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FOREWORD

The purpose of this study was to examine the specific characteristics
of urban arterial traffic accidents, and to identify general causal ele-
ments and related countermeasures that can be used to reduce the rate and
severity of these accidents. The report will be of interest to state and

local highway officials involved in safety and traffic operations on urban
roadways.

The results of the study provide further evidence that geometric,
traffic control, volume, and environmental conditions influence the acci-
dent frequency and rate on urban roadways. Guidelines that can be used to
identify accident related problems and to select appropriate counter-
measures are provided in the report. One important product of this
research was the development of a comprehensive computerized accident and
roadway data base that can be used by highway officials and researchers to
explore in detail specific urban arterial accident problems and possible
solutions., Examples illustrating the use of the data base are given in
the Appendixes.

Appreciation is given to the highway safety administrators and police
officials who provided the accident data for this study.

Sufficient copies of the research report are being distributed to
provide two copies to each regional office, one copy to each division
office, and two copies to each State highway agency. Direct distribution
is being made to each division office,

Charles F. Scheffey
Director, Office of Research
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the authors who are
responsible for the facts and the accuracy of the data presented herein.

The contents do not necessarily reflect the official policy of the Depart-
ment of Transportation.

This report does not constitute a standard, specification, or regula-
tion.

The United States Government does not endorse products or manufac-
turers. Trade or manufacturers' names appear herein only because they are
considered essential to the object of this document.
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APPENDIX A - LITERATURE REVIEW

Introduction

The purpose of the literature review was to summarize the results of
past and current studies which were conducted to investigate relationships
between traffic accidents and features of nonlimited access urban arterial
roadways. Emphasis was placed on identifying research efforts undertaken
to:

e establish a relationship between accidents and specific roadway,
environmental, and operational features and human factors, and to

¢ identify countermeasures and evaluate the effect of various coun-
termeasures on accident type and severity.

An extensive search was finitiated to identify relevant documents.
Library facilities of the University of Notre Dame, Wayne State Universi-
ty, and the University of Michigan as well as other information sources
including publications of the Transportation Research Board, National
Cooperative Highway Research Program, Institute of Transportation Engi-
neers, and the Federal Highway Administration were utilized.

A large number of studies have been conducted to determine relation-
ships between accidents and specific geometric, environmental, and traffic
conditions. The majority of the studies were conducted on rural highways,
or include a combination of rural and urban situations., A major problem
in determining whether or not a particular document should be included in
the review is that there is no standard definition of an urban arterial
highway, It is generally accepted that if a roadway lies within urban
boundaries, the highway is classified as urban. A more accurate approach
to defining an urban arterial would be to categorize the roadway in terms
of roadside development characteristics, operating conditions, and other
quantifiable factors. Only the studies that were reported to be conducted
in urban areas were included in this synthesis but it is conceivable that
some of the roadways may be more characteristic of rural conditions.

Another probler encountered in identifying relevant urban arterial
materials deals with the definition of the phrase "relationship between
accidents and roadway elements." In a statistical context, a relationship
is defined as a mathematical' degree of association between two or more
variables, A less rigid definition of a relationship encompasses an
apparent or logical association between two or more factors, For the
purpose of this study, the latter definition was used as a guideline for
identifying related research documents. Because proven mathematical
relationships have been developed for only a few variables, use of the



statistical definition would have greatly reduced the number of studies
that would be included in the literature review.

Initially, over 200 publications were identified as urban arterial
related. Careful screening of the reports by preparation of preliminary
abstract cards and a cross-reference index reduced the number of related
studies to 74. For each of these documents an abstract was prepared. A
comprehensive annotated bibliography including an abstract of each study
is given in Appendix B.

A synthesis of the literature is given below. The material is
summarized in the following categories.

Overview of the Urban Arterial Research
Geometric Factors

Environmental Factors

Operational Factors

Human Factors

Countermeasures

Summary of Findings

Results

Overview of Urban Arterial Safety Research

A tabulation of the studies and relationships identified during the
literature review is given in Table 1. Most of the studies were conducted
on four-lane divided and multilane facilities, however, two-lane, undi-
vided roadways, and intersections have also received considerable atten-
tion. Only five reports included investigations on one-way urban
streets.

Over half of the studies have been conducted since 1970. The type of
reports included policy documents, guidelines, research results, synthe-
sis, and other types. The policy and guideline reports were listed
because they are the key documents used to-date to design and maintain
operations and safety on urban arterials. Many of the standards and
criteria given in these documents are not based on substantial research
investigations; however, the recommendations represent a synopsis of the
best information that is available to-date. The synthesis reports contain
the results of studies conducted in a specific area. Examples of these
documents are reports prepared by Box, 1970 [15]* on intersections and

* The number in the bracket identifies the publication on the reference
1ist provided at the end of this appendix.
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Azzeh, et al., 1975 [4] on access control techniques. Qther studies cited
pertain to estanlishing benchmarks for determining the hazardousness of
urban roadways. Ricci, 1979 [59] has developed urban crash statistics
based on roadway type, time of day, road condition, and other factors.
Zegeer, 1975 [74] has established critical accident frequencies for street
sactions and intersections for various city populations.

The three basic methods which have been used to examine relationships
between accidents and urban roadway < :ztures are (1) correlation analysis,
(2) regression techniques, and (3) cumparative analysis. Correlation and
regression techniques were often used vcecause they permit the researcher
to quantify the relationship between variables and to derive a functional
expression of the relationship. The comparative analysis techniques pri-
marily consisted of methods which examined differences between two or more
variables. An example of this technique is the study conducted by Frick,
1968 [32] in which the accident rate of a raised median roadway section
was compared to the accident rate of an urban section with a continuous
two-way, left-turn median lane. A before and after study is another ana-
lysis technique used by a number of investigators.

A major problem with much of the research conducted to-date on urban
arterial roadways is that there are numerous deficiencies in the experi-
mental design employed, the sample size, and the analysis techniques used.
Specific problem areas with each publication are noted in the annotated
bibliography, however, as a general rule, most of the studies contain one
ar more deficiencies. Inadequacies and the inherent problems of obtaining
and analyzing accident and exposure data are primary factors responsible
for inconsistencies and perhaps erroneous results given in the state-of-
the-art. Due to the problems of using accident data to evaluate the
effects of roadway features, the results of studies conducted to-date
should be interpreted as tentative [75]*. Thus, the reader is cautioned to
interpret the findings reported in this literature review as a preliminary
indication of the existence or nonexistence of a relationship between
accidents and certain roadway features. Further verification of these and
other relationships or the absence of 2 relationship is provided with the
urban arterial roadway data collected and analyzed during this study.

In the following sections, a brief summary of the relationship be-
tween traffic accidents and each roadway feature identified in the litera-
ture is given. Specific details of each study cited are given in the
annotated bibliography presented in Appendix B.

Geometric Factors

The roadway geometry consists of all physical elements within and
along the highway. Typical geometric factors include medians, intersec-

* An excellent discussion of the problems of using accident data for
safety evaluations is provided by Council, et al.,g[75].

7
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tions, pavement width, and horizontal alignment. A summary of the geome-
tric factors identified in the literature is given below. -

‘e o

Pavement Width

The effects of pavement width on accidents on urban <oadways have
been examined by five investigators.

In a study of the effect of geometric design characteristics on acci-
dent rates for two-lane, two-way roads in Connecticut, Gupta and Jain,
1973 [35] categorized highways by rural and urban types and by average
daily traffic. The results of a multiple linear regression analysis indi-
ctate that on two-lane urban streets with less than 12,000 vehicles per
day, the roadway width is not significantly related to the accident rate.

Mulinazzi and Michael, 1967 [53] analyzed data from 100 urban arteri-
al highway sections in Indiana. Thirty-two of the sections had a traffic
volume ranging from 7,000 to 32,000 vehicles per day. Volume data for the
remaining 68 sections were not included in the report. Multiple linear
regression techniques failed to show any relatiofiship between street width
and accident rate. In fact, regression equations developed for estimating
accident rate were not given in the report because the independent vari-
ables (i.e., street width, volume, etc.) explained less than 50 percent of
the variability in accident rate. Because the correlation was not signi-
ficant, street width was not included as an independent variable in any of
the equations developed to estimate annual number of accidents per mile on
a highway section,

In a study of urban two- and four-lane State highways in Oregon,
Head, 1959 [37] reported that although pavement width exhibited a positive
relationship with accidents, the degree of association varied considerably
and was usually fairly low. Pavement width was a variable used in the
regression equation that was developed to predict accident rates.

Box, 1972 [13] examined the effects of pavement width on the ratio of
night to day accident ,ate on 105 miles (168 km) of major arterial streets
in Syracuse, New York. The results of the study revealed that pavement
width had 1ittle effect on accident ratio.

Fisher and Camou, 1977 [30], however, conducted a before and after
study on 40 sections of arterial streets in Los Angeles and found that
street widening had a significant effect on accident frequency. The
results of the study indicated that the number of accidents and injurie

S
as well as intersection and midblock crashes, were reduced as a result o@
the widening,




The effect of pavement width on travel time has been examined by two
researchers. As discussed in the operational factors section of this
appendix, a significant relationship has been found between travel time
and accidents on urban roadways. Coleman, 1961 [23] investigated the
effect of street width on travel time on 15 urban rogadways in 5
Pennsylvania cities and found that pavement width had a minor effect on
travel time. Torres, 1967 [69] collected data on 158 streets in 7 U.S.
cities and found that lane width affects travel time but to a much lesser
extent than signal density.

Summary

The results of the research indicate that pavement width may
have some effect on accidents but the relationship does not
appear to be significant.

Turn Lanes

The effects of providing separate turning lanes to accommodate left-
turn movements have been reported in five studies.

In a synthesis of accident studies at intersections conducted prior
to 1970, Box, 1970 {[16] noted that studies completed in Oregon,
California, and Texas on rural and urban roadways indicated that installa-

tion of left-turn lanes significantly reduced rear-end and left-turn type
collisions,

Shaw, 1968 [62] analyzed data collected at two rural and suburban
intersections in Indiana and concluded that installation of a median lane
to provide storage space for left-turning vehicles significantly reduced
delay time for through vehicles and reduced accident frequency.

Terry and Kassan, 1968 [67] conducted an 18-month before and after
study on a 1.14-mile (1.82-km) roadway section in Los Angeles to determine
the effectiveness of left-turn lanes and painted medians on accidents. The
results of the study revealed that total accidents, injuries, left-turn,

and rear-end crashes were significantly reduced after the improvements
were completed.

Following an analysis of accident and roadway features data on
92 rural and urban multilane highway sections in North Carolina, Cribbins,
et al., 1967 [25] found that the presence of a turn lane has a significant
effect on accidents at signalized and unsignalized intersections. It was
also concluded that fewer rear-end collisions occurred at median openings
with storage lanes than at locations without storage lanes.



A study conducted by David and Norman, 1975 [26] of 558 rural and
urban intersections in California revealed that intersections with storage
lanes had significantly higher accident frequencies than intersections
without storage lanes. This result contradicts the conclusions obtained by
the other investigators. Not enough information is given in the study
repart to determine whether the finding is influenced by the presence or
absence of other factors at the study sites. The authors attributed the
finding to an increase in the number of nonturning accidents at intersec-
tions with storage lanes.

Summary

Considerable evidence presented in the literature suggests that
a significant relationship exists between accidents and the presence
of a left-turn storage lane at an intersection. The addition of a

left-turn lane appears to significantly reduce accidents and injuries
at an intersection,

Median Presence

The effects on accidents of installing a median on urban arterial
highways were examined in five studies.

Foley, 1967 [31] presented the findings of before and after studies
conducted to determine the effectiveness of street improvements on reduc-
ing accidents. The major finding of the studies was that the presence of
a median reduces accident frequency, The data for two of the study sites
indicated that a decrease in total accidents ranging from 23 to 35 percent
was observed along with a reduction in injury accidents ranging from 18 to
39 percent,

Box, 1965 [12] conducted a before and after study fnvolving the con-
version of a 56-foot (17.4-m) wide undivided highway to a divided highway.
The improvement resulited in a 50 percent decrease in the midblock accident
rate. The major street improvement in this study consisted of adding a
median barrier, installing a RIGHT TURN ONLY sign at driveways, and pro-
viding three lanes in each direction.

Leong, 1970 [45] analyzed 3400 accident reports collected on 21 urban
highway sections in Sydney and the City of Newcastle, Australia, Data
were collected for the periods before, immediately after, and for ten
years after the installation of a curbed concrete median strip. ODuring
the study period the only geometric change at the sites was the installa-
tion of the median strips. The presence of a 3-foot (0.9-m) concrete
median inflyenced a change in accident type (head-on callisions decreased
while fixed-object and sideswipe accidents increased) at midblock loca-
tions and head-on collisions decreased while rear-end, failure to yleld
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right-of-way, and sideswipe accidents increased at minor intersections.
The data indicate that a narrow median may affect the type of collision on
¢n arterial roadway but the median does nct appear to affect thz short-
term or long-term accident rate.

Accident and operational data were collected by Babcock and Foyle,
1978 [5] on 15 urban highway sections in North Carolina. Analysis of the
Zata revealed that four- and six-lane undivided sections had higher acci-
dent rates than were found on divided highway sections.

2arker, 1979 [56] collected accident and roadway features data for
50 roecway sections in 31 urban areas in Virginia. The sections included
four-lene roadways with raised medians, continuous two-way, left-turn
median lanes, and undivided highways. Analysis of the data revealed that
there were no statistically significant differences in accident rates
betweer, any of the median treatments examined, however, the accident
severity rate on undivided sections was significantly higher than the
severity rates on the divided sections. A similar result was reported by
Telford, 1953 [66].

