equivalent uniform annual benefit ($).

i
=
]



B = anticipated uniform annual benefit derivec from the
countermeasure throughout 1its service life. This
estimate is based on the expected annualized savings ir
various severity categories, derived since implementa-
tion, times the appropriate accident cost values

($/year).
The B/C ratioc for a countermeasure can be calculated using:
B/C = EUAB/EUAC

An alternate means to calculate the B/C ratio uses the present
worth of costs ana benefits. The use cof these parameters pro-
vides an alternative for cbtaining the B/C ratio for analysis cof
hignway safety countermeasures. However, this approach of calcu-
lating B/C carnot be used for projects having multiple improve-
ments with unequal service 1ives.

The PWOC 1is calculated as described in Step 8 of Procedure 1.
The present worth of benefits {PWOB) may be determined using the

information described in items 2,3,5 and 7 above and the follow-
ing eguation:

PHOB = B (SPWi)
n
Where:
PWOB = expected present worth of benefits ($).

B = anticipated uniform annual benefit derived from the

counterméasure or irnprovement throughcout its anticipated
service life ($/year).

n = predicted service life of the counterumeasure (years}.

SPlt present worth factor for an uniform series payment for
N n years at interest rate 1.

The B/C ratio for a countermeasure can be calculated in this
appreach using:

B/C = PWOB/PWOC.

The B/C worksheet is included in the Appendix {page 1-27).
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) This method can also be applied on an incremental basis to deter-
mine the expected advantages resulting from adding improvements tc a

countermeasure. !f the addec improvement results in an increase of the B/C
ratic, it can be concluged that the added improvement is favorabiz.

Advantages:

1. Provides & straight-forward, traditional nethod for verfora~
ing economic evaluations.

2. Useful for situations where accident severity 1is the rost
irportant reasure of effectiveness.

3. Can consider the cptimization of expected benefits on a
systemide basis.

Disadvantages:

1. Results are often affected considerably by the accicent cost
values (NSC, NHTSA, or States' costs) selected, particulariy
when fatal accidents are being considered.

2. Relies on the placement ¢f a dollar value on a human life.

This procedure is favorable for all highway systems, in particular
agencies which have no objection to the placement of a dollar value on
human injuries or fatalities. The benefit/cost method may be applied
using either manual or computer techniques.

® Example

Im an effort to reduce the nuuber of rear-end ccilisions cue to skid-
ding of vehicles during wet-weather, a highway &gency is plarning to
undertake a safety project of skid-prcofing & 1/2-mile roadway section by
constructing a texturized pavement section at an estimated cost of
$200,000. The estimated service life of the project is estimated at 1
yrs. with a zero selvage value. The average estimated annuel maintenance
cost of the grooved pavement is essentially zerc. The highway departrent
estimates the dollar benefits of the countermeasure in terms cof injuries
prevented as $40,000, $45,000 and $50,000 for the 3 years following the
implementation of the countermeasure.

An interest rate of 10 percent is assumed. The B/C calculations are
showr in Figure 59,
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Date/Evaluator: 9-20-80 (MAF)

1.

2.

Initial Implementation Cost, I: 5 200,000
Annual COperating and Maintenance
Costs Before Project Implementation: 5 4,500
Annual Operating and Maintenance
Cost After Project Implementation: $ 4,500
Net Annual Operating and
Kaintenance Costs, K (3-2): § -0 -
Annual Safety Benefits in Number of
hRocidents Prevented
Severity Expected - Actual = Annual Benefit
a) Fatal Accidents

(Fatalities)

k) Injury Accidents
{Injuries)

¢) PDO Accidents

F T T armrm il
VIDVoLIvEReny)

nccident Cost Values (Source NHTSA )
Severity Cost

a) Fatal Accident (Fatality) $

b} Injury Accident (Injury) § -

c) PDO Accident (Involvement) §
Annual Safety Benefits
Sa} x 6a) =

S5b} x 6b) = ($40,000 + $45,000 + $50,000)/3
5¢c) x 6o} =

Total = $ 45,000

Services life, n: 10 yrs

o+

Interest Rate, i: 10 $ = 0,10

11.

12,

o
L
.

EUAC Calculation:

crl = 0.162175

SFg = 0062175

guac = 1 (crb) + % - T (srl) = 200,000 (0.16275) + 0

-0 (0.06275) = $32,550
EUAB Calculation:

EUAB = B

Figure 59.

14,

15.

16.

PWQC Calculation:

PW% “ 00,3855
sPui = 5. 1466

s = . = demmesda PR Y

PWOC = I + K [5PWfl - T tFWR) = $200,000 + 0 (6.1466)

. - 0 {0.3858) = $200,000
PWOB Calculation:

PHOB = B(SPWi) = $45,000 (6.1466) = §276,507

B/C = PWOB/PROC = §276507,/$200,000 = 1.38

Benefit-to-cost ratio methed -~ example.




When the B/C ratic is greater than unily, the benefits derived fron
the project cutweigh the incurred costs. In this particular case, the E/C
ratio is 1.38. It presents a desirable alternative.

The B/C ratio should be cowpared with conpeting highway safety coun-
termeasures to cetermine the most favorable alternative.

Procedure 3 - Rate Of Return Method

Purpose

The purpose of this procedure is to cetermine the rate of return of
benefits expected to be obtained by an improvement. It 1is a measure cof
the expected "yield" or effective return of a safety countermeasure.

Application

This technigue computes an estimated interest rate for a safely
countermeasure at which the estimated net present annual worth of the
countermeasure minus the estimated improvement cost is equal to zerc. In
this case the net present annual worth of the countermeasure 1is the
expected dollar value of safety benefits in terms of accidents preventec.
The estimated improvement costs include those expected ceosts reguired fer
irplementation and maintenance of the counterneasure.

This method is based on two assuuptions [41]:

o The relative merit of an irprovement is measured Dy the
interest rate that sets its expected benefits equal to zerc.

s The estimated costs and expecied benefits remain constant each
year.

Based on these assumptions, an estimated interest rate is determined.
It is considered as the "yield" of a possible investment. When a number
of countermeasures are considered for implementation, the project with the
highest "yield" is considered to be the most desirable, subject to its
meeting a mininum attractive rate of return.

@ Procedure Steps

Steps for using the rate of return method are:
1. Determine the estimated initial implementation costs.

2. Determine the estimated annual cperating and maintenance cost
for the countermeasure.

3. Estimate the expected service life,
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4., Estimate the expected net salvage value.

5. Estimate the expected benefits for each improvement as in
Steps 3 and 4 of the Benefit-To-Cost Ratio Method,

6. Calculate the estimated internal rate-of-return (RCR), on &
trial-and-errcr basis that sets either of the following

formulas egual io zero:

1= (8-K) spw; - {T) PHT ... (A) or
n

B-K = CRi
1 n

eoo-.clooﬁaooctoo.-(B}

i = estimated rate of return (ROR).

1 = estimated initial countermeasure implementation costs.

K = estimated annua?l 0&4 costs.

SPW1 = series present worth factor for n years at interest
o rate 1.

T = estimated net salvage.

racont wnrt
I e el e L1 VRN Ve N

n = predicted .service life of improvement.

= capital recovery factor for n years at interest rate
n_ s
-E.

Equation B is used for safety inprovements with no terminal value or
a perpetual service life. This formula can also be used in the iterative
process to identify a starting rate of return in the trial-and-errcr
DrocCess.

The use of this technigue in analyzing highway safety countermeasures
has been infrequent primarily because of tne "trial-and-error® type of
approach needed to calculate the estimated "yield"™ if manual techniques
are used. The technique, however, lends itself to convenient solution
when a computerized procedure is used by initiating an automatic search

process as a part of the software. A mathematical algorithm may be formu-
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lated with the objective of "converging" to the required solution when
specific "bounds" of the solution are defined in order to minimize tne
searching effort, The technique is based upon sound econcmic theory arc
derives its primary merit from the fact that a pre-specified interesi rate
is not to be assured as part of the analysis. Instead of working with
figures that are based upon an assumed interest rate, the interest rate
itsel? is the “urnknown" quantity.

Advantages:

1. Does not rely on an assured interest rate.
2. FEble to consider the optimization of benefits on a
systerwide basis.

Disadvantages:

1. Must be performed on an iterative, f.e.; "trial-and-error"
basis. This can be very time consuming, particularily for
manual methods,

Z. Results may be difficult to interpret.

This procedure is generally applicable for agencies with nc objection
to assigning doilar values to human lives and whose primary objective is
to insure selection of the nost appropriate countermeasure on a location-
by~location basis.

@ Example

For the previous preblem of skidding accidents, the following antici-
pated values are used:

$200,000 (estimated initial cost).

$C (estimated Q&% costs).

$0 (estimated salvage value).

10 years (estimated servige lifel.

(540,000 + $45,000 + $50,000)/3 = $45,000 (expected net benefit).

o i B N
B

The estimated rate of return, "i," is found from the following
formula by a trial-and-error method.

I = (B-K) SPHT - (T) pyi
n n

$200,000

{$45,000-50) SPI - (50) pui
' ) g B0 PR

1

$200,000 = (545,060) spwi

10
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SPWi = $200,000 = 4.44
In §1mtﬁvwwx

(v P RE ARSIV

A review of interest tables for the series present worth factor of
4,44 with a 10-yr estimated service 1ife shows:

spw%g = 5,019
spwig = 4,192

Linear interpolation results in an estimated rate-of-return of 16.5
percent. This rate-of-return may represent a favorable return. The ROK
value is compared with competing highway safety countermeasures to select
a project,

Procedure 4 - Time-0f-Return Method

Purgose

The purpose of this procedure is to determine the estimated time
period in which the expectea benefits anticipated by a countermeasurs
begin to exceed the estimated overall

signify a favorable countermeasure.

costs. A tow time of return nay

Application

In the time-of-return (TOR) method, expected accident reductions and
resulting benefits are forecast as in the other economic methods. An
expected TOR value is computed by dividing the estimated cost of the coun-
termeasure by the estimated annual benefit. Interest rates and salvaga

i 7 vie o o et mn V1 iime A L I T
values are not considered in the amalysis, and service lives of all pro-

Jects are not taken into account. Countermeasures with the lowest TOR
values are considered to be the best,

@ Procedure Steps

The following steps should be carried out in this procedure:

1. Determine the accident types to be affected by the counter-
nmeasure.

2. Estimate the reduction in each accident type, as in Activity
8. This estimate should be performed for a defined period of
tire; e.g., 2 years. This period should not be set such tha:

(st
n
s



7.

improverments will not begin to require replacement. As such,
& I- or 2-yr period is normally selected.

Estimate the expected traffic growth rates for the defired
period.

Determine the estimated total costs {initial Operations and

Maintenance costs) of the countermeasure for the definec
period,

Determine the estinated total benefits (dollars) derived by
the countermeasure based on the number of years of cata
analyzed.

Compute the expected annual benefit by dividing the expeciec
benefits (doilars) by the defined period.

Compute the estimated time-of-return by dividing the expected
annual benefits by the estimated annual costs.

A sample worksheet for the time-of-return method is included in the

Appendix (page I~28).

[

Advantages:

1.

2.

Results directly in the estimated amount of time required
for a given countermeasure to pay for itself.

Can consider the optimizaticn of expected benefits on a
systenwide basis.

Disadvantages:

1.

2.

3.

A time measure is often misleading or difficult to inter-
pret, For example, a time of return of 5 years may be
considered very ¢ood for a highway reconstruction counter-
measure which has a 20-year service life but not desirable
for a pavement striping countermeasure with a service life
of less than 2 years.

Does not normally account “or estimated interest rates,
estimated service lives of all projects, or estimated sal-
vage values which may affect an economic analysis.

May not consider the optimizae.ion of expected benefits for
each individual Tocation.

This procedure is generally applicable for agencies with no cbjection
to the placement cof dollar values on human lives or agencies who wish to



compare countermeasures based on the time in which they will pay for them-
selves in terms of expected accident savings.

® Exanple

The accident occurrence at an urban signalized intersection is ex-

pected to have the following accident reduction characteristics as based
on & states individual statistics.

Accident Types
Period Driveway Related Rear End Upposing Left-Turn
1877 14 acc. /PG 16 acc. 10PD 12 acc. 5PD
71N 61INJ 71N
1878 16 acc, SpPL 18 acc. 13PD 14 acc. 6Ph
1IN 5INJ 8IN
TOTAL 24 acc., 16PD 34 acc, Z3PD 26 acc.  11PD
Ik 1110 151N
Estimated Accident Reduction By
Accident Tvpe
Oriveway-Related Rear-End Opposing Left-Turn
50% Red. 1U0% Red. 25% Red.
12 acc. 8PD 3 acc. 2PD / acc.  3PD
41N 1IN 4INd
{6P1} (2P1) (6P1)
The estimated initial implementation costs are:
Upgrade Signal Heads $ 3,860.00
Pavement Markings $  255.00
Oriveway Signing $ 1,600.00
Driveway Recanstruction $15,000.00
ADT volumes before and after {estimated) the inprovements are 56,006
and 72,600, respectively.

The time-of-return {TOR) calculations are shown in Figure 60.

The time-of-return methoa yields an expected pay-off period of 0.38
years for the proposed countermeasure. This value is very good for any
counternieasure. A comparison of this countermeasure to other competing
counternieasures should be made to select a single project.

L
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COMPUTED BENEFLTS DERIVED TIROUGH ACCIDENT REDUCTION

o

Caunt

L]
-

3

£
¥

The method of evaluating accident costs, used belew, 4s piven on page 67
of Roy Jorgensen's report of Highway Safety Improvement Criteria, 1966

hia samne thod 15 given in the Bureau of Publie Roads IMZ1-

Sl e d oo I s
A 4RE wmednd SLVODR AR L€ Lurcad

CULLLION.

3-67.

In the following analysls the costs provided by the National Safety

Council are: 1979 values

w v {1an
X County ¥Milan

Location __ 10 Mile and Fopker Rd,

City/Twp. Sussoy County Milan __ . -

Control Section 811 ¢

Type of Improvement Driveway reconstruction, driveway algoing,
upgrada slgnals, pavement markings

—
Death — §160¢,000 , : ' ACCIDENT TYPES
PERIOD D iveway Jpposin T
- o Roar-end (D) 344 g9
Nonfatal Fajury - $6200 refaced” () { left~turn__ . . . |
7 1a 5 b4 B
Property Danage Accldent - $870 1977 14 - ls 12 L——" e
' fnyd 7 nfd 6 ofd 7 1 Faddo..
Boe ADE % @ Ry -{-B?O.RZ) 9 113 6
2 1978 10 1| 18 14 /,/’/
J\DTb / 5/ g
vhere / /
B = benefit in dollars
le 2
) TOTALS 24 34 26 M
ADT = Average traffic volume after the fmprovement 72,600 g 8 11 15
. 5 =
ADTb = Averape traffic volume before the improvement 66,000
] ‘ . . . : _50% Red. 10 * Red. 25 X Red. % Red,
14 Estimated e LA, e o,
Rl = Reduction in fatatities and iojuries combined Accident o 2 - :/
Reductiaon 2 1 ]
RZ = Reduction 1o property damage aceldents 13 4(6) F 12} 7 4(6)
= 5500 if no fatal accldents cccurred, and
Remarks

g~ 160,000+ (/¥ x6,200) = 7,001 1f at least 1 fatality occurred.
1+ IjF

vhare

I/F = Ratio of injuries to fatalitics that cccurred statewlde
dering the year 1979

= 166,385 = 85.3

1,950

28]

yesars &

2 yrs. B= 1,1 [(5500 or 7001) 14 + (80O} _13 ]
2 _yrs. B= 1.1 {6,800 ) + (11,310 )] -~ s5107,920
Aunual A= $53,960 dnllaxs

L= Total cost of project

715 = 0.38 yeara= 4.6} Months
53,960

A~ Includes only those accidents at driveways where improvemonts aré

________ 3

proposed. Includes jeft-turn out of driveways, and rear~ends,
sideswipes, and angles caused by right turns into or out of tha
driveways, ’ :

B- Includes only those accidents on the approaches

related). (not driv‘e\way..

Estimated Froject Cost $2G,715

"Anticipated Annual Benefit _353,950

Project Amortization (T.0.R.}  0.38 years

Figure 60.

Time of rceturn method - cxample.



Procedure 5 - Net-Bepefit Method

Purpose

The purpose of this procedure is to determine the expected net bene-
fits to be derived by a countermeasure. It is cbtained by subtracting the
estimated annual costs from the expected annual benefits.

Application

This procedure is based on the premise that the relative merit of a
countermeasure is measured by its expected net annual benefit.  The
expected net annual benefit of a countermeasure is defined as L&l

Net Annual Benefit = (EUAB)-{EUAC)

booimm s
wilere.

tUAB
EUAC

Equivalent Uniform Annual Benefit
Equivalent Uniform Annual Cost

[T}

A positive value for the expected Net Annual Benefit indicates a feasible
countersmeasure. The countermeasure with the largest positive expected Net
Annual Benefit is considered to be the best aiternative.

-, D + e
w roCedure SIeps

The following steps should be used to compute the expected Net Annual
Benefit of a countermeasure:

1. Determine the estimated initial implementation costs, esti-
mated annual Operation & Maintenance costs, predicted net
salvage value, and estimated service life of the counter-
measure.

2. Estimate the expected benefits {in dollars) for the counter-
measure.

3. Select an estimated interest rate.

4, Compute the expected Equivalent Uniform Annual Benefit, EUAB,
as in Step 8 of the Benefit-to-Cost Ratio Method,

[l ~ o~ —~e L I omoae T - [ L T
. Compute tne estimated tquivalent Un m Annual

ii for
as in Step 3 of the Benefit-to-Cost Ratic Method,

—ry

ot iy L
Cost, EUAC,

6. Calculate the expected Net Annual Bernefit of the counter-

measure by subiracting the estimated TUAC from the expected
EUAB.
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This method is used to_select countermeasures that will insure maxi-
murz total benefits at each location. As an example, suppose leccation A is

being considered for improvement. The alternative improvements with the
corresponding B/C ratio and expected net benefit values are given in the
following table:

Comparison of Net Benefit to B/C Ratioc

Alternative B/C Net Benefit
1. Sign and Stripe 12.0 10,000
2. Pavement Overlay 7.0 20,000
3. Overlay, Sign and Stripe 5.0 25,000
4., Reconstructiocn 2.0 200,060

Using the Benefit/Cost Ratio rethods, Alternative 1, would be select-
ed, while the Net Annual Benefit methoa would result in the selecticn cof
Alternative 4. The benefit-to-cost ratio will allow for the selection of
several low-cost alternative improvements which may enhance project selec-
tion on & systemwide basis. However, these improvements may not offer the
optimum benefits for each individual Tocation. On the other hand, the net
benefit method results in the selection of countermeasures that generally
offer the c¢reatest safety benefits at each location. However, these
alternatives are often high-cost improvements which wmay not be optimal on
a systemwide basis. An agency should, therefore, be aware of both the
expected net benefits and also the bemefit-to-cost ratic (or cost-effect-
jveness, rate-of-return, etc.) for each countermeasure under considera-
tion.

Advantages:

1. Relative ease of calculation.
2. Applicable when the selection of one alternative precludes
the selection of another alternative at the same time.
3. Considers the optimizaticn of benefits for each individual
location. .
Disadvantaces:

1. Requires the placement of a dollar value on a human life.
2. Does not consider the optimization of benefits on a
systemwide basis.

This procedure is generally applicable for agencies with no objecticn

to assicning dollar values to human lives and agencies whose primary
objective is to insure selection of the most appropriate countermeasures
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on a location by location basis.
® Example

Using the sample problem from the cosi-effectiiveness proceaure, the
following estimated values were obtained from Figure 58.

EUAC = $32,550
EUAB = $45,0060

o

The expected Net Annual Benefit = (EUAB - (EUAC)

$45,000 ~ $32,550
$12,450

o

This value may represent a favorable benefit. It requires comparison

to other competing countermeasures to determine its seiection for this
location,
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Activity 10 - Select Projects

Purpose

The purpose of this activity is to select a safety countermeasure 7or
a hazardous location based on an economic analysis and other consicera-
tions.

Overview

The selection of a safety project for a site is the primary output of
Process 3 {"Conduct Engineering Studies") of the Planning Component of tne
HSIP. Based on a comprehensive study of the hazardous location and tlne
detailed review of the feasible countermeasures, a single safety project
is selected '

In order tec select and implement the nmost favorable project =tc
enhance safety at a location, it is necessary that all important factors
be considered. These factors will include both economic and non-econonic
considerations. A 1ist of factors which may need to be considerec
include: :

Economic analysis results.

Effect on safety.

Effect on highway capacity.

Effect on air and noise pollution.
Effect on area surroundings.
Energy conservation.

Possible inplementation period.
Citizen opposition.

Available funding sources.

Budget limitaticns,

e 9 ® 0o 0 0 ¢ ©® & 9

The factors used in the selection process are chosen based on their rele-
vance to the study area. Not &ll factors may be important in the selec-
tion of alternatives.

@ Description of Factors

Econoniic Analysis

Prinary to the selection of a safety project are the economic
analysis findings determined as an output of Activity 9. This analysis
will provide a measure of the economic attractiveness of an investrent for
a countermeasure. 1t basically determines whether a feasible
countermeasure is expected to provide significant benefits to warrant iis
implementation. In some cases, the selection of a courtermeasure is based
solely on the economic analysis results. Other factors, such as those
given below,however, should be included in the selecticn process.
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Effect on Safety

In many cases, the effect a countermeasure may have on the overall
safety at a location is taken into account in the economic analysis. How-
ever, other considerations are incluced in the economic analysis which may
reduce the impact of the safety considerations {the Net Benefit Method may
be an exception). Therefore, the overall impact of the countermeasures on
the anticipated safety improvements may be considered.

Effect on Highway Capacity

In many cases, a safety improvement at a location will result in e
change in the available capacity of a facility. For instance, the addi-
tion of an exclusive Teft-turn lane will increase the available capacity
while implementing a left-turn phase at a signalized intersection may
decrease the total intersection capacity. These impacts may be critical
in future years. Any possible inpacts should be noted and documented.

Effect on Air and Noise Pollution

Many agencies have developed or are currently developing general
estimates for the anticipated impacts of air and/or noise poilution
related to & roadway improvement. Where these sources are unavailabie,
NCHRP 133 {1] can be used to determine the anticipated effect of the
improvements on air and/or noise pollution in the area. The possible
impacts should be recorded and documented.

Effect on Area Surroundings

In some cases, the possible impact on an area following a safety
improvement may result in increased land values and increased employnent
opportunities. An example may include the construction of a two-way
exclusive left-turn lane along a strip comnercial area. By making the
area more accessible, it may become more attractive, thereby increasing
its value to 1ts owners. Where they occur, these impacts should be
considered,

Energy Conservation

Where countermeasures are such that vehicle delay is reduced, an
improvement to energy conservation efforts results. Energy considerations
being a major concern as they are today, energy conservation efforts may
be a factor in the selection of a counterneasure.

Possible Implementaticn Period

__The implementation period is the time period from the initial approv-
al tor construction or 1mplementation of a countermeasure to the conple-
tion of the project in the manner in which it was designed. It niay repre-
sent a key factor in the selection of a countermeasure. For instance, a
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high number of recurring accidents at a location may require that irwe-
diate attention be given to the location. If a long implementation period
is required, an alternative improvement with a shorter implerentaticn
perioc (with reazsonably similar benefits and cost-effectiveness) may be
selected, or interim measures (short-range projects) may need to be impie-
mented. These effects may need to be documented and used as & Tactor in
the selection process.

Citizen Involvement

Citizen opposition represents an important factor in the selection of
countermeasures. Since the agency recommending an improvement is & repre-
sentative of the public, input received from the public should be reviewed
with interest. Although it is not &lways feasible or necessary to plan
safety countermeasures based on public opinion or sentiment, the views
received may provide valuable input in the selection process. They may
also serve as criteria in the planning or implementation of similar,
future safety projects.

Available Funding Sources

Rased on the recent Highway Safety Act of 1966, funding is availabie
for many safety projects. The Federail share of costs typicaliy ranges
from 75 to 100 percent. In addition, Federal Aid-Urban and other funds
can be used to frplement a safety project. Applicability and availability
of these funds should be checked. A 1ist and description of various fund-
ing sources is inciuded in Appendix H.

The importance of these funds can be envisionea based on considera-
tion of the cost of certain countermeasures. Limited tlocal bhudget
rescurces micht restrict certain safety improvements. This assistance,
primarily in the Highway Safety Act funds, has resuited in significant
improvements in safety practices throughcut the United States [zl.

Budget. Limitations

Limited local budgets will restrict the selection of certain counter-
measures. The extent that a countermeasure will detract from the budget
and the implementation of other programs in its place should be noted.

@ Selecticn Methods

Two methods are primarily used. The first method reviews each sel-
ected factor subjectively and determines the impact of each countermeasure
to the selected factors. For instance, it may be determined that each
countermeasure has little or no effect on roadway capacity. However,
ancther alternative may be anticipated to create significant public oppo-
sition. A third alternmative may have prohibitive costs. These impacts
and the countermeasures are judged against one anotner with the indiviaual



evaluators selecting the most desirable countermeasure. In this approach,
the economic analysis findings are usually a prime consideration in the
countermeasure selection.

A seccenc rethedé provides a guantitaetive neans of selecting alter-
natives. The form is:

RT = é’ [P
1191 £ Wi Ly -
i
where R1 = rating index.
W = weighted value for factors “i".
L = Tevel of impact of factor “i™.

I o
Tacuors.
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The rating index (RI) of each countermeasure evaluates the counterneasuras
based on a weichted rating of the selected factors as they impact the
countermeasure. A higher RI value will result in a nore desirable coun-
termeasure. This value should not, however, be used to select the imple-
nentation of projects on an areawide basis.

In assigning weights to the facters, the economic analysis factor
typically receives the largesti weight. Ofher weicghis are assicned accord-
ingly based on an agency's objectives in the study of the site. The sum
total of weights should equal 100 percent.

The inpact level refers to the irpact of & countermeasure cn the
selected factors. The impacts are reviewed against a scale to determine
its level of impact. Various schenres have been used to rate the level of
application,

A suggested scale fiay be:

- undesirable or infeasible.

- major negative impact (not desirable).

- moderate negative impact {less desirable}.
minor negative impact (desirable).

- very little negative irpact {very desirabie).

- no negative impact (highly desirable).

B W = O
]

In selecting a scale, the key criteria is that an agency be consis-
tent in its use of the scale, particularly when assessing countermeasures
for the same location.

1t should be noted that both countermeasure selecti

appr roaches can

n
be performed by @ single individual or a study team. The tean approach
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may be favorable since it can obtain viewpcints from varying disciplines.
However, in the team approach, all team members should be fully aware of
the study objectives and should be oriented to the team solution of the
situation.

® Other Consicerations

When a countermeasure is being planned for input onto an implementa-
tion schedule, several factors need to be considered.

1. Although the economic analysis and other input data will select a
favorable countermeasure for & location, systemside planning by
an agency may result 1in the countermeasure being implemented
several years in the future. In this case, interim measures
(short-range improvements) may need to be implemented to provide
irmediate relief for some of the safety problems. These interim
measures should be included in the overall programming schedute
since they typically require additicnal funds above the regular
maintenance and operations funds.

interin measures may be planned for the period until funds are
made available. A lapse of several years may occur between ini-
tial application for funding and final approval. During this
period, interim improvements tc relieve immediate safety concerns
may be necessary.

2. Where federal funding of a project is anticipated or planned,
r

3. For a project planned for inplementation "x" years in the future,
continued wmonitoring of the Tlocation should be made to assure
that the planned improvements will be applicable at the time of
jmplementation. Changing conditions may have altered the problem
or an interim measure may have been implemented and resolved the
safety problem. In both cases, the planned improvement will not
be necessary as in its original form.

Consideration of these factors can result in improved safety during
the interim perioa prior to project implementation. The result will be
more favorable safety conditions at the location.

@ Example

An example of the index method is shown for a signalized intersec-
ticn. Three countermeasures are being studied for consideration 1in
i ‘ he selected and assumed weights are:

e e W oV 81w

T T P L. |
eieCliny d oihy:

t
S

!

Economic Analysis Finaings - 40%
Effects on Capacity - 10%
Effects on Air and Noise Pollution - 10%
Available Funding Sources - 20%

Budget Limitations - 20%

e ¢ O 9 &
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he
(RI's

impact

Table 63.

level of
are shown in Table 63.

Rating indices of countermeasures.

the factors and the resulting rating indices

\\?‘aﬁtermeasure

A

B C
Input Itemgg\\\\_(l)WT. (2)LEVEL | {1}1x(2) (1)WTP. | (2)LEVEL [(1)x(2) (LIWT, | {2LEVEL | {1 x(2)
.E¢onomic Analysis
Findings 0. 40 4 1.60 6.40 5 2.00 n.40 2 i 0.
.Effects On |
Capacity 0.10 2 0.20 0.10 4 .40 0.10 2 | e.2n
.Effects On Air
And Noise
pPollution 0.10 1 0.10 0.10 4 0.40 n,1n 3 0.30
.Avzilable
Funding
Sources 6.20 3 n.60 0.20 3 N, 60 n,2n 5 1.00
.Budget
Limitations 0.20 3 0,60 0.20 4 n. RO B.20 1 n,20
TOTAL 1.00 — 3.10 1.00 — £.20 1.00 — 2.50
Based on these findings, Alternative "B", with an RI value of 4,20,
P ] L] N B - . = .
would be seiected for implementation.
Findings

The findings of this activity will result in

safety project for the hazardous location.
objectives developed at the outset of the safe

w
o
()

It should meet the
ty study and be eccnomic



feasible. The s?lected project will serve as input to the programming of
projects for implenentation.

Inputs And Outputs Of Activity

@ Inputs

e Economic analysis of alternatives.
e Other input factors.

® Outputs

e Selected project for a location.
e Interim measures.
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RP-8, 1977, IES Roadway Lighting Committee, dJdournal of I[ES, October,
(1977).

Transportation and Traffic Engineering Hancdbook, Institute of Traffic

Engineers, Prentice-rail, Inc., (19/6).

Subprocess 1, Activity 3, Procedure 23 - Traffic Control Device Studies

1.

Manual of Traffic Engineering Studies, Institute of Transportation
Engineers, (1976).

Transpartation and Traffic Engineering Handbook, Institute of Trans-
portation tngineers, Prentice-Hall, Inc., (19/6).

Pignataro, Louis B., Traffic Engineering; Theory and Practice,
Prentice-Hall, Inc., (18/3).

Manual of Uniform Traffic Control Devices, U.S. Department of Trans-
portation, rederal nighway Administration, (1978).

Speed Enforcement Poiicies and Practices, David K. Witheford, Eno

Foundation for Transportation, (197C).

Subprocess 1, Activity 32, Procedure 24 - Bicycle and Pedestrian Studies

1.

Node] Pedestrian Sarety Prog - User's Manua], U.5. Department of
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78-6, June, (1978).

Safety and Locational Criteria for Bicycle Facilities User's Manual
Volume™ I: "Bicycle Facility Location &riteria, U.S. Uepartment of
Transportation, Federal Highway Administraticn, FHWA-RD-/5-113,

February, (1976).

Safety and Locational Criteria for Bicycle Facilitijes User's Manula
Volame [1: Design and safety Criteria, U.S. Uepartment of iransporta-
tion, rederal Highway Adminisiration, FHWA-RD-75-114, February,
(1976).

Transportation and Traffic Eng neerwnq Handbook, Institute of Trans-
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portation tngineers, Prentice-Hall, Inc., (1976).

Manual of Uniferm Traffic Control Devices, FHWA, (1978).
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Subprocess 1, Activity 4 - Select Techniques

1.

Subprocess 1, Activity

Institute of Transportation Engineers, Manuai of Traffic Engineering

Studies, {1976}.

Institute of Traffic Engineers, Transportation and Traffic Engineering
Handbook, Prentice-Hall, Inc., (19/6).

Pignataro, Louis B., "Traffic Engineering Theory and Practice",
Prentice-Halil, Inc., (1973}.

"Oata Collection Guidelines and Analysis Techniques, Part I", Informa-
tional Report, Technical Council Committee 6U, Traffic Engineering,
May, (1975).