Summary

The studies indicate that a median is generally beneficial in
reducing accidents and accident severity. Although the study resuylts
indicate that installation of a median provides a significant reduc-
tion in midblock accidents (i.e., injury accidents and total
accidents), the specific relationship between median presence and
accidents cannot be established from thesz data,

Median Width

The relationship between median width and accident frequency has been
the subject of four studies.

Billion and Parsons, 1962 [8] investigated the influence of roadway
features on accidents on 34 urban sections located in Long Island, New
York. No correlation was found between the width of median and accident
rates on roadways excluding intersections for deterring-type medians (A
deterring median is a flush or raised median which discourages but does
not physically prevent vehicles from crossing the median). Narrow medians

less that 10 feet (3.1 m) wide had high accident rates but low injury
accident rates.
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A study of 21 urban highway sections was conducted by Leong, 1970
[457 in Australia. It was found that wide medians (10 to 16 feet (3.0 to
4,9 m) in width) had no effect on accident rates at midblocks or at major
and minor intersections., This conclusion was based on data collected at
two sites.

Cribbins, et al., 1967 [24,25] examined data collected on 92 urban
and rural multilane highway sections in North Carolina and found median
width had little effect on accidents. Study sites were selected on the
basis of homogeneity with respect to roadside development, median width,
speed limit, and average daily traffic. The results of the analysis
revealed that 9 of 15 correlation coefficients were positive indicating
that as the median width increases, the accident rate increases, however,
the relationships were not statistically significant.

Summary

An analysis of studies conducted to date suggest that median
width may have some effect on accidents, however, the effect is not
significant.

Median Openings

Three studies have been conducted to examine the effect of median
openings on accidents.

Cribbins, et al., 1967 [24,25] analyzed accident and roadway features
data on 92 sections of roadway located in rural and urban areas of North
Carolina. The results of the investigation revealed that:

o the number of total and injury ac:.idents per mile (per km) is
significantly related to the number of signalized median openings
without storage lanes. As the number of openings increases the
accident rates increase, and

o the median opening accident rate was influenced by the number of
median openings with and without storage lanes.

Regression equations that can be used to predict the accident rate on
divided highways were developed during the study. The number of median
openings was used as a variable in the equation. Although the number of
median openings per mile (per km) was determined to have a significant
effect on the accident rate, several of the regression coefficients were
negative, indicating that for the accident type being investigated, acci-
dent rates decreased as the number of median openings increased.

12




A study of 50 urban roadway sections located in 31 Virginia cities
was conducted by Parker, 1979 [56]. Multiple linear regression analysis
of the data revealed that the number of median openings was not signifi-
cantly related to accident frequency, however, the number of median
openings was a significant factor in predicting the midblock left-turn
vehicle delay on divided highways.

Summary

The number of median openings on divided highways does not
appear to have a significant effect on accidents, however, further
research is needed to confirm this observation.

Access Control

The effects of access control on accidents have been examined by five
investigators., [t should be noted that studies conducted to identify
relationships between accidents and the number of driveways, intersec-
tions, and other features which are also considered to be measures of
access control, are given in another section of this appendix.

May, 1955 [47] collected accident, fasoline consumption, and travel
time data for 12 sites on two- and four-lane divided highways in rural and
urban areas in 9 states. Accident rates developed during the study along
with data obtained for two other studies are shown in Table 2 for urban
and rural facilities with various access control types. Generally it was

found that urban roadways with no control of access had the highest acci-
dent rates.

In another study conducted by May, 1959 [46] accident and roadway
features data were collected on 41 sections of straight, level, high
volume, multilane urban roadways located in Detroit and Lansing, Michigan.
The roadway features were expressed in terms of internal, medial, margi-
nal, and intersectional friction. Internal friction was expressed in
terms of traffic volumes, volume/capacity ratios, and density. Medial
friction was classified as sections with and without medians. Marginal
friction was classified as none, moderate, and heavy depending upon the
type of roadside development and the amount of on-street parking. Inter-
sectional friction was subdivided into four groups depending upon the
number of intersections and traffic signals within the section. Analysis
of the study data indicated that the accident rate increased as the
medial, marginal, and intersection friction increased.

13




Table 2. Relationship between accident rate and access control,

Accident Rate*
Type of Access Control Urban Rural

Full Access Control

Twelve Case Studies 247 49

Connecticut Study 261 221

Bureau of Public Road Study 146 210
Partial Access Control

Twelve Case Studies -—- 200

Connecticut Study 180 250

Bureau of Public Roads Study 790 227
No Access Control

Twelve Case Studies 443 236

Connecticut Study 725 313

Bureau of Public Roads Study 966 407

* Accidents per 100 million vehicle miles (160 million vehicle km) of
travel,

Source: May, 1955 [47], pg. 60, Table 13.

Cribbins, 1967 [24] investigated the effects of an access-point index
on accident rates on 92 rural and urban divided highways in North
Carolina. The access-point index was defined as the total estimated
traffic volume at commercial and industrial sites. Analysis of the data
revealed that the number of total and injury accidents per mile (per km)
were significantly related to the access-point index. The median-opening
accident rate was also influenced by the access-point index. The data
suggest that as the index increases, the accident frequency increases.

Based on the results of research by others, Stover, et al., 1970 [65]
developed guidelines for controlling access to urban arterial highways.
Among intersection controls, it was recommended that residential driveways
be reduced or eliminated to improve traffic flow and reduce accidents.

Head, 1959 {37] collected accident and roadway features data on
426 sections of two- and four-lane wrban highway in Oregon. Analysis of
the data revealed that the number of commercial units is significantly

related to accident frequency, i.e., as the number of commercial units
increases, the accident frequency increases.
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tmploying the results of research findings developed by others,
Azzeh, et al., 1975 [4] developed cost-effective techniques that enhance
traffic operations and safety by controlling access on urban arterial
highways. Due to the absence of comprehensive accident data, several
assumptions regarding accident relationships were made to develop a
methodology for selecting and evaluating various access control techniques
based on site specific conditions. There is a need to verify these rela-
tionships utilizing a large data base.

Summary

The control of access on an urban arterial highway is signifi-
cantly related to the accident frequency of the roadway, i.e., as
access controls are implemented, the accident frequency is reduced.

Driveways
The effects of driveways on accidents have been investigated by five
reseachers,

Head, 1959 [37] collected accident and roadway features data on

426 sections of urban highways located in Oregon. Statistical analysis of

the data revealed that the number of commercial driveways and residential
driveways did not appear to be related to accident frequency. On two-lane
roadways carrying 10,000 vehicles per day or more the number of commercial

driveways per mile (per km) was found to be significantly related to
accident rate.

Box, 1970 [15] prepared a synthesis of the state-of-the-art prior to
1970 concerning the safety effects of driveways. Driveway accidents were
reported to range from 6.5 percent in Los Angeles County to 11.2 percent
of total accidents in Skokie, Illinois. A study conducted on a suburban
route in Lafayette, Indiana revealed that accidents increased as the total
number of driveways increased.

A detailed examination of the driveway accident data collected in
Skokie, I1linois revealed that 70 percent of the driveway accidents
involved vehicles making left-turns. Nearly 42 percent of all driveway
accidents were rear-end crashes. The largest single group of accidents

was rear-end crashes involving vehicles making a left-turn intc a drive-
way.

Suggested countermeasures to reduce driveway related accidents
~Minclude constructing a median storage lane to decrease rear-end crashes
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involving vehicles making a left-turn into a driveway, installation of
two-way, left-turn median lanes, limiting the width of driveway openings,
increasing sight distance at driveways, reducing speed differentials
between through vehicles and those using driveways, providing sufficient
spacing between driveways to avoid interference with traffic, and prohib-
iting on-street parking. A few of these suggested countermeasures have
been evaluated under actual field conditions.

While the synthesis reveals that the number of driveways in an wrban
area has an influence upon the accident frequency, adequate documentation
is not available to relate specific driveway designs to particular acci-
dent types or driver maneuvers.

A comprehensive study of factors that influence driveway accidents
was conducted by McGuirk and Satterly, 1976 [50]). Accident and roadway
data were collected for 100 sites. Stepwise multiple regression analysis
was used to develop equations to predict driveway accidents for site
specific conditions. Analysis of the data revealed the following results.

o Driveway accidents accounted for 13.95 percent of all reported
accidents on the study sections.

e Of all driveway accidents, 71.62 percent occurred at commercial
entrances and B5.56 percent resulted in property damage only.

e Factors found to be significantly related to driveway accidents
were commercial driveways per kilometer, number of through lanes,

average daily traffic, and the total number of intersections per
kilometer.

¢ For each commercial driveway added to an arterial street an addi-
tional 0.1 to 0.5 driveway related accident per mile per year
(0.06 to 0.31 accidents per km per year) can be expected.

Regression equations were developed to predict the number of driveway
related accidents per mile (per km) per year.

Walton and Machemehl, 1979 [70] also conducted a study to identify
relationships between accidents and roadway features on urban arterial
roadways. Use of multiple linear regression techniques revealed that
accidents per mile (per km) significantly increased as the number of
driveways per mile (per km) on the roadway increased.

A similar finding was revealed by Parker [56] who examined accident

data and driveway frequencies on 50 urban highways in 31 Virginia cities.
Analysis of the data indicated that as the number of driveways increased,
the accident frequency increased on undivided roadways, however, on
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divided highways the number of driveways was not significantly related to
accidents,

Summary

There is considerable evidence that the number of driveways on
an urban arterial highway significantly affects accident frequency.
The relationship appears to vary considerably depending upon the
number of lanes, the type of median treatment, and the traffic
volume,

Traffic Signals

Due to their importance in regulating traffic flow and improving
safety, seven investigators have examined the effects of traffic signals
on accidents on urban roadways.

There is considerable evidence that the number of traffic signals on
an urban highway directly influences the accident frequency on the facil-
ity. Studies conducted by Mulinazzi and Michael, 1967 [53], Head, 1959
[37], Cribbins, et al., 1967 [24,25], Azzeh et al., 1975 [4], Parker, 1979
[56], and Walton and Machemehl, 1979 [70] revealed that as the number of
traffic signals increases, the accident rate increases. Statistically
significant relationships were obtained in each study. Regression equa-
tions, predicting accident rates in terms of traffic signals and other
roadway features were developed by each investigator.

Sumgaary

A synopsis of current literature related to traffic signals and
accidents provides substantial evidence that as the number of signal-

ized intersections on a roadway increases, the accident frequency and
rate increases,

Intersection Design

The effects of the geometric design on accidents has been examined by
three researchers,
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The results of a study by Webb, 1955 [71] of 97 signalized intersec-
tions in rural, suburban, and urban areas in California revealed that
fewer accidents occurred at skewed intersections than at cross-type inter-
sections. Seven of the eight semi-urban skewed approaches had 43 percent
fewer accidents than the straight legged approaches.

In a synthesis of intersection accident studies conducted prior to
1970, Box, 1970 [16], reported that investigations at intersections in Los
Angeles and Richmond, California revealed that cross-type intersections
had significantly higher accident frequencies than tee-type intersec-
tions.

The results of an analysis of accident data conducted by David and
Norman, 1975 [26] in California are shown in Table 3. For any given
traffic volume level, cross-type intersections have higher accident rates
than tee-type intersections and signalized cross-type locations have
higher rates than stop controlled crosses. Fatal and injury rates (shown
in parentheses) are approximately similar for all intersection types.

Table 3. Relationship between accident rate and type of intersection.

Accident Rate**
Tee-Type Cross-Type
ADT Stop Signal Stop Signal
< 5000 1.3 (0.3) --* 1.3 (0.3) -
5,000 to 10,000 1.6 (0.4) -- 1.9 (0.4) 4,9 (1.1)
10,000 to 20,000 2.7 (0.7) -- 3.0 (0.7) 6.7 (1.7)
20,000 + 4.2 (1.2) 6.8 (1.8) 8.0 (1.1) { 15.9 (3.7)

* Insufficient Data

** Accidents per intersection

Source: David and Norman, 1975 [26], pg. 7, Table 2.
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Summary

The results of studies conducted to date indicate that cross-

Eype intersections have higher accident rates than tee-type intersec-
ions.

Intersections

The number of signalized and unsignalized intersections on a roadway
has been shown to affect traffic operations and safety. Seven investi-
gators have included intersections in their study of urban arterials.

Chapman, 1978 [19] examined over 1,000 personal injury accidents on
urban arterial roads in four towns in southern England. His results indi-
cate that accidents along the main traffic routes of a town tend to clus-
ter along relatively short sections of road passing through suburban
shopping areas and at a few busy road junctions. Analysis of the data
showed that 42 percent of the accidents occurred at these locations,

whereas, the sections comprised only 18 percent of the arterial road net-
work studied.

Studies conducted by Head, 1959 [37], Parker, 1979 [56], Mulinazzi
and Michael, 1967 [53], and Cribbins, et al., 1967 [24,25], revealed that
as the number of intersections per mile (per km) increases, the accident
frequency increases. The number of intersections was one of the variables
that was used by each of the investigators in the regression equations
they developed to predict accidents on urban roadways.

Berg and Anderson, 1973 [6] conducted a study on four-lane undivided
roadways in Madison, Wisconsin and found that the number of intersections
per mile (per km) significantly affected travel time on the roadways.
Research conducted by May, 1959 [46] on 41 sections of mulitilane urban
roadways in Detroit and Lansing, Michigan indicated that intersectional
friction, i.e., the number of intersections and number of traffic signals

had a greater effect on accident rates and travel time than the other
forms of roadway friction.

Summary

There is substantial evidence that the number of intersections
on urban roadways significantly affects the accident frequency.
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Traversable Median Lanes

With increased emphasis on better utilizing existing transportation
facilities, the effects of traversable medians including continuous two-
way, left-turn median lanes on accidents has received considerable study.

Sawhill and Neuzil, 1963 [61] conducted a before and after study at
three locations in Seattle, Washington and found the following results.

® Only 9.4 percent of the total accidents were related to the use of
the median lane.

o The median related accidents were less severe than non-median
accidents.

e The number of head-on accidents in the median lane was neglig-
ible.

e At one site accidents decreased from 66.75 per year to 49.5 per

year, a reduction of 25.8 percent. Most of the decrease was in
rear-end accidents.

Thomas, 1966 [68] conducted a one-year before and after study of a
four-mile (6.4-km) roadway section in Denver, Colorado where continuous
directional left-turn lanes were painted in the median. The results of
the investigation revealed the following conclusions.

¢ Rear-end type accidents decreased by 52 percent at locations which
previously had no left-turn lanes.

e There was a 22 percent decrease in injury accidents on the four-
mile (6.4 km) study section.

e Total accidents for the entire project were reduced by 20 percent.
There were 462 accidents in the before period and 368 in the after
period.

Frick, 1968 [32] conducted a comparative analysis of accident data
obtained for a raised median roadway and a section with a continuous left-
turn median lane located in Springfield, I1linois. The study results re-
vealed that the accident rate on the section with the curbed median was
434 accidents per 100 million vehicle miles (160 million vehicle km) of
travel while the section with the two-way, left-turn median lane had a
rate of 1143, Frick concluded that curbed medians and intersection
channelization should be used for urban arterial street improvements,
however, there were a variety of factors including differences in the
number of traffic signals, driveways, roadside development, etc. that may
explain the difference in the accident rates on the study sections.
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Hof fman, 1974 [39] analyzed accident data collected for a one-year
before and after period at four sites in Michigan. At each of the study
sites the existing four-lane undivided roadway was widened to permit a
continuous left-turn median lane., Analysis of data revealed the following
results,

e Total accidents decreased by 33 percent,
o Injury accidents decreased by 41 percent.

o Rear-end accidents decreased 62 percent, and head-on left-turn
crashes were reduced by 45 percent,

Burritt and Coppola, 1978 [17] recently examined the effects of in-
stalling two-way, left-turn lanes on accidents at seven sites in Arizona.
An analysis of two-year before and two-year after accident data, is
summarized below.

o Total accidents were reduced by 35.9 percent,
e Rear-end accidents declined by 45.4 percent,
o Left-turn accidents decreased by 20.4 percent.

o Other accident types that were reduced included angle, sideswipe,
parking, fixed object, and pedestrian/bicycle related crashes,

e A bencfit-cost ratio of 8.6 was reported.

Nemeth, 1976 [54] conducted before and after studies at three sites
in Ohio to examine the effectiveness of continuous two-way, left-turn
lanes. Travel speeds, volumes, and traffic conflict data were collected
before and after improvements were made at each site., Accident data were
not obtained for this study. At the site where four through lanes were
restriped to allow two through lanes and a left-turn median lane, the
change resulted in increased travel times, increased weaving, and fewer
traffic conflicts. The restriping of a two-lane roadway to provide two
through lanes and a median left-turn lane resulted in reduced travel times
and delays with some increase in average running speed. Traffic conflicts
were reduced by 37 percent in spite of the fact that mainline volumes
increased by 2.5 percent; cross traffic volumes increased by 25.0 percent;
and left-tirns increased by 16 percent. The restriping of a four-lane
undivided roadway to allow for four through lanes and a left-turn median
Yane resulted in a slight increase in running speeds, however, the
iggrea:e was not statistically significant, Traffic conflicts were
reduced,

Although the study did not include an accident analysis, it is one of
the few published reports that addresses the operational effectiveness and
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hazard potential reduction of implementing two-way, left-turn median lanes
on urban roadways. The report also provides a comprehensive review of the
literature pertaining to median turn lanes, including accident studies,
and offers guidelines for traffic engineers to use when they are consider-
ing the installation of a median turn lane.

Accident and operational data were collected and analyzed by Babcock
and Foyle, 1978 [5] on 14 urban highway sections totalling 32.4 miles
(52.1 km) in two North Carolina cities. The roadway sections included
four-lane undivided highways, four- and six-lane divided roadways, and
five- and seven-lane sections with traversable median lanes. Due to the
small sample size, statistical analyses of the data were not performed. A
summary of the study results support the following conclusions.

e Accident rates on five- and seven-lane roadways with traversable
medians are similar to rates on four- and six-lane divided high-
ways.

¢ No head-on collisions were reported on the sections with travers-
able median lanes,

e In all cases the median lane of the five- and seven-lane facili-
ties appeared to handie traffic efficiently.

Azzeh, et al,, 1975 [4], developed an excellent methodology for
selecting and evaluating alternative access control techniques for arteri-
al highways, including continuous two-way, left-turn median lanes. One

major problem with the methodology was the lack of comprehensive updated
accident data.

Caylor, 1977 [18] conducted a literature survey and developed general
guidelines for using two-way, left-turn median lanes. Very few quantita-
tive criteria were provided to aid in the selection of a median type based
on site-specific conditions,

Walton and Machemehl, 1979 [70] collected accident and roadway fea-
tures data on wban highways in Texas. The results of this investigation
indicate that urban arterial accident rates are significantly affected by
the number of traffic signals per mile (per km), the number of driveways
per mile (per km), the city population, and average daily traffic., A
regression equation was developed to predict the annual number of acci-
dents per mile (per km) for site-specific conditions on four-lane highways
with two-way, left-turn median lanes.

Accident data were collected by Parker, 1979 [56] for 50 urban road-
way sections in 31 urban areas in Virginia, Geometric and operational
data were also collected for each study site. Median treatments included
in the investigation were raised medians with 6-inch (15-cm) concrete
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curbs, traversable medians with continuous left-turn lanes, and undivided
roadways. All of the study sites had four through lanes, Multiple linear
stepwise regression analysis was used to develop equations to estimate the
impacts of alternative designs on accidents and left-turn vehicle delay.
The results of the analysis are summarized below.

e Mean accident rates are not significantly different for raised and
traversable median treatments.

e The type of mediar treatment influences the type of collision.

o Factors affecting accident frequency on urban roadways with tra-
versable medians are the number of traffic signals, the number of
cross streets per mile (per km) and the average daily traffic.

e Factors affecting accident frequency on four-lane undivided urban
roadways include the number of traffic signals, cross streets and
driveways per mile (per km) and the average daily traffic.

e Midblock left-turn delay was found to be significantly affected by
the number of traffic signals per mile (per km), the area popula-
tion, the mainline hourly volume, and the number of driveways and
streets per mile (per km).

o The midulsck left-turn delay was not significantly related to the
accident frequency for any median treatment.

Regression equations were developed to predict the expected accident
frequency for each median treatment, i.e., raised, traversable, and four-
lane undivided sections. The equation developed for predicting accidents
per mile (per km) for traversable sections was compared to the equation
developed by Walton and Machemehl, 1979 [70] using Texas data and the
equations appeared to yield similar results. Further verification of

these equations should be made to test their validity in other urban
areas.

Summary

Installation of a traversable median on an undivided highway to
provide storage space for left-turning vehicles appears to signifi-
cantly reduce accident frequency. Factors which significantly affect
accidents on traversable median lanes are traffic volume and the
number of driveways, intersections, and traffic signals.
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Raised Medians

Raised concrete medians have been extensively used to separate oppos-
ing traffic streams on urban arterial streets. The effects of this median
treatment have been examined by eight investigators,

One of the most comprehensive studies of the impacts of raised
medians was conducted by Wootan, et al., 1964 [72] in three Texas cities.
Before and after traffic and accident data were collected and analyzed.
The data indicated that after the median was installed there was a
significant reduction in rear-end collisions involving vehicles making
left-turns. Head-on collisions were eliminated at the study sites. There
was an fincrease 1in accidents involving drivers making improper lane
changes and an increase was reported in fixed-object crashes. In the San
Antonio study, total accidents were reduced from 234 to 72 (69 percent) in
a one-year before and one-year after period. Personal injury accidents
decreased from 40 to 14 (65 percent). The overall effect of the raised
median at the study sites was a reduction in traffic accidents.

Studies conducted by Box, 1965 [12], Foley, 1967 [31], Leong, 1970
[45], Frick, 1968 [32], also revealed that the installation of a raised
median on an undivided highway significantly reduces accidents.

Bitlion and Parsons, 1962 [8] examined the effect of median design on
accidents. Data were collected on 34 urban roadway sections, which did
not have access control. Median types included the flush grass type,
raised grass medians with concrete curbs, and raised concrete medians with
concrete curbs. The number of intersections varied from three to seven
per mile (5 to 11 per km). A summary of the findings is given below.

e For deterring type medians, grass flush medians had the lowest
accident rate for roadway sections between intersections and the
curbed median had the highest rate,

® Medians with double beam rails had the lowest total accident and

injury rates while medians with concrete posts had the highest
rates.

¢ On roadway sections excluding intersections, curbed medians had

approximately 2 and 1/2 times the accident ratio of the flush
medfan sections,

o A summary of accidents involving the median revealed that deter-
ring medians had the lowest cross median accident rate (1.8) when
compared to roadways with nontraversable medians (4.0). urbed
median sections had the lowest ratio of median accident involve- -
ments (1 to 45) compared to earth medians (1 to 24) probably
because drivers use the earth median to avoid an accident. On
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curbed median sections it was speculated that motorists are more
confined to the pavement, consequently reducing median related
involvements but not total accident involvewent.

Parker, 1979 [56] collected accident and roadway features data for
19 raised median sections in urban areas in Virginia. Analysis of the
data revealed that factors which significantly affect the accident fre-
guency on urban roadways with raised medians are the number of traffic
signals per mile (per km) and the average daily traffic. Regression
equations were developed to predict the expected accident frequency for
raised median sections based on these site specific conditions.

Olson, et al., 1974 [55] conducted an investigation to examine the
effects of vehicle behavior on 4- and 6-inch (10- and 15-cm) concrete
curbs, commonly used on divided arterial routes in the U.S. Eighteen full
scale crash tests were conducted and simulation impacts were made using
the Highway Vehicle Object Simulation Model. The major finding was that
concrete curbs 6-inches (15-cm) high or less do not redirect vehicles at
speeds above 45 miles per hour (72 kph) with encroachment angles greater
than 5 degrees. The results of the crash tests suggest that 6-inch
(15-cm) concrete curbs commonly used on urban streets should not be used
if traffic speeds are expected to exceed 45 miles per hour (72 kph).

Summary

The installation of a raised median on an undivided highway
significantly reduces accidents. Factors which significantly affect
accident frequency on roadways with raised medians are the number of
traffic signals and the traffic volume,

Horizontal Alijnement

The effects of horizontal curvature on accidents for urban arterial
roads have been examined by three investigators.

A study of the effects of geometric design characteristics on acci-
dent rates on two-lane, two-way roads in Connecticut by Gupta and Jain,
1973 [35] concluded that accident rates on two-lane urban highways carry-
ing 3,000 to 7,900 vehicles per day increased as the degree of curve
increases. Although the horizontal curvature rating had a higher correla-

tion with accidents than other variables tested, none of the relationships
were statistically significant.
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Wright and Mak, 1976 (73] analyzed accident data to determine rela-
tionships between single-vehicle, off-road, fixed-object accidents, and
traffic, roadway design, and socio-economic variables for urban two-lane
roadways, The study utilized data obtained on 45 gne-mile (0.6-km) sec-
tions of two-lane urban arterial and col'ector streets in Atlanta,
Georgia, Results of the analysis indicate that off-road accident rates
were most closely related to average daily traffic, horizontal alinement,
and population density. Correlation and factor analysis, simple linear
regression, and stepwise multiple linear regression analysis were used to
establish relationships between roadway and traffic characteristics,
socio-economic factors, and accident rates. No statistically significant
relationships were developed as the correlation coefficients for the
accident rates and other factors were less than 0.45.

In a study of the relationship between accident involvement and traf-
fic volumes at signalized intersections, Webb, 1955 [71] reported that
intersections with curved approaches had higher accident rates than those
with straight approaches. In his analysis, Webb stratified data according
to semi-urban and rural conditions. Analysis of the data at intersections
with curved approaches showed three intersections (two semi-urban and one
rural) to have on the average 30 percent more accidents than the
97 straight legged intersections,

Summary

There is some evidence that increases in horizontal curvature
may increase accidents. This relationship, however, is not signifi-
cant as other factors appear to have a greater effect on accidents
than horizontal alinement.

Vertical Alinement

The effects of vertical alinement on accidents have been examined by
three investigators.

Hanna, et al., 1976 [36] reviewed accident data at 232 intersections
in rural municipalities in the State of Virginia. The typical rural muni-
cipality had an average population of approximately 15,000 persons. Com-
parative analysis of two years of accident data at intersections that pro-
vided poor driver sight distance on at least one traffic approach or that

had an unusua’ﬂ{ steep grade (greater than 5 percent) as compared with all
other intersections provided the following results,
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e The accident rate for intersections with severe grades (0.97 per
million entering vehicles) was unusually low when compared to the
accident rate of 1.13 for all intersections.

e Intersections with extremely severe grades, such as miny of those

in the small municipalities, experienced unusually low accident
rates.

In contrast, King and Goldblatt, 1975 {[44] analyzed data from
300 intersections located in urban and rural areas throughout the United
States and found a positive correiation between grade and accidents.
Differentiation between urban and rural situations was possible because
the sites were classified according to: a) central business district, b)
fringe areas, and c) rural. The study data indicate that grades signifi-
cantly affect accidents in almost every case.

Gupta and Jain, 1973 [35] examined the relationships between geome-
tric features and accident rates on rural and urban two-lane highways in
Connecticut and established a vertical clearance rating. They however
found that the vertical clearance rating was not significantly related to
accident rate, The authors hypothesized that the vertical clearance rat-

ing was directly proportional to vertical alinement features of a road-
way.