Institute of Traffic Engineers, An Introduction to Highway Transpor-
tation Engineering, (1968).

o

- Perform Procedures

1.

.Manual of Traffic

Tl

ncineering Studies, Institute of Traffic Engineers,

{19767,

Manual on Indentification, Analysis and Correction of High Accident

Locations, FHWA, April, (1S76).

Traffic ancd Transbortation Engineering Handbook, Institute of Traffic

tngineers, (19/0).

A Procedure for the Analysis of High Accident lLocations, Wayne State

University, Pecember, {19/0).

Subprocess 1, Activity 6 - Identify Safety Deficiency(s)

i.

Manual on Identification, Analysis and Correction of High Accident

ocations, THWE, AoriT (19767,

Traffic and Transporiation Engineering Handbook, Institute of Traffic

cngineers (1Y/0).

Box, Paul, C., "Accident Patiern Evaluation and Countermeasure", Traf-
fic Engineering, August, {1976).

Abramson, P., "An Accident tvaluation Analysis®, Transporatation Ke-
search Record 486, TRB, (1974).

Accident Research Manual, University of fligrth Carolina - Highway Safe-
Ty Research Lenter, wanuary, (1980).
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Lowden, P.R., and Ray, J.C., "Highway Safety”, Institute of Traffic
and Transportation Engineering (University of California), (1968).

A_Procedure for the Analysis of High Accident Locations, Wayne State

Universitly, Decembér, 19/6.

Pignatarc, Louis J., Traffic Engineering: Theory and Practice,
Prentice-Hall, Inc. (19737.

Manual ¢f Traffic Engineering Studies, Institute of Transportation

tngineers {(197¢],

Subprocess 2, Activity 7 - Develop Feasible Countermeasures

1.

10.

11.

Manual on Identification, Analysis and Correcticn of High Accident
Locations, FRWR, April (IG/6G).

“Continuing Accident Surveillance Programs", ITE Technical Notes,
April, (1879).

Box, Paul C., "Accident Pattern Evaluation and Countermeasures”, Traf-
fic Engineering, August, (1976).

A Procedure for Analysis of High Accident Locations, Wayne State Uni-
versity, Lecember, (13976).

Bierman, H., Bonini, C.P., Hausman, W.H., Quantitative Analysis for

Business Decisions, Richard 3. Irwin, Inc., Fitth tdition, (1977).

Wagner, H.M., Principles of Operations Research With Applications to
Mangeriai DeciSions, Prentice-Hall, Inc. (1969).

Killer, F.S., Lieberman, G.J., Operations Research, Holden-Day, Inc.,
(1974).

Laughland, J.C., Haefner, L.E., Hall, J.W., Clough, D.R., "Methods for
Evaiuating Highway Safety Improvements" National Cooperative Highway
Research Program, Report No. 162, (1975).

Ogren, J.R., "A Multidisciplinary Team Study of High Accident Loca-
tions", Report No. JHRP-78-18, Indiana State Highway Commision, FHWA,
October, (1978).

Railroad-Highway Grade Crossing Handbook, TS-78-214, FHWA, August,

(19787.

Traffic and Transportat{on Engineering Handbock, Institute of Traffic
Engineers (19767.




12.

13.

14.

Pignataro, Louis J., Traffic Engineering: Theorv and Practice,
Prentice-Hall, Inc. {19737,

Accident Research Manual, University of Nerth Carolina-Highway Safety
Research Cenier, January, (1980).

Lowden, P.R., and Ray, dJ.C., "Highway Safety", Institute of Traffic

******

Abramson, P., "An Accident Evajuation Analysis", Transportation Re-
search Record 486, TRB, (18974}.

Subprocess 3, Activity 8 - Predict Accident Reduction Capabilities of

countermeasurss

1. Laughland, J.C., ™Accident Reduction Factors ODeveloped At The
National Level®, FHWA, DRAFT, dJune, (1980).

2. Methods for Evaluating Highway Safety Improvements, NCHRP 162, Trans-
nortation Research Board, [i%/5). )

3. Roy Jorgensen and Associates, “Evaluation COf Criteria For Safety
Improvement (On The Highways, B8ureau of Pubiic Roads, October,
{1966).

4. Traffic and Transportaticn Engineering Handbook, Institute of Trans-
portation Engineers, (19/0;.

5. Solomen, D., Starr, S., and Weingarten, H., Quantitative Analysis of
Safety Efforts of The Federal Highway Administration, FHWA, Office of
Researcn and Uevelopment, rFebruary, (19/0).

6. Council, F.M., and Hunter, W.W., Implementation of Proven Technology
in Making the Highway Environment Sate, Chapal Hill, NC: University
of North Carolina, Hignway Safety Kesearch Center, August, (1975).

7. Texas Department of Highways and Public Transportation, Guide to the
Highway Economic Evaluation Model, Austin, Texas, February, (1976).

8. Winfrey, Robley, Economic Analysis for Highways, Scranton, PA: In-

ternational Textbook Co., {(1965]).

Subprocess 3, Activity ¢, Perform Economic Analysis

i.

"Estimating the Cost of Accidents", Bulietin No. T-113-79, National
Safety Council, (1979).
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16.
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National Highway Traffic Safety Administration, U.S. Department of
:rﬁnqnnr+a+1mn ﬂnrnmhmr f107h\

LOL Wity T T [N SR VB IS

Laughland, J.C., Haefner, L.E., Hall, J.W., Clough, D.K., "Methods
for Evaluating Highway Safety Improvements®, Report No. 162, National
Cooperative Highway Research Program, (1975).

Pignatare, L.J., Traffic Engineering - Theory and Practice, Prentice-
Hall, Inc., (1973).

"Evaluation of Highway Safety Projects - Users Manual", Federal High-
way Administration, U.S. Department of Transportation, (1978).

Winfrey, R., “Traffic Accident Costs in Economic Analysis", Highway
Users Federation for Safety and Mebility, November, (1971).

"Highway Safety Program Costs Compare to Benefits Received", Highway
Safety Research Center, University of North Carolina, June, (1967).

Martin, et al., Prin 1p1es and Techniques of Predicting Future Traf-
tic Demand for Urban Arsa Transportation, MIT Repor No. 3, MIT

Press, {1961).

R.L. Creighton, Urban Transportation Planning, University of I1linois
Press, Urbana, IIT , (1970).

Silver and SLowers "Population, Economic, and Land Use Studies in
Urban TrapsportthOn Planning,™ BPR, July, (1964).

Fratar, "Forecasting Distribution of Interzoral Vehicular Trips by
Success1ve Approximaticns” in HRB, Veol. 33, (1954).

Hall, J.W., Carter, E.C., "Cost-Effectiveness of Traffic Accident
Countermeasures“, Inst1tute of Traffic Engineers, Compendium of Tech-
nical Paper, Augqust, (1973).
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Hall, J.W., "Safety Benefits from the Categorical Safety Programs®,
Transportat1on Engineering, February, (1978).
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ider, R.H., es ~-Effectiveness in Highway Safety", Traffic
gln ring, Decem r, (1976).

Roy Jorgensen Asscciates, Inc. and Westat Research Analysts, Inc.,
"Evaluation of Criteria for Safety Improvements on the Highway",

(1966).

Manual on Identification, Analysis and Correction of High Accident
Locations, Midwest ~Research Institufe, Misscuri State Highway
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Commission, Federal Highway Administration, U.S. OCepartment of
Transportation, (1975).

Informational Guide for Highway Safety Improvements, Washington
Trattic Safety Uommission, Federal nighway Aaministration, U.S.
Department of Transportation, (1978 Editien).

Subprocess 3, Activity 10 - Select Projects

1.

Procedures For Estimaﬁing Highway User Costs, Air Pollution, and
Noise Effects, NCHRP 133, Highway Research Beard, (1972)

dall, T.A., "National Highway Safety Program Effectiveness,” Trans-
portation Engineering Journal, ASCE, July, (1678)

Laughland, J.C., Haefner, L.E., Hall, J.W., C]ough, R "Methods
16

for tvaluating Highway Safety Improvements,” Report No. 2 National

’ Cooperative Highway Research Program, (1975).

Pignataro, L.J., Traffic Engineering - Theory and Practice, Prentice-
Hall, Inc., (397377

"Evaluation of Highway Safety Projects - Users Manual," Federal High-
way Administration, U.S. Department of Transportation, {1978).

Roy Jorgensen Associates, Inc. and Westat Research Analysts, Inc

“Cyaluation of Criteria for Safety E&ﬁ;éveméﬁgg on th° H1ghway“,‘
(1966).
Manual on Identification, A f Hiagn Accident
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sion, Federal Highway Administration, U.S. Department of Transporta-
tion, {1975).

informaticnal Guide for Highway Safety Improvements, Washington Traf-
Tic Safety (ommissicn, Federal Highway Administration, U.S. Depart-
ment of Transportation, {1978 Edition).
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APPENDIX B. CGLOSSARY CF TERMS

AASHTG - American Association of State Highway and Transportation
Tficials

iy

ACCIDENT - Any unplanned event that results in injury, property damage, or
Toss.

ACCIDENT -BASED EVALUATION - The assessment of a highway Safety Project or
program in terms of the extent to which the nunber and severity of acci-
dents are reduced.

ACCIDENT -BASED PRGCEDURES - The study procedures used to analyze the acci-
dent activity or pattern at a location.

ACCIDENT CAUSALITY CHAIK - The chain of events {major causal factor -
major contributor factor - safety preoblem) which lead to¢ accident exper-
ience or accident potentiel.

ACCIDENT COSTS - The doliar vaiue of an accident relatiny the costs of the
number of fatalities, injuries, and property damage involved in an acci-
dent. These costs mey be defined by a State agency, the National Safety
Council (NSC}, or the Naticnal Highway Traffic Safety Acdmiristration
(NHTSA). .

ACCIDENT FREQUENCY - The rurber of accidents whick occur during a speci-
fied perioc of time (i.e., accidents per year, accidents per three
years ). -

ACCIDENT PATTERN TABLES - Tables used in identifying feasible safety
countermeasures as a function of the accident type and "probable cause®.

ACCIDENT POTENTIAL - An impending accident situation characterized by an
unsafe roadway conditicn.

ACCIDENT RATE - The number of accidents which occur during a specified
period of time, divided by a measure of the degree of vehicular exposure
over the same period.

ACCIDENT REDUCTION FACTORS -~ Values of percent accident reduction derived
Trom the observed accident recuction on cne or several highway safety
projects or programs.

ACCIDEMNT REPORT - A written report containing data concerning an indivi-
dual accident including time, place, Tlocation description, property
demage, injuries, viclations, and possible cause. Such reports are sub-
mitted either by the investigating officer or the involved motorists.

ACCILENT SEVERITY - A measurs of the sericusness or violence of an acci-
dent or all accidents at a highway location. Accident severity may Le
expressed in terms of the number of fatalities, injuries, or property
damage accidents or involvements which occur during a specified pericd
of {inie.
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ACCIDENT SURROGATE OR PROXY - Measurable traffi

ic
behavioral characteristics which have cuantita

operational or driver
ive relationship with

+

L
accident measures and can be used as a substitute for accident exper-
ience.

Qe W T IR RN [RRZ e Huu”b

The specific acc1dent occurrence as related by the speci-
Al
€(s).

o~ 1y 4
=nts of the involved venicl

ACCURACY ~ The degree of freedom from error by which a measurement is
takenr or an operation performed, For example, if a measurement is
stated & 1.02 + 0.05, accuracy is plus or minus five hundredths.

ADEQUATE GAP TIME - Safe crossing time for a group of pedestrians as a
function of the crossing distance, the number in the queue, and time
between queuss.

AERTAL SURVEILLANCE METHOD - Photographic technigue from an overheaa posi-
tion, usualiy using an airplane or helicopter.

CL

ANNUAL VOLUMES - §§t1mat

for a “\rlear]w ( A5 da "S}

LV T o}

or actual volume of traffic using a facility

erind.

L

APPLARANCE - In roaaway serviceability studies, the general appearance of
the pavement.

-

APPROGACH TIME - Time used by any vehicle to traverse approach delay sec-
ion

APPROACH DELAY - Approach time minus the approach free flow time.

APPROACH WIDTH ~ Distance accross a roadway from curb-to-curb or curb-to-
median for divided facilities. ,

ASTM - American Society of Testing Materials

AUTOMATED COLLISION DIAGRAMS - Accident collision diagrams using computer
piotting tecnniques to plot collisions.

AVERAGE ANNUA
r

-,
the numbe

DAILY TRAFFIC (AADT) - The totai yearly volume divided by
days in ia

|

1
o~
1

3

year.

=l
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BASE FAILURE - Pavemenit cracking or breaking loose due to failure in base
or sub-base material of rcadway.

BENEFIT~COST RATIO - The economic value of the reduction in fatalities,
nJjuries, ana property damage divided by the cost of the accident reduc-
ing measure.

BOTTLENECK - Physical or geometric features of a street of freeway which
recuce the facility's capacity (or ability to accomodate flow) as com-
pared to other locations con the same facility.
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CANDIDATE COUNTERMEASURE - Feasible improvement to reduce safety hazards
at a site.

CAPACITY - The maximum number of vehicles which has a reasconable expecta-
tion of passing over a given section of a lane or a roadway in one
directior (or in both directions for a two lane or three lane highway)
during a given time pericd under prevailing roadway and traffic condi-
tions.

CATEGORIAL PROGRAMS - Highway safety improvement classification provided

i T RV
i race o-6=-c-1L.

CHI-SQUARE DISTRIBUTION - Distribution of test statistic used to test the

null hypotnesis of "independence" for two or more variables.

CLASSIFICATION VOLUME - Volume count of vehicles by specific type of vehi-

cle, i.e., truck, passenger vehicle, or other simiiar breakdowns.

CLUSTER ANALYSIS - Method of accident pattern identification by eye in-

spection method, i.e., & visual search of accident data.

COLLECTOR STREET - Provides for traffic movement between major arterials

and local streets, with direct access to abutting property.

COLLISION DIAGRAM - A schematic drawing that shows the direction of trav-
el, prior to contact, of the vehicles and/or pedestrians whose presence
contributed to the collision.

COMPARISCN SITE(S) - A site or group of sites with similar characteristics
which are not exposed to the same countermeasure as the project site,
used to aid in determining if the results achieved by the treatment
group are a consequence of the countermeasure rather than the result of

some outside influence.

COMPONENTS - Refers to the three general phases of the HSIP; (1) Planning,
(2] 1mplementation, and (3) Evaluation.

COMPUTER TECHNIQUES - Use of computer facilities in recording, collecting,
analyzing, and outputting data.

CONDITION DIAGRAM - A scaled drawing of the important physical conditions
of a nighway spot or section. [t is used toc relate the accident pat-
terns on a collision diagram to the roadway and operational event at the
hazardous location.

CONFIDENCE INTERVAL - A range of numbers computed from sample data, that
Torm an interval which has a probability of including tne population

v amat av
Hal dingi ol

CONFIDENCE LIMITS - The upper and lower limits of the confidence inter-
val. ‘
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CONTRIBUTING CIRCUMSTANCES - Informaticn identifi

form which mav be usad fo suyacest possible ~
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mation is supplied by the reporting officer.

CONTROL OF ACCESS - The condition where the right of owners or occupants
of abutting land or otner personc o afcnss 1igh air, or view in
connection with a highway is fully or partially CO!’ILT’OHEC’! by public
authority Full contrcl of access means that authority to control

access 1is exercised to give preference to through traffic by providing

access connections with selected public roads only and by prohibiting
crossings at grade or direct private driveway connection. Partial
control of access means that the authority to control access is expected
to give preference to through traffic ftc a degree that, in addition to
access connections with selected public roads, there may be some

crossings at grade and some private driveway connections.

CORRECTABLE ACCIDENTS - Accidents which could be alleviated by means of a
feasible safety-related countermeasure specific to the study site.

COST/BENEFIT ANALYSIS - A form of econcmic evaluation in which input fis
1a
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economic benefit of a prodect as compared to the incurred cost of the
project.

COST-EFFECTIVE ANALYSIS - A comparison study between the cost of an im-
provement {initial plus upkeep) and the benefits it provides. The lat-
ter may be derived from accidents reduced, travel time reduced, or
increased volume of usage, and translated into eguivalent dellars
saved.

COUNTERMEASURE - A specific activity intended to improve one or more as-
pects of the traffic safety or contribute to the solution of a specific
accident problem.

[~

intersection by summing the cobserved volumes of critical movements (as a
function of signal phasing) and comparing tc design values.

CRITICAL MOVEMENT ANALYSIS - Method to compute the level of service of an

CYCLE SAMPLING METHOD - Method to compute the level of service of an in

T A A A iy mommnmm ] A ddaa Faad kAT Abs AL mnmle mym A mara mmmias a- e
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comparing to the number of cycles during the sampling pericd.

DATA BASE - The document collection or file of coliected data which serves
as the basis of an information retrieval system.

DATA COLLECTICN - The process of accumulating statistical information re-

tating to the empirical effects of a highway safety project.

DATA SET - A set of data pertaining to a single site or a single data
collection period.

DATA TABULATION - The process of displaying experimental resulis in a
table so that the information can more readily be interpreted.

3
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DIVIDED HIGHWAY - A highway with separated roadways for two directional
traffic.

"DO NOTHING" ALTERNATIVE - An alternative which refers to the existing
state of the system.

ECONOMIC ANALYSIS -~ Determination of the cost-effectiveness of a project
by comparing the benefits derived and the costs incurred by a project.

EFFECTIVENESS EVALUATION - A statistical and economic assessment of the
extent to which a highway safety project of program achieves reduction
in the number and severity of accidents (accident-based evaluation), or
the intermediate impact of a project on observed traffic operations and
road user behavior (non-accident based evaluation).

EFFECTIVENESS MEASURES - Indications of the extent to which program objec-
tives are being attained.

EIS - Environmental Impact Statements.

85TH PERCENTILE SPEED - Vehicle speed at which 85 percent of vehicles
arive at or below. It is commonly used in assigning speed limits for a
section of roadway.

ENGINEERING - Perifaining to nighway and traffic engineering, includes de-
sign, construction, maintenance, and traffic engineering and other
branches having to do with the physical highway plan.

ENVIRONMENTAL BASED STUDIES - A study that involves coliection and analy-

sis of all informatien related to the physical features of the roadway
for specific spots, sections, and elements.

EPDO - Equivalent Property Damage Only Accidents. A measure of accident
experience based on attaching weights to accident severity categories as
multipies of property damage only accidents.

ERRATIC MANEUVER - An unusual action by a road user which could lead to &
traffic accident.

EVALUATION - A comparison process that measures an item of activity
against certain predetermined standards or criteria. A judgement of
vaiue or worth.

EVALUATION COMPONENT (HSIP) - The third of three HSIP components. This
component censists of one process and four subprocesses which involves
the determination of the effect of Highway Safety Improvements through
the appropriate use of 1) non-accident based project evaluation, 2)
accident based project evaluation, 3) program evaluation, and 4) admin-
istrative evaluation.

EVALUATION OBJECTIVE - A brief statement describing the desired outcome of
an evaluation study.
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EXPECTED RANGES (ER'S) - Estimates of the variance associated with acci-
dent reduction factors (See ACCIDENT REDUCTION FACTCRS ).

"EXPECTED VALUE” ANALYSIS - Method to define a pattern of accidents by
develcping an expected value or range of values of an accident charac-

%eriétics from comparison sites and comparing these values to the study
ocation.

EXPOSURE - The quantity of vehicles, vehicle-miles of travel or other
voiume and/or time related factor which measures the degree of venhicular
exposure to a particular situation.

FATALITY ACCIDENT - An accident event involving at least one fataiity.

FHPM - Federal-Aid Highway Program Manual.

FIELD REVIEW - The observance of field conditions at a site by reviewing
tne site conditions using either manual or photographic techniques.

FOG_INDEX - An index used in the measurement of fog density by identifying
the visual range of a study area under fog conditions.

FREQUENCY - Number of observations falling in a cell or classification
category.

FUNCTIONAL CLASSIFICATION -~ Division of a transportation network into

classes, or systems, according to the nature of the service they are to
provide.

FUNDAMENTAL OBJECTIVES - Four evaluation objectives which should always be
included Tn Accident-based evaluation. These objectives are to deter-
mine the effect of the prcject/program on; 1) total accidents, 2) fatal
accidents, 3} injury accidents, and 4) property damage accidents.

GAP - Time or distance between successive vehicles in a traffic stream.

GAP ACCEPTANCE - The acceptance or use of a gap in a major stream of traf-
fic by a minor stream traffic flow.

GAP DISTRIBUTION - The freguency and range of measured gaps in a traffic
stream.

GAP STUDIES - A study conducted to measure the time headway or GAP between
vehicles along & highway section (or at a point), and to analyze the GAP
acceptance characteristics where a minor or alternate traffic stream in-
tersects a major traffic stream.

GRADIENT - Ratio of vertical to horizontal lengths.
GROUND {EVEL METHOD - Filming method to obtain traffic data. Camera is

usuaily situated on a pole above the area to be viewed so as to provide
a clear visual picture of the Tocation's activities.
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HAZARD - Conditions which exist on the highway system which are conducive
to future accident occurrences.

HAZARDOUS LOCATION - Highway spots, intersections or sections experiencing
abnormally nigh accident occurrences or potential.

HAZARDOUS ROADWAY FEATURES INVENTORY METHOD - A technique of selecting
sites with a potential for high accident’ severity or numbers on the

basis of identification of hazardous roadway features; Narrow Bridges,
Steep Roadside Slopes, etc.

HEADWAY - Distance between successive vehicles in a traffic stream.

RIGH COST PROJECT - Major highway safety projects which require a signifi-
cant initial cost outiay. Examples include lane additions, bridge re-

v N |
placements, roadway alignment changes, constructing highway grade separ-
ations, etc.

HIGHWAY CAPACITY MANUAL - (Highway Research Board Special Repert No. 87).
It displays associated tables, charts, and formulas required tc assess

the level of service for freeway, ramp, weave sections, roadway links,
and signalized intersection areas.

HIGHWAY SAFETY GOAL - Expected safety improvements resulting from a high-
way safety program.

HIGHWAY SAFETY PROJECT - One or more remedial countermeasures instituted
Lo Improve specitic safety deficiencies on the highway or its environs.

HIGHWAY SAFETY TREATMENT - A single remedial countermeasure instit

[Lut o R e i Luvuiiu et e G

mprove the overaii safety env1ronment of the highway system.

HISTOGRAM - Graphical method for describing a set of data.

erm denoting a pubiic way Gr‘ pur
ng the entire area within the ricght-

HOURLY VOLUME - Volume of vehicular or pedestrian iraffic for a 60-minute
or one-hour period.

HSIP - Highway Safety Improvement Program, defined in FHPM §-2-3.

HYDROPLANING - A cenditien where one or more tires of a moving vehicle are
separated from the pavement by a film of water; usually due to a combin-
ation of depth of water, pavement surface texiure, vehicle speed, tread
pattern, tire pressure, and other factors.

component consists of one process and three subprocesses which invoive;

1) the scheduling, 2) the design and construction, and 3) the opera-
tional review of project(s).

IMPLEMENTATION COMPONENT (HSIP) - The second of three components. This
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IMPLEMENTATION SCHEDULE - A Tlisting of the events needed %o complete a
7

particular project activity. The listing is arranged in a chronologica
sequence accorcing te the time for initiating each event and with an

estimated time of completion.

INJURY_ACCIDENT - An acciden

The moST Severe character

(LR w |

ent involving an injury (Type A,B,or () as

T ev
stic

P

INPUT-QUTPUT METHOD - Method of measuring the intersection travel time by
samp 1Tng the vehicles as they enter into and exit from the study area.

ERCHANGE - A system of interconnecting roadways in conjunction with one
re grade separations, providing for the movement of traffic between
two or more rcadways on different levels.

INTERSECTION - The general area where two or more highways join or cross
Within, which are included in the roadway and roadside facilities for
traffic movements in that area.
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r sight distance in and

INTERSECTION SIGHT DISTANCE - The

around the intersection to
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INTERSECTION VOLUMES -~ The traffic volume, vehicular or pedestrian, re-
corded through the intersection area.

VENTORIES - List of items or occurrences such as roadway and roadside
features, accidents, high accident locations, etc.

ITE - Institute of Transportation Engineers.

LAG - The interval of time between the arrival of a mincr stream vehicle
and the arrival of a major-stream venicle at a reference point in the
area where the streams either cross or merge.

LANE DISTRIBUTION - The distribution of traffic by specific 1

roadway or at an approach.
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LANE OCCUPANCY - A measurement of vehicle presence within a zone of detec-
tion, usualily expressed as the percent of time a given point or area is

’
. Pl
occupiad by a vehicle.

LEVEL OF CONFIDENCE - Probability of accepting the null hypothesis when it
18 true (i-g{).

LEVEL OF SERVICE - Denotes any one of an infinite number of differing com-
oinations of operating conditicns that may occur on a given lane or
roadway when it is accomodating various traffic volumes. It is a quali-
tative measure of the effect of a number of factors including speed,
travel time, traffic interruptions, freesdom to manuever, safety, driving
cemfort and convenience, and operating costs. In practice, selected
levels are defined in tems of paerticular limiting values of certain of
these factors.
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LEVEL GF SIGNIFICANCE - Refers to the outcome of specific statistical test
of hypothesis.

LIGHT METER -~ Meter devised to measure the output of light intensity cf a

T1gnht source.

LOCAL STREET OR LOCAL ROAD -~ A street or road primarily for access to res-

idential, business, or cther abutting property.

LOCATION - The name given to a specific point on a highway for which an

identification of its Tinear position with respect to a known point is

desired. A location may be where an accident occurred, where a roadway
characteristics (such as surface width) changes, where an operational
characteristics (such as traffic volume} changes significantly or where
some mainternance activity started or ended.

LONG-RANGE TRANSPORTATION PLAN - A 10- to 20-year plan that has specific

goals, 1s system- and major-project oriented, and includes the highest
priority projects and a funding projection indicating that funds will
probably be available for the plan's completion.

LOW COST PROJECT - Highway safety projects which reguire low or moderate

initial cost outlays. Examples include pavement edgelining, traffic
signal timing medificaticns, traffic sign installaticn, roadway delin-
gator installations, etc.

MAJOR CAUSAL FACTORS - Specific hazardous elements associated with the
Righway, environment- or vehicle, ar actions associated with the road
user which describe why an actual or potential accicent problem exists.

MAJOR CONTRIBUTORY FACTOR - Elements or activities which lead to or in-
Crease tne probability of a failure in the road user, the vehicle or the
highway environment.

MAJOR STREET OR MAJOR HIGHWAY - An arterial highway with intersections at
grade and direct access to abutting property and on which geometric de-
sign and traffic control measures are usad to expedite the safe movement
of through traffic.

MANUAL COLLISION DIAGRAM - Diagram displaying accident events at a site as
manually prepared by an individual.

MANUAL METHODS - Method to obtain traffic data by physically obtaining

data on-site.

MEAN - Average of a set of measurements. The symbols X and U dencte the
means of a sample and a population, respectively.

MEASURE OF EFFECTIVENESS {MOE)} - A measurable unit or set of units assign-
ed to each evaluation objective. The data collected in the units of the

MOE will allow for a determination of the degree of achievement for that
objeciive.
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MECHANICAL VOLUME COUNTER - A mechanical device used for volume data col-
iection when data are to be collected over long periods of time.

MEDIAN - The portion of & divided highway separating the travelled ways
Tor traffic in opposite directions.

MEDIAN SPEED - 50th percentile or middle value in a speed disfribution
pattern, 1i.e., one-half of the observed values are higher than the
median and cne-half are lower.

MIDBLOCK VOLUME - Volume of traffic recorded on a roadway link between two
major intersectiens.

MODAL SPEED - Speed at which greatest frequency of observations occurs.
The speed most frequently observed.

MODELLING - Means of identifying a relaticnship in an event using mathe-
matical tools.

MONITORING ~ The process of checking the actual progress and comparing it
with the scheduled progress.

MOVING VEHICLE METHCD - Means to determine iravel times and approximate
volumes along a roadway facility by driving in a traffic stream and com-
puting the necessary information using recorded vaiues of 0pposing
volumes, passed traffic volumes, passing traffic volumes, and time.

MULTI-DISCIPLINARY INVESTIGATION TEAM - A group of two or more analytical
personnel with at least one representative from the engineering and
enforcement agencies -and, if desired, representatives from other agen-
cies assigned to advise and assist in the analyses of crash occurrences
and in recommendations and evaluations of corrective measures.

MUTCD - Manual of Uniform Traffic Control fevices

NCHRP - Nationail Cooperative Highway Research Program: an objective
national highway research program supported by participating member
states and the Federal Highway Administration.

NEED - A deficiency which should be corrected in the interests of public
safety.

NET BENEFIT - A measure of cost-effectiveness, gross benefit minus im-
provement cost.

NHTSA - National Highway Traffic Safety Administration.

NODE - An intersection of two major streets.

NON-ACCIDENT MEASURE - A measurable unit of safety which is logically
related to accicent measures such as traffic performence and operation
{travel time, delay and speeds) and road user behavior (traffic control
vioclations and erratic mansuvers).
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NON-CORRECTABLE ACCIDENTS - Accidents ¢f a random nature which are not
specifically amenable to correction by a countermeasure.

NORMAL DISTRIBUTION - A symetrical bell-shaped probability distribution.
Many events in nature have freguency distributions which closely
approximate the normal distribution.

NSC - National Safety Council.

NULL HYPOTHESIS - The hypothesis, tested in statistical analysis, assumes
that there is no difference between the before and after accident ex-
perience.

OBJECTIVE =~ The specific accident or severity measures which are to be
evaluated by the evaluation study. There are two types of objectives:
1) Fundamental objectives refer to those measures which must be evalu-
ated in all studies. They are total accidents, fatal accidents, per-
sonal injury accidents and property damage only accidents; 2) Objectives
retating to project purposes. These objectives may include one or more
of the purposes of the project (See PURPOSE).

OPERATIONAL NON-ACCIDENT MEASURE - (See NON-ACCIDENT MEASURE)

QOPERATIONAL REVIEW (IN THE IMPLEMENTATION COMPONENT) - The cbservation and
adjustment of constructed countermeasures for the purpose of ensuring
smooth and safe traffic flow at the location(s) and that the improvement
was constructed as designed.

PACE - The 10 mile-per-hour range in speeds containing the highest number
of recorded observations.

PASSING SIGHT DISTANCE - Design standard for a given speed o permit safe
passing conditions along & section of roadway.

PATH TRACE METHOD - Method of obtaining travel time and delay information

by ftollowing a single vehicle's path and recording the appropriate
travel time and delay characteristics.

PCR {PAVEMENT CCNDITION RATING) - Method of deriving the serviceabiiity of
a pavement as a function of cracking, ravelling, rutting, base failures,
and other characteristics and comparing to standard values.

PEAK-HOUR VOLUMES - Hourly traffic volumes during the highest or peak
travel periopds at a locatiocn.

PEDESTRIAN CONFLICT - Traffic conflict resulting from a pedestrian move-
ment 1n an area {See TRAFFIC CONFLICT).

PEDESTRIAN VOLUMES - Volume count of pedestrian movement at a locatien.

PERMANENT COUNTERS - Traffic counters permanently installed at a locatien
to record volume (and other data) over a long pericd of time. They may
be used to obtain control counts for volume expansion purposes.
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TTED ERROR - Allcwable difference (measured in percent) in rasults
aired by sampling methods.

PHOTOGRAPHIC TECHNIGUES - Method of data collection involving the use of
f1lm processes, ground level or aerial. It provides a film record of a
highway situaticn.

PHOTOLOGGING - A technique that involves taking photographs of the high-

g@ys and its environment from a moving vehicle at equal increments of
istance.

PLANNING COMPONENT (HSIP) - The first of the three HSIP components. This
component consists of Tour processes (and associated subprocesses) which
involve; 1) identifying hazardous locations and elements, 2) conducting
engineering studies, 3) developing candidate countermeasures, 4) devel-
oping projects based on the candidate countermeasures, ancd 5) priori-
tizing the developed safety improvement project.