Summary

Although there is some evidence that vertical alinement is
related to accident frequency, this relationship is not strong.

Sight Distance

Five studies have been conducted on urban arterial streets to examine
the effects of sight distance on accidents,

Gupta and Jain, 1973 [35] studied the effects of restricted sight
distance on accident rates on two-lane, two-way urban roads in
Connecticut. Although no statistically significant relationship was dis-
covered, restricted sight distance appeared to be associated with high
accident sections, and in particular, with single-vehicle accidents.

Analysis of accident data conducted by Hanna, et al., 1976 [36] at

232 intersections in rural municipalities in Virginia (cities and towns
with a population of approximately 15,000 persons) indicated that inter-

27




sections with poor sight distance on at least one approach had a higher
accidert rate (1.33 accidents per million entering vehicles) when compared
to the mean accident rate of 1.13 for all intersections. A high percent-
age of the accidents were angle collisions in which the driver was unable
to properly view an approaching vehicle on the cross street,.

In a study of 558 highway intersections in California, David and
Norman, 1975 [26] found that an increase in sight radius resulted in a
decrease in total accident rates, right-angle rates, and right-of-way
violation accident rates. Intersections with a traffic volume greater
than 15,000 and with obztructions within 20 feet (6.1 m) of the pavement
had 5.3 more accidents per year than did intersections with wnobstructed
distances.

Moore and Humphreys, 1975 [51] examined sight distance obstructions
at urban intersections. They reported the results of a before and after
study conducted in Concord, California where accidents decreased by
67 percent (from 39 to 13) at five intersections where sight distance
obstructions were removed.

King and Goldblatt, 1975 [44] analyzed accident and roadway features
data at 300 intersections and found a statistically significant correla-
tion between accidents and sight distance for most of the intersection
conditions studied.

Summary

There is some evidence that sight distance obstructions contri-
bute to increasing the accident rate at intersections and on urban

roadway sections, however, specific relationships have not been
developed.

Fixed-Objects

The relationship between accidents and fixed-objects within the vi-
cinity of roadways in urban areas has received limited study.

Glennon and Wilton, 1976 [34] examined the applicability of the road-
side hazard model developed in NCHRP Report 148 to enable the model to
predict the effectiveness of roadside safety improvements on all classes
of highway including urban arterial streets. Roadside hazards considered
in the study consisted of the following obstacles: utility poles, trees,
sign posts, light poles, traffic signal poles, railroad signal poles,
curbs, gquardrails, roadside slopes, ditches, culverts, drainage inlets,
bridge abutments, piers, bridge rails, retaining walls, fences, and fire-
plugs. Accident data obtained from eight cities were used to develop an
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equation for predicting the roadside accident rate for urban arterial
‘streets. Application of the roadside encroachment parameters developed
for the hazard model revealed that littie improvement can be expected by
implementing roadside safety improvements on urban streets.

Summary

Although there is evidence that roadside obstacles contribute to
accident rates on urban highways, the data are limited and specific
. relationships have not been quantified.

Parking

13

The relationship between the presence of on-street parking and acci-
dents on urban streets has been examined by three investigators.

In an Indiana study of 100 sections of urban roadways, Mulinazzi and
Michael, 1967 [53] found that permitting on-street parking significantly

increased the accident frequency on roadways carrying between 1,200 and
5,800 vehicles per day.

Torres, 1967 [69] collected travel time and geometric data on
158 street sections in seven cities, The results of the analysis indi-
cated that parking had an effect on travel time but the effect was not as
great as other variables such as signal density. Although accident data
were not examined, the results are useful in formulating hypothesis
between roadway features, operational conditions, and accidents.

David and Norman, 1975 [26] collected accident data at 558 urban and
rural intersections in California. The results of their investigation
revealed that there was not a statistically significant relationship
between peak-haur parking prohibitions, parking set-back, and accident
frequency. .

The most comprehensive study undertaken to date concerning the
effects of parking on accidents was conducted by Humphreys, et al., 1979
[41]. The purpose of the study was to examine the relationships between
accidents reported on urban streets, parking configurations, land use,
street width, and street classification. Roadway and accident data were
collected for 170 miles (273.5 km) of urban roadway located in 10 U.S.
cities,
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summary of the analysis is provided below.

e Parking use has the greatest affect on accident rate, i.e., as the
parking use increases, the accident rate increases up to approxi-
mately 1.0 million space hours per kilometer per year.

® Accident rates were lowest on roadway sections where parking was
prohibited.

e The prohibition of on-street parking where the space use is
approximately 300,000 hours per kilometer per year could reduce
midblock accident rates by 19 percent. Where space hours usage is
600,000 hours per kilometer per year, midblock accident rates
could be reduced by 75 percent.

e For 300,000 space hours of use, total urban accident rates could
be reduced by eight percent and for 600,000 hours of use the
reduction could be up to 30 percent,

® Parking configuration, i.e., parallel, angle, etc, did not have an
effect on accident rate.

e Accident rates generally increased with changes in roadside devel-
opment i.e., residential, office, and retail land use.

Summary

The available information on parking indicates that parking has a
sigiiificant effect on accident rates while parking configuration,
i.e., parallel vs, angle parking does not affect accident frequency.
Prohibiting on-street parking would significantly reduce accidents on
urban streets where parking is currently permitted.

Utility Poles

A study of urban utility pole accidents was recently conducted by
Jones and Baum, 1978 [43]. In a sample of 6,124 accidents, utility poles
were found to be the most frequent (21.1 percent) type of fixed object
struck in single-vehicle, run-off-the-road accidents. Approximately
2.2 percent of all accidents in urban areas involved impacts with utility
poles and utility pole accidents had the highest percentage (50.5 percent)
of injury accidents of all fixed-object crashes. The data suggest that as
vehicle speeds increase, the percentage of wutility pole accidents
increases. Also, the number of utility pole accidents was found to be a
function of the relative density of utility poles in an area. As pole
spacing increased, the frequency of utility pole accidents was found to
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decrease., Utility pole accidents were also found to be a function of the
distance the pole is located from the roadway. The proportion of utilit
pole accidents is high at low offsets, i.e., less than 5.5 feet (1.7 m
from the roadway, however, beyond 5.5 feet (1.7 m) the frequency of acci-
dents appears to remain constant (approximately 0.2 utility pole accidents
per single-vehicle accident).

Summary

Relationships between utility poles and total accidents have not
been fully developed, however, the available data suggest that util-
ity pole accidents may be a small percentage (2.2 percent) of total
urban roadway accidents. Based on current study results, it appears
that there is a significant relationship between utility pole fre-
quency and pole offset and single vehicle run-off-the-road accidents.
Additional research is needed to establish these relationships and to
develop cost-effective utility pole countermeasures.

One-Way Streets

A synthesis of the safety effects of converting two-way street sys-
tems into one-way operations was conducted by Mayer, 1971 [48]. General-
ly, research studies indicate that accidents can be reduced from 10 to
50 percent if two-way streets are converted to a one-way operation., Ini-
tial operational and safety problems with the conversion are usually
resolved within the first six months following implementation. It was
also found that accident severity is generally reduced along with rear-
end, sideswipe, turning, parking, and pedestrian accidents.

Bissell, 1965 [9] conducted a study to examine changes in traffic
flow characteristics as a result of converting two-way streets to a one-
way operation. The results of the analysis revealed that the street
improvements reduced travel time by 11.5 percent and reduced vehicle stops
by 33 percent. The improvements produced significantly less driver ten-
sions on the one-way streets. Driver tension and the travel parameters
remained unchanged on the two-way street.

Summary

One-way street systems have generally been shown to improve
traffic operations and reduce accidents on urban streets, consequent-
ly, this type of change may be regarded as an effective counter-
measure. However, additional research is needed to determine the
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relationships between specific one-way street geometrics and traffic
conditions on accidents.

Environmental Factors

For the purpose of this study, environmental factors are defined as
measures which are external to the physical features of the roadway.
Examples of these measures are climatic conditions, lighting, and roadside
development. A summary of the envirommental factors identified during the
literature review is given below.

Skid Number

Data from numerous studies indicate that a general decrease in acci-
dent rate occurs as the coefficient of pavement friction increases on all
highway facility types.

Accident statistics, skid number, and related data were collected by
Blackburn, et al., 1978 [10] for a one-year before and a one-year period
after resurfacing was performed on 428 roadway sections located in
16 states. Eighteen of these sections were urban two-lane roadways and
18 sections were urban multilane facilities with uncontrolled access. The
results of the analysis revealed that highway type, average daily traffic,
and skid number have a significant effect on wet pavement accident rate.
The correlation coefficients for the analyses ramged from 0.26 to
0.42 which indicates that the majority of the variance in the wet-pavement
accident rate is not explained by the variables examined.

Although the sample size for urban roadways was small (less than
50 sites), the results indicate weak relationships exist between roadway

type, traffic volume level, and skid number and wet pavement accident
rates on urban highways.

Holbrook, 1976 [40] conducted a study to develop a model to estimate
wet surface accidents at intersections based on skid number, wet time, and
seasonal weather effects. Accident, skid number, and weather data were
collected from 2,000 rural and urban intersections on State highways in
Michigan. The results of the analysis are summarized below.

o Surface wet time and skid number are important factors in wet
accident involvement.

® Below a skid value of 30, wet accident involvements increase as
the pavement friction decreases.
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e Monthly wet time has a significant effect on wet accident occur-
rences.

e Skid numbers alone will not lead to development of a plan which
would optimally reduce wet surface accidents.

The study data indicates that wet pavement accidents are greatly
influenced by the amount of time the pavement is wet and the skid number.

Summary

There is considerable evidence that sites (roadways and intersec-
tions) with low skid numbers have a significantly higher proportion
of wet pavement accidents than sites with high skid numbers.

I1Tumination Level

Several investigators have examined the effects of illumination level
on accident frequency,

A study was conducted by Christie, 1966 [20] to examine the effects
of lighting improvements on traffic accidents on urban streets. Before
and after data were collected at 64 locations in England. The measure of

effectiveness used to determine the effect of the lighting was the r ratio
defined as follows:

Darkness Acciuents After Improvement
ro= Darkness Accidents Befrore lmprovement

Daylight Accidents After Improvement
Daylight Accidents Before Improvement

When r = 1, the lighting has no effect

If r <1, darkness accidents have decreased
If r > 1, darkness accidents have increased

The following r ratios were obtained at the study locations.

i3




Accident Type r Ratio

Fatal 0.50
Serious injury 0.67
Slight injury 0.73
Total 0.90

With the exception of fata)l accidents, the ratios were statistically
significant at the a= 0.05 level,

A study of 97 miles (156 km) of street relighting in Kansas City,
Missouri conducted by Stark, 1973 [64] revealed that property damage acci-
dents were reduced by four percent, injury accidents by 18 percent and
fatal crashes by 28 percent. Based on the study findings, it was suggested
that a serious night accident problem exists when the ratio of night-day
accidents is more than 1.5 times the average ratio for similar locations
or sections on the same system of roads and streets. The study data tend

to support the hypothesis that low illumination levels are associated with
high accident ocurrences.

An investigation was conducted by Box, 1976 [14] to determine the
effect of illumination on accident frequency. One-year before and one-
year after accident data were collected on a 2.5-mile (4.0-km) urban
street located in Clearwater, Florida. The study section consists of a
six-Tane divided facility with a median barrier carrying between
33,000 and 45,000 vehicles per day. In November 1974, alternate luminaires
were turned off. This change reduced the level of illumination from
1.8 to 0.9 horizontal foot-candles (19.4 to 9.7 lumen/sq. m) which was
below the recommended level of 1.4 horizontal foot-candles (15.1 lumen/sq.
m). The effect of lighting reduction on accidents and accident severity
revealed that overall night accidents increased 39.5 percent and night
injury accidents in -2 sed 33 percent.

Box, 1972 [13] also investigated the effects of illumination on high-
way accidents in the City of Syracuse, New York. Accident data for the
year 1967 were analyzed for 105 miles (169 km) of major arterial and
collector routes located in the city. The independent variables that were
exanined included road type, pavement width, illumination level, and
abutting land characteristics. The dependent variables were the ratio of

night accidents to day accidents and the night-day ratio of accident
costs,

The results of the study are summarized below.

o Streets with little or no illumination had higher night-day acci-
dent ratios and costs than the average street in their category.

o Streets with extremely high illumination levels had higher night-
day accident ratios and costs than the average street in their
category.
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o The most favorable illumination level ranged from 0.8 to 1.8 hori-
zontal foot-candles (8.6 to 19.4 Tumen/sq. m).

Summary

The results of studies conducted to-date suggest that there is a
relationship between roadway illumination level and accidents on
urban streets. Sections with a low level (or no lighting) and a high
level of illumination appear to have higher accident rates than sec-
tions with illumination levels between 0.8 and 1.8 foot-candles
(8.6 to 19.4 lumen/sq. m). Although additional data are needed to
identify the reasons streets with high illumination levels were found
to have high accident ratios, one hypothesis is that these sites pre-
viously had high accident ratios before the level of illumination was
increased and increasing the lighting level did not result in a
further reduction in accidents.

Commercial Floor Area

Berg and Anderson, 1973 [6] conducted a study to examine the rela-
tionships between traffic service and level of land access on four-lane
undivided urban arterial highways in Madison, Wisconsin. Average travel
time, roadway and land use characteiristics were recorded for 0.2-mile
(0.32-km) sections for each direction of travel. Data were collected on
three roadways carrying between 9,680 and 20,i70 vehicles per day. The
results of the analysis reveal that the commercial floor area per mile
(per km) and the number of intersections per mile (per km) significantly
affect the travel time on arterial roadways. Consequently, commercial

floor area is suggested as a measure of the level of land access on an
urban facility.

Although the authors did not examine the relationship between acci-
dents and roadside development, they did establish a link between the
quality of flow, i.e., travel time, and independent variables such as in-

tersections per mile (per km) which have been shown to be related to acci-
dent frequency.

Summary
There is no evidence that the amount of commercial floor area

adjacent to urban roadways is related to accident occurrence, how-
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ever, an increase in commercial floor area has been shown to signifi-
cantly increase travel time on major urban roadways.

Pavement Wet Time

Holbrook, 1976 [40] analyzed approximately 40,000 accidents reported
at over 2,000 intersections in urban and rural areas in Michigan to devel-
op a wet surface accident model which incorporates skid number, wet time,
and seasonal weather effects., Surface wet time was developed as a means
of converting precipitation data into the percent wet time. Holbrook
concluded that precipitation data, as reported by weather bureaus, is not
suitable for predicting wet accident experience. A long steady rain may
produce wet pavement over several hours, yet only produce an inch of rain-
fall, On the other hand, a heavy downpour may produce more rainfall, yet
last only a few hours during hot summer months. Thus, the amount of pre-
cipitation does not correlate with the anount of time a pavement surface

is wet, and as such, should not be used directly to predict wet accident
experience,

The results of the study indicated that:

o surface wet time and skid numbers are important factors in wet
accident involvement, and

e monthly wet time has a significant effect on wet accident occur-
rence.

The study findings suggest that wet pavement accidents are greatly
influenced by the amount of time the pavement is wet and the skid number.

Summary

There is some evidence to suggest that the Tength of time the
pavement is wet has a significant effect on wet pavement accidents.

Area Population

Three investigators have examined the effects of area population on
urban roadway accident occurrence.

Wright and Mak, 1976 [73] collected accident, geometric features, and
socio-economic data including population density (persons per square mile
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or per square km) for 45 sections of two-lane roadways in Atlanta,
Georgia. The results of the study indicate that single-vehicle, fixed-
object accidents are significantly related to average daily traffic, hori-
zontal curvature, and population densitv. However, the equations developed
do not account for a majority of the variance in accidents.

Walton and Machemehl, 1979 [70] also included area population as an
independent variable in their study of continuous left-turn median lanes
in urban areas in Texas. Analysis of the data revealed that the number of
accidents per mile (per km) on fzuv--lane roadways with two-way, left-turn
median lanes was significantly atfected by the population of an area,
i.e., as population increased, the number of accidents increased.

In a study of four-lane urban roadways with raised medians and two-
way, left-turn median lanes, Parker, 1979 [56] also examined the effects
of area population on traffic accidents. Analysis of data collected at
50 sites in Virginia revealed that area population was not significantly
related to accident frequency, however, midblock left-turn delay was
significantly affected by area population.

Summary

There is some evidence that area population affects traffic acci-
dents on urban roadways, however, the relationship is not signifi-
cant,

Roadside Development

The effects of roadside development on accidents have been studied by
four researchers,

In a study of 426 urban roadway sections, Head, 1959 [37] defined
roadside development in terms of the number of residential and commercial
units on a section. Analysis of the data revealed that the number of
residential and commercial units are not related to accident frequency.

Chapman, 1978 [19] examined relationships between injury accident
rates and environmental features on arterial roads in four towns in
southern England, Roadside development was measured in terms of residen-
tial, open, industrial, and shopping space. The study results indicated
that sections with shopping area development had significantly higher
injury accident rates than sections with other types of land use,

Humphreys, et.al., 1976 [41] analyzed accident data collected on
170 miles (273.5 km) of urban roadway and found that accident rates gener-
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ally increased with changes in roadside development. Roadside development
was classified as residential, office, and retail land use.

In a study of 135 roadway segments in Oakland County, Michigan,
Snyder, 1974 [63] concluded that the intensity of road frontage develop-
ment was one of the variables that best predicted accident rates on the
study sections,

Summary

Although roadside development has been defined in different ways
by each investigator, the results of the studies suggest that changes
in roadside development influences accident frequency on urban road-
ways.

Operational Factors

Operational factors include measures of the performance of the traf-
fic stream and traffic controls which influence traffic flow. A summary
of these measures is given below.

Speed Limit

Cribbins, et al., 1967 [24,25] examined the relationship between
posted speed limit and accidents on 92 rural and urban roadways in North
Carolina. A significant relationship between speed limit and injury acci-
dents per mile (per km) was found, however, the speed 1imit had little
effect on the median opening accident rate.

Although the sample size was small Avery, 1960 [3] examined the
effects of raising speed limits from 30 to 35 miles per hour (48 to
56 kph) on 11 sections of highway in St. Paul, Minnesota. A review of the
speed data revealed that the changes in the posted speed limit did not
affect vehicle speeds and the accident frequency within the study sections
was not significantly affected by the change.

Head, 1959 [37] also included speed limit as an independent variable
in his study of urban roadways in Oregon. Generally for the study sec-

tions it was found that roadways with higher posted speeds had lower acci-
dent frequencies.
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Summary

Based on available research, speed limits may have an effect on
accidents, however, this result may be confused by the fact that
lower speed limits are usually posted in heavily developed areas.

Acceleration Noise

Heimbach and Vick, 1968 [38] investigated the relationsihip between
acceleration noise (change of speed per unit time) and accident rates at
six sites. While no statistica’ analysis was employed, sites with high
acceleration noise levels had high accident rates.

Summary

Acceleration noise may be significantly related to accident

rates, however, additional research is needed to verify this hypothe-
sis.

Traffic Volume

Numerous authors have concluded that traffic volumes are more close-
ly related to accident experience than any other nonaccident factor or
combination of nonaccident factors., Further, most studies normally util-
ize ranges of volume in explaining the effects of other elements on acci-
dent experience. Although numerous relationships have been reported, the
conclusions have not always been consistent. The absence of a consistent
relationship between accidents and traffic volume may be cue to the effect
other variables have on accidents.

The effects of traffic volumes on intersection accidents have been
reported by David and Norman, 1975 [26]. Analysis of data collected at
558 intersections in California revealed that accident rates increased

with increases in traffic volumes. Fatal and injury rates also followed a
similar pattern,

Shaw and Michael, 1968 [62] collected delay time and accident data at
11 intersections in Indiana and found that:

o delay caused by left-turning vehicles was significantly related to

total hourly volume and the number of left-turn vehicles per hour,
and
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e traffic volumes significantly affect accident rates at intersec-
tions.

The results of a number of studies conducted on urban roadway sec-
tions indicate that increases in traffic volumes 1lead to significant
increases in accident frequency. Evidence supporting this statement can
be found in reports prepared by Azzeh, 1975 [4%, Cribbins, et al., 1967
[24,25], Head, 1959 [37], Mulinazzi, 1967 [53], Parker, 1979 [56] and
Walton, 1979 (70]. Increases in volume have also been shown to be posi-
tively correlated with skidding accidents (Blackburn, 1978 [10]), traffic
events (Clark, 1968, [21]), and travel time (Coleman, 1961, [23]).

In a study of single-vehicle accidents on two-lane roadways in
Atlanta, Georgia, Wright and Mak, 1976 [73] found that an increase in
traffic volume would decrease the rate of run-off-road accidents,

Summary

There is considerable evidence that increases in the traffic
volumes will lead to increases in accidents on urban roadways.

Travel Time

Based on the results of a study conducted by May, 1959 [46] on
41 sections of multilane highway in Detroit and Lansing, Michigan, a sta-

tistically significant relationship was found between accident rates and
travel time.

Coleman, 1961 [23] analyzed data collected in Pennsylvania and pro-
vided the following conclusions.

e Volume/capacity ratio can be used to estimate travel time on urban
highways.

L] T:affic volume and signal timing have major effects on travel
time.

e Street width, percentage of heavy commercial vehicles, direction
of flow, and area type have minor affects on travel time.

e Travel time along an wban highway section is directly proportion-

al to the average number of traffic signals per mile (per km) on
the section.
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Torres, 1967 [69] collected data on 158 street sections in seven U.S.
cities and concluded that signal density has a highly significant (statis-
tical) effect on travel time. Lane width, percent of green time, and

parking also effect travel time but to a much lesser extent than signal
density.

Summary

There is some evidence that a relationship exists between travel
time and accidents, however, much more data are available indicating
that a relationship exists between travel time and accident-related
roadway features such as signals per mile (per km).

Signal Improvements

Fielding and Young, 1955 [29] conducted a study to evaluate the
effects of traffic signal modifications on accident frequency, traffic
volume, capacity, delay, and speeds on a 3.85 mile (6.16 km) section of
four-lane urban arterial highway in Cincinnati. As a result of traffic
signal modifications including the installation of a new signal, increas-
ing the cycle length, synchronizing the controls, and other changes such
as restriping, installing parking signs, etc., the total number of acci-
dents on the section decreased 3.5 percent (from 749 accidents in 1952 to
723 accidents in 1953). Accidents at signalized intersections decreased
21 percent, however, accidents at locations other than at traffic signals
increased 22.6 percent. During the study period traffic volumes increased
from 10 to 15 percent, however, average trip times decreased 7.5 percent
and speed increases ranged from 0.4 to 2.1 miles per hour (0.64 to
3.36 kph) i.e., 19.5 to 21.1 miles per hour (31.20 to 33.76 kph). This is
one of the few studies where accident and operational data were collected
at the same time following physical changes on an urban roadway. Unfor-
tunately no correlations or statistical inferences can be made from data
collected at one site but the analysis indicates that reducing delay at
sigralized intersections can reduce intersection crashes.

Summary

Based on one sample, there is evidence that traffic signal modi-
fications can lead to reduced traffic accidents and increased vehicle
speeds.
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Yield Signs

Based on a synthesis of the literature prepared by Box, 1970 [16],
yield sign controls have been found to be effective in reducing accidents
at low volume, previously uncontrolled urban intersections. Accident
reductions ranged from 23 to 52 percent.

Summary

The use of yield signs erected in compliance with MUTCD, 1978
[27] warrants have been found to be effective in reducing accidents
at intersections which previously had no control,

Two-Way Stop Control

A synthesis of completed studies on two-way stop control intersec-
tions conducted by Box, 1970 [16]. Analysis of accident data at
400 cross-type intersections, where cross street volumes ranged up to
4,000 vehicles per day and through street volumes up to 32,000 vehicles
per day, showed that for two-way stop control:

e as cross street volumes increased, the accident rate increased,
and

e as through street volume increased, the accident rate decreased.

Summary

There is some evidence that accident frequency at two-way stop
controls is related to the cross-street traffic volume.

Four-Way Stop Control

Based on a synthesis of completed studies concerning the impacts of
four-way stop control, Box, 1970 EIS] concluded that:

"Generally four-way stop controls have been found to be effective in

reducing accidents provided that traffic signal warrants were not met
and the volumes on the intersection approaches were reasonably
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balanced. Analysis of before and after accident rates at 38 inter-
sections in St., Paul, Minnesota with volume ranging from 3,500 to
18,900 revealed a 56 percent reduction in accidents as a result of
implementing four-way stop instead of two-way stops. A 20 percent
increase in rear-end accident rates was reported, however, there was
a 75 percent reduction in right-angle crashes, a 67 percent reduction

in head-on accidents, and a 50 percent reduction in fixed-object
crashes.,”

Suymmary

There is some evidence that accidents can be reduced with the use
of four-way stops if traffic volumes on the approaches are nearly

balanced and traffic signal werrants are not met at the intersec-
tions. |

Traffic Signal Control

The results of a synthesis conducted by Box, 1970 [16] relative to
the effects of traffic signals on accidents is summarized below.

e A study of the effect of signalization on accidents at 599 inter-
sections in 24 cities revealed that traffic signals reduced acci-
dents an average of 20 percent, however, accidents increased at
one-third of the intersections. There was an increase in rear-
end accidents, a decrease in right-angle crashes, and increases
in accidents at intersections where the accident frequency was
three or fewer accidents before signalization.

® A study of 39 urban and rural intersections in Michigan indicated
that accidents increased 23 percent but injuries and fatal acci-
dents decreased by 20 and 50 percent respectively, After the
signals were installed rear-end accidents increased 200 percent,
head-on accidents increased 157 percent, and side-swipe crashes
increased 74 percent. Angle accidents decreased by 51 percent,
It was further concluded that signalization tends to increase
accident rates at simple 1intersection designs, but decreases
rates at complex locations,

¢ Another study of 52 urban and suburban intersections in Michigan
showed an increase in accidents of 33 percent. The data revealed
that rear-end accidents increased by 98 percent and left-turn
accidents increased by 66 percent while right-angle accidents
decreased by 45 percent.
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® Factors which appear favorable to reducing accidents through
traffic signalization are high traffic volumes, high accident
frequency, and complex intersection layouts.

Studies of the effects of type of intersection control on accidents
conducted by King and Goldblatt, 1975 [44] revealed that:

o installation of traffic signals influences a reduction in right-
angle accidents and an increase in rear-end collisions, however,

o no evidence was found to suggest that the installation of signals
reduces the adverse effects of accidents.

Summary

Based on a review of the literature it appears that traffic
signals influence accident patterns but signals do not necessarily
reduce the accident frequency at intersections.

Steering Wheel Reversals

In a study conducted on arterial streets in Raleigh, North Carolina,
Clark and Cribbins, 1968 [21] found that a combination of steering wheel
reversals and brake applications can be used to estimate traffic volumes
on the facility., Although no direct correlation was made between acci-
dents and steering wheel reversals, there may be some relationship because
volumes have been found to have a significant relationship with acci-
dents.

Summary

No direct relationship between steering wheel reversals and
accidents has been reported, however, there is some indirect evi-
dence that implies that such a relationship may exist.

Brake Applications

Based on the results of data collected on urban roadways in Raleigh,
North Carolina, Clark and Cribbins, 1968 [21] concluded that steering -
wheel reversals and brake applications can be used to predict traffic
volumes on the roadway. May, 1955 [47] also collected data on roadways in
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nine states and found the duration of brake application per mile (per km)
of travel (expressed in seconds) was 5.74 seconds on urban routes without
access contro? compared with zero seconds on urban roads with full control
of access. Brake application duration averaged 0.21 seconds on rural
highways with access control.