POISSON DISTRIBUTION - A distribution which often appears in observed
events whicn are very improbable compared to all possible events, but
which occur occasionally since so many irials occur, e.g., traffic
deaths, industrial accidents, and radiocactive emissions. The mean and
variance of the poisson distribution are egual.
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PCINT-SAMPLE METHGD - Means to obtain delay data by sampling vehicles at
an approach in successive time intervals.

PORTABLE COUNTERS - Mechanical counters able to be installed from site-to-
site. They are usually lightweight and able to be handled by a single
person.

POPULATION - The total set of items defined by a characteristics of the
items.

PRIORITY RANKING - The overall process of producing a rank order of prior-
ity projects and project sections, using technical and non-technical,
guantifiable and non-guantifiable factors as the criteria for ranking.

PRIORITY RATING - A compiex rating for evaluating or comparing projects.

PROBABILITY DISTRIBUTIGN - Representaticn of the theoretical frequency
distribution for & random variabie.

PROCEDURE - Possible ways in which each of the processes ¢r subprocesses

- may be attained. For example, the procedure for conducting engineering
studies {Process 3-Planning Component of HSIP) are: accident-based,
traffic-based, environment-based, and special study procedures.

PROCESS - The sequential elements within each component of the HSIP.

PROGRAM - A group of projects {nof necessariiy similar in type or loca-
tion; implemented to achieve a common highway safety goal of reducing
the number and severity of accidents and decreasing the potential for

T + AT T v oAl
aLlLtyuciiLy U oal s Tudls.

B~12




PROGRAMMING - The matching of available projects with available funds to
accompliish the geals of a given period.

PROGRAMMED PROJECTS - A highway safety project, formally planned for
Tmpiementation at” some point in time. Projects contained in the Annual
work Program (AWP) are programmed projects.

PROGRAM/PROJECT BENEFITS - A measure of the positive effect of a highway
safety program or project given in terms of accident measure reduction.

PROJECT - One or more countermeasures implemented to reduce identified or
potential safety deficiencies at a locaticn on the highway or its envi-
rons. Also, a project may consist of identical countermeasures imple-
mented at several similar Jocations, which have been grouped tc increase

the evaluation sample size.

PROJECT IMPACT - Project effectiveness in achieving the evaluation cbjec-

tives; aiso any unexpected cocnsequences of the project such as public
react ion.

N o e

PROJECT JUSTIFICATION STATEMENT - A formal statement of the perceived need
Tor implementing a particular highway safety project. This statement is
generally submitted to State funding agencies as a recuest for project
funding. The statement generally provides a quantitative justification
in terms of the existing adverse conditions {accidents) as well as the
expected benefits to be derived from the project.

PROPERTY DAMAGE ACCIDENT - Accident event involving only property damage
between the involved vehicles.

PST (PAVEMENT SERVICEABILITY INDEX) - Measured index to determine the
serviceapility of a roadway as a function of cracking, rutting,
ravelling, and other pavement characterisiics.

PSR (PAVEMENT SERVICEABILITY RATING) - Subjective evaluation of pavement
rating based on a 0 €o 5 scale with 5 having the most desirable charac-
teristics.

'he purpose refers to the reduction or elimination of a specific highway
safety deficiency such as a type of accident, a severity class, a hazard
potential indicator and/or a traffic performance variable.

PURPOSE - The reason for which the highway safety project was implemented.

1
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RADAR METER - Meter device used to coilect spot speed information. Based
on the Doppler principle, it provides a direct reading of the vehicle

RANDOM SELECTION - A process by which every element in a population has an
equal probability of being chosen.
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RANGE OF A SET OF MEASUREMENTS - Difference between the largest and small-

ast members of the set

P i ' S e

RATE -OF -RETURN METHOD - A form of economic evaluation based upon the com-
putation of the interest rate at which the net present annual worth of
the project minus the improvement cost is equal to zero.

RAVELLING - Loss of material in the surface of the pavement resulting in a
coarse or pitted pavement tfexture or loss of material at the edges or
Joints of the pavement

REFERENCE POINT - A fixed, identifiable feature, such as an intersection,
railroad crossing, or bridge, from which a location can be measured or
referenced.

RESOURCE EXPENDITURES - Elements used in the impliementation of a project
of program such as: 1) the level of manpower involvement, 2) the amount
of time used to complete specific activities or meet implementation
milestones, 3) the quantities of materials used, and 4} the cost of

manpower materials.

RIGHT-0F -WAY ~ A general term denoting land, property, or interest there-
in, usually in a strip, acquired for or devoited fo fransportation
purposes.

ROADSIDE - A general term denoting the area adjoining the outer edge of
the rpoadway. Extensive areas between the roadway of a divided highway
may also be censidered roadside.

ROADSIDE LONTROL - The public regulation of the roadside to improve high-
way safety, expedite the free flow of traffic, safeguard present and
future highway investment, conserve abutting property values, or pre-
serve the attractiveness of the landscape.

ROADWAY (GENERAL

Y - The nartinn nf a2 hiagh for
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venicuylar use. A divided highway has two or more roadways. (In con-
struction specifications, the portion of a highway within Timits of
construction).
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- A number which provides a measure of rougnness developed

%
udy of highly irreguiar pavement surface.

RUTTING - Depression or wear of the pavement in the wheel iracks.

SAFETY PROBLEM - Specific types of accidents or potential accidents which
result trom ohe existence of a causal and/or contribufory factor.

SALVAGE VALUE - Estimated residual worth of program or preject components
at the end of their expected service Jives.

SAMPLE ~ A subgroup of the population. A finite portion of a population
or universe.
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SCHEDULING (IN THE IMPLEMENTATION COMPONENT) - The determination of when
highway safety projects (individually or as part of & program) should be
started and completed under real-world constraints.

SCHOOL ROUTE MAP - Map displaying safe school routes for pedesirians in
traversing to and from school. It 1s devised to minimize conflicts
between pedestrians and potential safety hazards.

SERVICE LIFE - The period of time, in years, in which the components of 2
program or project can be expected to actively affect accident axper-
ience.

SERVICE VOLUME - Volume of traffic serviced by a highway faciiity.

SEVERITY INDEX - A number computed from appliying weighting factors to
InJury and tatality accidents based on their severity.

SEVERITY WEIGHTING METHOD - Means to rate the hazardousness of a specific
&ccident pattern by assigning weight values for the severity occurrences
of the accidents.

SHOULDER - The portion of the roadway continuous with the travelled way
for accomodation of stopped vehicles for emergency use, and for lateral
support of base and surface courses.

SHORT-TERM VOLUMES - Volume count, vehicular or pedestrian for a period
shorter than one-hour. [t, typically, is in the range of 5 to 15
minutes.

SKEWNESS - The distribution pattern of a speed/frequency curve. A larger
group of similar speed values will represent more favorable conditions.

SKID NUMBER - The coefficient of friction times 100 (100X) of a tire slid-
ing on wet pavement when tested at 40 mph with a two wheel skid traijler
or equivalent device following the procedures outlined in ASTM
£E274-65T.

SPECIAL STUDY PROCEBURES - Procedures required in special engineering
situations but are not classified as one of the other orocedures.

SPOT MAPS - Maps often used by police and other public agencies to provide
a quick visual picture of accident concentrations identified through
"spot™ marks or pins on a street map .

STANDARD - One of the 18 Highway Safety Programs Standards promulgated by
e Uepartment of Transportation to impiement the Highway Safety Act of
1973, 23 USC 402.
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STATISTICAL SIGNIFICANCE - The determination of whether an observed change
in a MOE (by use of a selected stat1st1ca1 technigque) constitutes a sig-
nifirant rhanaa within 2 enalnarfyad Taunl ranfFidanca
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STOPPED DELAY - Time vehicle is stopped, with locked wheels. It is egual
t0 the stopped time.

STOPPING SIGHT DISTANCE - Safe sight distance reguired for a vehicle to
stop aiong a sectien of roadway upon sighting en object which will re-
Guire the vehicle fo stop.

SUBPROCESS - Specific activities which are contained within certain Pro-
cesses. For exampie, under Process 3 of the Planning Component, tfhe
three subprocesses are: (1) Coilect and Analyze Data; (2) Develop Candi-
date Countermeasures; and {3) Develop Projects.

SURFACE CRACKING - Breaks in the
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ure or general weathering of the pavement.

TECHNIQUE - Feasible means to perform a selected procedure. For example
the volume study procedure may be performed by: mechanical wmethods,
manual counts, photographic techniques, or the moving vehicle method.

TEST-CAR TECHNIQUE - Methods to obtain travel fime and delay informaticn
by physically driving a vehicie within a traffic stream and measuring
the appropriate ftravel {ime and delay characteristics.

THROUGH STREET OR THROUGH HIGHWAY - Every highway or portion thereof on
which vehicular traffic is given preferential right-cf-way, and at the
entrances to which vehicular traffic from intersecting highways is re-
quired by law to yield right-of-way to vehicies on such through highway
in obedience to either a stop sign or yield sign.

TIME-IN-QUEUE BDELAY - Time from first stop to vehicle's exit across "SiOP"
Tine. It 1is equal to the time spent in the queue.

TIME-GF-RETURN (TOR) METHOD - A form of econcmic evaluation in which ex-
pected accident reductions are forecast using data from previous before-
and-after accident studies and a TOR value is computed by dividing the
estimatec cost of the project by the computed annual benefit. Projects
with the Jowest TOR values are considered to be the best.

TRAFFIC CONFLICT - A traffic event involving two or more road users, in
wnich cone user performs some atypical or unusual action, such as a
change in direction or speed, that places another user in Jeopardy of a

ollision unless an evasive maneuver is undertaken.




TRAFFIC CONTROL DEVICE - A sign, signal, marking, or other device places
on or adjacent to a street or highway by authority of a public body or
official having Jjurisdiction to regulate, warn, or guide traffic.

TRAFFIC ENGINEERING MEASURES - Engineering procedures for controlling or

regulating the movement, direction, speed, right-of-way, and parking of
venicular traffic and, where applicable, pedestrian traffic on streets

and highways. This includes such elements as one-way streets, turn
controls, reversible lanes, crosswalks, stc.

TRAFFIC LANE OCCUPANCY STUDIES - Studies that provide a measure of the
traffic performance of & highway facility as a function of vehicles
iengths, volumes, and speed.

TRAFFIC _OPERATIONS-BASED STUDIES - Studies which provide essential infor-
mation to assist in the selection of the most appropriate safety im-
provements at identified hazardous. Iocations.

ULTIMATE SAFETY OBJECTIVES - A significant reduction in the number and
severity .of accidents.

UTILITY INDEX - A means to provide a quantitative assessment of alterna-
tives including non-quantifiable variables by assigning weights to each
variable, setting a level value to each variable, multiplying the level
value by the weight assignment, summing the values, and comparing them
to each other. :

VARIANCE - Measure of data variation. T2 represents population variance
52 represents sample varijance.

VEHICLE DELAY-RELATED COSTS - Costs associated with the occurrence of
delay at a location. It includes the extra vehicle costs {fuel, tires,
etc.) and "time lost" costs to an individual.

VIDECLOGGING - A technique that involves taking video tape pictures of
nighways and its environment as a substitute for photclogging.

VOLUME - The number of vehicles passing a given point during a specified
period of time.

WARRANTS - The minimum conditions which would justify the establishment of
a particuiar traffic control regulation or device, usually including
such items as traffic volumes, geometrics, traffic characteristics,
accident experience, eic.



APPERDIX C:
PROCEDURE

A. Accident-Based Procedures

. Accident Summary By Type

. Accident Summary 8By Severity

. Accident Summary by Contributing
Circumstances

. Accident Summary by Environ-
mental Conditions

. Accident Summary By Time Period

PRCCELURE AND CATA UBTALREL

DATA OBTAINED

Summary of accident data by speci-
Tic accicent type at a location.
Identified accident patterns or
trends by accident ifype.

Fossibie accident causes.

Summary of accident data by sever-
ity characteristics.

Identified severity patterns or
trends for a location.

Weighted accident characteristics
for a Tocation.

Possible accident causes.

List of "correctable™ ana
noncorrectable” accidents at &
site.

Suriary of contributing
circumstances by accidents &t &
location.

Identified patterns or trends of
contributing circumstances.
Possibie accident causes.

Summary of accicent data by
environmental characteristics.
Identified envirunmental
characteristic patterns or ifrends
for & location.

Possible accident causes

Summary of accident by time of .
day, day of week, or montn of
year.

Identified time period accident
patterns,

Possible accident causes.



APPENDIX C: PROUCEDURE AND

PROCEDURE

8. Field Review Procedyre

. Safety Performance Study

[. Traffic-Based Procedures

. Volume Study

. Spct Speed Study

. Travel Time And Delay Study

. Roadway And Intersection
Capacity Study

. Traffic Conflict Study

DATA COBTAINED (CONT'D)

DATA OBTAINED

Review and notes of physical and
operational characteristics of &
study Tocation.

Possible accident causes.

Vehicular volume data by time
pericd, Tocation, or classifica-
tion of vehicles.

Pedestrian volume data by time
period and location.

Spot speed characteristics (median
speed, modal speed, 85th percen-
tile speed, skewness, pace).

Speed distribution pattern.
Assessment of safe speed
conditions.

Probable accident causes.

Travel time characteristics (frav-
el time, approach time, approach
free flow time, travel speeds.)
Delay characteristics (approach
delay, stopped delay, time-inqueue
delay, percentage of vehicles
stopping .

Operating level of service of a
roadway facility,

Major delay pocints.

Probable accidert causes.

Capacity of facility.
Available service volume at
varicus levels of service.
Operating level of service of
facility.

Prebable accident causes.

Summary of conflicts, conflict
rates, conflict types.
Conflict diagram displaying
conflict types.



APPENDIX C: PRUCEDURE AND

PROCEDURE

FratTTic Conf

iict

. Gap Study

. Traffic Lane Occupancy Study

Stuay

. Jueue Length Study

« Roadway Inventory Study

Skid Resistance Study

Highway Lighting

Study

M

DATA GBTAINED (CONT'D)

ATA OBTAINED

Probable accident causes.

Pcssible safety-related
countermeasures.

Gap distribution of major and/er
minor stream vehicies.

Lag distribution of merging,
crossing or weaving traffic
STreans.

Gap acceptance characteristics of
a minor stream of venicles.
Critical cap or lac.

Svaluation of safety at gep
situations.

ProGable accident causes.

Lane occupancy characteristics
{density, occupancy).
Operating Tevel of service of
facility.

Probable accident causes.

GQueue length characteristics.
Possibie operating level of
service of facility.

Inventory of roadway and roadside
characteristics.

Observed field sight distance
conditions.

Required safe sight distance.
Assessment of safe sight distance
conaitions.

Signt obstructicns.

Probaple accident causes.

Friction force of pavement at 40
mph and varying sgeecs.

Accacemant n'F navemen cirdn
Pl d2ilivile W l._ LA™ LN L- Jl\ [

characteristics.
Probable accident causes.
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APPENDIX C: PROCEDURE AND DATA OBTAIKED (CONT'D)

PROCEDURE

. Highway Lighting Study

. Weather-Related Study

E. Special Study Procedures

Schoel Crossing Study

. Raiircad Crossing Study

. Traffic Control Device Study

. Bicycle and Pedestrian Study

F. Countermeasure Selection Procedures

. Accident Pattern Tabies

[

DATA OBTAINED

. Assessment of adequacy of existing

1ight.

. Assessment of need for new or

additional lighting.
Probable accident causes.

. Conflict data under specific con-

ditions.

Safe sight distance uncer specific
conditions.

Predicted visual range for for
conditions.

Probable accident causes.

Pedestrian demand at crossing.
Available safe crossing caps at
crossing

Pedestrian conflict data.

. Assessment of cressing protection

needs.
Probable accident causes.

. Railroad c¢rossing site review.
. Review of signht visibility

triangle.
Probable accident causes.

. Observance characteristics of

traffic control by drivers or ped-
estrians.
Probable accident causes.

. Conflict data for specific

situations.
Review of cperations.

. Probable accident causes.

List of general countermeasures.
List of feasible countermeasures.



APPERLIX € : PROCELURE AND DATA CETAINED (CORT'D)

PROCEDURE

- FMulti-Disciplinary Investigation

Tean

G. Etconcrmic Analysis Procedures

. Lost-Effectiveness Method

. Benefit-To~{ost Ratioc Method

. Rate-0f-Return Method

. Time-0f-Return Methed

. Net Benefit Method

(]

DATA OBTAINED

Uetermination of probable causes
and counternmeasures by individual
team menbers,

Leterminaticn of probable causes
and counternieasures by team

Annual safety benefits (accidents
saved ).

Equivalent uniform annual cost of
prasent worth of costs.
Cost-effectiveness ratio.

Annual safety benefits {accidents
saved and dollar value).
Fguivalent uniform annual cost andg
equivalent uniform annual

benefit.

Present wortn of cost and present
worth of benefit.

Benefit-to-cost ratic.

Annual safety benefits {accidents
savea and dollar value).
Capital recovery factor of

improvement.
Expected rate-of-return of
tmprovement investment.

Annual safety benefit (accidents
saved ana doliar value).
txpected time-of-return of
investrent &s based on expected
benefits.

Annual safety benefits (accidents
saved and dollar valuel.

Average annhual benefits.

Average annual costs.

Met Denefit derived fron
improverent,



APPEMDIX D: FILMING PROCESSES

I. PHOTO
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® Field %ork

In photelogging, an instrumented vehicle with a 35w cine/pulse type
cariera is driven along the roadways and pictures are taken with a typical
frequency of 100th or 200th of a mile (0.016 or G.005 kilometersj. These
films becoie a permanent record of the roadway and its environment as seen
during the day of the photologging. The photologs are then analyzea in
the cffice under a controlled environment by technicians and analysts
trained to perform the evaluation phases which are cenerally done in the
field by a menual method.

tocay. The first cgeneraticn phot
Cire/pulse camera connected to distance measuring equiprent, and a control
box which can directly input the mileage information dynamically in each
frame of the photograph. Other information, such as: the roadway direc-
tion Tlisting, roadway name, date of filming, route number, etc. also

oy e

dppedar

There are two different types of photologying eguipment available
8]
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logging method includes a 35mm

S on eachn photograpn.

Second deneration systems include not only the data which can be
obtained in the first generaticn, but also, other dynamic irformation,
such &s rcadway roughness, superelevation, curvature, crade etc., dis-
played on each photograph.

The field work in most pnotologging methoas involves filming the
roadway using @ first generation type photclog system. Only one person 1is
normally required in the photolgging field work. Based on sast exper-
ience, the use of a 2 person crew increases the probability of error in
Tilming due to an increase of conversation by the photcloggers. To insure
an easier and more accurate data extraction capabiiity, photologging s
usally performed using a 1/2G0th of a mile filming rate.

® Data Extraction

The extraction of data in the photologging technique involves the
viewing of the photelog film frame by frame to observe and/or evaluate the
required data items. The mileage, distance from vehicle, lateral distance
from roadway, and other pertinent features are recorded from the film onto
Tnventory sheets provided for direct entry of the data onto computer
files. The distance from vehicle and lateral placement measuresents are
obtained from a ¢raduated grid, overlayed on thie viewer. The use of an
audio system, coordinated with the filming process, can be made to record
other data, in particular, data unable to obtained accurately from a
review of the film record.
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& Check Of Accuracy

Photolocuing, typically, results in a longitucinal error of several
feet over the course of the study area and a lateral placement error of
Tess than 1 foot if the object is within 5 feet of the eage of the roacway
and + 1 foot if the object was beyond the 5 foot range. Color quality of
the film is excellent and, thus, permits an accurate assessment of various
conditions. Detailed information is able to be accurately noctea.

@ Surnary
Photologging provides a cost effective technique for use in devel-
oping most computerized information systems. It provides pictorial

records of the inventcried roadway system which are capable of use for
other then for the inventory purpose. They can limit the use of field
trips o check data. To-date, tney have been usec to extract over five
different inventory types (sign, rcadway, obstacle, pavement markings,
etc. ).

Photologging, dué to the utilization of a single-man crew for the
data collection activities, can be an inexpensive alternative. It fs
recomendec for use when inventorying nore than two information types,
i.e., sign, roadway, eic.

il. VIDEQLOGGING

® Field Work

Videologying is another pictorial technigue for data collection.
Videc camera systems are mounted in either an automobile or van and the
pictures recorded on video tapes. With this system the data collectors
have an cption of wverbally recording any additional information that mnay
be pertinent tc the data base, on the video tape itself. Videologying
systems are availabie in both black and white as well as color. The
color, 3/4 dinch video tape format seems to have the most potential for the
type of data collection necessary to develep roadway information systems.,

In this method, a twc person crew is normally utilized in a vehicle
equipped with a distance measuring device. The display of the elapsed
distances from the DMI are made a part of the picture. The driver of the
vehicle observes the roadway and roadside features and selects a Griving
speec which is sufficient for the second person to record any necessary
audio data to supplement the ricture.

® Data Extraction

For the videclogying technique, data extraction is very similar to
the photoloy procedure. The video tapes are played back on the TV moni-
tors and viewed in a controlled, office envirenment. The data is recorded
onto inventory sheets for entry ontc the compuier. Lateral placement of



signs and obstacles are cbtained using a grid overlay as is the distance
frem vehicle in high informaticn areas. in areas where information den-
sity is low, the technician providing verbal comments could "mark® a fea-
ture on the audic track. However, in areas where information is more fre-
quent, teo many "marks" occur on the audio track under operaticn at the
normal travel speeds. This can be alleviated by slowing or stopping the
vehicle, which in turn, lowers productivity and increases the cost of this
phase of work. The value of the input of the information on the audio
track tends to offset the productivity costs.

Deta extraction times are slightly hicher for videologging than
photologging, Tne videc tape must be in continuous operation tc tfake
advantage of the audio information. This requires tne technicin to Tisten
to the audic backup, and then view the tape. Audio data may be required
in describing information as tne resclution of the viedolog system used
flay not be comparable to the degree of resolution founa in the 35 photo-
log systems.

® Check Of Accuracy

Yideologging tends tc produce results similar to photologging.  The
accuracy of distance weasurements is similar as in photologging. Data
concerning general descriptive characteristics is alsc very good; however,
the lack of visual detail, as comparec to photologs, does lead to sone
inaccuracies in defining details, Reliance on audio comments is required
for some of this data.

@ Sumnary

Videologging provides a cost effective technique for use in develop-
ing most computerized information systems. As in the photologging alter-
native, it provides a picteorial record of the inventoried rcadway system
which are capable of use for other than for <he inventory purpose.
Videologs provide the capability for an audio comment, but lack the visual
resolution capable in the photelog technique. As such, a limited amount
of information may be obtained from a single data collection pass using
the videclogging procedure.

Videologging systems suffer from a problem related to the size of the
highway system. Extraction of data from the video pictures supplemented
Dy the audio records is quite confusing at times unless the data ccllector
{(person recording} and data extractor are very proficient. However,
future fmprovements in videc equipment which may permit the development of
portable equipment capable of a resclution comparable to the 35mm photo-
Togs may tend to modify these conclusicns.



111, OTHER PHOTOGRAPHIC TECHNIGUES

In addition to photo and videc-logging technigues, other prictographic
methods are used to collect traffic data. These methods employ continuous
or time-lapse filming to record traffic data during the selectea periocs.
Application of these nethods can occur from either an elevated position or
an aerial view.

® Field Work

In these photographic methods, a camera is positioned at an elevated
position or an aerial view within range {view) of the stuay area. In an
elevated position, use of existing poles or structures are made to attach
the camera. The aerial nethod uses a helicopter or airplane to fly or
hover over the study area. A helicopter is able to remain more stationary
wnile filming the data and is able to film the study area at a much closer
visual range, thereby able to better cepict traffic situations.

The filming process can be performed continuous or in a time-lapse
interval. The continucus Filming permits the data to be recorded contin-
uously at & high speec film rate. Time-lapse methods allow for the inter-
mittent filming of the traffic situations. This method is usually pre-
ferred. Time-lapse intervals for traffic safety purposes usually range
from 0.5 - 3.0 seconds. Camera capabilities, however, permit the interval
to be as high as 99.5 seconds. The time-lapse process will permit signi-
Ticantly more date to be accumulated in a single roll of filnw Tc icen-
tify time period characteristics in both processes, a timer, buiit intso
the camera, can be used itc include the time-of~day information con each
film frame or pericdically.

@ Data Extraction

The extraction of data for these film processes are similar to the
videolog and photolog methods. The film is able to be viewed frame by
trame to observe and/or evaluate the required data items. However, it is
primarily viewed in a continuous manner to obtain the required data. The
data is projected onfc a screen for extraction or review purposes. In
some aerial methods, individual film frames of the study area are blown up
and used to collect the pertinent data items. Distance informaticn is
obtained using a given reference point on the film record; however, uniess
the reference distance is situated at approximately ninety degrees to tne
camera, the distance information may result in a high degree of 1inac-
curacy.

® Check Of Accuracy

Where reference distances are used, the accuracy of the data is
higniy dependent on the dimensicns of the study area and the camera angle
to the reference cistance. A greater area viewec within the camera range
will typically result in greater inaccuracy. On a percentage basis, the
error scale is typically less than + 2 percent. This errcer is primarily
due to camera paraiiax.
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® Suirary

The elevated method of filming is used in wicespread use in studying
traffic situations. It allows filming of a large amount of data with
little manpower required [(except for set up/removal time and periodic
Checks of the cariera's function). Time-lapse methods are more appropriate
for these uses.

Aerial methods are not as favorable as the elevatec position method.
[t 1s significantly affected by available filying time and can be used for
only short survey periods (one hour or Tess). In many cases, the traffic

data recuires time consuming data extraction methods.
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Appendix R

Table of various types of improvements and corresponding

accident types.
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LIRK ACCY 3 LINE ACCIDENTE
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Highways and Tranaportatlosn, Transportation
Ragulatory feczien,
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Genersf Countermeasures for Accldeni Patlerns and Their Probable Causes

ACCIDEMT PATTERN PROBABLE CAUSE GENERAL COUNTERMEASURE
Right-angle collisions at Restricted sight distance Remove sighl obstructions

unsignalized intersec~ Restrict parking near corners

tions Instail stop signs {see MUTCD)

tnstall warning signs (see MUTCD)
tnstall/improve street lighting
Reduce speed limit on approaches*
instali signals (see MUTCD)
install yield signs (see MUTCD)
Channelize inteneciion

Lorge total intersection Install signals (see MUTCD)
volums Reroute through traffic
High approach speed fleduce speed limit on approaches®

fnstall rumble strips

Right-angle collisions at Poor visibility of signals Install advanced waming devices (see MUTCD)
signalized intersec~ Install 12-in. signal lemes (see MUTCD)
tions Instali overhead signols

tnstall visors
Instatl back plates

{Continued) {Continued)

*

Spot speed study should be conducted to justify speed limit reduction.

Source: Manual on Identification, Analysis, and Corre

v ‘ cti
High~ Accident lLocations, 1976. on of
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General Countermeasures for Accident Patterns and Thelr Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Improve location of signal heads
Add edditional signal heaods
Reduce speed limit on opproaches*

Inadequate signal timing

Adjust amber phase

Provide all-red clearance phases

Add mulii-dial controller

Install signal actuation

Retime signals

Provide progression through a set of signalized
intersections

Rear-end collisions ot
unsignalized intersec-
tions

{Continued)

Pedestrian crossing

Install/improve signing or marking of pedestrian
crosswalks
Relocate crosswalk

Driver not aware of
intersection

Install/improve wamning signs

Slippery surface

Overlay pavement

Provide adequate drainuge

Groove pavement

Reduce speed limit on approaches*

Provide "SLIPPERY WHEN WET" signs

* Spot speed study should be conducted to jushify speed Timil reduction.
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General Counlermeasures for Accident Patterns and Thelr Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUMNTERME ASURE

Lorge numben of turning
vehiclas

Create left- or right-turn lanes
Prohibit turm
increase curb rodii

Reasr—end collisions at
signolized intersections

{Conlinued}

Paor visibﬂity of signals

[

install/improve advance waming devices
Inztal! overhead signals

Install 12 in, signal Jeases {sea MUTCD)
tnstall visors

Install back plates

Relocate signals

Add additional signal heods

Remove obstacles

Reduce speed limlts on approaches*

Inadequate signal timing

Adjust amber phase

Provide progression through a set of signalized
intensections

Pedasirian crossings

install/improve signing or marking of pedéslriqn
crosswolks
Provide pedesirion "WALK" phase

¥ Spot speed study should be conducied Yo Justily speed Timlt reduciion.
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General Countermeasures for Accldent Paiterns and Their Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Slippery surface

Overlay pavement

Provide adequate drainage

Groove pavement

'Reduce speed limit on approaches*
Provide “SLIPPERY WHEN WET" signs

Unwarranted signals

Remove signals {see MUTCD)

large turning volumes

Create left- or right-turn lanes
Prohibit turms
tnerease curb radii

Pedestrion accidents at inter~
seclions

{Continued}

Restricted sight distance

Remove sight cbstructions

Instatl pedestrian crossings
improve/install pedestrian crossing signs
Reroute pedestrian paths

Inadequate protection for
pedestrions

Add pedestrian refuge islands

inadequate signals -

install pedestrion signals {see MUTCD)

inadequote signal phosing

Add pedestrian "WALK" phase
Change timing of pedestrian phase

* Spot speed study should be conducted to justify speed Timif reduction.




ACCIDENT PATTERN PROBABLE CAUSE GENERAL COUNTERMEASURE
School crossing area Use school crossing guards
Pedestrian accidenis batween Driver has inadequaie warn~ Peohibit parking
intersections ing of frequant mid-block tnstall warning signs
crossings Lower speed limit®

Install pedesirion bartlen

Padestrions walking on fnstall sidewaiks
roadway
Long distancs to neorest tnstafl pedestrian crosswalk

crosswalk Install pedestrian actuated signuls (see MUTCD)
it
1
o Pedestrian accidents at drive- Sidewalk too close to | Move sidewalk laterally away from highway
2 way crossings travaled way

Left-turn collisions at Large volume of laft jurns Provide left-tuen signal phases
intersections . Prohibit left tumns

Reroute left-turn traffic

Channelize intersection

instalt STOP signs (see MUTCD)

Creais one-woy streels

Provide turning guidelines (if there is a ducl

{Conlinued) left-tum lane)

| _* Spot speed study should be conductad to justify speed limit reduchon.




General Countermeasures for Acclident Patterns and Thelr Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERME ASURE

Restricted sight distance

Remove chstacles
instail worning signs
Reduce speed limit on approaches*

Right-turn collisiors at in-
tersactions

Short turning radii

Increase curb rodii

Fixed-object coltisions

Objects neor traveled way

Remove obstacles near readway

Instatl barrier curbing

Instatl breakaway feature to light poles, signposts,
etc.