Summary

Because traffic volumes and access control measures have been
reported to have a direct relationship with accidents, brake applica-
tions may also be related to accidents.

Traffic Conflicts

Traffic conflicts have been used by Clayton and Deen, 1977 {22] to
identify traffic hazards at intersections and by Parker, 1975 [57] to
evaluate the effects of implementing right-turn-on-red regulations at sig-
nalized intersections. Glauz and Migletz, 1980 [33] have suggested that a
relationship between traffic conflicts and accidents exists, however, sub-
stantial evidence of this relationship has not be developed.

Summary

There is some evidence that a relationship between traffic con-

flicts and accidents exist, however, additional studies are needed to
establish this relationship.

Volume/Capacity Ratio

Coleman, 1961 [23] collected operational and roadway features data in
five cities in eastern Pennsylvania and concluded that volume/capacity
ratio can be used to estimate travel time on wban streets. Further

studies reporting relationships between volume/capacity ratio and other
measures were not found in the literature.

Suwmary

There is some evidence that volume/capacity ratio is related to
travel time, however, there is no information suggesting that it fis
related to traffic accidents.
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Signal Timing

Coleman, 1961 [23] analyzed operational and roadway data in five
cities in eastern Pennsylvania and concluded that signal timing has a
major effect on travel time. Further studies regarding relationships

between signal timing and other measures were not identified during the
literature review.

Summary

There is some evidence that signal timing has an influence on
travel time, however, there is no information suggesting that signal
timing 1s related to urban arterial accident frequency.

Level of Service

The rela:ionship between level of service and accidents was examined
by Cribbins, et al., 1967 [24] in a study of 92 sections of rural and
urban divided roadways in North Carolina. Level of service was defined as
the travel time for a site divided by the site length. The results of the
analysis indicated that level of service is significantly related to the
number of injury accidents per mile (per km), i.e., as the level of ser-
vice increases, the accident frequency increases.

Summary

There is some evidence that level of service, defined as the

travel time divided by the segment length 1is related to accident
frequency.

Street Signs

David and Norman, 1975 [26] analyzed roadway and accident data at
558 urban and rural intersections in California and found that high volume
intersections with street signs with white letters on a dark background

have an aver'age of 5.1 more accidents per year than at intersections
having dark lettering on a white backgrjound.
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Summary

There is some evidence that intersections with street signs with
white letters on a dark background have a higher accident rate than
intersections with signs with dark letters on a white background.

Vehicle Mix

While a number of researchers have examined the effects-of large
vehicles on the traffic stream, no studies were found that examined the
effects of large vehicles on accidents on urban arterial streets. In
their study of 558 intersections in California, David and Norman,
1975 [76] found that high volume intersections along bus routes have sig-
nificantly higher accident rates than intersections without bus routes.

Suwmary

There is very limited information indicating that vehicle mix
influences accident frequency on urban streets.

Fuel Consumption

Some evidence of a relationship between fuel consumption, travel
time, and accident rate is provided in studies conducted by May, 1959 and
1955 ([46,47] who found that the number of intersections and traffic
signals along a roadway appear to have a greater influence on accident
rates, travel time, and fuel consumption than any other forms of roadway
friction. It was also found that gasoline consumption was higher on urban
sections with no access control due to greater roadside friction when
compared to wban roads with full access control.

Suwmary

There is some evidence that fuel consumption is influenced by
roadside friction which has a significant effect on accident rates.
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Right-Turn-On-Red

McGee, et al., 1976 [49] and Parker, et al., 1975 [57] conducted
studies to determine the effect on accidents of permitting motorists to
make right turns on red lights at intersections. The results of the
studies revealed that right-turn-on-red manuevers did not appear to signi-
ficantly influence accident frequencies at intersections.

Summary

There is considerable evidence that right-turn-on-red does not
influence accident frequencies at intersections.

Human Factors

For the purpose of this study, human factors are defined as measures
of driver performance. Typical illustrations of human factors measures
are eye movements, reaction times, information processing ability, and
problem recognition. Most human factors measurements have been made under
laboratory conditions. The literature revealed only a few cases where
mention is made of any human factors measure in relation to accidents on
urban arterial streets, These measures are discussed below.

Sex of Driver

During 1955 Billion, 1958 [7] conducted a study of 810 drivers in
Schenectady, New York. The drivers were interviewed to obtain their per-
sonal, social, health and driving characteristics. Accident records for
these drivers were also obtained for the period January 1953 through June
1955. In addition, 428 male and 122 female drivers were followed while
driving in the city and rated relative to their speed, headway, passing,
traffic signals, stop signs, turning movements, yielding and attentiveness
characteristics, The results of the analysis indicated that; 1) more male
drivers are involved in urban accidents than female drivers, 2) there was
no significant difference between frequency of accidents and type of acci-
dent, and 3) there was no significant difference between the driving char-

acteristics of drivers who were involved in accidents and drivers who were
not involved in accidents. :




Summary

Although more male drivers are involved in accidents than female
drivers there is some evidence that there is no relationship between
sex of driver, driving characteristics, and accident frequency.

Galvanic Skin Response

Bissell, 1965 [9] used galvanic skin response measurements to examine
differences in driver tension as a result of converting a two-way street
to one-way operation. - The tests were conducted on several streets in
Washington, D.C. Analysis of the data revealed that after the roadway
improvements there was significantly less driver tension. Operational
conditions, i.e., travel times, number of stops, etc. were also improved
in the after period.

Summary

No direct evidence of a relationship between driver tensions and
accidents was found, however, there is some evidence that driver
tensions are related to travel times, delay, and other operational

measures which have been found to influence accident frequencies on
urban roadways.

Driver Age

Snyder, 1974 [63] collected accident data on 135 sections of roadway
in Oakland County, Michigan and found that accident rates on the sections
were best predicted from type of road, intensity of road frontage develop-
ment and percentage of population between 16 and 24 years old.

Summary

There is some evidence that younger drivers are involved in a

high proportion of accidents on urban roadways than other age
groups.
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Countermeasures

The literature review revealed that numerous studies have been con-
ducted to evaluate the effectjveness of roadway and traffic control
devices to reduce accidents and accident severity. While a discussion of
the warrants and effectiveness of each countermeasure is beyond the scope
of this report, a summary of the countermeasures identified during the
review of studies conducted in urban areas is given in Table 1. Some of
the most frequently used countermeasures in urban areas are listed below.

Install median to separate opposing traffic streams
Convert from two-way to one-way operation

Prohibit on-street parking

Improve intersection sight distance

Limit number of driveways through access control policies
Construct continuous two-way, left-turn median lane .
Construct raised median

Resurface to improve skid resistance

Provide illumination

Install left- and right-turn lanes

Widen pavement or provide additional lanes

Provide delineation

Relocate bus stops

AJ
Summary of Findings

The purpose of the literature review was to identify studies which
examined the relationships between accidents and urban roadway features.
Although a number of investigators have identified accident relationships
for wrban arterial roadways, each study was conducted to accompliish speci-
fic objectives and differed in scope, method, and purpose. Due to the
differences in study techniques, it is not possible to quantify specific
relationships between roadway features and accidents. Nevertheless, the
literature can be used to identify elements which appear to be related to
accidents on urban roadways. Each of the roadway elements identified in
the literature was placed in one of the following categories.

Definite Relationship

A roadway feature was placed in this category when a large number of
studies revealed that a statistically significant relationship existed
between the variable and accidents. Further examination of this relation-
ship would probably not produce new results.,



Probable Relationship

A roadway feature was placed in this category when several studies
identified a relationship hetween the variable and accidents, Further
research to establish the relationship is needed.

Possible Relationship

A variable was placed in this category when some evidence was availa-
ble to suggest a link between the variable and accidents. Additional re-
search is needed to establish the relationship.

Results

Based on these definitions, each variable was subjectively rated and
placed into the appropriate category. A summary of the results is given
in Table 4. It should be noted that the significance of the relationship
noted in Table 4 1is based on a subjective evaluation of the literature
results. In many cases not enough data were available to conclusively
determine if there were statistically significant differences and/or
relationships between the variables and accidents.
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Table 4, Sumary of accident relationships on urban arterial streets.

Roadway Features Type of Relationship

Definite Probable Possible

Geometric Factors

Pavement width NS
Turn lanes S
Median presence S
Median width NS
Median openings NS
Access control S
Driveways S
Traffic signals S
Intersection design S
Intersections ' S
Traversable median lanes
Raised medfans
Horizontal alinement
Vertical alinement

Sight distance
Fixed-objects

Parking S
Utility poles
One-Way streets s

[T X 7}

(7] wunununn

Environmental Factors

Skid number S
I1Tumination level S
Commercial floor area
Pavement wet time
Area population
Roadside development S

amx

Legend
S = Significant relationship

NS = Not significant
X = Relationship Unknown
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Table 4. Sumary of accident relationships on urban arterial streets (continued).

Roadway Features Type of Relationship

Definite Probable Possible
Operational Factors
Speed limit NS
Acceleration noise S
Traffic volume S
Travel time )
Signal improvements S

Yield signs

Two-Way stop control
Four-Way stop control
Traffic signal control N
Steering wheel reversals
Brake applications
Traffic conflicts
Volume/capacity ratio
Signal timing

Level of service

Street signs

Vehicle mix

Fuel consumption
Right-Turn-On-Red NS

»nurnunnm

I NN K )X W X X

Human Factors

Sex of driver NS
Galvanic skin response
Driver's age

w

Legend

S = Significant relationship
NS = Not significant
X = Relationship Unknown
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APPENDIX B - ANNOTATED BIBL IOGRAPHY
Introduction

An extensive review was conducted of past and current literature in
which relationships between accident experience and roadway, environment-
al, human, and traffic operational features were reported for nonlimited
access urban arterial highways. The survey also encompassed documents

identifying the effects of accident countermeasures implemented on wrban
roadways.

Reports which are of greatest applicability to the current research
effort are listed below. The annotations are in alphabetical order by
author or agency. Each annotation begins with a brief statement of the
purpose and scope of the study followed by a synopsis of the results. In
some cases, data whicn support findings directly applicable to the objec-
tives of the current study are reported in detail. The conclusion of each
annotation includes a critical review of the report and its applicability
to the current research effort.

Annotations

1. MAmerican Association of State Highway Officials, "A Policy on
Design of Urban Highways and Arterial Streets,® Washington, D.C.,
1973,

This policy presents a synthesis of current knowledge and
practice regarding the design of urban arterial roadways. Speci-
fic design features are based on the state-of-the-art practices
and are felt applicable for national use., The authors recommend
satisfying minimum design criteria and applying a generous factor
of safety in determining all geometric features. '

Although the AASHO design policy represents a consensus of
the current knowledge on urban roadway design, the relationships
between many geometric features and accidents have not been quan-
tified. Further research identifying relationships between spe-
cific geometric features, operating conditions, behavioral
characteristics, environmental impacts, and accidents is needed.
This information would greatly add to current knowledge and could
be used to formulate future urban highway design policies.
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2.

3.

Automotive Safety Foundation, “Traffic Control & Roadway
Elements - Their Relationship to Highway Safety,” prepared in
cooperation with the U.S. Bureau of Public Roads, MWashington,
D.C., 1963.

This report provides a comprehensive summary of studies
conducted prior to 1962 to examine the relationships between
traffic accidents and roadway design features and traffic control
devices. The synthesis includes studies conducted in rural,
suburban, and urban areas. A complete revision of the report was
undertaken by the Highway Users Federation for Safety and Mobil-
ity in 1970 and related studies conducted in urban areas are
discussed in other sections of this bibliography.

Avery, Eugene V., "Effect of Raising Speed Limits on Urban
Arterial Streets,” Highwa* Research Bulletin 244, Highway
Research Board, Washington, D.C., .

This study was conducted to examine the effects of raising
the speed limits from 30 to 35 miles per hour (48 to 56 kph) on
11 sections of arterial highway in St. Paul, Minnesota. Before
and after spot speed data were collected on the sections which
carried from 4,000 to 26,000 vehicles per day. Analysis of the
speed data indicated that small changes in the posted speed limit
did not effect changes in vehicle speeds. A review of the annual

number of accidents reported within the study sections did not
reveal any change in the accident frequency.

The study data indicate that making small changes in the
posted speed limit appears to have no effect on operating speeds
or on accident frequency. In urban areas many factors have been
found to be associated with accident occurrence, however, this
study suggests that minor changes in speed limits as an accident
countermeasure probably would not have any significant affect on
Xehicle speeds or accidents.

Azzeh, J.A., B.A. Thorson, J.J. Valenta, J.C. Glennon, and C.J.
Wilton, “Evaluation of Techniques for the Control of Direct
Access to Arterial Highways," Final Report, FHWA-RD-76-85 pre-
pared for Federal Highway Administration, Washington, D.C.,
August 1975.

This research was conducted to develop cost-effective tech-
niques that enhance traffic operations and safety by controlli:g
access on urban and suburban arterial highways. Estimates
accident experience for the 68 techniques identified in the
report are based on the findings of other investigators. Some
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modifications of the safety relationships were made by the
authors. The techniques identified included 27 highway design
and operations measures, 21 driveway location measures, and
20 driveway design and operations techniques. A benefit-cost
methodology is presented for selecting and evaluating various
access control techniques based on site specific conditions,
i.e., average daily traffic, number of driveways per mile (per
km), width of the right-of-way, etc.

Although the authors provide an excellent methodology for
selecting and evaluating alternative access control techniques
for arterial highways, one major problem encountered during the
study was the lack of accident data needed to evaluate the effec-
tivéness of the countermeasure. To overcome this deficiency for
arterial roadway sections the authors utilized accident predict-
jve equations based on data collected on urban arterials in
Indiana during the mid 1960's. The equations were modified to
fit specific countermeasures based on certain assumptions and
findings offered by other investigators. To improve the evalua-
tion process a large data base consisting of up-to-date accident
data collected on a nationwide basis should be used in lieu of
the current base. This task would be an important step toward
evaluating a variety of countermeasures for reducing accidents on
urban arterial highways.

Babcock, W.F. and Robert Foyle, ®"Urban Street Design For Traffic
and Land Service," Highway Research Program, North Carolina State
University, Raleigh, North Carolina, March 1978.

Accident and operational data were collected and analyzed on
15 urban highway sections totalling 32.4 miles (52.1 km) in two
North Carolina cities, The roadway sections included four-lane
undivided highways, four- and six-lane divided roadways, and
five-. and seven-lane sections with traversable median lanes.
Accident data were collected for the years 1975 and 1976. Oue to
the small sample size, statistical analyses of the data were not
performed. A summary of the study results is outlined below.

e Accident rates on five and seven lane roadways with

traversable medians are similar to rates on four- and
six-lane divided highways.

® No head-on collisions were reported on the sections with
traversable median lanes,

e In all cases the median lane of the five- and seven-lane
facilities appeared to handle traffic efficiently.
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o Four- and six-lane undivided roadways had higher accident
rates than sections with medians.

Although the sample size is small, comparison of the acci-
dent rates between sections with divided roadways and sections
with a continuous two-way, left-turn median lane appears to
indicate that median type does not influence accident rates. The
data also lend support to the hypothesis that two-way, left-turn
lanes do not create situations which contribute to head-on colli-
sions.

6. Berg, W.D. and J.C. Anderson, “Analysis of the Trade-0ff Between
Level of Land Access and Quality of Traffic Service Along Urban

Arterials,” Highway Research Record 453, Highway Research Board,
Washington, U.g., 1973.

This study was conducted to examine the relationships
between traffic service and level of land access on four-lane
undivided urban arterial highways in Madison, Wisconsin. Average
travel time, roadway and land use characteristics were recorded
for 0.2-mile (0.32-km) sections for each direction of travel.
Data were collected on three roadways carrying between 9,680 and
20,170 vehicles per day. Multiple linear stepwise regression
analysis was used to examine the relationship between travel
time, the dependent variable, and the independent variables. The
results of the analysis reveal that the commercial floor area per
mile (per km) and the number of intersections per mile (per km)
significantly affect the travel time on arterial roadways. Con-
sequently, commercial floor area is suggested as a measure of the
level of land access on an urban facility.

Although the authors did not examine the relationship
between accidents and roadside development, they did establish a
1ink between the quality of flow, i.e., travel time, and indepen-
dent variables such as intersections per mile (per km) which have
been shown to be related to accident frequency. While the travel
time model that was developed to evaluate alternative roadside
development schemes would be a useful tool for transportation
engineers and planners, further refinement or use of the model
has not been reported in the literature.

7. Billion, C.E., "Community Study of the Characteristics of Drivers

and Driver Behavior Related to Accident Experience,® Highwa
Research Bulletin 172, Highway Research Board, Hashington,"'a'.t"‘..!

During 1955, a study of 810 drivers was conducted in
Schenectady, New York. The drivers wre interviewed to obtain
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their personal, social, health, and driving characteristics.
Accident records for these drivers were also obtained for the
period January 1953 through June 1955. In addition, 428 male and
122 female drivers were followed while driving in the city and
rated relative to their speed, headway, passing, traffic signals,
stop signs, turning movements, ylelding, and attentiveness
characteristics. The results of the analysis indicated that; a)
more male drivers are involved in urban accidents than female
drivers, b) there was no significant difference between frequency
of accidents and type of accident, and c) there were no
significant differences between the driving characteristics of
drivers who were involved in accidents and drivers who were not
involved in accidents. Also, the percentage of drivers involved
in unsafe actions was found to be highest at stop signs, i.e.,
67 percent of the drivers committed unsafe actions at stop signs.
Other specific driver behavior and unsafe action percentages are
given in Tabie 5.

“he results of the study did not identify specific relation-
ships hetween urban street geometrics and human factors, however,
the rindings are beneficial in adding to the knowledoe of urban
accident experience by describing characteristics of drivers
utilizing urban roadways.

Table 5. Percentage of unsafe drivers
for different types of driver actions.

Percent Of
Driver Action Unsafe Orivers
Stop Sign 67 ]
Yielding 36
Turning Movement 35
Passing 19
Speed 17
Attentiveness 13
Lane Markings 8
Headway 6

Source: HRB 172, pg. 57.
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8.

Billjon, C.E. and N.C. Parsons, "Median Accident Study - Long
Island, New York," Highway Research Bulletin 308, Highway
Research Board, Washington, 8.5.. 1962,

This investigation was conducted to examine the effect of
median design on accident rates for urban divided highways. The
study encompassed the collection of 8,180 accident reports for
the years 1955 through 1959 on 34 urban sections without access
control, The sections ranged from 0.5 to 9.3 miles (0.8 to
14.9 km) in length and a total of 82 miles (131.9 km) of urban
roadway was included in the study. The roadways consisted of
four- and six-lane divided highways. Median types included flush
grass, raised grass with concrete <urbs, and raised paved with
concrete curbs. The number of intersections varied from 3 to

7 per mile (5 to 11 per km). A summary of the data obtained for
the study sites is given in Table 6.

The results of the study are outlined below.

e No correlation was found between width of median and
accident rates on roadways excluding intersections for
deterring type medians (a deterring median is a flush or
raised median which discourages but does not physically
prevent vehicles from crossing the median). As shown in
the Figure 1, narrow medians less than 10 feet (3.1 m)
wide had high accident rates but low injury accident
rates.

e For deterring type medians, grass flush medians had the
lowest accident rate for roadway sections between inter-
sections and the curbed median had the highest rate.

¢ Medians with double beam rails had the lowest total
accident and injury rates while medians with concrete
posts had the highest rates.

¢ On roadway sections excluding intersections, curbed
medians had approximately 2 and 1/2 times the accident
ratio of the flush median sections.

o A summary of accidents involving a median (shown in Table
7) revealed that deterring medians had the lowest cross
median accident rate (1.8) when compared to the sections
with nontraversable medians (4.0). Curbed median sections
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Summary of accident data by medfan type.
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Figure 1.

Summary of median related accidents.

Table 7.

i :

i

Source: HRB 308, Table 5, pg. 76.

69




9.

had the lowest ratio of median accident involvements
(1 to 45) compared to earth medians (1 to 24) probably
because drivers use an earth median to avoid an accident.
On curbed median sections it was speculated that motor-
ists are more confined to the pavement, consequently re-
ducing median related involvements but not total accident
involvement.

The results of the study indicate that median characteris-
tics influence accident types and rates in urban areas. Perhaps
the most significant finding is that roadways with raised curbed
medians have higher accident rates than do roadways with flush
grass medians. This finding should be further explored using a
larger accident data base. The results of the study could have a
significant impact upon future urban design standards.

Bissell, Howard H., "Analysis of a Three-Street Traffic System,"

Hiahwaf Research Record 72, Highway Research Board, Washington,
ey .

During 1961 and 1962 this study was conducted to examine
changes in traffic flow characteristics created where three
parallel streets in Washington, D.C., were changed from three two-
way streets to a one-way street system on each side of a curbed
two-lane roadway. In addition to the conversion from two-way to
one-way operation, some on-street parking changes and signal co-
ordination measures were made at the study sites. Data collected
before and after the changes included volumes, travel times, num-
ber of vehicle stops, speed changes per mile (per km), and the
driver's galvanic skin response. The results of the analysis
revealed that the street improvements reduced travel time by
11.5 percent and reduced vehiclie stops by 33 percent. The
improvements produced significantly less driver tensions on the
one-way streets, Drivers tensions and the travel parameters
remained unchanged on the two-way street. There was a small
change in traffic volumes following the street improvements.

Although the research did not include a before and after
accident analysis, it was one of the few studies where human

factors (galvanic skin response) data were taken in an urban area
along with traffic flow data. The study results indicate that
converting from two-way to one-way operations may reduce travel
time, increase speeds, and reduce driver tensions.
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10.

11.

Blackburn, R.R., D.W. Harwood, A.D. St. John, and M.C. Sharp,
"Effectiveness of Alternative Skid Reduction Measures, Volume 1,
Evaluation of Accident Rate - Skid Number Relationships,™ Report
No. FHWA- RD-79-22, prepared for the Federal Highway Mnin*s%ra—

tion, Washington, D.C., November 1978.

Accident statistics, skid number, and related data were
collected for a one-year before and a one-year period after
resurfacing 428 roadway sections located in 16 states. Eighteen
of the sections were urban two-lane roadw.ys and 18 sections were
urban multilane facilities with uncontrolled access. The before
data were collected prior to July 1, 1973 and the after data were
obtained after June 30, 1974. Statistical analyses of these data
included matched-pair comparisons, regression analysis, and
analysis of covariance. The results of the analysis revealed
that highway type, average daily traffic, and skid number have a
significant effect on wet pavement accident rate. The correla-
tion coefficients for the analyses ranged from 0.26 to 0.42 which
indicates that the majority of the variance in the wet pavement
accident rate is not explained by the variables examined. The
relationships for urban arterial highways are given in Figure 2.

Although the sample size for urban roadways was small (less
than 50 sites) the results indicate a weak relationship exists
between roadway type, average daily traffic level, and skid
number and wet-pavement accident rates on urban highways. Figure
2 can be used to estimate the effectiveness of improving skid
resistance on the wet-pavement accident rate. A benefit-cost
methodology is also given in the report to examine the cost
effectiveness of accident countermeasures.

Bochner, Brian S., "Regulation of Driveway Access To Arterial
Streets,” Comgendium of Technical Papers, 48th Annual Meeting of
{nstitute of Iransportation Engineers, Atlanta, Georgia, August
978.

Based on the effects of driveways on arterial roadway safety
and capacity as reported by other researchers, a driveway access
control policy is presented. Subdivision, zoning, and driveway
ordinances which should incorporate driveway access provisions
are summarized.

The policies presented contain some general guidelines for
controlling driveway acce.s to arterial streets, however, the
effects of specific countermeasures are not presented.
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Figure 2. Relationship between wet-pavement accident
rate and skid number for urban highways.
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Box, Paul C., "Access Control and Accident Reductions,"”
Municipal Signal Engineer, May-June 1965.

The objective of this article was to describe the effects on
accidents of converting a 56-foot (17.1-m) wide undivided urban
highway into a divided roadwa-. In addition to the median
barrier, RIGHT TURN ONLY signs were installed and three lanes
were provided for each direction of travel., The improvements
resulted in a 50 percent decrease in the midblock accident rate.

The results of a study at one site does not provide suffi-
cient evidence of an accident and design relationship, however,
the results of this study plus other research investigations
indicate that providing medians un urban roadways may lead to a
reduction in traffic accidents.

Box, Paul C., "Comparison of Accidents and I1luminatic- Highwa
Research Record 416, Highway Research Board, Washington %C

1972,

The purpose of this study was to investigate the effects of
illumination on highway accidents in the City of Syracuse, New
York. Accident data for the year 1967 were analyzed for 105 miles
(169 km) of major arterial and collector routes located in the
City of Syracuse. The independent variables that were examined
included road type, pavement width, iliumination ‘evel, and
abutting land characteristics. The dependent variables were the
ratio of night accidents to day accidents and the night-day ratio
of accident costs.

The results of the study are summarized below.

® Streets with little or no illumination had higher night-
day accident ratios and costs than the average street in
their category.

o Streets with extremely high illumination 1levels had
higher night-day accident ratios and costs than the
average street in their category. .

e The most favorable illumination level (based on minimiz-
ing accidents and costs) ranged from 0.8 to 1.8 hori-
zontal foot-candles (8.6 to 19.4 lumen/sq. m).

The study data tend to suggest that either a low or high

level of illumination led to higher accident ratios on urban
arterial streets., Because iLhe accident data were based only on

73




14.

15.

one year of information and the study was limited to one city,
the investigation should be repeated in other cities using a
larger data collection period. Although the data could not be
examined, it is possible that the sites with high illumination
levels also had high accident ratios prior to increasing the
level of illumination, and increasing the illumination level did
not result in a further reduztion in accidents,

Box, Paul C., "Effect of Lighting Reduction on an Urban Major
Route," No. 10, Vol. 46, Traffic Engineering, Institute of Trans-
portation Engineers, Arlington, Virginia, Uggober 1976.

This investigation was conducted to detc..iine the effect of
illumination on accident frequency. One-year before and one-year
after accident data were collected on a 2.5-mile (4.0-km) urban
street located in Clearwater, Florida. The study section con-
sisted of a six-lane divided facility with a median barrier
carrying between 33,000 and 45,000 vehicles per day. In November
1974 alternate luminaires were turned off. This change reduced
level of illumination from 1.8 to 0.9 horizontal foot-candles
(19.4 to 9.7 lumen/sq. m) which was below the recommended level
of 1.4 horizontal foot-candles (1.51 lumen/sq. m). The effect of
the lighting reduction on accidents and accident severity is
shown in Table 8 and 9. Overall night accidents increased
39.5 percent and night injury accidents increased 33 percent.

Although it is not possible to draw general conclusions
based on one sample, the study results indicate that level of
illumination has an effect on accident occurrence. Further in-
vestigation is needed to verify this hypothesis.

Box, Paul C. and Associates, “Driveways," Chapter 5, Traffic
Control & Roadway Elements, Highway Users Federation for Safety
and Mobil1ity, Hasiﬁngfon, D.C., 1970.