Protect objects with guordrail

Fixed-object collisions and/
or vehicles running off
roadway

{Continued)

Slippery pavement

Overlay existing pavement
Provide cdequate drainage

Groove existing pavement

[ L I B TR e

REeJQUCE Speed himir

Provide "SLIPPERY WHEN WET" signs

Roadway design inadequate
for traffic conditions

Widen lanes
Relocate islands
Close curb lane

* Spot speed shudy should be conducted to justify speed limit reduction.
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General Countermeasures for Accldent Paiterns and Thelr Probabte Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASLIRE

Poor delineation

Improve/instol] povement markings
Instal! roadside delincators
tnstall advance woming signs {e.g., curves)

Sideswipe collisions between
vehicles traveling in oppo-
site directions or head-on
collisions

Roadway design inadequate
for traffic conditions

Install/improve pavement markings
Channelize inlersactions

Creale ong-way streels

Remove constrictions such as parked vehicles
install median divider

Widen lanes

Collisions between vahicles
traveling in some direc~
tion such os sideswipa,
fumiing or lane changing

Roadway dosign inade~
gquats for traffic con-
ditions '

Widen lanes

Channelizs intersections

Provide turning bays

install advance raute or street signs
tnstall/improve pavement lane lines
Remove paiking

Reduce speed limit*

Collisions with parked cans
or cors belng parked

(Continued)

Large porking turnovers

{Continued)

Prohibit parking

Chonges from angle to parallel parking
Reroute through traffic

Create one-way sheels

* Spat spesd study should Le canducted to Justify speed Timit raduciion.
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General Countermeasures for Accldent Palterns and Thelr Probable Causes

ACCIDENT PATTERN PROBABLE CAUSE

GENERAL COUNTERMEASURE

Create off-street parking
Reduce speed limir*

Roadway design inadequate
for present conditions

Widen lanes
Change from angle to parallel parking

" Prohibit parking

Reroute through traffic

Collisions at driveways Left-turning vehicles

Install median divider
Install two-way left-turn lanes

improperly located drive~
way

Regulate minimum spacing of driveways
Regulate minimum corner clearance
Move driveway to side street
Inetrdl coicdaion b Adofios Jo

WSO CUTDING 10 GEHINE aiiveway

Consolidate adjocent driveways

RSy
SCanon

Right<turning vehicles

{Continued)

Provide right-turn lanes

Restrict parking near driveways
Increase the width of the driveway
Widen through lanes

Increase curb radii

S

* Spot speed sludy should be conducted 1o justify speed Timit reduction.
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Gueneral Countermeasures for Accldent Patterns and Their Probable Causss

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERME ASURE

Large volume of through
traffic

Move driveway to side strect
Construct o local service roud
Reroute through troffic

Large volume of driveway
traffic

Signalize driveway

Provide acceleration and deceleration lanes
Channelize driveway

Restricted sight distonce

Remove sight obstructions
Restrict parking near drfveway
Install/improve street lighting
Reduce speed limit*

Night accidenls

Poor visibility

lnstall/improve street lighting
tnstall/improve delineation markings
install/improve waming signs

Wet pavement accidents

Slippery pavement

Overlay exisling pavement

Provide adequate drainage

Groove exisling pavement

Reduce speed Himit*

Provide "SLIPPERY WHEN WET" signs

® Spot speed study shouid be

conducted to justify speed limit reduction.




General Countermeasures for Accldent Pattorns and Thelr Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Collisions at rallroad crossings

Restricted sight distance

Remove sight obstructions
Reduce grades
Install train achuated signals {(see MUTCD)

. Imstall stop signs {see MUTCD)

Install gates (see MUTCD)
install advance warning signs {see MUTCD}




The accident reduction factors and the material describing the use of
the factors was taken from "The Accident Reduction Facters Booklet," pages
16-18 and pages 21-29. The material included in this appendix only

addresses accident reduction factors related to intersecticn conditions.

The user should consult the booklet for factors related to other gecnietric

and safety conditions.

ot
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chapter&:

Using
AN factors

You can use the AR factors in Chapters 5 and € to do the following
things:

1. Design and plan your overall highway safety improvement program.

2. Select improverent types for a specific problem.

3. Compute the cost—efféctiveness of a specific improvement.

This chapter ocutlines a variety of situations in which the AR factor

oo o e 11med
A L e il 1 et e D Nl e

SITUATION ONE

You are the head of the traffic engineering section. The state highway

administrator is preparing legislative and budgstary recommendations and

+ = j H 5 Ay o]
requests for the hi rogram. He also is tryin

hway safe+yv imrovement o
S ment o

Way salety Lmprove

n
-

]|

o Join the state in a highly visible and concerted

ct

ericourage counties
highway improvement effort. He wants to target certain irprovement tynes.
He asks you which five improvement types should be encouraged.

You don't want to gamble. So flrst, you review the general AR
factors and select ell improverments with an Index of Varisbility of 1 (or

o

2, 1f "1" is too restrictive). Then vou review the refined AR factors for

F-2



the selected improvements tc see how AR factors differ relative to location
characteristics. You decide to use improvenents with wide spread effective-
ness or you chocse to zero in on a particular location type with an AR
factor over 20% and & 1 w Index of Variability. Any variety of rationale
could be used to make your final selection. No matter what rationale you
used, the AR factor tables contain enough information to allow a rational
selection process. You can report your selections to the state hi ghiway

adninistrater and have a basis for justifying them.

SITUATION TWO

You are a traffic engineer assigned the task of selecting potential
improvements for a location identified as 'hazardous'" based on acciden®
experience.

You analyze the types of accidents occurring at the location. If a
clear pattern is apparent, you check the eight improvement cbjectives and
select the aporopriate corresponding AR factor subsets. Then, you go to
the selected subsets and review the Affected Accident Matrix and the
Reflned AR Tactors to find irprovements that affect the type of accident

belng experienced.

SITUATIGN THREE

You are the same engineer as in situation two. You are aware that
AR factors are averages and that if the variation about that average is
wide enough that there is some chance of failure. You want to minimize
that chance. Therefore, you reject any improvement that does not meet
the following criteria:
1. If the reduction factor is O to 15, the Index of Variability
mast be 1.
2. I the reduction factor is 15 to 35, the Index of Varisbility
must be 2 or better. '
3. If the factor iz 35 fo 53, the Index must be 3 or better.

y)

4. If the factor is 55 to 85, the Index must be 4 or better.
-4

5. If the factor is over 85, any Index will suffice..

-

=0
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Essentially you are saying that you will not accept an improvement

whose expected range extends into the zone of net accident incresase.

SITUATION FOUR

You are the planning and programming engineer and are developing cost
and berefit data for a list of improvements from which only a limited
mumber of projects are going to be installed this program period. The
fndexes of Variability of the AR factors for the improvements are not all
the same. You decide you want to give some advantage to improvements
with low variability in the estimated range. Therefore, you arbitrarily
adjust the calculated benefits accerding to the foliowing schedule:

1. For Index l-—nc adjustment.

2. For Index 2 or 6--10% reduction.

3. For Index 3 or 7~;EO% reduction.

4. For Index 4 or 8--30% reduction.

5. For Index 5 or 9--40% reduction.

As stated gbove, such a step is arbitrary, but valid nonetheless.

In the rezl world project selection is not a 100% automatic process.
Judgement and policy preferences play an impertant role. This situation

demonstrates how judgement may be reflected in a guantitative way.

SITUATION FIVE

Again, you are develeping cost and benefit data. The AR factor is
an essential input into the benefit side of the equation. NCHRP Report
162 contains several metheds for computing accident reduction benefits.
Refer to Appendixes E, F and Q. In these methods, you first compute
amual benefits and then compute fhe monetary value of these benefiis.
The equations for computing amnual benefits require an accident reduction
expressed as a decimal, and which is the expected reduction in the
accident rate. If necessary you may use an AR factor based on reduction
in numbers of accidents. Factors based on numbers of accidents usually
are less accurate but more congervative—~lower—than these based on
accident rates. This is due to the fact that tralfic volures ususlly

-4



AR FACTCORS
SUSSET A

CBJECTIVE: To reduce numbers of accidents related to poor perception of
the sxdistance of and conditions at intersections and other
points of conflict.

IMPROVEMENT TYPES:

Name Pace Code
Advanced Warring Signs 24 A-E0
Advanced Warning Signals 25 A- 2
Rumble Strips 26 A~ 3
Sight Distance Improvements (FHWA Code 13) 28 A~13
Lighting (FHWA Code 65) 29 A-B5

GENERAL COMMENTARY:

Studies of individual epplications indicate good success where a

clear link has been established between the accident problem and limited
sight distance or cther things that limit a driver's ability o perceive
the pregence of an intersection cr its configuration or other informa—
tion o make safe driving decisions.

Warning Devices

Warning signs appear to have a more consistent success record than
advanced warning signais or rumble strips. Signs often are the first
improvement made at locations where an accident problem has developed
and where no warning device existed before. On the cther hand, signals
cr rumble sirips generally are installed to supplement existing signs.

Hence, signs are more likely to reap success ab untreated sites than
H

supplerental improvements to previously treated sites. Low volume, rursl

wmlignted intersections are most likely to need advance warning devices
because of pocrer geometrics and fewer visual cues. Visual cues are
related to activity cr development at a location.

Sight Distznce Improverents

Accident reducticn Tactors for sight distance improverments at
intersections were developed from the Annual Report data. Most improve-
ments have been applied to rural, ndivided situstions. Success rates
have been higher and rore statistically significant at low volure loca-

Licns. Pes
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Lighting

By adding illumination to a locaticn some nighttime accidents can
be eliminated. When estimating the number that will he eliminated, it
is difficult to determine to what extent the nighi~ime accident problem
is related to darkress. Lighting projects according to the Annual Report
data have a mixed record of success which averages out as a modest success.
Careful analysis of each location is recessary. For more detailed infor-
metion related to highway arterial lighting see the report by Jancff,
et 21 (31). |
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AR factors

Tvpe of tmprovement

Warning Signs at Intersections

1
Refined Description See Below

Code A—RC Page 1 of ]
General AR factors
Type of Accident
Al Fatal Injury Fatai/Injury PDO
Reduction % 20 25
Index of
Variability 13 o)
Source
Reference 33 33
Refined AR factors
. ‘ Description Refinements "
) 1 ) % - Index Ret
tocation Characteristics Type of Accident AR of Var, .
Stop Ahead @ Rural, 2 lane intersections Fatel/Injury | 96 2 33
Total 47 2 33
Warning Sions @ Rural, 2 lares Fatal/infury | 19 2 33
Total 37 2 33
" " " Tore fhan 2 lares  Tatal /TIriry | -7 2 33
Totzl 2 2 32
H " Mo, 2 lares Fatal /Tty 13 A4 33
tos inteargection Totas £ 2 23
1 it " oora, fhaon 2 Tomeg  Toato? /Te Sir =7 2 33
Total oA e 23
1 I 8 Irharn 2 1 ara drbarcoso Lot s Iniury =% 3 ie]
ek atay Total ke 2 23
1t 1 " more Fhon 2 Tones Bobal STeodoes 47 2 33
Tot=l Py = 23

Group | inctudes H¥, RO, AR and FA programs. Group | includes 3L, 80 anc SR programs.

A

Numbers in italics reoresent reuctions in numbers. All other AR factors are reductions in accident rates.
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AR factors

1 arni < o Trnt+ + \
Type of improvement Advanced W iing Signals .& LNCerscctions

e B
Retined Description Se elow

Code A7 Page ] of ]

General AR faciors

Tyoe of Accident

Ali Fatal Injury Fatat/injury PDG
Reduction % -

=0 40 30 15
index of '
Variapility q g 9 o}
Source
Reference &6 66 68 66

Refined AR factors

Descriptien Refinements

Locztipn Characteristics ! iy Type of Accident jf: Lr;d\el;.
Rural, 2 lane Fatal/Injury | 29 2 33
Total | 45 5
", more than 2 lanes, tee intersec~ Fatal/Iniury | —— -
tion Total 21 s 33
Urban, More than 2 lanes Fatal /Indury | 73 = 33
Total =27 5 3

Group | includes MM, RO, RR and FA programs, Group [ includes SL, S5 and 3K pragrams.

Numbpers in italics reprasen? reductions /n numbers. All other AR faciors are reductions in accident rates.

-9
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AR factors

Type of improvemen?

Rumble Strips

. - No Refinements
.Refined Description

Code A-3 Page 1 of 2
General AR factors
Type of Accident
All Catal Injury Fatal/Injury POO
Reduction %
Y 26
index of
Variability g 5
Saurce
Reference 33 33 r
Refined AR factors
. Bescription Refinements
% 2 Index
. ! . N Ref.
Location Characteristics Type of Accident AR of Var.
At horizontal curves Fatal 60 9 66
Injury 40 = 66
PDO 2 g 66
Toorr Total 20 g 66
AT railroad crossings Fatal 50 9 68
Injury 30 g Be
PG 15 9 56
Total 20 3 €6
L.constrictions Fatal 680 9 EF
niury 40 9 [ala)
200 25 g 66
Totsal z G [ota)
L irntersections Fztal 20 9 £6
T 1y 207 ) [y

Group | includes HH, RO, RR and FA programs. Group |1 includes 3L, SO and SR programs.

2

Numpers in italics represent recductions in numbers. All cther AR factors are recuctions in accident rates.

F-10
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AR factors

Rumble Strips

Type of improvement

No Refinements

Refined Description

Code . £=3 Page _?;_. of
Refired AR factors
Description Refinements
o - . % index

Location Characteristics Type of Accident AR of Var. Ref

At intersections PDO 15 9 66

Total 20 a 66

F-11
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AR factors

Type of Improvement sight Distance Imorovements

@ Intersections (See Below)

Refined Description

Code £_13 Page]l of ]
General AR factors
Type of Accigent
Alt Fatal Injury Fataifinjury FDC
Reduction % 27 59 20 22 29
Index of
Variability 2 4 3 3 2
Source .
Rotorence 74 74 74 74 74
Refined AR factors
Deseription Refinements
o % 2 Index B
Location Characteristics Type of Accident AR of Var. Ref.
Rural, Group I Fatal 510, 5 74
Injury 1 4 74
PDO 30 3 74
Total 23 2 74
Rural, Crowp IT Fatal a4 4 74
Injury 22 3 74
500 43 2 74
Total 27 2 74
AT} Tocations Angle : 50 Q 54

Group | includes HH, RO, RA and FA erograms. Group I includes SL, SO and SR programs.,

Numbers in italics represent reductions in numbers. All cther AR factors are reductions in accident rates.
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AR factors

. -
Type of improvement Wl E_htlng

In Gereral

Refined Description

Code A-£5 Pege 1 of 1
General AR factors
Type of Accident
Adl Fatal injury Fatal/Injury POC
ti % 10 <
Reduction % | 15 38 | -12 -11 -1
Index of
Variability 1 4 2
Source -
Reference 74 74 74 74
Refined AR factors
Description Refinements
) . s %2 Index ‘
Location Characteristics Type of Accident AR of Var. Re?
Group II, Urban Fatal 700 5 74
Injury —75 2 74
PDO —4 2 74
Totzal -8 2 74
Group T1, Urban, divided, 4 lznes Fatal 100 5 74
Injury ~78 z 74
PDC -5 2 74
Total ~710 z 74
Not Snecified TotzleNT skt 5G g 8

! Group i includes MM, RO, RA and FA programs. Group | includes SL, SO and SR programs.

-

Numbers in italics reoresent reductions in numpaers. All other AR factors are reguctions in accident rates.
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L7% INTERFST FACTOARS FOR

D R et B

) 1 SINGLE PaYMENT
+ P v ———————
i 1C04P0UND  PRESENT
] YEAR ] AMOUNT wGRTH
] ) FACTOR  FACTOR
1--‘-""+" --------- - -
] ) 1.070 0.9346
1 2 ) 1.145 0,8734
I3 3 £.225 0,8163
1 4 1.311 0.7629
)5 ) £.402 0.7130
16 ) 1.501 0.6h63
17 ) 1.506 0.6227
] 8 1.718 0,5820
19 ) 1.838 0.5439
110 ) 1.967 0.,5083
Joo1t ) 2.105 0,475
112 ) 2.252 0.4449
] 13 ) 2.410 0,41590
b4 ) 2.579 0.3878
115 ) 2.759 0.3624
1 16 ) 2.952 0.33a7
117 ) 3,159 0,3166
] 18 ) 21,380 0,2959
] 19 ) 3.617 0,2765
120 3 3,870 0.2584
1 21 ) 4,141 0.2615
1 22 1 4.230 0.2257
123 ) 4.741 0.2109
) 24 3 5,072 0.197}
1 2% ) 5,427 0,184
) 26 2 5.807 0.1722
1 27 ) b.214 0.1609
1 28 ) b.649 0.1504
]29 ) 7.114 0.1406
130 ) 7.612 0.1314
it %) 8.145 0.1228
) 32 ) 8.715 0.1147
133 ) 5,325 0.1072
134} 9,978 0.1002
Y35 ) 10.677 0,.0937
] 36 1 11.a24 0.087S
1 37 0} 12.224 0.081A
1 38 1 13,079 0.0765
] 3% 1 13,995 0.0715
1 80 1 18.974 0.0658
1 81 ) 18£.023 0,0624
] 42 1 17,144 0.0583
] 43 1 18,344 0,0545
3 ag ) 19.628 0.0509
Y} 45 3 21,002 0,0475
] 4e 1 22,473 0,0445
147 ) 24,04k 9.0416
1 48 ) 25.729 0.0389
1] 4e ] 27.S30 0.0363
1 S0 3 29.457 0.0339

Appendix G

AhUAL COMPOUNDING IMTENEST
EQUAL FPAYMENT SERIES ]
------------------------- L R R R N
COMPOUND SIMKING PRESENT CarITaLl
AMOUNT FUND WORTH RECOVERY]
FACTNR FACTNOR FACTOR FACTOR 1
-------------------------- e e
1,000 1.ubQ0 0,934 1,07040 1
2,670 O,ub3t 1.8080 31,3531 ]
3,215 C.3111¢ c.624% 00,3811 1}
4,440 (0.,22%¢2 3.3872 n.29%52 1
3.7%1 0.1739 44,1002 90,2439 3
7.133 0(.13%8 §,7685 00,2094 1
8,654 0.11586 95,3893 0,18%6 1
10.260 0.0%78S S.9713 0,.167% 1}
11.978 0.0835 6£.51%2 G.1335 1
13,816 0,0724 7.0236 00,1424 1
15.784 G, Uub3d 7.4987 0L.1334 1}
17,388 0.09%9 7.9427 00,1259 1
20,141 0.0497 8.3%577 0.1197 ]
22.550 0.0443 8,7d3% 00,1143 1
235.129 0.039A4 9.1073 0.10%8 3
27.888 0.03%9 S.4466 00,1059 1]
30,840 0.0324 S.7032 0.10°28 1
23,999 0Q.u294 10,0591 40,0854 )
37,379 0.u2863 10,3356 00,0928 1
40,99 Q0.02449 10,9940 0.0944 )
44,865 0.0223 10,8395 00,0622 )
49,006 0.0204 11,0812 00,0904 )
53,436 Q.0137 11,2722 0,0887 1
S8.177 00172 11,4693 0,0872 ]
63,249 0.01%8 11.653A 0Q,08%8 ]
28,676 (,01486 11,8258 (,.084K )
T4.4884 00,0134 11.%9867 0.0%348 1
80,698 d.01c24 12.1371 0.0R24 1]
87,347 0.0114 12.2777 0.0814 )
94,461 0.0106 12,4090 00,0806 1
102,073 Q0,008 12.5318 0,0798 1
110,218 0.04S1 12.6466 (0.079%1 1
118,933 0.0084 12,7538 00,0784 1
128.259 (.0078 12.8%40 40,0778 1)
135,237 0.0072 12.9477 0.0772 )
148,913 0Q.0U67 13,.03%2 0.0767 1
160,337 0.00682 13,1170 00,0762 1]
i72,56! 0.00%8 13,1935 10,0758 3
185.640 0.,0054 13,2649 09,0754 ]
189,635 0.00%0 13,3317 0,07%0 1}
214,610 0.0047 13,3341 0,0747 3
230,632 0.0043 13,4%24 00,0743 1}
247,776  0.0040 13,5070 G,0740 1
°e6é, 121 92,0038 13,5579 0,.0738 1
289,749 0.0035 13,6055 (,.0735 1}
206.752 2.0033 13,6500 G, Nn733 1}
329 .224 2.0030 13.691% Q.N07323 )
253,270 0.0028 12,7305 00,0728 )
378,959 0,.0026 13,7465 0.0726 1
406,529 0l2s 13,8007 90,0725 ]
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i 1 SINGLE PAYMENT ] EGUAL PAYMENT SERIES )
+ o o e 4 e . AR M b
] JCOMPOUND  PRESENT ] COMPOUND SINKING PRESENT CAPITAL]
] YEAR 1 aMQOuwnT WORTH ] AMOUNT FUMND WORTH RECQVERY]
] ] FACTNR FACTOR ] FACTOR FACTOR FACTOR FACTOR ]
] 0 s e 48 o A e s [ -
1 1 ] 1.090 0.9174 ] 1,000 1.0000 0.2174 1.0900 1
] 2 1 1.188 n_ 8417 ] 2.090 0.4785 1.759%  0,5685 ]
] 3 ] 1.29% 0.7722 1 T.278 0.3081 2.5313 0_.3951 |
] 4 ] 1.412 00,7084 1 4,572 0.2137 3.23297 0n,3087 1
1 3 1 1.%39 0,8499 ] 5,985 0.1i671 3.8897 0.2571 )
1 & 1 1.8677 0.3963 ] 7.523% 0,1329 4,48%9 Q.2229 1
) 7] 1.8P8 0.,3470 ] 3.200 0,1087 55,0330 0.,1987 ]
1 8 1 1,983 0.S01% ] 11,0238 Q.09u7 5.5348 (0,1807 1}
} g ) 2.172 0.4604 ) 13,02% 0.,0768 5.9952 0.1668 ]
] 10 1 2.367 n,u2248 1 15,193 0.0658 &,4177 0.1558 1]
j il ] 2.580 ,.3875 1 A7 .5hA0 0.0565 e.A0%2 0.,1469 ]
] 12 1 2.813 0.3555 ] 20,141 0.0497 7.1607 C.1397 1
] 13 1 3.066 00,3262 1 22.9%3 0.043s 7.8869 0,.133%5 ]
] ta 1} 3,382 00,2952 ] eb.019 0J,0384 7.7862 (.1284 ]
] 15 1 T.e42 0.2745 ) 29.361 C.0341¢ 8.0607 g.l1241 3
] 16 ] 3.970 0.2%19 ] 33,003 0.0303 8,3126 00,1203 )
] 17 ) 4,328 06,2311 ] 35,974 0.0270 8.5434 00,1170 1
1 18 1 4,717 ¢.2120 1 41,301 0.0242 88,7556 0,1:142 1
1 19 3 5.142 50,1945 3 46,018 0.0217 8.9501 0,1:117 1
) 20 1 S.e08 00,1784 ] 51.160G6 00,0195 9.,1285 00,1098 1
] 21 ] 6.10% 0.1637 3 56,765 0.0176 88,2822 00,1076 1}
1 22 1} 5,659 60,1502 ] 62,873 0.0159 9.44824 0,1098 1
] 23 1 7.258 6.1378 1} 69.%22 0.0144 9.5802 0.1044 1
] 24 1 7.911 G.1264 ] 76.7990 0.u1§0 9.70866 0.1030 1
1 2% 1 8.623 0.,1160 1} AL.701 0.01:8 99,8226 0.1018 1
1 26 ] 9,398 0,.1084 ] 93.324 0.0107 55,9290 0,1007 )
b 27 ] 10,245 N,0976 ] 102.723 v.0097 10,0256 0.0997 1
] 28 1 11.167 0.088% 1 112.968 00,0089 10.11s1 0©0.0989 1}
I 29 3 12,172 0,0822 1 124,135 9.0081 10,1983 0,0%81 1
] 0 1 13,2688 6.0754 1} 136,308 0.0073 10,2737 0.0873 3
H 31 1 14,462 00,0691 3 149,875 0.0067 10,3428 Q.0%567 1}
1 32 1 15.763 0,0634 ] 164,037 00,0061 10,4062 00,0961 13
1] 33} 17.182 0.0582 1 179.8006 0.00%6 10,4544 0,0956 1
1 34 ] 18,728 0,.0%34 1 196,982 0.00S51 10,5178 0.0951 1
I 3% 1] 20,614 0,04%30 ] 215.711 0.0046 10.%5663 00,0546 1]
1 35 ] 22.251 0,0449 1 236,125 0.0042 10.6118 00,0942 1
1 37 24,284 0, 04812 ] 258,376 . 0.0G039 10,6536 00,0939 1
] 38 1 Pe,u37 0,0378 ] 282.630 00,0035 10,6908 00,0935 3
] 39 ] 28,816 0,03a47 1 309,066 00,0032 10,7255 0,0932 1}
) 40 ] 31,409 0.03%318 ) 337.882 0.0030 10,7574 00,0930 1
1 41 1 34,238 (,0292 ) 369.2%2 0.0027 10,7866 0.0927 3
] 42 3 IT.31R 0,.0268 ] 403,528 0.002% 10,8138 ¢,082% 1]
)} 43 ] 4.e76 0. 02486 ] 440,848 D.0023 10,8380 0¢,0923 3
1 44 1} 44,237 0.9224 1 481,322 0.0021 10,8605 0.0921 1
1 45 ] 48,327 0.0207 1} S25.,8%9 0,.001% 10,8812 §.0919 ]
1 4p 1 52.677 0.0190 1 S74.1886 0,0017 10,9002 0.0917 1
o447 ) S7.618 0,.017¢4 1 #£26.883 0.0016 10.9176 (0.0916 1
i 48 ] £2.358% 0,0160G 1 6H84,.280 00,0019 10,9336 00,0915 )
1 a9 1} RB.21R 00,0147 1 Tuh. BRH 0.0013 10,9482 0.0913 i
150 ] 74.353 0.0134 1 815,084 0.0012 10.S5+17 9d.0%1l2 1}
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11% INTEREST FACTORS FOR ANNUAL COMPOUNDING INTEREST

] ) SINGBLE PAYMENT ] E£GUAL PAYMENT SERIES )
+ T - H - - +
] JCOMPOUNN  PRESENT ] COMPOUND SINKING PRESENT CAPITAL]
J YEAR 1 AMOUNT WORTH ] AMOUNT FUND WORTH RECOVERY]
] } FACTGOR FACTOR 3} FACTOR FACTGR FACTOR FACTOR 3
lonmwa - P At m e - . ————— P Emm - - - +

] 1.000 1.0000 00,9009 1.1100

] 2.110 0.4739 1.7129 0.283¢%

] 2.342 0.2992 2L, 4437 0,4062

i 4,710 D.2123 2.1024 Q,.37223

] 6,228 0.1606 3.6959 0.2706

i 7.913 0D.1264 84,2305 0.23s84

] 3,783 ¢g,1022 L,7122 9.2122

} t1.859 0.0843 S.1d61 0.19473

] 14,164 0.u7u6 S5.%370 0,1806

] 16,722 0.0598 S.8R92 0.1695

] 19,541 0.0511 b.2065 0.1611

] 22.713 (0,044 6.4924 (0.1540

H 26.212 0.,0332 6.7499 (_,1482

} 30.09% 06.0332 6,98319 00,1432

] 34,409 Q.uest 7.1909 9,.1391

] 39,190 ¢.u25% 7.37%2 00,1355

] 44,501 G.0225 7.5488 (.1325

1 S0.396 0.0198 7.70186  0.12948

1 $6.%939 0.0176 7.8393 00,1274

] 64,203 0.0158& 7.9633 90,1298

] 72.265 00,0128 g,.0751 0.1238

] 8l1.214 G.0t123 88,1787 0.1223

] 91.148 0.0110 &.gb64 00,1210

i 162.174 00,0098 8.3481 2.11938
13,585 0,073 1} 114,413 §.0087 B,.4217 0.:1187

]

]

]

}

]

]

1

]

H

]

]

]

]

]

]

]

]

]

]

]

)

]

]

]

).

] ] ]
] ] . ]
b ] 1.3683 00,7312 ]
] ] ]
] ] }
] ] ]
] 1 ]
! H H
] ] ]
] ) ]
] ] }
] ] 1
] ] ]
i ] ]
] ] ]
1 ] ]
] ] ]
] 1 ]
i i 1
] ] 1
} ] ]
] ] 1
i i ]
] ] ]
] ] ]
] ch H 1S.0R0 00,0662 127,999 0.06G78 8,4R81 0.1178 1
] ] ]
1 i 1
] ] ]
] i I
] ] ]
3 ] ]
1 ) ]
] 1 ]
1 ] ]
} ] ]
] 1 ]
] ] 3
] 1 }
] ] ]
i ) 1
] ] ]
i ] i
] ] ]
] } ]
] ] )|
] ] i
] ] ]
1 ] )
] ] ]

1.518 0,6587
1.685 0,593%
1.870 0,5348
2.076 00,4817
2.305 00,4330
2.5%58 0.3909
2.839 0,3%22
3,152 0.3173
3.498 00,2858
3.883 0,.257%
4.310 0,2320
4,785 (¢.z090
5.311 06,1883
5.895 0.1696
6.544 00,1528
T.263 0.1377
8.062 0,1240
8.949 00,1117
9,934 00,1007
11,026 0.0907
12.2392 0.0817

16,739 0.0597 143,079 0.0070 §.%478 00,1170
159,817 0.0083 B8.6016 0.1163
178.397 0.0056 8.6301 0.115%
196,021 0.0050 8,6938 00,1150
221.913 0.004S 8.7331 0.1145
247.324 0.0040 8,7686 0,114¢
275,529 0.003s 8.8005 0,:1136
306.837 0.0033 8.8293 0.1133
241,590 06,0029 §.8552 0.1129
380.164 0.0028 8.8786 0.1126
422,982 0,0024 8.89%s 00,1124
470,511 0.0021 8.9185 0,112
523,267 0.0019 8.9357 0,1119
581.826 00,0017 8,9511 0,117
646,827 0.00:5 8.9645 0,:1t15
718,978 0,001¢ 8.9774 Q.1114
799,065 0.0013 8.9886 00,1113
887.963 00,0011 8,998 90,1111
986.639 0.,0010 9.0079 0,111 0

1095,.169 0G.0009 9.01et 0.1108

1217.747 00,0008 $.0235 0.11¢08

1352.700 0.C007 5,030 0.1107

1502.437 0.0007 9.,0262 0.1:107

1668,.771 00,0008 9,0417 00,1106

18,580 00,0538
20.624 00,0485
£2.8%92 0.0437
2%.410 00,0394
28,206 0.0355
31.308 0.0319
34,752 0,0788
38.575 0,0259
42.818 0,023u4
47.578 00,0210
52.756 0.01%0
5R8.859 0,0171
63.001 N 0154
72,151 0,0139
80.083 n,.012%5
88,897 09,0112
Q8,676 00,0101
103,330 0.0091
121,%79 n,0082
134,952 0.0074
149,797 0.0087
166.275 N,0040
188,565 0,005¢
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13%2 INTEREST FACTORS

X

YEAR )
1

O @~ Wy

»
s [0
u._ln...-dwuuuuhduuumuwwuuuuhlwwuuuuuwuuuuuwuuuuwuuu;.._a\_luwc_:\..'x..nu....c

SINGLE PAYMENT

AMOUNT
FACTOR

1.130
1.277
1.443
1.530
1.342
2082
2,353
2.563R
3,004
3.365
I.A3R
4,335
4,898
5.53%
h.,2%4
7.087
7.986
g,.024
16,197
11.523
13,021
14,714
1h.E27
18,788
21.23%14
23,991
27.109
30.633
34,616
39,115
4a.201
49,947
56,840
£3,777
72.06S
81 ..u437
Qg G24
103,987
117.S06
1%32.782
150,043
169,549
191,%90
216,497
244,641
276,445
212.383
I32.95¢
398.881
459.736

FOR AnWNUAL COMPOUNDING

1

PRESENT 1]

WORTH

FACTOR

-y s e A P ws e h wn e e R wh OB SN R G R D W SR A R B em W el n A e D G OR e A AR W R e

8850
0.7831%
00,6921
N,5133
t.5428
CL.U803
g0.48251
0.37862
06,3329
0,294k
D.2607
0.2307
0.2042
0.180¢7
0.1399
0.1413
h.1292
c.1102
G.0981
0.0N8k8
0.0768
0,0hR80
o0.0601
0.05832
n,0471
Q. .0atr7
0.03A89
0.0326
0.0289
0.0256
¢.07226
0.0200
0.0177
d.u1%7
H,01329
0.0123
0.01Nn9
0.0085
0.008%
0,.0075S
0.0067
0.005%9
0.n0s2
g.0048
3.0041
0.0030
0.0032
ND.0028
0.002%
n,002:2

]
1

1
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EGUAL PAYMENT SERIES

A - W A Y S WS NP AN A v A W k8 W -

1COmMPOUND

COMPOUND
AMOQUNT
FACTOR

i.000
2,136
3.48407
4,850

6. 480
8.323
10.405
12.757
15,416
18,420
21.814
29.6%0
25,985
24,883
40,417
46,672
33,739
6bt.725
70,749
80,947
92.470
105,491
{120,205
136,331
155,620
176.85¢
200,841
227.950
258.583
293,199
332.315
376,516
426,863
482.903
546.681
618,749
700,187
782,211
836,198
1013.704
1146 486
1296.%29
16466,078
1657 ,6638
1874,1865
2118,806
2295,2%81
2707 .633
060,826
3499 ,.507

-~ G-7

SINKING

FUND .

FACTOR

1.00u0
0.48695
0.2935
D.2062
0.1543
G.1202
0.0%90l
0.0784
0.ub49
0.0543
J.045%8
0.0390
J.U334
0.02487
0.6247
J.0214
0.018¢%
0.0162
O.0141
0.0124
0.0108
0.0095
G.0083
0.0G73
0.0064
0.0057
0.00%50
0.0044
0.0039
0.003%4
0.,0030
G.0027
0.0023
0.0021
0.0018
20,0016
0.0014
00,0013
D.ON11
0.0010
01,0009
3.0008
C.0007
0.0600¢&
0.000%
0.0003
0.0004
0.0004
0.0003
0.00C3

PRESENT

NORTH

FACTOR

0.8a50
1.6681
2.3612
2.974%
3.5172
2.9975S
L. 4225
4,75884
53,1317
55,4262
53,6369
5.9174
b,1218
6,302%9
B.48248
6,6039
b.7291
66,8369
5.9380
7.0248
T.101%
7.1695
7,2297
7.2829
7.3200
7.3717
7.4066
7.4412
T.4701
7.4957
7.5183
7.5383
7.5%60
7.9717
T 598596
7.5579
7.6087
7.6183
7.8268
7.6344
7.6810
7.6469
7.6522
7.6568
745609
7.6645
T.6677
T.67035
7.6730
T.68752

INTEREST

CAPITAL
RECOVERY
FACTOR

1.1300
0.35955%
0.423%
0,3382
0.2843
0,2502
C.a2251
G.2084
0.,13549
N.1843
0.1758
N.1690
G.1634
0.1587
0.1947
0.1%14
C.,1486
g,.lds2
J.14481
D,lucdd
0.1408
0.135%
0.1%83
00,1373
00,1354
0.1357
0.1350
0,1344
0.1328
00,1334
00,1330
0.1327
0,1323
0.1321
0.1318
G.1318e
0,1314
0,1313
0.1311
0.1310
0,1206
0.1308
0.,1307
0.1306
0.1205
0.13095
$.1304
00,1304
0.13G3
0.1303

3
i
i
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1 SINGLE PAYMENT 1 EQUAL PAYMENT SERIES ]

JCOMPOUND PRESENT 1 COMPOUND SINKING PRESENT CAPITAL]
YEAR 1 AMOUNT WORTH ] AMOUNT FUND WORTH RECOVERY)
1 FACTOR FACTOR 1 FACTOR FACTOR - FACTOR  FACTOR ]

1.150 0.86596
1.323 06,7561
1.521 0.65%75

1.749 0,5718
2.011 n,4872
2.313 00,4323
2.6h0 D,3799
3.059 0.3259
z.514 00,2843
4,086 00,2872
4,652 00,2149
5.350 0.18869
£.,153 00,1625
7.076 00,1413
8.137 0.1229
9,358 0,10&9
10.761 0.0929
12,375 0,0808
14,232 0,0703
16,367 0.0611
g, 822 0.0531
21.645 00,0467
24,891 00,0402
28,625 0,.0349
32.919 0.0304

] 1.000 1.0000 0.8696 1.1500
]
1
]
1
]
)
]
1
]
]
]
)|
}
]
]
]
)
]
]
b
]
}
]
]
26 1 37.857 0.0264
]
)
}
]
]
1
]
]
]
}
]
}
1
]
)
)
3
)
]
1
1
]
}
)

2.150 0Q.4651 1.62%7 0.6191
3,873 0.2880 2.2832 0,4380
4,993 00,2003 2.855¢ 00,3503

T4z 0 14873 2 _ RSO0 O 2QRT
Vog e

o T Vo s T - B o

8.754 0.1142 3.7845 0.2s42
11,067 0.0804 4,16048 0.2404
13,727 (0.0729 4.4873 0.2229
i6.786 00,0596 4,7716 0.209%
20,304 00,0493 £5.0188 0.1993
24,349 0.0411 5.2337  0.191t
29,002 0.0345 5.4206 0.1845
34,3352 0.0291 5.5831 0,1791
40,505 0.0247 $.7245 0.1747
47,580 0.0210 5.8474 00,1710
5%.717 0.0179 5,9542 0,1679
65.07S 0.0154 6,0472 0.1654
7T35.8386 0.0132 £.1250 0.1632
88,212 0.0113 6.,1982 0.1p13

102,444 0.0098 £.2593 (¢.1393
118,810 00,0084 8.3125 0.1584
137.632 0.0073 6.3387 0.1573
159,276 0.0063 65,3988 0.15563
184,168 11,0054 $.4338 0,1554
212,733 G.0047 b.4881 00,1547
245,712 0,004 6.4906 0,1%4%
83,569 0.0035 6.513% 0,1335
327,104 0.00312 6.5335 00,1531
377,170 06,0027 £5.5509 0.1%27
434,745 0.0023 6.5660 0.1523
500.957 0.0020 6.5791 0.,1520
S77.100 0,0017 6.5%03 0,1517
&64.666 0.0015 6.6005 0,151S
765.365 0.0013 5.6091 00,1513
881,170 0.0011 6.6166 (C,.1511
1014,.3486 00,0010 6.6231 0,1510
1167,498 00,0009 6.6288 0.1509
1343,622 0.0007 6.6338 90,1507
1546,.165 02,0006 b.5380 0.1506
1779.09¢ 00,0006 &.6418 00,1566
2046,994 0.000S 6,.64%0 0,.1505
2354,9%7 0.0004 6.6478 0.1504
2709,.246 00,0004 6.6503 00,1504
3116.633 0,.0003 6.6524 0.1503
3585,128 $.0003 5.6543 0,.15063
4123,8%98 00,0002 6.6599 0,1502
4743,482 0.0002 6.56573 00,1502
54%6,005 0,.00u2 5.5585 0.1502
£275.4035 0.0002 6.63%5 0.13502
717,718  0.9001 H.6605% 0.1501

43,535 00,0230
S0.066 06,0200
57.575 0.,0174
b&.212 0.0191
76.144 0,0131
AR7.565 0.0114
100,700 0.009S
115.805 0,0086
133,176 0.0075
153,152 0.0065
176,125 0.0057
202,543 00,0049
232.92% 00,0043
67,888 00,0037
308,043 0,0032
234,250 0.0028
407,387 00,0025
468_495 0,002t
$538.769 0,0019
618,585 0,0018
7i2.%22 0,0014
819,401 0,0012
Gd42,311 00,0011
1083,657 0.0009
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Appendix H
FUNDING ISSUES

Section 105 (a) of Title 23 (United States Code) requires each State
to submit a program of proposed projects for the utilization of appor-
tioned funds. In accordance with the provisions of FHPM 6-3-2-2 {"F eder-
al-Aid Programs Approval and Authorization"), an annuai funding program is
required to be submitted to FHWA. The submittal dates, and program con-
tent and format are to be determined jointly by the State and the FHWA

Divisicn Administrator.

Currently the following highway safety construction programs are:

Title 23
Section
Number Program Titie
Rail-Highway Crossings (Section 203 of 1973 Act)
151 Pavement Marking Demonstration Program
152 Hazard Elimination Program
Also, the Safer Off-System Roads Progrm (23 USC 218) provides for highway

ot

safety construction off the Federal-aid system. Details of the programs
are given in Table 1 , which includes summary information of (2}

@ Type of system for funding

@ Amount of funds aiiocated in 1874-1576.
® Percent of Federal funds

o Cther information

Funds from 23 USC 402 can also be used to implement the Highway Safetly
Program Standards. Primarily, these funds are used for pianning and
evaluation activities in support of the safety construction program.

Certain guidelines must be satisfied in order for tasks to be eligi-

ble for FHWA funding. Fundable tasks should be directed toward "reducing
the freguency and severity of rotor vehicle accidents”, and should be ori-
‘nted toward long-term benefits.

Tasks involving studies, surveys, inventories, data collection, and

analysis, etc. should be directed foward (1):

s Identifying accident Jocations;
e Defining hazards,
@ Determining needs and deficiencies (in the highway-related Standard

areas),
Developing programs for correction of identified hazards {and



~-H

Table

I . Safety p

rograms.

Section 203 of 1373 23 USC 151 23 usC 152
Program Act Rail-Highway Pavement Marking Hazard
Requirements Crossings Pemonstration Eliminations 23 USC 402 23 UsSC 214
Surveys Conduct and maintaln; None‘ Conduct and system-; None Hone
for all highways atically maintain
for all highways
Priorities Ail crossings signed Rural areas Assignment required} Assignment k of funds .
Y4 funds for protect- first : required for safety
ive devices projects
Improvement Regquired None Required HSP Hone
Schedula required
Fundsi All highway except’ All highwaya Federal-ald system | ALl publie Public Rd.
Available For Intaerstate except except Interstate highways Federal-
Interstats ‘ Ald ofsf
) system
Perxcent Federal
Funds 90 100 90 75 or 100 15
Reporting States
to DOT Yes Yeas Yes Yes
DOT to Congresa Yes Yes Yas Yes
Miscellaneous Faederal funds may Funds not Support
provida local needed may be Safety
share when State released for Construc-
law requires off Federal- tion

local matching
of State funds

Ald system,
High Hazard
Improvemeaents,




high-accident Tocations), and
@ tvaluating the effectiveness of improvements.

The benefits of tasks must be related to the reduction of traffic
deaths, injuries, and property damage. Where practical, the benefits
should also be measurable in guantitative terms {1)}.

According to Section 402 (g} Title 23, United States Code, safety
funds may NOT be used for:

® Highway construction, maintenance, or design (other than highway
design or safety features to be used in the standards), or

# Any purpose for which funds are authorized by Section 403 of this
title.

There are several reasons why Section 402 funds cannot be used for
the same purposes for which Section 403 funds are authorized (1}):

o To insure that 402 funds are used to help the States initiate new
safety activities and improve or expand existing safety activi-
ties.

¢ To insure that research programs are carried out under Section
403.

e To avoid unnecessary duplication of effort and expenditures which
would occur if each State undertakes its own safety research and
develeopment program with Federal assistance.

Section 403 {Title 23, United States Code} is based on the idea that
traffic safety research must be conducted from a total systems viewpoint.
It authorized the expansion of the highway safety research and development
(R and D) activities under 23 U.5.C. 307 (a} to cover all aspects of

highway safety (1).

Guidelines for the funding of specific tasks are described in FHWA
order number M75603 Volume 3, Chapter III ({“Funding Eligibility"), as
given in the Appendix. The tasks described inciude:

e Field Reference Systems
Training

Highway Safety Needs Studies
Warning and Reguiatory Signs
Skid Resistance Program
Eridge Inspection

Equipment Purchases

Pubiic Information

@ Hdb ey

Specific Section 402 support tasks are also listed in the Appendix,
as classified under the appropriate Component and Process of the Highway
Safety Improvement Program (HSIP}:




DATE

DAY

VEHICLE VOLUME COUNT

WEATHER

COUNTY

TIME

TO.

INTERSECTION OF

TWP, VILLAGE or CITY

z

AND

ST.

-

N

S

\

A
/ N
0

,

/-h-

=
0
REMARK
iINTERSECTION LEG INBOUND QUTBOUND TOTAL
LEG OF ST
LEG OF ST
LEG OF ST
LEG GF ST.

TOTAL

i~
i
fort



1

YOLUME SUMMARY

DATE

TWP, VILLAGE OR CITY
INTERSECTION OF

WEATHER:CLEAR, .. CL.OUDY.._. RAIN _._SNOW_._FOG

TIME
VOLUME ON

AND

ROAD SURFACE: DRY __WET___ICY_.__ SNOWY____

TIME FROM _ON FROM  ON FROM___ON FROM ON
N TOTAL TOTAL,
12 — | NID.
P — 2
2~ 3
3 - 4
4 — 5
5 - &
§— 7
T— 8
8- 9
9 =~ 0
10~ i1
11— 12P
12— 1
{— 2
2~ 3
B
4 .. &
5 - 8
6— 7 i
7 - 8
a—~ 5
g {0
o~ il 1
L= 12
{24 Hr.
Total
Bl-Dir.
Tatel




SUMMARY
CLASSIFICATION SHEET FOR VEHICULAR TRAFFIC

Bouree  t0a—m

Location Date
leg of Intersectica
Passenger Slogle-unit Tractor-truck, § 2
g Cars Trucks Bus Semitrailer hfé o g
E H-s—q o
5 . %2 [Totad
§ 3 W < 3 o 3l ll o o g 258 a 2
AER AR RER I EI I B
P ]

2 3 gu a 0 L] & é L I :\3 ) 23 E i

Total

— . —=1ag of Intersection

e Lag O Intersection

e 122 O Intersection

T B

H
Source: Manual of Traffic Engineering Studies ({197%)
Institute of Transportation Engineers
525 School St., S.W., Suite 410

Washington, D.C. 20024

.fE




CROSSWALK FIELD SHEEY
PEDESTRIAN COUNT

pat

CHILBDHEN

ADULYS

ABILTS CEILDREN
TIME T3
DATE
OBSERVER
-
=
=1
a
=
=
o
o
=~
P
=
1ot
N
e e
r—
ADULTS CRILGAEN

(STREET NAME)

{STREET NAME)

Source: Manual of Traffic Engineering Studies {1976}

Institute of Transportation Engineers

525 Schoel St.,
Washingten, D.C.

5.W.,

4

20024

139

Suite 410




RGAD:

SPEED SURVEY SHEET

BETWEEN AND:
N § E W OF

CITY OR TOWNSHIP: DATE:
TIME: DIRECTION BEING SURVEYED:
WEATHER: CLEAR CLOuDY RAIN SNOW
PAVEMENT: DRY WET icy SNOW
TEMPERATURE: WIND: LIGHT STRONG GUST

70 57 44 31

&9 56 43 30

68 55 42 29

&7 54 41 28

&6 g3 40 27

&5 52 as 2%

&4 51 38 25

&3 =14] 37 4

62 48 36 23

&% 48 36 22

80 47 34 21

59 46 33 20

58 45 32 18

4
[
wn

TOTAL COUNT

85% PERCENTILE

AVERAGE




Date Lecation Oirection
Time Weather Foad Surface Condition
2 e en PASSENGER YEHICLES BUSES TRUCKS 3
é far tor o
2 a3 it 17E K i 5] 9
- 1 sar )
520 1200 !
500 500
1z.9 35/
375 %5
33 56 8 :
z 20 30 G i
2o e L
225 251 <00
5 2c 16
B B 223
202 50 |
3 187 37 5 ]
3 TR %2 |
3 64 333
-4 =R i1 5 i
B e R
4105 1a0d 33 t
7.5 115 FEK] i
<2345 133 261 i
i.a:g 173 X 1
5 122 e ]
4e1 115 EE]
F 11 222
| 3-1:4 137 218
l 3475 EE 0.5
5 X 220
R 35 EE
BER bE g7
535 34 18
5ea § 57 176
R 7
E 22 54
I 3 B !
15 4 5 - ! {
503 5 5 3 ;
PRE] 3 ]
LX) "33
2 EE 26 | !
o i (! 20
2 f ED 27
'y 53 BN ] |
! 12 B 5 i T
H oy 1
f L ] 12
I 14 17 5 {
s ; I
I roTaL veHicLES

-

525 Scnool 5t.,
Washington,

Manual of Traffic En
nstitute of Transpo

D.C.

[
i
)

S.W.,

gineering Studies (1976)
rtation Engineers
Suite 410

20024



TRAVEL TIME AND DELAY STUDY

i T I |
TEST CAR TECHNIQUE

FIELD SHEET

DATE . WEATHER TRIP NO.
ROUTE DIRECTION
TRIP STARTED AT AT

" (LOCATION) (MILEAGE)
TRIP ENDED AT AT,

(LOCATION) (MILEAGE)
CONTROL POINTS STOPS OR SLOWS
LOCATION TIME LOCATION |peray]  CAUSE

TRIP LENGTH______ TRIP TIME__ . TRAVEL SPEED
RUNNING TIME oo STOPPED TIME RUNNING SPEED

SYMBOLS OF DELAY CAUSE: S$—TRAFFIC SIGNALS SS—=STOP SIGN LT—LEFT TURNS
PK—FARKED CARS DP—DCOUBLE PARKING T—GENERAL
FED—PEDESTRIANS BP-—BUS PASSENGERS LOADING OR UNLDADING

COMMENTS

RECORDER

Source: Manual of Traffic Engineering Studies (1976}

Institute of Transportation Engineers
525 School 8+t., 5.W., Suite 410
Washington, D.C. 20024

4
i
~J



LGCATION on at

TRAVEL TIME STUDY

LICENSE PLATE TECHNIQUE
FIELD SHEET

WEATHER
OATE RQUTE LENGTH DIRECTION OF TRAFFIC
TIME OF START : —.TIME OF END TIME CORRECTION

0

1 2 3 4 5 6 7 8

1 ¥ A

NOTE:ONLY RECOAD LAST TWREE DIGITS OF LICENSE PLATE NUMSER. UNDERLINE ANY BUS of

TRUCK wWITH DUAL REAR WHEELS OR HEAVIER YEMWICLES

OBSERVER RECORDER

Source:

Manual of Traffic Engineering Studies

Institute O Transportation Engineers
525 8chool St., 83.W., Suite 410
Washington, D.C. 20024

{1876}



INTERSECTION DELAY STUDY

FIELD SHEET
Location Approach Meovemeant
Date e Weather Study No. Observer
~ Time Total Number of Vehicies Approach Voiume
(mirute starting Stopped in the Approach at Time:
at) Mumber | Number Not
+0sec | +15sec | +30sec | +45 sec Stopped Stopping

Subtotai
Total

Total Delay = Total Number Stopped x Sampling Interval

= Xx15 = veh-sec

Total Celay
Number of Sicoped Vehicles

Average Delay per Stopped Vehicle

= sec

Totai Dela
Average Delay per Approach Vehicle = _H_...___.......__X.__
Approach Volume

= sec

N topped Vehicl
Percant of Vehicles Stopped = umber of Stopp ghicles

= ES) percent

L

Approach Volume

Source: Manual of Traffic Engineering Studies {1976}
Institute of Transportation Encineers
525 School St., 2.W., Suite 410
Washington, D.C. 20024

I-3



LOCATION::

Highway Capacity 2nalysis Sheet

CITY OR TOWNSHIP:

DATE :
Description Desic:;n Existing 3) Level of
(1) Capacity volure (2y | Service
b _ L) {3)




TT1-I

D Dat Ob ' s
ay ate server ) 7]‘\‘
Conflict - C,  Secondary Conflict = 5C !
Lk Torm Right Turn Orpparing [ Crom Trillc Laft Turn Cran Tratfic gt Yurn
COUNT Some Direction § Yisw Vahicls § Samg Dirsction Lalt Youn o e Trwan Latt o Kight T Righi fras Wight
START TOTAL £ 1Y Ji = { i~ I\
TIME APPROACH
(MILITARY) | VOLUME | ¢ isc| clsc|] c |scj cisc|l cisclcisc]ciscic|sc]| C|sC 5C scjC|sc
TOTAL
Severe Conflicts:
Possible Causes of Slow Vehicle Conflictss
Other Notes and Comments:




CAP STUDIES

DATE TIME
WEATHER LOC.
"5 1o 10_SEC. {| o 15 SEC. 16 10 20 SEC.
21025 SEC. 2610 30 OEC. 2 40 —
REMARKS:

-12

1



Queue Length Data Summary Sheet

LOCATION:
CITY: DATE -
DAY : WEATHER:
TIME

¥

P Queue Queue
Time Length Time Length




Skid Resistance Study Summary Sheet

LOCATION:

CITY QR TWP: DATE:

WEATHER:

AIR.TEMPERATURE:

METHOD USED FOR MEASURING:

TEST SKID NUMRER

NG, DESCRIPTION® : (8%}
}
]
I
1
|
J

COMMENTS: . _ e

*Includes identification of study section {route number, mile post,
lare) and ¢esting data {wheel locked, test zpeed, etc.)



Roadway Lighting Warrant Form

LOCATION:

DE:

CRIPTION:

CITY OR TWP: DATE:

1. Volume Data

Description Volume Date

2. Accident Data

Time Period Night/Day Accident Rate

3. Other Data




Fog-Related Study OCutput Form

LOCATICON:

CITY OR TWP:

DATE :

AY TIME :

1

TEMP :

TRAVEL SPEEDS:

Test No. Description

T

Fileld Measurement |

{Sight Distance)}

L

Design
Value

b

-t
(921




DEDESTRIAN GROUP SIZE STUDY

Study date Time: From to Location
Crosswalk across . curb-to-curb distance

pivided roadway?  Yes No Width of island P,

Number of Number of Sroups

Group size | Rows () Tally Total | Cumulative Comprtations
46 - 50 10

4L - 45 9

i
36 - 40 2 |
31 - 33 7 1
|

26 - 30 € .

21 = 25 5 !

16 = 20 4

11 ~ 15 3

6 -~ 10 2

% or Less 1
l Total Humber i i _

of Grouos ix 0.1% ° ¥ o

Shurce:

A Program for School Crossing Protection
Thetitute of Transportation Engineers
525 &chool St., S8.W., Suite 410
washington, D.C. 20024




PECESTRIAN DELAY TIME STUDY

S+tudy date Logatign _ Crosswalk across

P

End of Survey (tc nearest minute) Numpey of Rows - "N
1
Start of Survey (to nearest minute] - i Roadway Width - "wW" ft.
|
!
Total Survey Time (minutes) _ iAdequate Gap Time ~-"G" SECS.
Gap Size | Number ol Gans Multiply by
(Scconds) | Tally Total Gag Size Computatigns
S
9
1G

T
ENEEE

3

16

v

10

is

20

21

22

23

24

25

26

- T = Total sur-

g vey time

2 »x GG

29

20 T= 60

32

32 T cees.

33

34

35

35 -

- —

37 o -|\T = -.} 100l

33 T

39

49

L1

a2

i : o
! LT toral tame of 4il gaps agual or “secs. o= __ %
! sreater thman "G} : N

spurce: A Program for School Crossing P;otection
Tnsricute of Transportaticn Engineers
525 Schoocl St., S.W., Suite 410
Washington, D.C. 20024




Location

Data Cellection Form For Pedegtrlan Conflicts and Events

Obgerver Pate Weather ___
Time Slow |51low or Weave Brake or | Brake or Vohlcle Turn Pad, ped, Ped, Falge Jay Total
- ar Stop For For Weave - Weave - Ignore Conflict un Stop Traf. Start Walk- Ped.
Start| kEnd | Stop red. Fed. Ped. Ped. Crosalhg reross in Signal | Across ing volime
For ipravious| Cross.| Standing | walking on Guard Streeat | Street ] Viola-| Street
Ped, Shoulder tion




PEDESTRIAN OBSERVANCE OF TRAFFIC SIGNALS

Location
Time 10 Woather
Pedestrians crossing Stonthe (NSEW) . side
of St.in direction
STEPPED CROSSED STRAIGHT
FROM CURB (crosswalk) ToTAL
ON '
X
g2
-

YELLOW
FLASHING
DON'T
WALK

GREEN
STEADY
DONT
WALK

CROSSED DIAGONALLY

RED
WALK

GREEN
CR
YELLOW
DON'T
WALK

-
9
P
~

Date Recorder

Source: Manual of Traffic Engineering Studies

Institute of Transportation Engineers
525 School St., S.W., Suite 410
Washington, D.C. 20024

(1976)



DRIVER OBSERVANCE OF TRAFFIC SIGNALS
FIELD SHEET

Locatien
Time to Weather
N.S.E.W. on
=z L
»  E
WNDIS GTaNNT m 2
asy e = L
3 =
2 g
b & z
——— = z
NIFHD HALIY MOTIEA z g
= [=]
z = &
g = o |
& S g 13
z i
=)
NIZUD

4—! wbing Nﬁmls* ;;a-gL’ - gft . *Slraﬂght Right 1—’

N.S.EW. on GREEN
~
-
- = «< @
c
£ © e 2
M ) 2
o = YELLOW AFTER GRGEN
@ »
) 2 -
2 3 g
H =4
2 £ S RED
a3 = z
- i JUMPED SIGNAI
z 4 ~
5 ui
= ]
.__E =
Date Recorder

Source: Manual of Traffic Engineering Studies {1976}
Tnstitute of Transpertation Engineers
525 Schceol St., S.-W., guite 4310
Washington, D.C. 20024




DRIVER OBSERVANCE OF STOP SIGNS

FIELD SHEET

iocation
Time el ‘Weather
HON-STOPPING
PAACTICALLY STOPPED - 0 to 3 mph
STOPPED BY TRAFFIC
g VOLLNTARY FULL STOP
2
w
2 Rignt Straight Left
Left Straight Right
VOLUNTARY FULL STOP
STOPPED BY TRAFFIC
PRACT'CALLY STOPPED - O to S mph

c NON-STOPPING

(=

2

w

2

=z

Date Recorder

gource: Manual of Traffic Engineering Studies

Thetitute of Transportation Engineers
525 School St., S.W., Bulte 410

Washington, D.C. 20024

{1976;



Technigue Utility Form

Techniques

Management
[ Concerns

Technigue

Technigue

We,
(1)

iLeveii

(2) i

1yx{(2)

Wt
(1)

Level :

(2}

P (1yx(2)

TOTAL




vT-I

Task, Manpower and Equipment Sheet

Procedure

Technique

Task, Manpower and Equipment Needs




Cost Estimate Form

LOCATION::
CITY OR AREA: DATE:
GENERAL DESCRIPTION:
Ttem Unit | Upit i}uantitgf Cost
Cost ; ;
Subtotal
S LA : S S——

Engineering/Contingencies

TOTAL

b

I
%
ut



H

b
[oa]

Eveluation Nes

project Ho:

pate/Evaluator:

1. Initial Implewmentation Cost, I -

2. Annual Operating and Maintenance
Costy Before Praoject Implementation: 3

3. Annual Operating and Maintenance
Costs After Project Implementationg §

4. Wetb Annnal Oﬁerqhing and Haintenance
Costs, K (3-2}+ $

5. Annual Safety Benefits in Wumber of
rccldentu Prevented, B

Accident Type Expected - Agtual = Annual Benefit

Total

6. Service Life, ni yra.

7. Salvages Value, T: §

B. Inturest Rate: y =0,

"

10.

11.

Annual Benefits
B (frcm 5) =

C/E = EUAC/B =

—rra s

12,

13,

14.

PWOC Calculationt
pue
syué-

PHOC= I + K (svu},) -7 _(m%)

Annual Benefit
n {from 6) = yrs,
B (from 5) = accidents prevented par year

€/ = PHOC |ca£1/§

9, BUAC Calculatiom

CR% =

SF% =

BUAC = 1 lcné) + K~ (SF;!

Cost-Effectiveness Worksheet




LT~1I

ﬁvaluatinn ot

Frojzct Not

bata/Evaluators

1. Initial Implementation Cost, I $

2, Annual Operating and Maintenance
Costs Belore Project Implementation: §

3, Annual Oper;ting and Haintenance
Cost After Project Implementation: $

¢, Hot Annual Operating and
Maintenance Costg, X (3-2}: $

5. Annual Safety Benefits in Number
of Rccidents Prevented:

Severity

s e e et
[P,
b e i

Expected - Actual = Annual Banefit

Services life n:
9, Salvage vValue, Ti s

10. Interest Rate, i:

11. EUAC calculations

crb =
el w

EUAC = I (CRY) + X - T srd)

&) Fatal Accidents
{Fatalitias)

b) Injury Accidents
{Injuries}

c) PDO Accidents
{Involvement)

€. Accident Cost Values (Source

12, EUAB Calculation:

EUAB = B

Severity . " 'Cost
a) Patal Accident (Fatality) $
b} Injury Accident (Injury} #
c} PDO Accident {Involvement) §
7. annual Safety Benefits in Dollars Saved, H:
5a) x Ga) =
5h} x 6b) =
5:) x bo) w

Total - H

13, B/C = EUAB/EUAC =
X )
14. PWOT Calculation:
o R
i
SPH; =

JPROC = I + X (smif,) - (Pw,i,l

15, PWOB Calculation;
N PHOB = Eispu,ill

16. B/C = PHOB/PWOC =

Benefit-Cost Worksheet
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* Xiue of Return {T.0.K.) Lasad un

Chay/ivp.

County

locatfon,

The method of evaluating eccldent costs, uszed below, is given on page 67
of Roy Jorgensea’s report of Highway Safety Improvement Criteria, 1566
redition. Thie same method 18 plven in the Bureau of Public Roads THII-
3-67.

-In the {nllnuiﬁg analysis the costs provided by the National Safety’
Covncil arer 197 wvalues

Peath -
Honfatal Injury =
¥Yroperty Dimago Acclident «
B AT x QR kT R
ADTb
vhers
B = benafit 1a dollara

Jdn‘n = Average trafiic volume after the fmprovement

‘i‘b - .lv'ar.lgn traffic veluns belors the foprovemant

il] « Reduction da £stalities und injurles vombined

Rz = Reduction In proparty damage accidents

Qe if no'fatal accidents occurred, and

- + (5[/? f
q P 3/

1f at least 1 fatality ovccurred.

vhars

X/F = Rutlo of injurfes to fatalities that occurrad stateuide
during the yeac 1977

- -

'yc-rs of data.

e ¥TA. Ba [ + {3} i
- yra. B Y )+ -
dnnual B dollava

Ce Total cost of project

T.0.Ry » "g_ = — yeRrE™ Hoinths

e e

toration

Chey/Twp. County

Contral Section

SII F _

Type of Inmprovement

ACCTHNT TYVLS
FPERIOD |~ T T ;
: A
1577 //"— : Py b
Tnjd fnd id ndd S TP
1978 ~ | / ! /
7 o
4 pa i / /
TOTALS
Estimated % Red, X Red. % Red. f I Red. X Hed.
Acclident ’ f
Reduccion ‘

Estluared Yroject Cost

Anticipated Annunl Benefit

Projece Asortization {T.0.R.} o ¥BADLN

{

Time-of-Return Worksheet
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| COMPLETE (INES 8 THROUGH 13 IF ADT WILL INCREASE DURING

COUNTERMEASURE NO.__ ESTIMAYED SERVICE LIFE . __ YEARS
COUNTERMEASURE DESCRIPTICQU el e
CURRENT 19__~ ADT ESTIMATED 19__ - ADT

Constont
Increasing by
Increasing by

% annuntly

VPO annually

ESTIMATED ANNUAL ACCIDENT REDUCTION;

COUNTERMEASURE AMALYSIS WORKSHEET Formn

Estimoled Accidents Estimoted
% Reduction x  of this = Accident
=100 Type Reduction
Accident PO PO
TYPe e s e ¥ F&l1 = F&I
Accident POO __ POO . _
TPt e e K F&I._ __ = F&:
Accident PO - PDC
Yype % F&i___ __ = F&l
Accident PDO POO
Type _ ___ __ _x F&I_____ = F&|
Total Reduction PDO. —F&li
AVERAGE ANMUAL BENEFITS:
1. Enter the estimoted seduction of PDC Accidents [,
2. Enfer the averoge cost of o PDO Accident —-
3. Multiply Line 1 by line 2 {overoge onnuo!l benefit of
reducing PDO Accidents) e
4. Enter the estimated reduction of fatal ond injury sccidents — e
5. Enter the overage cost of o fatal o injury wccident -
6. Multiply Line 4 by Line 5 {averoge sonval benefis of
ceducing fotal and injury gecidents) ——— —
7. Add Line 6 1o tine 3 (average annual benefit fram
reducing occidents) ——

SERVICE LIFE OF IMPROVEMENT--IF NOT GO TO LINE 14
8. Enter the expected ADT ol the end of the service life
9. Enter the present ADT NI

0. Add Line 9 to Line 8 L

1. Divide Line 10 by 2 (averoge ADT during service life)

12. Divide tine 1) by Line 9 {ADT growth faclor) R

13. Multiply Line 7 by Line 12 (overage onnuol benefits
from redusing occidents--ADT increasing}

T Frou - -
JGE weneiris rrom tmprovement

14 Fnier cor

S."'f

{if konown ) PO

121 ADT &5 constant add Line 14 to Line 7 Average Annual
If ADT iy increasing odd Line 14 to Line 13 Benefits

COUNTERMEASURE ANALYSIS WORKSHEET
AVERAGE ANMNUALIZED COST*:

1. Enter the initial cost of improvement

2. Enter the capital recovery factor for service life of the
improvement (see Interest Factors Table

Multiply Line 1 by Line 2

Enter the terminal vafue of improvement

Enter the sinking fund factor at the service fife of the
improvement (see Interest Factors Table

Multiply Line 4 by Line 5

Enter the constant annuol cost

. Subkract Line & from Line 3, then add Line 7 {Average

Annualized Costs)

Lo W

o~y O

AVERAGE ANNUAL NET RETURN:

1. Enter the Average Annual Benefits

2. Enter the Average Annualized Costs

3. Subtracit Line 2 from Line 1 {Average Annual Net
Return)

BENEFIT/COST RATIO:
1. Enter the Average Annual Benefits

2. Enter the Average Annualized Costs
3. Divide Line 1 by Line 2 (Benefit/Cost Ratio)

Farm #2

et e i

b — b
—— o
ot o r—

sy o Rt

* Based on 5% interest, annual cost uniform throughout service life.

Net annual Benefit Worksheet




CASE STUDY 1

Purpose

The intersection of Maple Road and Monroe Road was selected by the
City of Avon in 1978 for analysis under its Accident Location Study
Program. The purpose of this study was to determine the safety problems at
the intersection and recommend appropriate improvements which will allevi-
ate the existing accident situation and reduce the potential for future
accidents.

Background

The City of Avon is a rural community with a population of approxi-
mately 5,000. Its area is 9 miZ. The City is governed by a Mayor, City
Manager, and six (8) Councilpersons. Its engineering staff consists of the
City Manager {public works engineer with limited traffic safety experi-
ence), a Police Chief (significant experience in traffic safety), and one
technician. If needed, technician-Tevel personnel from another department
or local police cofficers are available to collect traffic data.

The City is equipped with the following traffic engineering equia-
ment:

. One counting board (four tally markers).
. Stop watch.
. Hand measuring wheel.
Radar gun.
« Speed and volume data forms.

Other necessary equipment may be borrowed from the County Road Commissisn
or the State Highway Department.

Due to a Timited staff and its use for all City engineering services
(plot review, sewer services, etc.), minimal time requirements are
available for this study. In addition, a l-week time frame is allotted for
the study of this location and a final report to the Council.

The police department has files of all accident reports for the last
five years. In addition, the City has been recently monitoring the
accidents at this location and has available copies of these reports for
use in the location's accident analysis.

Site Background

The intersection of Maple Road and Monroe Road 1is located 1 mile
within the Avon City limits. It is an unsignalized intersection without
overhead 1lighting "STOP" signs are placed on the approaches of Monroe
Road.

[



Maple Road runs east-west and intersects Pontiac Road, a major route,
in the west end of the City. Monroe Road is a north-scuth route. The
pcsted speed limits of the north and south approaches are 25 and 35 mph,
respectively. Speed limits of the east and west approaches are 35 and 45
mph, respectively. All approach legs at the intersection are 2-Tane.

tudy

_ Tne study, according to the HSIP, involves three subprocesses which
include: (1) collection and analysis of data, (2) development of candidate
countermeasures, and {3) selection of projects. Following are the details
of the study.

Subprocess 1: Collect And Analyze Data

Activity 1 - Perform Accident Study Procedures

Copies of locaticnal accident reports were obtained for 1975, 1976,
and 1977. Coltision diagrams were drawn and are used to define accident
patterns. The coliision diagrams are shown in Figure 1.

A review of the accident reports produced preliminary site information
to assist in the accident analysis. This information identified the inter-
section as consisting of four lags with a single approach lane per direc-
tion. Stop signs are postad on the Monroe Road aporoaches to control the
right-of-way.

A preliminary review of the accident data reveals that 12 accidents
occurred in 1975; 13 in 19763, and 14, in 1977. About 23 percent (9 of 39
accidents) of all accidents over this 3-year period were of the personal
injury type, resulting in nine injuries with no fatalities.

Procedure 1 ~ Accident Summary 8y Type

Tne detailed review of the accident data identified the following
accident patterns by visual inspection-cluster analysis methods. They
are:

. Rear-end accidents along Maple Road anproaches

Right angle accidents at the interssction

From these accident patterns, possible accident causes were identi-
fied.
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ACCIDENT PATTERN POSSIBLE CAUSE

Rear-end accidents at Maple Road . Crossing pedestrians.

High volume of turning
venicles.

. Slippery surface.

. Excessive speed on
approachss.

. Inadeguate roadway 1ighting.

. Inadecguate channelization.

. Right angle accidents at the . Restricted sight distance.
intersection (unsignalized) . Inadequate roadway lightina.

Inadequate intersection
warning signs.
Inadeguate traffic control
devices.
Excessive speed on
approaches.

Procedure 2 - Accident Summary 3y Severity

A review of the severity characteristics showed that of the 39 total
accidents (1975-1977), a total of nine “perscnal injury" accidents (23.1
percent) occurred {1975, 2; 1976, 3; 1977, 4). To determine whether 2
pattern of a specific severity characteristic occurred, a comparison of
these fregquencies with control values was performed. The citywide area
during the same time period had the following severity characteristics:

CITYWIDE {CONTROL)

SEVERITY CHARACTERISTIC 1975 1976 1977 TOTAL
Fatality accidents 0 0 0 0
Personal injury accidents 77 a1 88 245
Property damage accidents 163 209 190 562
TOTAL 240 290 278 508

The areawide percent of "personal injury” accidents to total accidents
was 246/8C8 or 30.4 percent. A comparison of the site value to the control
value showed:

STUBy SITE CONTROL SITES

23.1% < 30.4%

The severity characteristics at the study site are not determined to
be overrepresentative and are not considered a significant factor in the

1=y



intersection study. By specific accident *type, a saverity pattern does not
exist.

Procedure 3 - Accident Summary By Contributing Circumstances

From a review of the "contributing circumstance" data on the accident
reports, the following circumstances and their frequency were observed:

. Failed to yield right-of-way (14).
Slippery surface (8).
Unsafe speed (9).
. Alcohol involvement (5).
. Debris in roadway (1).
. Fixed object (1).
This data revealed several findings:
1. Of the 14 "failed to yield right-of-way" observations, 12 were
recorded for the right angle at intersection accidents. This
pattern tends to show the lack of proper observance of the stop

signs by the Monroe Road traffic. "Unsafe travel speeds" along the
Maple Rcad approaches were also noted in seven of these cases.

g Maple Road, "sltippery

e Farat "

Procedure 4 - Accident Summary By Environmental Conditions

The environmental characteristics were also reviewed. A comparison of
the "wet pavement" and "dark conditions" accidents for the study si:e
reveals the follewing:

STUDY SITE

ACCIDENTS PERCENY
CHARACTERISTIC 1875 1976 1977 TOTAL QF TOTAL
Wet pavement 2 7 5 14 35.9
Dark conditions 4 5 7 16 41.0
Total accidents 12 13 14 39 -

For the same period (1975-1977), the citywide accidents for these

environmental situations were:

a1



CITYWIDE {CONTROL)

CHARACTERISTIC TOTAL (1975-1977) PERCENT OF TOTAL
Wet pavement 352 43.6
Dark conditions 321 36.7
Total accidents 808 -

The citywide average values are used as conirol values. A comparison
of the study site vs. control site percentages show:

CONDITION STUDY SITE CONTROL SITE
Wet pavement/total acc. 35.9% < 43,6%
Dark conditicns/total acc. 41.0% > 39.7%
From these comparisons, the “dark conditions® accidents were identi-
fied as an accident pattern. The wet pavement accidents, however, do not

represent a pattern.

A similar review was made, by defined accident pattern, o determine
if the environmentael conditions contributed as a possible accident cause.
The accidentis under these conditions and their comparison to control site
values showed:

REAR-END ACCIDENTS ALONG MAPLE ROAD APPROACHES
AT _MONROE ROAD

CONTROL
CONDITION 1975 1876 1677 TOTAL % SITES(%)
Wet pavement/
total acc. i/f2 2/3 2/4 5/9 55.6 > 43.6
Dark conditions/
total acc. 1/2 1/3 2/4 &/9 44,4 > 38.7



RIGHT-ANGLE ACCIDENTS AT INTERSECTION

CONTROL
CONDITION 1975 1976 1877 TOTAL % SITES(%)
Wet Pavement/
Total Acc. 0/5 1/4 3/4 4/13 30.8 < 43.6
Jark Condition/
Total Acc. 1/5 0/4 1/4 2/13 i5.4 < 39.7

An  overrepresentation of ‘'wet pavement" and ‘dark condition"
characteristics are reflected in the 1ist of possible causes for rear-end
accidents along the Maple Road approaches at Monrce Road.

Procedure 5 - Accident Summary By Time Period

Time period characteristics were provided for time of day data cnly.
A review of this data on an intersection-wide and an accident pattern basis
revealed that the peak volume hours related a pattern in accident
gceurrence.

Summarizing the accident findings, the following list of possible
accident causes by accident pattern was obtained.

ACCIDENT PATTERN POSSIBLE CAUSE
. Rear-end accidents along Mapie Road . Crossing pedestrians.
. High volume of turning
vehicles.

. Slippery surface.

. Excessive speed on
approaches.

. Inadequate roadway lighting.
Inadequate channelization.

Right angle accidents at the . Restricted sight distance.
intersection (unsigralized) . Inadequate intersection
warning signs.
. Inadequate traffic control

devices.
. Excessive speed on
approaches.
. Nighttime/dark conditions- . Inadequate roadway lighting.
retated accidents. . roor sign guality.

. Inadequate channelization or
delineation.



Activity 2 - Field Review Location

The field review of the site was performed by manual methods. Due to
the importance of this activity, personnel with a safety engineering back-
ground were recommended for the field review effort. The police chief was
selected to perform the field reviaw.

Major conditions noted from the review were:

. All legs of the intersection are 2-Tane (one inbound and one out-
bound).

. The posted speed limits of the north and south approaches are 25 and
35 mph, respectively. Spead 1limits of east and west approaches arsa
35 and 45 mph, respectively.

- This Tocation is an unsignalized intersection with Timited roadway
Tighting.

. "STOP" signs are situated on the approaches of Monroe Road.

Procedure 6 - Safety Performance Study

Foliowing the general review of the site, the police chief performed a
safety performance review. \Using the accident findings, a survey length
was defined, The Tlocation was observed for a 60-minute period. The
evening peak period (5-6 p.m.) was selected for to observation of the
intersection operations. An eariier period was used to review the physical
features. The findings of the safety performance review are shown 1in
Figure 2. Questions not considered nertinent did not contain responses.

This review produced the following observations.
1. Pedestrians are not a factor at the intersection.

2, Conflict and delay occurs oetween Teft turn and through traffic
along Maple Road due to multiple use of the same traffic Tane.

3. Travel speeds along Mapie Road appear higher than posted.
4. A general lack of roadway 1ighting exists.

5. A1l approaches to the intersection are open and clear of sight
obstructions.

6. Adequate intersection warning signs exist along Maple Road.

7. Delays occur fo Monroe Road traffic in attempting to cross or
enter the Maple Reoad tratfic,



LOCATION: M APl l? AD @ MOAJ,Q}E )%ﬁb con'rROL:Té;,_‘g -/ZZAY 5727&0
5-,PM

DATE: CZ/Z ?!620

TIME:

OPERATIONAL CHECKLIST:

1.

2.

10.

1.

12.

13.

14.

15.
16.

17,

Do cbstructions block the drivers view of
opposing vehicles?

Do drivers respond incorrectly to signals,
signs or other traffic control devices?

Do drivers have treouble finding the correct

path through the location?
Are vehicle speeds too high?
Are vehicle speeds too low?

Are there violations of parking or other
traffic regulations?

Are drivers confused about routes, street
names, or other guidance infcrmation?

Can vehicle delay be reduced?
Are there traffic flow deficlencies or
traffic conflict patterns asscciated with

turning movements?

Is the volume of thru traffic causing
problems?

Is the volume of turning traffic causing
problems?

Do pedestrian movements through the
lecation cause conflicts?

Do bicyelist movements through the
location cause conflicts?

Are there other traffic flow daficiencies
oxr traffic conflict patterns?

Is existing lighting operating corxectly?

Do -he presence of existing driveways con-
tribute to accidents or erratic movements?

Are pavement conditions causing drivers
to react in an erratic fashion?

Figure Z ., Safety performance
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PHYSICAL <HECXLIST:

g

NO
1. Can sight cobstructions be removed or
dacreased?
2. are the street aligrment or widths
inadeguate? v/
3. Are curb radii toc small? il
4. Should pedestrian crosswalks be relsocated?
5. Repainted?
6. Are signs inadequate as to usefulness,
message, size conformity and placement?
(see MUTCD) l.//
7. Are zignals inade@uate ag to placement,
conformity, number of signal heads, or
viming? {see MUTCE}
g, Aare pavement markings inadeguate as to
their clearness or location? b//
9, Is channelization {islands or paint
markings) inadegquate for reducing con- y/,’
flict areas?
10, Separating traffic flows? L
1i. bDefining movements? [ “'
12. Does the legal parking layout affect
sight distance?
12, Through or turning vehicle paths?
14. Traffic flow?
15. D¢ speed limits appear to be unsafe? v’
16. Unreasconable? e
17. s the number of lanes insufficient? IV
18, Is street lighting inadeguate? v
19. Are driveways inadeguately designed? v/’
20, Located? v
21. Does the pavement condition {potholes,
washboard, or slippery surface) con-
tribute to accidents? W
22. Are approach grades too steep? v
COMMENTS:
Cperational--"0" and item number
Physical-="P" and item number
Figure 2 . Safety rperformance review (continued).
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8, The physical quality of signing in the area is considered excel-
Tent.

9. Pavement markings in the area are considered highly adequate.

These findings and the comments provided on the field review sheets
resuited in the following revised 1ist of possible accident causes.

ACCIDENT PATTERN POSSIBLE CAUSE

. Rear-end accidents along Maple Road . High volume of turning
vehicles.
Excessive speed on
approaches.
Tnadaniia+ta wnan 'E‘

+ inadeguate roadway

i
« Inadegute channelizati

. Right angle accidents at the . Inadequate traffic control
intersection (unsignalized) devices.
. Excessive speed on
approaches.
. Nighttime/dark conditions- . Inadequate roadway Tighting.
related accidents

Activity 3 - Select Appropriate Traffic, Environmental, And Special
Study Procedures

Based on the accident patterns and possible

foS R RS ey [t R B O

other procedures necessary +to identify the

,
defined. By accident pattern and possible cause, the following data neec
and procedures are apparent:

=1
{1



Y

ACCIDENT PATTERN

POSSIBLE CAUSE

T

DATA NZEBS

PROCEDURE

.Rear-end collisions
along Mapie Road.

.High volume of
turning vehicles.

. Volume data.

.Roadway inven-
tory.

.Lonfilict data.

. Volume study

. Roadway inven-
tory study

.Traffic con-
flict study.

.Excessive speed
on approaches.

. Speed charac-
teristics.

. Spot speed
study.

. Inadeguate
channelization.

. Roadway inven-
tory data.

.Volume data

.Conflict data

.Roadway inven-
tory study.

.Yolume Study

.Conflict Study

.Right angle acci-
dents at the inter-
section (unsignal-
ized)

. Inadequate traffic
control devices.

. Roadway inven-
tory

.Volume data

.Delay or Gap
data

L, Conflict data

. Observance data

. Roadway Inven-

i tory Study

. Yolume Study

.Delay or Gap
Study

L Conflict Study

LTCD Study

. Excessive speed

on approaches.

. Speed charac-
teristics

. Spot Speed
Study

«Nighttime/dark
conditions-related
accidents

. Inadequate road-
way lighting, or
defineation.

LRoadway invern-
tory

.Volume data

.Data on existing
Tighting

.Traffic con-
flicts

L Roadway Inven-
tory Study

. Volume Study

. Highway 1ight-
ing Study

. Traffic Con-
flict Study

Summarizing the necessary study precedures required to define the
safety probiem{s) at the site results in the following list:

Roadway Inventory Study

. Volume Study

. Traffic Conflicts Study

. Spet Speed Study

Highway Lighting Study

. Delay Study

Traffic Control Device Study




Activity 4 - Select Techniques

Due to limited equipment resources, the techniques selected to perform
these procedures are Timited orimarily to manual techniques. Exceptions are
the spot speed and highway lighting studies. They will be performed using
the radar meter method and the NCHRP 152 method, respectively.

Activity 5 - Perform Procedures

The data collection periods were defined by the time of dey accident
patterns. This data results in the peak volume periods being used for most
of the data collection effort., Following are the planned data collection
pericds for the procedures.

. Roadway inventory study (daytime, not limited by time period)

. Volume study (7-9 a.m., 4-6 p.m.}

» Traffic conflict study (7-9 a.m., 4-6 p.m.)}

. Spot speed study (7-9 a.m., 4-5 p.m.)

. Delay study {7-9 a.m., 4-6 p.m.)

. Highway lighting study {nighttime field review)

. Traffic control device study (7-9 a.m., 4-8 p.m.)

The data collection schedule was devised to optimize *the time and
manpower resources. The personnel available for the data collection effort
consisted of the police chief and one technician. The schedule is arranged
such that studies are performed during both a morning and evening peak
period.

Following is the planned time schedule.



TUESDAY
| 71mE E TASK DESCRIPTION MANPOWER
7-9 a.m. g Conflict Study (10 min. Police Chief. ‘
. on 5 min. off. Change
; . Maple Road approaches on i
+ each count).
| _ Volume Study (turning move- Technician.
[ i ments by 15 min. periods).
9 a.m.- ? Roadway Inventory Study. Palice Chief and Technician.
|4 o.m. | Highway Lighting Study. Police Chief.
14-6 p.m. : Confiict Study {as above). Pclice Chief.
YoTume Study (as abovej. Technician.
L f
WEDNE SDAY
7-9 a.m. Delay Study {sampling Police Chief.
| method, N=1,600 vehicles). 5
j Spot Speed Study (sample size Technician.
. of 100 per direction).
4-6 p.m. | Delay Study (as above). Police Chief.
Spot Speed Study {as above). Technician.
3 THURSDAY |
7-9 a.m Traffic Control Devige Study Technician.
4-6 p.m. Traffic Control Device Study Technician.

Additional time may be required to collect the minimum sample size for
the delay data. This data may be planned for Thursday (a.m. and p.m.} or
Friday morning.

Data collection forms were prepared for these procedures and they were
performed. The collected data is shown on the forms in Figures 3 to 8.
ror several cases, only a sampie of the data forms are included.

From this data, the findings are:

1. During the morning peak sample period, 21 conflicts were notzd
between EB Maple Road through and Teft turn traffic on the west
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In

follows:

approach. During the evening peak sample period, 53 conflicts
between these movements were recorded.

Conflicts between crossing or entering traffic from the north and
south leg of Monroe Road {i.e., Teft turn from Teft, cross traffic
from Teft, left turn from right, and right turn from right)
resulted in 88 conflicts and 38 conflicts, respectively. During

the morning peak sample period, the conflict frequencies were 160
and 38, respectively.

The 85t

For the minimum sample size, the average delay for vehicles on the
north lag of Monroe Read during peak hours is approximately 35.4
seconds,

Using NCHRP 152 1ighting criteria for the intersection, the evaiu-
ation sum was 64.0 points. 75.0 points warrant external lighting
of an intarssction.

The traffic control device study showed virtually no lack of
observance of the "STOP" signs on the Monroe Road approaches.

roaview Of’ -i—h

I sreridant
LA ) LHIG aclide [

[ |

22



ACCINENT PATTERN

|
PROBABLE CAUSE |

STUDY FINDINGS

.Rear-end collisions
along Maple Road.

.High volume of turning
vehicles. 1

.Conflict data showed

a high rate of conflic:s
between through and

left turn traffic.
Turning volumes, how-
aver were considered

Tow for most of the
study period.

.Excessive speed on
appreoaches.

. Spot speed studies
snowed excessive travel
speeds along both Maple
Road approaches.

. Inadequate roadway
1ighting.

Highway Tighting studies
showed that external
lighting is not warran-
ted at this location.

. Inadequate channeli-
zation.

.Conflict data showed
significant conflict be-
tween through and left-
turn traffic.

. Right-angle accidents|

at the intersection.

. Inadequate traffic
control devices.

Delay studies show a
high amount of delay
experienced by the
traffic on Monroe Road.
Significant conflict
rates are occurring

due to this excessive
deTay. A quick check
of the available gaps
(assuming a critical lag
of 5.8 seconds), shows
that the volume of
Monroe Road traffic is
not able to be serviced
at an acceptable Tevel
of service.

. Nighttime/dark
conditions-
related accidents.

.Excessive speed on
appreaches.

Spot speed studies
showed excessive travel
speeds along both Maple
Road approaches.

-

. Inadequate rcadway
tighting or delin-
eation.

.Highway 1ighting studies
showed that additional
lighting is not warran-
ted at this Tocation.
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From these findings, the foliowing accident patterns and probable
causes are defined for use in the selecticn of countermeasures.
ACCIDENT PATTERN PROBABLE CAUSE
oaveand Al T3icinne a ~ e mmandim _~ S R
«ACar=cnl COVIISI0NS 4181 .Excessive prEU on dpprUdL” 5.
Maple Road. . Inadequate channelization

.Right angle accidents at

the intersection.

. Nighttime/Dark Conditions-

Related Accidents.

. Inadequate traffic control devices
.Excessive speed on approaches

. Inadequate delineation

Subprocess 2: Develop Candidate Countermeasures

Activity 7 - Develop Feasible Countermeasures

afil av

Tyrunt 8 r~aw
IR G 11 N S O §

improvements were develope

the operational

Tl ana

wera deveioped based on accident pattern i

relatfonships,

and careful engineering judgement,

use of Accident Pattern tabises.

Using the accident pattern tables,
measures are developed.

the

ysis of all available information, several safety

to reduce the accident problem and to improve
characteristics of the intersection. These improvements
dentification, probable causal

as exercised through the

following feasible counter-

ACCIDENT PATTERN

PROBABLE CAUSE

FEASIBLE COUNTERMEASURE

B

.Rear-end coliisions
along Maple Road.

. Reduce speed Timit on

:
approaches and inocrease sn-

Qppr Vauiiic o {183 kel ST il

forcement.

. Inadeguate channel-

ization.

.Create separate turn
Tane(s).

-Right-angle accidents
at the intersaction.

. Inadequate traffic

control devices,

. Upgrade intersection
control.

.Excessive speed on

approaches.,

.Reduce speed 1imit on
approaches and increase en-
forcament.

. Nighttime/dark
conditions-related
accidents.

. Inadequate delinea-

tion.

. install or improve delin-
eation markings




For the study site, the following feasible countermeasures are
selected for further analysis:

1. Reduce speed limit on approaches and increase enforcement; and
install traffic signal.

2. Create a left-turn lane on both approaches of Maple Road; and
install a traffic signal.

3. Create a left-turn lane on both approaches of Maple Road; install
a traffic signal; and install edge markings in the intersection
area.

Subprocess 3: Develon Projects

Activity 8 - Predict Accident Reduction Capabilities of Countermeasures

The following table gave the accident reduction capabilities of each
alternative countermeasures using Accident Reduction (AR) factors, as
provided in the source for Appendix F of the Procedural Guide:

PERCENT ACCIDENT REBUCTION
COUNTERMEASURE FATAL INJURY PBO TOTAL

Reduce speed 1limit -- - - -

Reflectorized edge markings -4 =10 =1 -4
Install traffic signal +64 +27 +33 +31
Install Teft-turn lane -13 +32 +40 +37

The final column of this table will be used to compute accident
reduction factors for the countermeasures since it contains the most
available data. Accident reduction factors for the multiple improvements
need to be developed. The following formula is applied:

ARM

AR]( + {1-AR1) ARz + {1-AR1){1-AR2) AR3 + ...
* (1-AR1)(1-ARi-1) ARy

where ARy = overall accident reduction factor for multiple improvements
at a single Tocation.

accident reduction factor for specific improvement.

AR
i number of improvements at a singles location.

The countermeasure with the highest AR factor 1is used as ARy in this
formula. The next highest is AR5, and so on.



COUNTERMEASURE 1 - Reduce speed timit on appreoaches and 1install traffic
signal.

AR = §.31

COUNTERMEASURE 2 - Create a left-turn lane on both approaches of Maple Road
and install a traffic signal.

ARM = 0.37 + {1-0.37) 0.31 = 0.37 + 0.20 = 0.57

COUNTERMEASURE 3 « Create a left-turn Tane on bSoth approaches of Maple
Road, install a traffic signal, and install edgemarking in the intersection
area.

T

(1-0.37)(1-0.31){-0.04)
0. 55

In determining the number of accidents saved, other data used were:
- Intersection volume {1975) - 14,000 vehicles per day
intersection volume {1980-projected) - 17,000 vehicles ner day

. Expected number of accidents - 13 accidents per year {sum of
1875-1977 accidents divided by 3 years).

The expected number of accidents presented are:

COUNTERMEASURE 1

13 accidents x 0.31 x 17,000 = 4.89
14,000

H

Accidents prevented

COUNTERMEASURE 2

Accidents prevented = 13 accidents x 0,57 x 17,000 = 9.00

= T2

COUNTERMEASURE 3 -

13 accidents x 0.55 x 17,000 = 8.68
14,

Accidents orevented

Activity 9 - Perform Economic Analysis

The city has in the past used benefit-to-cost analysis to determine
the economic effactiveness of its projects. Since City personnel s
familiar with this procedure, it will he used in the economic analysis of
safety projects also. Other datz used in the economic analyses are:

[N
ot



. Accident Cost Savings (1979 NSC figures are used)

Fatality - $160,000
. Personal injury - $6,200

. Property damage only $870
. Initial Implementation Costs
Install traffic signal - $15,600

Install left turn-lane
(Additional ROW not needed-

150" storage with tapers) - $35,000
Install edgemarkings - $200
Cperating and Maintenance Costs
. Countermeasure 1 - $50 per year
. Countermeasure 2 - $150 per year
. Countermeasure 3 - $350 per year
. Service Life
. 15 years
. Salvage Value
. $0

interest Rate

. 15%

It is assumed that in computing the accident benefits, the savings in
personal injury accidents occur at a similar ratio as the occurrence cof
personal injury/property damage accidents. Also, vehicle delay related

costs are not considered significant for this analysis.
analysis is included in Figure 9-11.

The benefit-to-cost ratic for each countermeasure were:

ALTERNATIVE B/C RATIC
Countermeasure 1 3.24
Countermeasure 2 1.84
Countermeasure 3 1.74

27
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Figure 9 . Fconomic analysis evaluation form {(B/C ratio).
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Activity 10 - Select Projects

Ranking the alternatives based on an a cost-effectiveness objective
produced the following preliminary ranking:

RANK ALTERNATIVE
1 Countermeasure 1
2 Countermeasure 2
3 Countermeasure 3

Other important considerations in the project selection are: (1)
effect on capacity, (2) effect on air and noise pollution, and (3) budget
limitations. These factors were reviewed and the following impacts used to
select a single safety project.

. EFFECT ON CAPACITY

Due to anticipated significant increases in development over the
next 5 years in the areas north and south of Maple Road, significant
turning movements from Maple Rcad onto Monrce Road can be expected.
It is anticipated that added approach lanes to the intersection will
be needed.

. EFFECT ON AIR AND NOISE POLLUTION

Due toc the expected delay experienced by through traffic waitirg
behind left-turn vehicles, air and noise pollution in the area mey
increase sharply. A separate turn lane at each approach would allevi-
ate the situation.

. BUDGET LIMITATIONS

[t is expected that Federal funds will be available for any one
of the countermeasures. Therefore, it is expected that the City will
pay approximately 25 percent of the project costs. Since this is the
major project for the City for the study year, sufficient funds should
be available in the City budget.

In a ity review of the countermeasures, the selected project wes
Countermeasure 2. Although Countermeasure 1 had a greater B/C ratio, the

anticipated need for a left-turn lane on the Maple Road approches limited
the seiection of this alternative.

Countermeasure 3 was similar to Countermeasure 2 except that it
included edgemarking in the intersection area. Since the safety impact of
edgemarking was not shown to be significant, Countermeasure 3 was not
selected.

It is planned that Countermeasure 2 be implemented as scon as funds
are available. The proposed improvements should improve the safety at the
intersection. An "After” evaluation should be conducted to assess the
effectiveness of the improvements.
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CASE STUDY 2

Purpose

In 1979, the intersection of Howard Read and 10 Mile Road was selected
by the City of Surrey for analysis under its Accident Location Study pro-
gram., The purpose of this study was to conduct the engineering studies at
the intersection and recommend a safety project.

Background

The City of Surrey is a major urban area with a population of 500,000,
It is governed by a Mayor and seven Councilpersons. Its roadway system
comprises approximately 400 miles with nearly 150 miles consisting of major
streets. The remainder of the street system is comprised of local streets
and a few miles of (‘.minf_y roads.,

= U (LSRR % LRV w18 oy }

The City has its own Transportation Department consisting of a Trans-
portation Director (head of Department and an experienced transportation
engineer), an engineer in charge of traffic signal systems, an engineer in
charge of signing, pavement markings, etc., and an engineer in charge of
highway safety. Overall, six technicians {two technicians per enginear)
are employed in the Department.

The Department has access to the City's computer system and currently
maintains computerized accident files for its system. Computer plotting
capabilities are also avajlable. The Department also has the following
traffic engineering equioment:

e o

hani counuers.
rs

llleCIiull lc
. Various permanent tra
. Four hand counters.
. Two radar speed guns.
. Two hand measuring wheels.
. Time lapse photographic equipment (2 cameras).
. Four stop watches.
. Other miscellaneous items.

Ten portable m

o

]
i

£Fi

raffi

affic
volume

Lo I

Site Background

The intersection of Howard Road and 10 Mile Road is located about 1
mi. within the Surrey city limits. 10 Mile Road runs nerth-south, while
Howard Road is a major east-west route through the area. The north ard
south approach legs of the intersection are four-lane with a center Teft
turn lane and & posted speed 1imit of 35 mph. The bi-directional ADT on 10
Mile Road is about 20,000. The east and west approach Tegs contain four
Tanes with a posted speed 1imit of 30 mph and a bi-directional ADT of about
12,000. The intersection is currently signalized with a two-phase, fixed-
time controller operating under a cycle length of 60 sec. during all hours.

Photographs of this location are shown in Figure 1.



Howard Road-eastbound approach
—
Howard Road-=sastbound approach
gure 1 Intersection of Howard Recad and 10 Mile Road,

)




10 Mile Road-southbound approach.

Figure 1 . Intersection of Howard Read and 10 Mile Road (continued).




A major factor which may affect traffic is the proximity of the Hazel
Park Race Track, located 3/4 mi. north of the intersection. The traffic
generated by the race track causes great fluctuations in traffic volumes on
all major roads in the area. These fiuctuations are dependent upon the
racing season and the time of day.

Study

The study invelves three subprocesses which include (1) collect and
analyze data, (2) develop candidate countermeasures, and (3) develop
orojects based on an economic evaiuation of proposed improvements.
Following is the safety engineering study of this location.

Subprocess 1: Collect and Analyze Data

Activity 1 - Perform Accident Study Procedures

Accident report data for 1977 and 1978 were obtained from the compu-
terized accident file. This computer analysis includes details of colli-
sion diagrams (Figures 2 and 3), individual accidents (Figure 4), and
statistical summaries.

A manual summary of the accident data {Table 1) revealed that 40 acci-
dents occurred in 1977, and 38 in 1978, About 33 percent of all accidents

over this two-year period were of the personal injury type, resulting in 37
injuries and zero fatalities. There was a 17 percent increase in the num-
ber of personal injury accidents between 1977 and 1978 with the number of
personal injuries increasing 24 percent. In addition, "wet pavement® was a
factor in 40 percent of all accidents and "nighttime" conditions played a
role in 39 percent of the accidents. The primary accident types included
27 rear-ends (35 percent) and 26 opposing left-turn accidents (33 percent}.
The secondary accident types were right-angle {21 percent) and sideswipes
{6 percent). Accidents related to race course traffic were not considered

significant.

Procedure 1 - Accident Summary by Accident Type

Collision diagrams of the intersaction for 1977 (Figure 2) and 1978
{Figure 3) were reviewed. Rear-end and opposing left-turn accidents were
predominant. Eleven rear-end accidents occurred on the north Teg {41 per-
cent of all rear-end accidents) and seven occurred on the west leg ({26
gercent), Vehicles travelling east and west on 10 Mile Road were involved
in twenty of the opposing left-turn accidents {77 percent). Analysis of
available summary data for 1972 through 1976 also showed the eastbound and
westbound left-turn movements %o be the most prevalent of the opposing
Teft-turn accidents. There were also eleven angle accidents at the
intersaction in 1977-1978, with five of those involving vehicles attempting

Teft-turns.
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/ HOWARD ROAD
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3] . :
g Figure 2 . 1977 accident collision diagram.
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INTERSECTION OF: HOWARD ROAD AND 10 MILE ROAD
DIAGRAM: 1 OF 1 ' ’ :
COMMENTS: "ACCIDENT LOCATION ANALYSIS® -~— MDOT #79-0952 / GG #9325 -- 1977 DATA
DATE:

PLOT ID # 5881
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& Figure 3 1978 accident collision diagram.
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INTERSECTION OF: HOWARD ROAD AND 10 MILE ROAD
DIAGRAM: 1 OF 1 ' ,
COMMENTS: "ACCIDENT LOCATION ANALYSIS® ~- MDOT #79-0852 / GG #3325 -- 1978 DATA

DATE:
PLOT ID # 5917 6
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TRAFEIC & TRANSPORTATION ENGINEERING DIVISION -~

PRINTOUT FOR DIAGRAM # L709% PAE # 1

B

i

n

K}

5

iy

INTERSECTION # ) Howard Road anc 10 Mile Road 7 FROM JAR 01, 1977 70 OEC 3Ly L9717 n
DAY TIME DISTANCE ENVIRONMENTAL CONDIT 1ONS INVOL VED VEHICLE »
ACC IDENT oF oF FRO% e HIGHEST e e
N MBER DATE  WEEK OAY INTERSCT WEATHER  PAVEMENT  WISIBILITY  SEVERITY & SEVERITY VIOLATION
e o — - e e it o e — e — L b —— o — + ¥
1 JAN 3 MON  7-BAM 5! SW CLR/CLDY DRY DRK/LTS P-INJRY I PSBL INJ NONE
2 N0 INJ LMP_TURN X
i [
b —————— Fh—— e o e + ~+ 4 ———t —— e e e ————— e m——— bhmomm e + - “
2 JAN T FRI 10-11PM 40' £ CLA/CLDY WET DRK/LTS PROP OMG 1 MU INJ NONE -g
2 N ENJ TOO CLOS = “
3] 3]
————— I b e e e b * i e B e — b e e e o= —— e —————— +
3 FAN TTSUNTTTT-12PM 57 NE SNOWING  SNOW/ICE  DRK/LTS P-INJRY 1 N0 TN NOHE S R
2 PSBL INJ FLD ROW . @
e ————— e —— L P U PO A L e et R o + T
4 JAN 1O MON  10-11PM 100" 5  CLR/CLOY SNOW/ICE  DRK/LTS P~INJRY 1 PSBL INJ NONE g
2 NO INJ FLD ROW -
[ e L L e et L R TR R L e R L T e S e L e it b= —— + ﬁ
.5 JAN 12 WEDS 8-9PM 10" NW  CLR/CLDY  SNOW/ICE  DRK/LTS PAROP DMG 1 NO INJ TOO FAST o g -
2 NO INdJ NONE - 5
oy It
w] A e L e e A Fhmm e ——— e LR e $pm e ———— L e + 6]
) 3 JEN 1% FRT —Z=3PH ST SW CUR/TLDY SNOW/ICE  DAYLIGHT  PROP OMG 1 NO INJ FLD RODW T B T
. 2 NO INJ NONE g o
Frmmmoi e [ peputen LY Ty Y T ——— A MR g R ——— [y St ———— e [ P [ e tpep——— ¥ R © I e
7 JAN 19 WEDS 11-12PM 15% NW  CLR/CLDY SNOUM/ZICE  DRK/LTS PROP OMG L NO INJ FLD ROM S;
2 NO I[NJ  NONE o
o1
Y R &y B Y [ S —— P —m e Fhmm— R b e o ————— + ot
B 8 JAN 22 SAYT  5-4PM 10* S CLR/CLDY DRY DAYL IGHY  P-INJRY L PSBL INJ IMP TURN o }
FITTRNCP TINT HUIE o
ot
e L e R e B A — L R L L R i [ e e B e o el L e 1 ?
Y JAN 23 SUN "~ 4-5PM 14" SE CLR/CLDY DRY DAYL IGHY  PROP DMG 1  NO INJ NONE
2 NO INJ FLD ROW
bl S TEELE R Ll e e +4— +4— Rt e i L L e L e ¥
io JAN 2T THUR  8~9PM 20t NW CLR/CLDY WET DRK/LTS PROP DMG 1 NO INJ [MP BCKG
2 NO_INJ NONE
o e e L e R e R L e B et T S L e -t ——— =~ o ——— +
11 FER B TUES  312-1AM L000Y E  CLR/CLDY DRY DRK /LTS P-INJRY L MO ENJ NONE
2 PSBL [NJ FLD ROW
o A e o — e en e — o~ ———— o p e e e e b m— — o p e +
iz FEB 13 SUN  2-3PH 5* N CLR/CLDY WET DAYL IGHT P~ INJRY 1L PSBL INJ IMP TURN
2 NNCP INJ NONE




D T T T P SO

TRAFFIC & TRANSPORTATION ENGINEERING DIVISION —- PRINTOUT FOR DIAGRAM # 17094 PASE # 2 ]
INTERSECT I ; . Y T ; F 1, 19 35 u
INTERSECTION # 1 Howard Road NO 10 Mile Road 7 FROM JAN O, 1977 T0 DEC 31, 1977 "
DAY TIME DISTANCE ENVIRUNMENTAL CONDITLONS INVOLVED VEHRICLE n
ACL IDENT OF OF FROM e HIGHEST  mmm e e »
NUMBER DATE WEEK DAY INTERSCT WEATHER PAVEMENT  VISIBILITY SEVERITY # SEVERITY VIDLATION
$o— e b b ————— L e . [ L L o T —" o — b ———— P — e I i o -+ 3
I3 FEB 18 FRI  12-1PM 54 N CLR/CLOY ORY DAYLIGHT  PROP DMG 1 ND INJ  NONE .
2 NO INJ FLD ROW
1
T T ) — el L e — L T, T o ———— E T — e e e D T . + "
. P4 FEB 24 THUR 12-1AH 100* N CLR/ZCLDY  WET DRK/LTS PROP DHG L NO iNJ T0O CLOS
2  NO INJ NONE i
R L e T athatatl 1 T STy 1 WS O S e D Fp————mmma b ————— L LT N
15 AR T3 TSUN  6-9PM 507 W T RAINING  WET DRKZNITS ~ PROPOMG T WO TNJ TO0 FAST w
2 NO INE  NONE o
LI L Tt e o [ S p—— O W L e Y S iy P U + 53
16 MAR 15 TUES 10~11AM 10 H CLR/CLDY LRY DAY L IGHY PRGP OMG L NO [NJ FLD ROW "
2  NO INJ NONE
57
Dl et Ty WU S - ——t T b —————— - T @
17 HMAR 20  SUN 12-1PM 10! W CLRZ7CLDY WEY SAYL IGHT  PROP OMG 1 WO INJ
2 NO INJ il
D T ¥ m— B ] £ T Teeee— el T ST UpU—. T — e b e R e R T + “
F O I HER 29 TOES IS TZAN [0V W CIR7CIDY DRV DAYL T6AT PROP DMG T HO INJ NONE 8
2 NO INJ OTHR ZFUNK o
FoIEEE RS F o S — e M S [ e ) T T iy [ gt ey S S vtsrg g [ R Gy [ ¥ e
19 APL 22 FRI1 9-10PM 40' N RAITNING WET DREK/FLTS PROP DMG L NO InJ 1P BCKG n
2 N0 INJ {UUNE
n
T - Dl ot T T pup— e Y T m—— o m———— D Fhmom E L T o —— : "
20 . APL 23 SA7Y 10-11AM 10' NW RAINING WET - DAYL [GHY PROP DMG L NO INJ NONE .
2 NGO INJ FLD ROW
TR Y TR e T pa— E O S Pt P PP B L T D —— +
21 APL 26 TUES 6-9AM 100 E CLR/CLDY ORY DAYL IGHT PROP DMG 1 NG INJ NONE
i
T T S L L T T b e e e e e e e e b e P + s
22 MAY 10 TUES 3-4AH 25" § CLR/CLOY DRY © DRK/LTS PROP DOMG L NG (NS RONE
B 2 NO INJ MUNE
!
D — b L S T e e - b B T o ———— F R B e + 3
23 MAY 26  THUR  4-SPM 59 W CLRZCLOY DRY DAYL IGHT PROP (MG 1 NO INJ _NONE - |
2 NO INJ IMP TURN !
e + e T S R e — [ . I S R i ¥ T e —— - '
24 JuL. 8 FRI 4-5PM 5 NE CLR/CLDY  DRY DAYL TGHT O-TNJIRY 1 PSBL INJ NONE !
2 N INJ FLD ROW "
Fomm e Y S —— Fro e p o I e —— PR FF e [P —— PRI P ——tf ——t "




TRAFFIC & TRANSPORTATION ENGINEEREING DIVISION —- PRINTOUT FOR DIAGRAM # [ T094 PASE # 3

INTERSECTION #

1.5 Howard Road  ARD 10 Mile Road ~ 7 FROM JAN 01, 1977 VO DEC 3is 1977

DAY TIME DISTANCE ENVIRONMENTAL CONDIT TONS INVOLVED VEHICLE
oF OF FROM e HIGHEST  ——— s
WEEK DAY INTERSCTY WEATHER PAVEMENT  VISIBILITY SEVERITY 4 SEVERITY VIULATION
L v S W S ————— e e L b m +
MON 7-8PM 20t S RAINING WET DAYLIGHY P-INJRY £ PSBL INJ  NOWE
. 2 NG INJ oo ¢LOS
Y ¥ Y R S e et e et B S ST N R R S e e +
WEDS _ §~9AM 35" W CLR/CLDY  DRY DAY L IGHT P-INJRY L PS8L [Nd YOO CLOS

2 PSBL INJ NONE

R PR i O A e e e e~ — g it e R b m— e +

SAT 12-1PH L5* Nw CLR/CLDY DRY DAYL IGHT PROP DMG L HD iNJ NONE

R Stttk I Rt [ R DY SV — . L R b L e R LR b o o +

MON 8-9AM 10* Sw  CLR/CLDY DRY DAYL IGHT PROP DMG 1 NO INJ NONE

D | T P m e g e e e P . b L S,
THUR  2-3AM 20 N CLR/CLDY DRY DRK/LTS PROP DMG I NO INJ TO0 CLOS
2 NO INJ NUNE
E et LT T rp— T - o ——— PR L e Tt T Lr T vonpp— F i +
SUN 9-10PM 251 N CLR/CLDY WETY DRK /LTS P-INJRY I HNNCP [NJ  IMP TURN
2 NNCP INJ NUNE
L T T e D Y et F e nua i —— e —— PR ——— D N T b —— SIS oS * o
FRI 9-10AM 15% Sw  CLR/CLDY WET DAYL IGHT PROP DMG L NO INJ NONE

2 ND INJ FLU ROW

L e 2 3 L R e b ————— - R R P ————— - — L e e i L +
HON 2-3PHM 1007 CLR/FCLDY DRY DAY L IGHT PRUP DMG L NO [NJ___ TOU FAST
2 NJ INJ WNONE
b m o — e L e e B b — L L Bt o e it o e e S +
THUR  9-10aH 199 Rw  RAINING WET DAYL [GHT PRUP  DMG I NO [id FLY ROW
2 NU INJ LN USAGE
b L b L R Fh—m - L b ot - L e ke = [3
FRI T-8PH 60 M CLR/CLDY  DRY DRE/LTS PROP OMG 1 NO INJ NONE

el

2 NO INJ_  FLD nROW

e B ) e e bl T ST T tb——r e L e R bbb e e +
WEDS 1i-124M 10* N CLR/CLDY  WET DAYL JIGHT PRUP OMG 1 NO INJ NONE
2 N INJ IHP TURN
R i i i B s I R = — e e e L ottt §
SAT 12-4PH 25% W CLR/7CLOY SNOW/ICE DAY L IGHY PROP OHG 1 NO INJ LN USAGE
2 NO INJ NONE

R R R T T




TRAFFIC & TRANSPORTATION ENGINEERING DIVEISION -— PRINYOUT FOR DIAGRAM # 17094 PAGE # 4
INTERSECTION # 1 3 Howard road — AND T 10 Mile Road / FROM JAN Ol 1977 TO DEC 3L, L9%F
DAY TIME DISTANCE ENVIRUONMENT AL CONDIT TONS INVOL VED VEHICLE
ACC IDENT of OF FROM e e HIGHEST — =———— oo
NUMBER DAYE HEEK DAY INTERSCT wEATHER PAVEMENT  VISIBILITY SEVERITY # SEVERITY VIULATION
Tl S T b b e e e e e e e e e e T e & S & e TS L P T +
37 DEC 15 THUR 12-1PM 10' Sh CLR/CLDY WET DAYLIGHT  PROP DMG 1 NO INJ NUNE
2 N INJ [HP TURN
e e B e o et B et e O e ettty X S P pb e P e +
38 OEC k6 FRI 5-6PM 50' E CLR/CLDY WEY DREK/LTS PROP  OMG 1  NO ENJ NONE
2 NO INd Tau CLOS
e O L R S e e o b B e e — +
39 DEC 20 TUES &-TPM 50" M SNOWING SHOW/ICE DRKZNLYS PRUP DMG 1 NO INJ NONE
2 N0 IhNJ T0O ¢LOS
o [ - [ I e b e —— Fhm— e e e T L tho—— -t
40 DEC 28 WENDS 9-10PM B' NW CLR/CLDY  WET DRKZLTYS PROP DMG I NO INJ NONE
- 2 NG INJ FiD ROW
}..A
o

L]

[ 33

[

33



TRAFFIC & VRANSPORTATION ENGINEERING DIVISIUN -~ PRINTOUT FOR DIAGRAM # 17125 PASE # 1
al S ]
n INTERSECTION # 1 : Howard Road AND 10 Mile PRoad 7/ FROM JAN 01, 1978 TO 0EC 3L, 1974
S
M
2 DAY TIME D1STANGE ENVIRONMENT AL CONDIT 10NS IFNVOL VED VEHICLE
vn ACGC IDENT GF oF FROM e i e HIGHEST  sr—— v
¥ NJMBER DATE  WEEK DAY INTERSCT  WEATHER  PAVEMENT  VISIBILITY  SEVERITY # SEVERITY VIULATION
3 o b L e O e o ————— o L L e e e L el
N 1 FES 21 TUES l2-1PH 10 Nk CLR/CLDY DRY DAYLIGHT  P—INJRY I PSBL ENJ DTHR/ZUNK
10 2 PSBL INJ OTHR/UNK
il
Pl e b - — t———— b —————— th——— e o —— e e L e it e B S o ré—r————— +
1 2 MAR 3 FRI &~TPH 15' NE CLRZELDY DRY DAYL IGHT  P—INJRY 1 PSBL INJ  HONE
2 2 NOEND Fi.D ROW
1
1 o + b———— o b ————— L et i e b —— b e ————— R e e Rt B e +
3 3 MAR 10 ERT 2-3PH I1" RETCIRFCLOY  DRY DAYL IGHY _ PROP DMG I HNOTINT OTHR/ZUNK
“ 2 KO INJ GTHR/UNK
v
1 - R bbb e e —— = —— e e — R etk L ek X T e +
va) 4 MAR L1 SAT  3-4AM 25" SE CLR/CLDY DRY DRK /LTS P-INJRY L NNCP INJ NONE
@ 2 NU INJ TOU FAST
43 N
AKE L e B e kBt = —— b LR e D e L e =4+ -t ————+
5 5 MAR 12 SUN  1-24AM 25' N RAINING  WET DRK/LTS PROP DMG 1 NO INJ NONE
1 2 NO INJ LN USAGE
™4y
[t [ Fom o — e e e thm——— tH-— =t b e e e e b — —— D e tt -t —————— e — +
W™ 3 FAR LS THUR8-9 PR 5¢ §  CLR7CLDY WET DRE7TTS P-INJRY i NO INJ OTHR7 UM
~ 50 2 PSBL INJ UOTHR/ZUNK
11
[¥3 - ————— e - b=t mmm— * - -—g ++ i R e et 2 T o e e +
38 7 MAR 22 WEDS T-BAM 75¢ W CLR/CLDY ODRY DAYL IGHT  P~INJRY 1 WNNCP INJ TOO CLOS
" 2 PSBL INJ NONE
35
)Sb o ——r . — b m b == e — L i — =¥ b tb——r————— #f‘—--"---—--——-—-l'{r ————————— bt~ ———— L e e ] +
s i 8  APL 6 THUR 9-10AM 20" §  RAINING  WET OAYL EGHT  P—INJRY 1 NO INJ FLD ROW o
- 2 TNNCP INJ HNONE
Fom e ———— o L e R A ++- -+ + B e e e themr— -t —————— th———————— +
9 APL 9 SUN  E-2PM 15' NE RAINING  WET DAYL IGHT  PROP OMG L OND INJ OTHR/ZUNK
N 2 NO INJ OTHR 7 UNK
o e e th———— b e e e + e e e R ek T 3 R it Fhomm e
A 1o MAY 15 MON  10-11AM S5' SN RAINING  WET OAYL IGHT  PROP DMG L NO INJ NONE
2 NO INg FLD ROW
1
H L D L e D L R e e e e e ———— e [ Y
: 11 MAY 21 SUN 1-2PH 12' SE CLR/CLDY  DRY DAYL FGHT P INJRY 1 PSBL _INJ NONE
s 2 NNCP INJ FLD ROW
5
3 e e e e L e | et i b T Sttt 1 S —— = L et e b b P ———— e — +
7] 12 MAY 22 HMON 11~-12PHM 25§ CLRACLDY DRY BREKA1LTS PROP DMG IOND OING NOME
1“m 2 NO INg TOO CLOS
.
190 L e L e T et b F o e L el X EER b P e +



TRAFFIC & TRANSPORTATION ENGINEERING DIVISION -— PRINTUOUT $0R DIAGRAM # L71zs PAGE ¥ 2

INTEPSECTION # 1 ¢+ Howard Road — amnb 10 Mile Road / FROM JAN 01, 1978 TO DEC 31, 1978
: AY T1HE BISTANGE ENVIRUNMENT AL CONDIT 1ONS iNVOLVED VEHICLE
AGC IDENT OF Of FROM e i HIGHEST e e
NU MBER DAYE  WEEK DAY INTERSCY WEATHER _ PAVEMENT _VISIBILITY  SEVERITY # SEVERITY VIOLATION
o e e e — L R B et L R Foh i s e A Aebiiadnete il (e il L (R I L R e e +
i3 JUN 10 SAT  5-6PHM 5¢* N CLR/CLDY DRY DAYL IGHT  P-INJRY I PSBL INJ FLD ROW
2 NGO INJ NONE
L el T e R e e e —— b e e ———— L e ettt ++~—¥u~uu~*++—++ ———————— L R e e +
14 JUN 21 WEDS 71-8PM 3* N GLR/CLDY DRY DAYL IGHT  p-INJRY 1 NG INJ O THR / UNK
2 PSBL INJ UOTHR/ZUNK
o o thor— ot e e ot e e e e e e e e e e e e e +
is JOL 1 SAY T Z-iPH 11t w  HAINING  HET DAYLUIGHT — P—INJRY i NGO INJ FLD Kaw
2 INCP INJ  TOO SLOM
L L TR L Rt b L L b e e i e e e e L R T L e T T RS 4
16 AUG T MON  2-3PM 5 N RAINING  WET DAYLIGHT  P-INJRY 1 NO INZ IMP TURN

e NNCP INJ  NONE

Lt b ——— F e e e L e e T Tt P o L R e et L R T
17 AUG 9 WEDS 12-1PH 5 £ CLR/CLDY DRY DAYL TGHT P-INJRY 1 PSBL INJ NONE
2 NI INJ UTHR/UNK
E R et b ——tf— e b ———— b ——— P o i e e s i e e e e i et e i ot e e e e
- 1B AUG 14 HMON 10-TTAM L40Y W CLR/CLDY ORY DaYL IGHT PROP OMG i NU INJ FLD ROW
2 WO INJ NONE
[ ST B e e TP N et gy L L R et e e e FEh e P — e e +
19 AUG 17 TFHULR  {-2aM 3o § CLR/ZCLDY  DRY DRK/LTS PROP  DMG L NG INJ NONE

2_NO INJ  IMP TURN

i

I T T T R

Boomimimr b e b f e L e e oY T Py O OOV, e L i T -
_ D AUG 21 SLN | 4hPM __DAYLIGHT _PROP OMG L NO (M4 NONE
2 NO INJ FLD ROW
b o e b e e b e e e it b B L e e O [ R A e g
21 SEP 10 SUN a-9pPN 451 N RAINING WET PRK/{.TS PROP  DHG 1 NO INJ TUO CLOS
2 NO I[Ny NUNE
b b e e i L R e it § T Sop—" e T SRE 3 T 4
22 SEP 14 THUR 7-8AM 20" Sw  CLR/CLDY DRY DWN/ OUS K PROP DMG 1 NO INJ LN USAGE
2 N0 iNJ NONE
L LR L T pap B e e e LR L e RS e P —— e +
23 OCT 12 YHUR 6~TPH 10' NE CLR/CLDY ORY DAYL IGHT PROP_DMG 1 NG iNg NONE
2 NO INJ FLD ROW
pm e ¥ i S R e e —om b et e i e i S D i &
24 0T 14 SAY 1-2AM g0 E CLR/CLDY DRY DRK /LTS PROP QMG L NO [NJ NGNE

2 NO INJ T30 CLOs




et

TRAFFIC & TRANSPORTATION ENGINEERING UIVISION ~- PRINTOUT FOR DIAGRAM # 17125 PASE
flL — - r -
7 INTERSECTION # 1 Howard Road AmD 10 Mile Poad ~ 7 Fagw JaN 01, 1978 To 0EC 31, 1473
3y
H
» DAY TTHE OTETANCE ENVIRONNMENT AL COND IT TORS TNVOL VED VERICLE
Y ACC IDENT OF OF FROM _— e HIGHEST = mmm——mm o e e
” NU MBER DATE  WEEK DAY INTERSCT WEATHER _ PAVEMENT  VISIBILIIY  SEVERITY # SEVERITY VIOLAVION
2 e Sy Wty R — thmmmminm e f o S — L S Fhommmea o ¥
i 25  OCT 25 WEDS 6-7PH 60 N RAINING  WET DWN/DUSK  PROP DMG 1 NO INJ NONE
% 2 NO INJ TOU CLOS
k]|
ym e R B et T S SO U, Pl e i e b e e — b e e Fh e
N 26 _NOV_ 5 SUN  2-3PM 30' N CLR/ZCLDY ORY DAYL IGHT _ PROP DMG 1 NO INJ IMP BCKG
y 2 NO INJ NONE
s
3 s § o T B T m—— Lo T — I S T—— e T T, D T o S T —— +
n 7T NGV TS HON  2-3PH 25" N CLAR/CLDY WET DAVLIGHT  PROP BMG 1 MO 1NJ 700 CLOS
Y 18 2 ND INJ MWONE
Al
@ I -— tH———— [ PP —— Hrm P S— e e e U N IR -+
- 78 NOV I3 MON  5-6PM 25t Nw RAINING  WET DRK /LTS PROP DMG L NO INJ NONE
w 2 NO INJ FLD ROW
43
} 12 T [ U P e e e T ——— N S L — o m——— . F SR
ol 29 NOV L4 TUES 2-3PM 15' S CLR/CLDY DRY DAYLIGHT P~ INJRY 1 PSBL INJ  NONE
" 2 NG 1Nd T0O CLOS
Y 47 [l
i R T S L T E e —— e T Y- D B T TRy Sy SN I Sy R +
W TR0 ROV 2T WEDS T TGP H 40V RE  CLRZCLOY ~ WET PRE7TTS PROP OMG 1 NO TWJ OTHR7 UK
y 50 2 NO INJ OTHR/ZUNK
5t ——
32 FooTIIIIS D L S s LT F = St e i g oty U g L et Pl 5 Mgy N Y5 4 g g L Ty +
- T NOV 29 WEDS 11-12PM 40' N CLR/ZCLOY WET DRK/LTS PROP DMG 1 NO INJ TGO CLOS
54 2 NO INJ NONE
ss’
) 5 fommn e P T G F P — o P D e S S B at Lt S T ——— T T +
”I____ 32 DEC 3 SUN 12~-1AM 200 N SNUH[E“Q SNOH/LICE '_f}‘ﬂL"\_{tTS PROP DA L NO INJ 100 cLos e
2 RO IND NUNE
fromcmmc s prmnmmnt frm e b me e m o ————— f v mmm—n— b o a m m  w n  m  m m m a thopbmmmmnnmmp p -k
33 DEC &  SAT LZ~1PH o0 N CLR/ZCLDY  DRY DAYL IGHT RROB  DMG 1 NUO INJ UTHR/ZUNK
a 2 N OINg OFHAZUNK ﬂ;g(
e L L T . S S E——— A P L e O s Y T I I —— P +
34 DEC 20 WEDS 4-5pPM 81 SE RAINING  WET DHN/DUSK  P-INJRY I NG INJ NONE
2 PSBL INJ FLD ROW .
1
2 Dy O S T it 1 TS YU thm—— e — e R . - P +
; 35 DEC 21 THUR _2-3pH 10' N CLR/CLDY DRY DAYL IGHT _ PROP DMG 1 NU INJ NUNE
. 2 NOENJ FLU ROW
H
s e I [ il o S ——— S it o S — L8 - D e —— L it Sl ¥ Smm—— e *
; 36 . DEC 22 FRI . B5-5FA 75+ N LLK/LLDY DRY DAYL TGHT P~ INJRY 1 NO INJ IHP BCKG
' 2 PSBL INJ NOWE
\
10 RS P B —-— [ Uy S——— e e L L f e L R e O —————— - —— P ———" v




TRAFFIC & TRANSPURTATION ENGINEERING DIVISION -~— PRINTOUT FOR DIAGRAM # L7125 PAGE #

NTERSECTION # 15 Howard Road AND 10 Mile road / FROM JAN Ol, 1978 TQ DEC 31, L1978
DAY TIME DISTANCE ENVIRONMENTAL CONDIT [ONS INVOLVED VEHICLE
ACC EDENT of of FROM et HIGHEST  — e
NJ MOER DATE  WEEK DAY ENTERSCT  WEATHER  PAVEMENT  VISIBILITY  SEVERITY # SEVERITY VIOLATION
T St e e D R o B et D R e B D e Fh o ———
37 DEC 26 TUES 1-2AM 30" W CLR/CLDY DRY DRK/NLTS  P-ENJRY L NO INJ 100 CLOS
) 2 NNCP INJ  NONE
L e el SR Ll (B D T AT L et L el S L et e o D L L R e LT L e +
kL) DEC 31 SUN 11-12AM 5' N RAINING  WET DAYL IGHT  PROP DMG 1 ND INJ YOU LLGS
2 NO INJ NONE

e B T T St B et O e 3 SRR L et b e e e e e e e +

[
=



Tahle 1 Summary of accident characteristics.
LOCATION:  HOWARD ROAD AND 10 MILE RCAD
1977 1978 Avg. /Yr.
No. A No. % No. *
TYPE OF ACCIDENT
Opposing Left-Turn 13 32.5 13 34.2 13 33.3
Rear-End 13 B2.s 14  |36.8 |13.5 |34.6
Angle 9 22.5 7 18.4 8 20.5
Sideswipe 2 5.0 3 8.0 2.5 6.4
Run-0ff-Road i 2.5 0 —== .5 1.3
Head-0On 0 ——— 0 -_— 0 —_—
Driveway-Related 2 5.0 1 2.6 1.5 3.9
Others 0 - 0 —— 0 —_——
= e —
PAVEMENT CONDITIONS
wet Conditions 15 40-0 15 i 39-5 1505 39-7
Dry Conditions 17 2.5 22 57.9 [19.5 |50.0
Snowy-Icy Conditions 7 17"5? 1 2.6 4 10.3
LIGHT CONDITIONS
Day Conditions 22 55.0 23 60.5 22.5 57.7
Dawn or Dusk Conditions 0 - 3 7.9 1.5 3.8
Night Conditions 18 45,0 i2 31.6 1s 38.5
ACCIDENT SEVERITY
; 0 0 0
Fatal Accidents A ——— ——
(No. Persons) (3) {0} {0)
, _ 10 - 16 13
Irdury Jecidents o [P0 jen [P pEs [P
Property Damage Accidents 30 730 22 57.59 26 66.7
40 38 38
TOTAL ACCIDENTS (INJURIES) (1) 1F09-0 a1y 100-0 432 5y 100.0
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From this data, the following accident patterns and possible accident
causes are defined.

ACCIDENT PATTERN
OR TREND POSSIBLE CAUSES

.Left-turn head-on coilision « Large volume of left-turns. ,
between EB and WB traffic.
Restricted sight distance.

Too short amber phase

. Absence of special left turning
phase when needed.

Excessive speed on approaches.

- Rear-end collisions at . Improper signal timing.

signalized intersections.
Crossing pedestrians

. High volume of turning vehicles.
Slippery surface.
Excessive speed on approaches.
Poor visibility of signals.

. Unwarranted signal.

Inadequate roadway lighting.

.Right-angle collisicns at . Restricted sight distance.
signalized intersections.
. Inadequate roadway lighting.

Inadequate advance intersection
warning signs.

. Poor visibility of signals. :
. Excessive speed on approaches.
. Inadequate signal timing.

Large total intersection volume.




Procedure 2 - Accident Summary by Severity

One-third of the accidents resulted in a personal injury accideni.
Statistics are not available to compare this percentage with a control
value. However, based on engineering judgment, the severiily characteris-
tics are considered to be uncharacteristic. A study of spot speed and
other characteristics related to accident severity patterns should bhe
performed.

Procedure 3 -~ Accident Summary by Contributing Circumstances

"Disregarding traffic signal” or "failure to yield right-of-way" (37
percent) and “following foo close" (23 percent) were the most frequent
"contributing circumstances". Nine drivers were also cited for improper
turn or signal use, five for drug or alcohol use.

Most of these cases represent "correctable" accident situations and
were included as factors in the possible causes defined as an output of
Procedure 1.

Procedure 4 - Accident Summary by Environmental Conditions

Further in-depth analysis of accident characteristics were determined
using SPSS computer summaries of frequency by each accident factor and also
bi-variate tabulations. It revealed that rear-end accidents were found to
be greatly affected by night conditions {56 percent of all rear-end
accidents) and wet pavement conditions {44 percent).

In a comparison of site values (for all recorded accidents) to control
values, patterns of "wet pavement" or "nighttime" condition accidents were
not defined. For example, the ratios of "wet pavement" accidents and
"nighttime" accidents to total accidents on an areawide basis were 43.2
percent and 43.6€ percent, respectively.

CHARACTERISTIC SITE VALUE CONTROL VALUE
Wet pavement/total acc. 39.7% < 43.2%
Nighttime/total acc. 38.5% < 43.6%

Procedure 5 - Accident Summary by Time Period

Using the SPSS computer summaries, time period data for the accidents
were analyzed. Accidents were most prevalent in the three month period
from November %o January and also in the month of March. These periods
were during the race track closed ssason.

The distribution of accidents was quite uniform through the days of
the week. [t was noted, howevar, that 26 percent of the accidenis occurred



between the hours of noon and 3:00 p.m. The latter time period represaents
a patt-.“. Field review and other procedurs results would include this
4
"

time period in their study efforts.

The results of the accident summaries is 2 preliminary list of acci-
dent patterns and possible causes. Following is this 1ist.

ACCIDENT PATTERN
OR TREND POSSIBLE CAHSES

.Left-turn head-on collision . Large volume of left-turns.
between EB and B traffic.
. Restricted sight distance.

. 100 short amber phase,

. PAbsence of special Teft turning
phase when needed.

3 2
xcessive spesed on app

.Rear-end ccliisions at i . Improper signal timing.
signalized intersections.
+ Crossing pedestrians.

. High volume of turning vehiclies.

. Slinpery surface.

. Excessive speed on approaches.

« Poor visibility of signais.

. Inadeguate roadway lighting.

. Unwarranted signal.
.Right-angle collisions at . Restricted sight distances.
signaiized intersections.

. Inadequate roadway lighting.

. Inadequate advance intersection
warning signs.

. Poor visibility of signals.
. Excessive speed on approaches.
. Inadequate signal timing.

. Large fotal intersection volume.

18




Activity 2 - Field Review Location

A review of field conditions, past complaints, and past field notes
was made, providing a review of the on-site characteristics of the study
Tocation. The review was performed by the Safety Engineer and a techni-
cian. To provide a review of the daily coenditions, time-lapse photograpay
was also used to record the intersection activities.

Daytime and nighttime field inspections were conducted at the site in
October, 1980. With the use of the photographic technigues, the review

imd i i A v TRt Aamenst S an Tha Lipddmme AL
team was able to limit their review of the intersection. The findings of

this_activity are shown in Figure 5. It should be noted, however, that
Hazel Park Race Track was closed at the time of site inspection and, there-
fore, did not impact the observed traffic characteristics.

Additi
Following i

onal notes on the field review activities are also provided.
s & summary of the notes for each approach Teq. '

E8 Howard Road (West Leg)

Traffic backed up on nearly every cycle on this approach during after-
noon peak periods. The right lane cleared fairly well, but the left lane
remained backed up and congestad for several cycles. This back-up fs
attributed to the fact that there are a high percentage of vehicles
attempting lefi-turns, but, frequently, only one or two vehicles per cycle
are able to complete the maneuver.

The absence of Tane delineation presents problems for both the east-
bound and westbound traffic. Traffic movement is often hindered by vehi~
¢les occupying more than one lane, particularly the eastbound vehic]es.
The south side of Howard Road is lined with buildings, parking areas, and
pedestrian walk areas which are within ten feet of the roadway. This,
along with the absence of delineation, encourages drivers in the curb lane
to encroach upon a portion of the left Tane.  This was particularly true
during the evening investigation. Vehicles turning onto WB Howard Road
from 10 Mite Road also seem to have problems restricting their travel to
one lane,

Visibility is also & problem on this approach. Eastbound vehicles are
unable to see northbound traffic approaching the intersection due to the
Tocation of Tom's Restaurant. This poor visibility increases the potentizl
Tor right-angle accidents. Visibility is alsc poor for easthound vehicles
turning Teft onto 10 Mile Road. It is virtually impossible for these
vehicles 1o see oncoming traffic in the westbound curb lane when there are

Teft-turn vehicles from the opposite direction. This situation is espe-
cially prevalent during afternoon peak periods.

WB Howard Road (West Legq)

The wide curdb lane on this approach presents a problem for westbound
vehicles, Right-turn vehicles attempt to "create® a separate right-turn
lane to avoid traffic back-up or slow-down caused by Teft-turning vehicles.

ig
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Are there other traffic flow deficiencies

or traffic conflict patterns?
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PHYSICAL £HECKLIST:

1.

20.

21.

22.

Can sight obs:tructions be rzmoved or
decreased?

Are the street alignment or widths
inadequate?

markings) in:
flict areas?
$eparating traffic flows?
Defining movements?

Does the lagal parking layout affect
sight distance?

Through or turning vehicle paths?
Traffic flcw?

imits appear to be unsale?

T3 the aumker of lanes insufficient?
Is street lighting inadeguate?
are driveways inadequately designed?

Located?

Does the pavement conditicn {potholes,
washboard, or sligperv surface} con=
tribute to accidents?

Rre azpproach gredes too steepn

COMMENTS:

Cperational--"0" and item number
physical~-"P" and item numner
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\

|
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N

Figure 5 . Safety performance review
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A high potential for rear-end and sideswipe accidents is created by such a
situation. There were alsoc a high number of weaves hy drivers to avoid the
back up in the left lane.

Visibility fis poor for vehicles attempting left-turns ontc 10 Miie
Road when eastbound vehicles are making the same attempt. Several vehicles
were observed inching into the opposing lane of traffic because they were
unable to see the traffic in the eastbound curb lane from their original
position. Some vehicujar back-up was experienced on this approach but
tratfic generally cleared well., There were also a number of high speed
vehicles obhserved.

Several weaves were gbserved involving eastbound vehicles after they
had passed the intersection.

MB 10 Mile Road (South Leg)

Traffic on the northbound approach backed up on every cycle but
cleared extremely well. Several vehicies were observed travelling at high
speeds and others made abrupt stops or increased speeds to clear the inter-
section on the yellow {amber) phase. A few vehicles ignored the "NO TURN
OM RED" signing on this approach. All northbound traffic was delayed at
the beginning of nearly every cycle while waiting for eastbound and west-
bound left-turn vehicles to clear the intersection. The location of Tom's
Restaurant made {ft difficult for drivers to see eastbound traffic
approaching the intersection. Nighttime investigation revealed that
burned-out Tamps were Tocated on northbound 10 Mile Road on the southeast
and northeast corners.

SB 10 Mile Road (North Leg)

Traffic generally flowed smoothly and back-up and congestion was
minimal during the afternoon psak period. However, several vehicles were
observed travelling at high speeds. Abrupt stops and through movemeni on
the yellow (amber) phase were also frequent. Many motorists appeared to
have trouble negotiating right~turns onto WB Howard Road. This caused some
problem with the succeeding (following} vehicles, causing them to brake
harder than normal. Some resurfacing has taken place recently on the two
northbound lanes from the intersection to about 200 feet north.

The accident summaries and the on-site review resulted in the
Tollowing 1ist of accident patterns and possible causes.



ACCIDENT PATTERN
CR TREND

POSSIBLE CAUSES

.Left-turn head-on collision
. beatween EB and WB traffic.

Large volume of left-turns. !
Restricted sight distance.

Absence of special left-turning
phase when needed.

.Rear-end collisions at
signalized intersections.

High volume of turning vehicles.
STippery surface.

tExcessive speed on approaches.

Inadequate roadway lighting.

.Right-angle collisions at
signalized intersections.

Restricted sight distances.

Inadequate roadway lighting.

Excessive speed on approaches.

i

Activity 3 - Select Appropriate Traffic, Environmental and Special

Study Procedures

The following 1ist of study procedures are recommended.

. Traffic-Based Procedures

. Volume Study {Procedure 7)

+ Spot Speed Study {Procedure 8)

. Travel Time and Delay Study (Procedure 9)
Highway Capacity Study {Procedure 10)
Traffic Conflict Study (Procedure 11)

. Environmental-Based Prccedures

. Roadway Inventory Study (Procedure 15)

Ciaght Ndcet+anrns SHudy (Duaradiima

1243

~“iygne Diavaineg Jbuuj \!'IUL-CUU!C R
. Skid Resistance Study (Procedurs 18)
. Highway Lighting Study {Procedurs 19)

22



Activity 4 - Select Techniques

A review of the management concerns invelved in selecting study
technigques were made. Based on these concerns, the following technigues
were selected.

PROCEDURE TECHNIQUE

Volume Study . Turning movements-manual
{Procedure 7) . ADT-mechanical, portable

. Spot Speed Study . Radar gun
(Procedurs 8)
Travel Time and Delay Study . Sampling method - manuai
(Procedure 9)

» Mighway Capacity Study . Critical lane analysis
(Procedure 10)

. Traffic Conflicts Study . Manual
{Procedure 11)

. Roadway Inventory Study Manual
(Procedurs 15)

. Sight Distance Study . Menual
(Procedure 16)
Skid Resistance Study . Skid Trailer - borrowed from
(Procedure 18) State Highway Department
Highway Lighting Study . NCHRP 152 Method - intersection

(Procedure 19)

Activity 5 - Perform Procedures

Significant resources were available fo perform the procedures. bo
additional iraining was needed. In addition, a skid testing machine and
appropriate State personnel to operate the machine will be available from
the State Highway Department.

The data collection plan was as follows:

[\
L)




PROCEDURE DATA COLLECTION PERIOD

. Volume Study (Procedure 7) . Turning movement - {7-9 a.m., 4-6
p.m. ) weekday
. ADT - 24 hcur, weekday

. Spot Speed Study . (9 a.m. - 4 pom.) weekday
(Procedure 8)

. Travel Time and Delay Study o {7-9 a.m., 4-6 p.m.} weekday
(Procedure 9)

. Highway Capacity Study . Any time fcllowing collection of
{Procedure 10) volume and roadway inventory data

. Traffic Conflicts Study . {7-9 a.m., 4-6 p.m.) weekday

{Procedure 11)

. Roadway Inventory Study . Daytime
(Procedure 15)

. Sight Distance Study . Daytime
(Procedure 18)

Skid Resistance Study . Nighttime, any day
{Procedure 18)

. Highway Lighting Study . Day and night review
{Procedure 19)

These activities were performed within a two-day period with the
following findings.

Roadway Inventory Study

The existing physical conditions at the intersection are shown in the
condition diagram {Figure 6). Lane widths range from 10 feet on the left-
Tanes of the east leg to 16 feet on the curb lanes of the same leg. There
is no lane delineation on the west leg with the exception of center cof
readway designation. There are no leff- or right-turn pavement markings on
any approach. "NO TURN ON RED" signs are located on all approaches and all
sign types are given by code on the diagram. Utility poles are Tocated
along both roads adjacent to the back of the curb and numerous driveway
entrances exist on all four approaches. Tom's Restaurant on the southwest
corner offers visual obstructicn to both eastbound and northbound traffic.

Two span wire mounted signals with faces fronting each direction cur-
rently exist, with each face having eight-inch Tenses. Stop bars and ped-
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PROCEDURE DATA COLLECTION PERIOD

. Volume Study (Procedure 7) . Turning movement - {7-9 a.m., 4-6
Pl ) weekday
. ADT - 24 hour, weekday

Spot Speed Study . (9 a.m. - 4 p.m.} weekday
{Procedure 8)

. Travel Timz and Delay Study . (7-9 a.m., 4-6 p.m.) weekday
{Procedure 9)

. Highway Capacity Study . Any time foliowing collection of
{Procedure 10) volume and roadway inventory data

. Traffic Conflicts Study . (7-9 a.m., 4-6 p.m.) weekday

{Procedure 11)

. Roadway Inventory Study . Daytime
{Procedure 15)

Sight Distance Study . Daytime
(Procedure 186)

Skid Resistance Study . Nighttime, any day
(Procedure 18)

. Highway Lighting Study . Day and night review
(Procedure 19}

These activities were performed within a two-day. period with the
following findings.

Roadway Inventory Study

The existing physical conditions at the intersection are shown in the
condition diagram {Figure 6). Lane widths range from 10 feet on the left-
lanes of the east Teg to 16 feet on the curb lanes of the same leg. There
1s no lane delineation cn the west Teg with the exception of center of
roadway designation. There are no left- or right-turn pavement markings on
any approach. "NO TURN ON RED" signs are Tocated on all approaches and all
sign types are given by code on the diagram. Utility poles are located
atong both roads adjacent to the back of the curb and numerous driveway
entrances exist on all four approaches. Tem's Restaurant on the southwest
corner offers visual obstruction to beth easthound and northbound traffic.

Two span wire mounted signals with faces fronting each direction cur-
rently exist, with each face having eight-inch lenses. Stop bars and ped-
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estrian crosswalks are marked on all approaches with the exception of the
westbound approach. Left-turn Tanes are provided on the northbound and
southbound approaches.

Volume Study

Turning movement summaries are shown in Figure 7. They were obtained
for the morning and evening peak periods. The ADT at each epproach is
shown in Figure 8.

Spot Speed Study

Speed data were collected at the site on October 3, 1980 (see Table
2). A sample size of 100 vehicles was used for each approach {a total of
400 vehicles). The average speed was 32.7 mph on the eastbound Howard Road
approach and 37.8 mph on the westbound approach. The correspending 85th
percentile speeds were 37 mph and 44 mph. On 10 Mile Road, the northbound
approach had an average speed of 37.8 mph and the 85th percentile speed of
43 mph. The southbound approach had average and 85th percentile speeds of
37.9 and 42 mph, respectively. '

Travel Time and Delay Study

The input-output sampling method was used to study the approach delay
for the east and westbound traffic. The average delay per approach vehicle
was 19.4 and 20.6 seconds, respectively. A significant vportion of the
delay can be attributed to the left turn traffic using a traffic lane and
Timiting the use of a single lane per approach by the through traffic.

Highway Capacity Study

The review of capacity for the peak hour of the day is shown in Figure
9. The critical movement analysis method is used. Volumes by lane were as
obtained in the field.

The capacity analysis showed a level of service "D"-"E" operation
during the peak period (5-6 p.m.). During other peak periods, the level of
service indicated "C" or "D" operations.

Traffic Conflicts Study

A traffic conflict count was conducted at the intersection on October
9, 1980 between 7-9 a.m. and 4-6 p.m. using two data collectors. A summary
of the count may be found in Table 3. The most severe problems were slow-
for-left-turn conflicts, slow-for-right-turn cenflicts, and weaves. The
study revealed that the slow-for-left-turn conflicts are predominately on
the Howard Road approaches. There were 52 conflicts per hour observed on
the eastbound approach and 30 conflicts per nour on the westbound approach.
The slow-for-right-turn conflicts totalled 122 per hour and ranged from 20

to 40 per hour with the southbound 10 Mile Road approach at the top end of
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Tabhle 2

Approach
EB Howard Road

WB Howard Road

=
7

10 Mile Road

SB 10 Mile Road

Data Collected on

- Speed data summary.

Vehicle Speeds (MPH)

Data Sample

Average 85th Percentile Size
32.7 37 1on
37.8 44 100
37.8 43 100
37.9 42 Loo

October 3, 1980 (2:15 P.m., ~ 3:15 p.m,)

Posted
Speed Limit
(MPH)

30
30

35

35
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Weaves

Weave Conflicts
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Abrupt Stops

Slow I'or
Right Turn

Slow for
Left Turn

Previous
Left Turn

Run Red
Light

Driveway
Related

Traffic Back-
Up/ Congestion

Table 3 . Traffic conflict summary.

Howard Road

uB s
10.0 14.7
1.3 2,7
2.0 5.3
4.7 7.3
20.0 40.0
0.0 0.0
0.0 0.0
4.7 3.3
4.7 4.0
120.0 £9.0

Data collected on October 9,

4:00-6:00 p.m.). Values given in conflicts per hour.

10 Mile Road

31L.0 26.0
5.0 8.0
8.0 5.0
5.0 7.0

29.0 33.0

52.0 30.0

40.0 22.0
6.0 3.0

12,0 8.0

116.0 80.0
1980 (7:00-9:00 a.nm.;

T AL,

81.7

17.0

24.3

24.0

122.0

co
o)
fand

62.0

e
~J

28.7

385.0



nge. ‘Weaves wera a problem on the eastbound approach {26 conflicts

The eastbeund and westbound approaches also dominatad the opposing
Teft-turn conflicts and driveway-related conflicts. Opposing lefi-turn
conf]:cts totalled 24 per hour and 71 percen* of these occurred on either
the eastbound and westbound approach. Oriveway~related conflicts on these
two approaches combined for 69 percent of all driveway-related conflicts.
Abrupt stops totalled 24 per hour with 7 per hour on each scuthbound
approach and the westbound approach. A total of 385 conflicts per hour
were of the traffic back-up and congesticn type. This may be used as an
indication of a high potential for rear-end accidents.

Sight Distance Study

The study results showed a sight obstruction on the southwest corner

of the intersection. The presence of a restaurant and trees in the boule-
vard section restricts the c¢lear sight distance in the area.

Skid Resistance Study

A preliminary field inspection of the intersection resulted in the
identification of the pavemeni surface as very smooth and polished on all
four aporoaches to the intersection. A review of accident records showed
that about 40 percent of the accidents occurred under wet pavement condi-
tions. Skid tests were conducted in 1976 and 1979 by the Department of
Transportation. Low value skid numbers (Table 4) for Howard Road ranged
from 28 to 32 in 1976 and from 34 to 41 in 1975. 10 Mile Road had Tow
value skid numbers ranging from 27 to 36 in 1976 and from 30 to 33 in 1979.
Such skid numbers may be low encugh to influence the potential for wet
weather accidents.

Highway Lighting Study

The results of the studv ara shown in. Fimsrn 10. I+ reveale near

> WY

warvantxng conditions on a point system basis. However, due to the high
ratio of night to day accident rate, additional lighiing is warranted. The
nighttime field review indicates that 1lght1ng systems at the site are not
sufficient. Scme 1ighting does exist in the intersection area.

Activity 6 - Identify Safety Deficiency(s)

A comprehensive analysis was made of collision diagrams, conditicon
diagrams, accident summaries, conflict data, and other available informa-
tion (speed data, volume counts, etc.) in order to identify the specific
safety probiems at the intersection. Information obtained during the field
investigation was also considered and the following safety problems were
identified:

1. The absence of delineation on the west leg of the intersection
presents channelization problems. This encourages improper lane

O
L



Table 4 . skid data summary,

Coeficient of Wsf
Surfa !
Location l;;f e Lape .
pe Low | High ;w Avg
i
Howard Recad at 10 Mile Howard R4.
Road
Bituminous EBOL 0.28 0.29 0.29
Bituminous EBIL 0.31 0.34 90.32
Bituminous WBOL 0.32 0.33 0.33
Bituminous WBIL 0.31 0.36 (.34
13 Mile Road
Bituminous NBOL 0.27 0.31 0.29
Bituminous NBIIL, 0.29 0.32 0,30
Bituminous NBLT G.36 0.39 .37
Bituminous SBOIL, 0.28 0.31 0.29
Bifuminous 8SBIL 0.23 0.34 6.31
Bituminous SBLT .35 0.41 0.37
1976 data:
Surface Coefficient of Wsf
: : Road Lane - : :
Test Location oadway Type Low High Avg.
. H L - - 0. 3
-Howard Road at 10 Mile Road 10 Mile Road Bit NBOL ¢.31  0.35 3

NBIL  0.30 0.34 0.33

SBOL  0.31 ©.3% 0.33
' SBIL  0.33 0.36 g-g;
Howar Bit EBOL  0.37 0.ho 0.
ioward Road EBIL  0.k1 0,45  ©0.h3
WBOL  0.35 0.36 0.35
weilL  0.3h .37 ©.35

1979 data:
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RATING UNLIT { LIGHTED SCORE

WEIGHT { WEIGHT DIFF. RATING
CLASSIFICATION .
FACTOR 1 2 3 4 s A ® {A-B} L {4-B))
Geqetric Factors -
Nusmber of Legs 3 'O 5 6 or more 5.0 25 YT 5
(including
traific circies)
/-8
Approech Lamc Width > 12 12 @ 10° <10* ap 25 o5
Channeiization Bo turn fanes | Jeft wom lanes )| left vurs James | leftandright | leftandmignt | 20 10 w (20
00 major legs on sl Jega, turn laces on v lases on
right tomn lanes major legs ail lege
on major bege |
,
Approach Sight Dence| > 700° 500-700° 300-500" 200-300" < 200° 20 18 0z | 2L
Grades on 30-3.9% T049% | 50-69% | Tormor 32 28 04 | 2.4
Approsch Streets
Curvature on § <3.0 ") 30-64F 6.1-80° 81.10.0° »10° 3.0 5.0 89 m
Approsch Log .
Parking in Vicinity { prohibited | | losding sones | off-peak only |  permitted iteed 02 01 o |2/
both dides only ' one wds only th sides
Geometric Toto ;'&_;_L
Cpergrional Facxxs
Cpenting Speed o 25 mph 30 mph 40 mph 45 mph 1.0 62 08 Z. '4
Approach Leg or lem ot greater @
Type of Controd all phases feft turn lene traffic 4wy stop control 3.0 27 0.8 7.7
signadized signal control signal contral | stop control to minor
(incl. turn lane) oniy or 1o con
Channelinatioa feft and right | left and oight left turn lane | icft turm lane no tumn fane 3.0 20 Lo é_......g..
aignal cantrol turn lane signal control | sznal control control
nignal control on ol legs on major Jegs
on major Jegs
Levd of Serviee A B ¢ Dy E 18 02 03 3-2
{Load Factor} 0.0 403 01-03 6.3-0.7 0.7-190
Pedestrian Volmee i . 850 100 100-200 > 200 i3 05 1.6 Lo
(peds/hr crossing) | / - 5,
Operotional Totz! '_'f;_w,,
Envircoanented Facyes
Percent Adieeest o 0-30% 20-60% 05 63 o2 2. ¢
Development
Predominant Desdon- undeveloped identiaf 50% residential 05 0.3 02 /-0
ment near Intemcestion 0% indwstried
of commercin 4 5__
Lighting in Imemediate none 040% 30 15 15 .
Vicinity 4

Crime Rate extremely Jow lower thun higher than | extremely high 19 (1] 0.5 ii
ety #verage " <ity average

Emrormentt Tow | 2200

Accidents
Ratio of night-to-doy L0 1012 1215 1520 0 100 20 80 L3 0
Accident Rates L
*intersection Hesting warrantcd, Accifert Totad mﬁa
I/

GEOMETRIC TOTAL = '4 ’ /

OPERATIONAL TOTAL - [% ]

ENVIRONMENTAL TOTAL = 2.2

ACCIDENT TCTAL = %ﬁ . ﬁ

SUM = POINTS
WARRANTING CONDITION = __15 point

Figure 10 . Intersection lighting evaluation form.




use and increases the potential for rear-end and sideswipe acc®-
dents. There 1is also an absence of other pavement markings on
this Tleqg. Pavement markings on the other approaches are also
beginning to show signs of wear.

2. Poor visbility and insufficient gaps for left-turning traffic on
eastbound and westbound Howard Road during peak periods create a
hazardous situation. There are also high left-turning volumes on
these approaches. Opposing left-turn accidents made up 33 percent
of the total accidents in 1977-1978 and 77 percent of these
involved eastbound-westbound movement.

3. Pavement surfaces on all four approaches appears smooth and
polished. Wet pavement has been a factor in 40 percent of alt
accidents over the past two years. Skid data from 1976 and 1979
reveal Tow skid values. Resurfacing has only been done recently
gn the northbound lanes of the north leg.

4. The clear vision area for eastbound and northbound traffic is
greatiy reduced by the location of Tom's Restaurant. This inabil-

ity to see traffic approaching at an angle increases the potential
for right-angle accidents.

5. The wide curb lane {16 feet) on the westbound approach encourages
drivers to make judgement errors regarding lane use. Frequent
attempts are made to create an additional lane to avoid traffic
back-up and congestion. The potential for rear-end and sideswipe
accidents is increased by such driver actions.

6. Roadway illumination is inadequate. Lamps on the northeast and
southeast corners of the intersection are burned out. The light
intensity may possibly be less than desired, even after the lamps
are repaired.

These results produced the following list of probable accident causes.



}ACCIDENT PATTERN
i OR TREND ' PROBABLE CAUSE
I

'.Left-turn head-on collision . Restricted sight distance.

| between EB and WB traffic.

-

g.Rear-End ceilisions at . High volume of turning vehicles.
signalized intersections.
! . Slippery surface.

. Inadeguate roadway 1ighting.

| Inadeguate channelization.

: . .
‘. Right-angie collisions at . Restricted sight distances.
| signalized intersections.

Lﬁ . Inadequate roadway lighting.

This 1ist will be usad to select countermeasures.

Subprocess 2: Develop Candidate Countermeasures

Activity 7 - Develop Feasible Countermeasures

After careful analysis of all available information, several counter-
measures were selected to reduce the accident problem and to improve the
operational characteristics of the intersection. These improvements were
selected based on probable causal retationships, pattern jdentification,
and careful engineering judgement using accident pattern tables. The Tlist
of available improvements are:

. Provide left-turn slots,
Overlay pavement,
. Improve roadway Tlighting, and
Improve pavement markings (delineation).

For this lccation, the following alternative countermeasures are de-
valoped:

. Countermeasure 1 - Provide left-turn slots for EB and WB approaches
and  improve pavement markings along  all
approaches.

Countermeasure 2 - Provide left-turn slots for EB and WB aporoaches,
overlay pavement, and improve pavement markings
along all approaches.




. Countermeasure 3 - Provide left-turn slots for EB and WB approaches,
overlay pavement, improve roadway lighting, and
improve markings along all approaches.

Activity 8 - Predict Accident Reduction Capabilities of Countermeasures

The AR factors used are given from the source for Appendix F.  For
each countermeasure, they are:

AR FACTOR (%)

COUNTERMEASURE FATAL ITNJURY P00 TOTAL
.Provide Teft turn slots 10 -2 7 5
. Overlay pavement -3 -9 23 14
. Improve roadway lighting 38 -12 -11 12
. Improve pavement markings 58 4 3 3

The data by specific severity characteristic is used.

The AR factors for these countermeasures are:

Countermeasure 1: ARy {FATAL) = 0.58 + (1-0.58) 0.10
= 0.58 + 0.04 = 0.62
ARy (INJURY) = 0.04 + (1-0.04)(-0.02)
= Oood:' - 0‘02 = 0.02
AR = 7
M (PDO)} = 0.07 + (1-0.07)(0.03)
( = 0.07 + 0.03 = 0,10
Countermeasure 2: ARy (FATAL)} = 0.58 + (1-0.58) 0.10 + (1-0.58)
(1-0110)("0009
= 0,58 + 0.04 - 0.03 = 0.59
ARy (INJURY) = 0.04 + (1-0.04)(-0.02) + {1-0.04)
' {1-(-0.02))(-0.09)
= 0.04 - 0.02 - 0.09 = -0.07
ARy (PDO) =

. ?) 0.07 + (1-0.23)

h

Countermeasure 3: ARy (FATAL)

9.58 + (1-0.58){0.38) + £1-0.583
(1-0.38) 0.10 + (1-0.58){1-0.38
(1-0. 103 (-0, 09)

= 0,58 + 0.16 + 0.03 - 0.02 = 0.75

AR (INJURY) = 0.04 + (1-0.04){-0.02) + (1-0.04)
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ARy (PDO)

= 0723 +

The "expected number of accidents prevented by each countermeasure can be
computed. Using the following data, the expectad values can be obtained.

. Average number of accidents, N = 39
ADT {before perijod) 32,600
. ADT (after period) 38,000

I}

Countermeasure 1:

Fatality accidents prevented = 0
(38,000) =0.31
(32,000)

PD0 accidents prevented = 26(0.10) (38,000y=3.09
{32,000)

Injury accidents prevented = 13(C.02)

Countermeasure 2:

Fatality accidents prevented = 0

Injury accidents prevented = 13(-0.07) g38:oocw==~1,08
{32,000

PDO accidents prevented = 26 (0.30) (38,000)=9.26
32,000)

Countermeasure 3:

Fatality accidents prevented = 0

Injury accidents prevented = 13(-0.20) (38,000)=-3.0¢

{32,000}

PDO accidents preventeed = 26(0.22) (38,000)=6.70
32,000)

The ratio of injuries/injury accidents was 1.42 (18.5/13). Therefore, the
number of injuries prevented were:

Countermeasure 1: .31 accidents {1.42) = 0.44 injuries
. Countermeasure 2: -1.08 accidents {1.42) = -1.53 injuries
. Countermeasure 3: -3,09 accidents {1.42) = -4,39 injuriss
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Activity 9 - Parform Economic Analysis

The benefit-to-cost ratio is selected for use by the city since this
method provides & direct comparison of benefits derived to costs incurred.
Data necessary to use this procedure are:

Initial Implementation Costs

. Countermeasure 1 = $55,400,00
. Countermeasure 2 = $70,700.00
. Countermeasure 3 = $75,700.00

Operations and Maintenance Costs

. Countermeasure 1 = $200.00
. Countermeasure 2 = $200.00
» Countermeasure 3 = $300,00

. Service Life
. 1B years
Salvage VYalue
. $0
. Interest Rate
. 0%
The benefit-to-cost ratio calculations are shown in Figures 11-13. They

result in the following ranking of alternatives based on economic analysis
objectives.

RANK ALTERNATIVE B/C RATID
1 Countermeasure 1 0.92

2 Countermeasure 2 0.16

3 Countermeasure 3 -2.69

Activity 10 - Select Projects

In selecting a project, the utility index method is used by the city.
The major factors used in the selection process were:

. Economic analysis results,
. Effect on air and noise pollution, and
. Effect on area surroundings.

Assigned weights, obtained through meeting of engineering staff, were
©.60, 0.25, and 0.15, respectively. In defining levels for each factor, a

40



Evaluation Noi /

Projact Hos

Dats/Evaluator: EFA

X.
2.

3,
4.

5.

CoLNTERAMEASLLE |

Initisl Implementation Cost, I3 $ 5-5/5 ‘0
Anntial Operating and Haintenance I
Costs Before Project Implemantations $

Annual Weratinq and Maintenanca

Cost After Project Implementations $ 2
et Annual Oparating and

Maintenance Costs, K (1-2)1 §_ 20

Annunl Safaty Hapnefits in Humber
ot Accldents Prevented:

geverity Expactad - Actm‘ = Annual Banef!lf
a} Patal Accidenta o (ﬁ)
(Fatalitien) -

0:31 (24
3.09

b} Injury Accidents
{injuriasx)

) PDO Accldents
{Involvanent)

Accldent Cost Valuas (Source NSC*‘/? 77 2
Severity "'Cost
d
. m) Patal Accident (Patality) S /60,020
b} Injury mccident (Injury) - 6-30(7
¢} PDO Accidant (Involvemsnt) $ d”zf)

Annual Salety Renefita In Dollars gaved, %
52) x Ga) = D h

by x sbY = 772K

S} % 6e) = ﬁzé%

s 516

Total -

12,

13.

.,
8. Services lifg ns —.-.-—.L‘?—_——Jt‘
9, Salvage Valus, Tt s O
10, Interast Rate, i3 6‘0 LI Y ‘9{:’
1l, EUAC Calculation:

ek = 0./02 fé

G496

EURG = } tcrl) + & p T (srnyjﬁ‘f 406@ 2 i’é)# 200
25703, ﬂﬁ~2ﬁ3 = 5903.98

EBUAY Calculation:

sph -

Eurg » B
"y
" 5418
B/C = EUAB/EUAC = 5 f/@b’?{ = D.F2

14,

15.

1€.

PHOC Calculations
i

. PHp 0=

i
EPW, =

JPHOC = X + X tsvugi - (w},)

PHOR Calculation:

PHOB Etsm‘ﬁl.

B/C = PHOB/PWOC =

-’

Figqure 11 . Fconomic analysis evaluation form

(B/C ratio).
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a} Fatal Accldents o
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§. Accident Cost Valuea {Gource A/:)‘C ‘/?72 LK
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10, Interest Rate, 13 é t =0, ﬁé,
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13,
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5279275200 P0479 27
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EUAB = B

- /3
) .19
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14,

15,

16,
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pib o
Kt
SPHn -
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Figure 12 . Economic analyvsis evaluation form (B/C ratio).
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0 to 5 scale was used with a "0" having the most negative impact and a "&"
It should be noted that,
surroundings will

showing the most positive or favorable effect.
for purposes of this analysis, the effect on area's

increase as the amount of improvement increases.

ALTERNATIVE COUNTERMEASURE 1 1 COUNTERMEASURE 2| COUNTEDMEASURE 3
(1) (1) (1)
S \
FACTOR {YT) LEVELY WT.x(1) LEVEL 1 WT.x{1) LEVEL | WT.x(1}
, . Economic
Analysis (0.60) 4 2.40 2 1.20 1 0. 60
.Effect on Air
and Noise Pollu-
tion {0.25) 3 0.75 3 0.75 4 1.00
. Effect on Areas
Surroundings {G,15) 3 0. 45 3 0. 45 4 0.60
TOTAL 3.80 2.40 2.20

Based on this assessment, Countermeasure 1 (Provide Left Turn slots
for EB and WB Approaches, and Improve Markings) was selected.

This project should be planned for implementation as soon as possible.
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; & 5o
% W
B e . 5 COMMENTS
N A t = = :
g 2 S o< % & 5 o o B & v o
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