The purpose of this document was to synthesize the current
state-of-the-art concerning the safety effects of driveways.
Driveway accidents were reporied to range from 6.5 percent of the
accidents in Los Angeles County to 11.2 percent of the total
accidents in Skokie, I1linois. A study conducted on a suburban
route in Lafayette, Indiana revealed that accidents increased as
the total number of driveways increased.

A detailed examination of the driveway accident data
collected in Skokie, Illinois revealed that 70 percent of the
driveway accidents involved vehicles making left-turns. Nearly
42 percent of all driveway accidents were rear-end crashes. The

74




Table 8. Accident comparison by intersection/midblock.

Number of Accidents
Day Night Total
Betore (1973)
Intersection 187 44 231
Midblock 8! 4 108
Jo¥ 68 336
Aflter (1975)
Intersection 182 52 24
Midblock 96 43 139
27y 95 n
Net Change
Intersection -5 -~ 8 +3
Midblock +18 -19 +M
+10 +27 +37
Chunge - 37 +39.5% +117

Source: Box 1976, [14], Table 1, pg. 27.

Table 9. Accident comparison by severity.

Number of Accidents

Day Night Toual
Before (1972)
Property Damage 192 47 239
Injury 76 21 97
268 68 326
After (1975)
Property Damage 209 67 276
Injury 69 "] 97
278 95 n
Change
Property Dumage + o +42% —
Injury - 9% +337% -—

Source: Box 1976, [14]. Table 2, pg. 27.
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largest single group of accidents were rear-end crashes involving
vehicles making a left-turn into a driveway.

Suggested countermeasures to reduce driveway related acci-
dents include constructing a median storage lane to decrease
rear-end crasnes involving vehicles making a left-turn into a
driveway, installation of two-way, left-turn median lanes; limit-
ing the width of driveway openings, increasing sight distance at
driveways, reducing speed differentials between through vehicles
and those using driveways, providing sufficient spacing between
driveways to avoid interference with traffic, and prohibiting
on-street parking. Only a few of these suggested countermeasures
have been evaluated under actual field conditions.

While the synthesis reveals that the number of driveways in
an urban area has an influence upon the accident frequency, ade-
quate documentation is not available to relate specific driveway
designs to particular accident types or driver maneuvers. These
data would be beneficiai in optimizing driveway width, turning

radii, and spacing to reduce accidents and increase operational
efficiency.

Box, Paul C. and Associates, "Intersections,” Chapter 4, Traffic
Control & Roadway Elements, Highway Users Federation for Safety
and MobiTity, ﬂashingfon, D.C., 1970.

This report provides a comprehensive summary of the studies
conducted to examine the effects of intersection design and
traffic control devices on accidents in rural and urban areas.
Because intersection accidents in urban areas constitute approxi-
mately 41 percent of the total accidents and 39 percent of the
fatal crashes, special attention was given to examining the
effects of intersections on urban roadway accidents. A summary
of accident relationships for specific geometric and traffic
control features for intersections is given below.

Intersection Design

Studies conducted at intersections in Los Angeles and
Richmond, California revealed that cross-type intersections
had significantly higher accident frequencies than tee-type
intersections.

Left-Turn Lanes

Stuc’ s conducted in Oregon, California, and Texas on rural
and urban locations indicated that installation of left-turn

76




lanes significantly reduced rear-end and left-turn type
collisions.

Yield Signs

Generally, yield sign control has been found to be effective
in reducing accidents at low volume, previously uncontrolled
urban intersections. Accident reductions ranged from 23 to
52 percent.

Two-Way Stop Control

Analysis of accident data at 400 cross-type intersections in
Los Angeles County with minor street volumes of 4,000 vehi-
cles per day and major street volumes ranging up to 32,000
vehicles per day revealed that:

e accident rate increased as cross street volume in-
¢creased, and

¢ accident rate decreased as major streets volume in-
creased.

Only right-angle, left-turn, and rear-end type accidents were
examined in this study.

Four-Way Stop Control

Generally four-way stop controls have been found to be effec-
tive in reducing accidents provided that traffic signal
warrants were not met and the volumes on the intersection
approaches were reasonably balanced. Analysis of before and
after accident rates at 38 intersections in St. Paul,
Minnesota with volumes ranging from 3,500 to 18,900 revealed
a 56 percent reduction in accidents as a result of implement
ing four-way stops instead of two-way stops. A 20 percent
increase in the rear-end accident rates were reported, how-
ever, there was a 75 percent reductior. in right-angle
crashes, and a 67 percent reduction in fixad-object crashes.
Accident reductions were found to be greater at intersections
with unrestricted sight distances.

vaffic Signals

® A study of the effect of signalization on accidents
at 599 intersections in 24 cities revealed that traf-
fic signals reduced accidents an average of 20 per-
cent, however, accidents increased at one-third of
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the intersections. There was an increase in rear-end
accidents, a decrease in right-angle crashes, and
increases in accidents at intersections where the
accident frequency was 3 or fewer accidents before
signalization,

¢ A study of 39 urban and rural intersections in
Michigan indicated that accidents increased 23 per-
cent but injuries and fatal accidents decreased by
20 and 50 percent, respectively. After the signals
were installed rear-end accidents increased 200 per-
cent, head-on accidents increased 157 percent, and
sideswipe crashes increased 74 percent., Angle acci-
dents decreased by 51 percent. It was further con-
cluded, that signalization tends to increase accident
rates at simple intersection designs, but decreases
rates at complex locations.

® Another study of 52 urban and suburban intersections
in Michigan showed an increase in accidents of
33 percent after signalization. The data revealed
that rear-end accidents increased by 98 percent and
left-turn accidents increased by 66 percent while
right-angle accidents decreased by 45 percent.

e Factors which appear favorable to reducing accidents
through traffic signalization are high traffic vol-
umes, high accident frequency, and complex intersec-
tion layouts.

Burritt, Benjamin E., and Eugene E, Coppola, "Accident Reductions
Associated With Continuous Two-Way Left-Turn Channelizavion,”
?rigona Department of Transportation, Phoenix, Arizona, July 31,
978.

This investigation was conducted to examine the effect of
two-way, left-turn median lanes on accidents. Seven projects
ranging in length from 0.46 to 2.93 miles (0.74 to 4.71 km) were
selected for study. Traffic volumes on the three- and five-lane
sections varied between 8,500 and 23,000 vehicles per day. The
study sections were located in urban areas in Arizona. An ana-
lysis of two-year before and two-year after accident data is
summarized below.

e Total accidents were reduced by 5.9 percent.
e Rear-end accidents declined by 45.4 percent.

o Left-turn accidents decreased by 20.4 percent.
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o Other accident types that were reduced included angle,
sideswipe, parking, fixed-object, and pedestrian/bicycle
related crashes.

® A benefit-cost ratio of 8.6 was reported.

The study supports the conclusion reached by other investi-
gators that two-way, left-turn median lanes reduce traffic acci-
dents, however, the effects of other variables on accidents such
as driveways, signals, etc. were not included in the evaluation.

Caylor, Lamar N.C., "Two-Way, Left-Turn Lanes Versus Medians
Study,” Office of Materials and Research, Georgia Department of
Transportation, Atlanta, Georgia, July 1977.

The objectives of this study were to develop criteria for
seleciing between a two-way, left-turn median lane and a nontra-
versable median and to determine the appropriate width of a two-
way, left-turn median lane. The study findings were based on a
literature survey and input from traffic engineers.

Guidelines developed for this report are substantiated by an
analysis of data, including accident data, conducted by other
researchers, The guidelines appear to be practical but rely upon
the knowledge and experience of the user. Few quantitative cri-
teria are given; consequently, considerable latitude exists in
interpreting the criteria for any site specific situation. At
least one guideline is in conflict with findings reported by
others, The maximum width of a two-way, left-turn median lane
should not be 16 feet (4.9 m) as suggested in the report. Median
lanes wider than 14 feet (4.3 m) tend to encourage unsafe driving
acts as motorists use the single lane as two lanes. Also the
guidelines do not address specific geometric design features and
their relationship to accidents.

Chapman, R.8., "Accidents on Urban Arterial Roads®, TRRL
Laboratory Report 838, Transport and Road Research Laloratory,
Crowthorne, l‘grllisﬁire. United Kingdom, 1978.

The relationships between roadway and environmental features
and accident rates were examinad on urban arterial roadways in
four towns in southern England. The study included an examina-
tion of 1,015 personal injury acciderts that were reported during
1972 on 101.8 km (63.3 miles) of two-lane and four- and six-lane
dual roadways. The network was divided into 160 sections ranging
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in length from 200 to 1,000 meters (0.12 to 0.62 miles). Roadway
features and traffic flow conditions were constant on each sec-
tion. Traffic volumes ranged from 6,000 to 54,000 vehicles per
day. The results of the study are summarized below.

® Pedestrians were involved in 25 percent of all accidents
on arterial roads.

® Fifty-nine percent of the accidents were intersection
related.

® Roadway sections in shopping areas had the highest acci-
dent rate (2.90 accidents/vehicle-km = 1,80 accidents/
vehicle-mile).

e The accident rate on dual roadways (0.83 accidents/vehi-
cle-km = 0.52 accidents/vehicle-mile) was one-half the
rate for single roadways (1.55 accidents/vehicle-km =
0.96 accidents/vehicle-mile),

e Forty-two percent of all accidents occurred on just
18 percent of the arterial roadways.

It was concluded that a substantial reduction in accidents on
arterial roads could be achieved by applying safety measures on a
small part of the network.

Although the results of the study indicate that the type of
roadside development may be related to accident injury rates, the
relationship was not quantified. In fact, the data were not used
to identify relationships between specific roadway elements and
accidents, Also, the study revealed that most of the accidents
occurred on a small part of the roadway network, however, neither
site specific accident problems nor the roadway features associ-
ated with the high accident rates were identified. Several coun-
termeasures were discussed to reduce accidents, however, an eval-
uation of these measures was not conducted.

Christie, A.W., "“Street Lighting and Road Safety", Traffic
Engineerinﬁ & Control, Vol. 8, MNo.4, Printerhall Limited, Condon,
ng » gus » .

The purpose of this study was to examine the effects of
lighting improvements on urban streets on traffic accidents.
Before and after data were collected at 64 locations in England.
The measure of effectiveness used to determine the effect of the
lighting was the r ratio defined as shown below.
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darkness accidents after improvement
darkness accidents before improvement

daylight accidents after improvement
daylight accidents befaore improvement

When r = 1, the lighting has no effect
If r <1, darkness accidents have decreased

If r > 1, darkness accidents have increased

The following r ratios are based on data collected at the study
sites,

Accident Type r Ratio
Fatal 0.50
Serious injuries 0.67
Slight injuries 0.73
Total 0.70

With the exception of fatal accidents, the ratios were statisti-
cally significant at the a = 0.05 level,

The study data reveal that ther2 is a relationship between
street illumination and accidents which is in agreement with the
findings of other researchers, however, the author does not iden-
tify the level of lighting that is needed to favorably reduce
accidents,

Clark, J.E. and P.D. Cribbins, "Traffic Volume Measurements Using
Drivometer Events," Highway Research Record 230, Highway Research
Board, Washington, D.(., 19068.

The purpose of the study was to determine if correlations
exist between traffic events and volumes on wurban arterial
streets in Raleigh, North Carolina. The traffic events were
measured every 0.1 mile (0.16 km) using a drivometer. The events
recorded included travel time, change in speed, running time,
steering wheel reversals, brake applications, accelerator appli-
cations, and direction of travel. Regression analysis was used
to examine the relationship of these events to the traffic
volume. The results of the study revealed the following points.

81




22.

23.

¢ The frequency of traffic events increased with increases
in traffic volume.

e The combination of steering wheel reversals and brake
applications can be used to estimate traffic volumes on
an urban facility.

It should be noted that accident data were not collected for
this investigation, thus no correlations between accident fre-
quency and traffic events were reported. The results of the
experiment are relevant to the current study because relation-
ships between volume and brake applications, (two parameters
which have been directly associated with accident occurrence)
were established on an urban facility. The prediction equation
developed as a result of the research is of little practical
value because the number of steering reversals and brake applica-

tions are not easy to record except for a research ijnvestiga-
tion,

Clayton, Mike E. and Robert C. Deen, "Evaluation of Urban Inter-
sections Using Traffic Conflicts Measures,” Division of Research,

Kentucky Department of Transportation, Lexington, Kentucky,
August, 1977,

This study was conducted to analyze traffic hazards at two
urban intersections using traffic conflicts and erratic maneuvers
data, Conflicts and traffic volume data were collected for
11 hour periods at two intersections in Lexington, Kentucky.
Analysis of the conflict data revealed that improvements
including installation of left-turn lanes, three phase signals,

and signs were necessary to reduce conflicts and improve traffic
safety.

The authors provide an excellent overview of the procedure
for using traffic conflicts to identify hazards at urban inter-
sections. Unfortunately, the relationships between accidents and
conflicts have not been developed, thus, it is not possible at
the present time to use traffic conflicts to identify relation-
ships between roadway features and accidents.

Coleman, Robert R., "A Study of Urban Travel Times 1in

Pennsylvania Cities,” Highway Research Bulletin 303, Highway
Research Board, Washington, U.E.. 1951

The purpose of the study was to investigate methods that can
be used tc predict traffic congestion or vehicular delay at a
given location based on site specific information. Travel time
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was selected as a measure of relative traffic congestion. Inde-
pendent variables collected include volume, traffic control,
street c¢lassification, percentage of heavy vehicles, street
width, and area type. Data were collected on 15 urban roadway
sections varying in length from 0.3 to 1.5 miles (0.48 to
2.40 km) in five cities in eastern Pennsylvania, Analysis of the
study data lead to the following conclusions.

e Volume/capacity ratio can be used to estimate travel time
on urban highways.

¢ Traffic volume and signal timing have major effects on
travel time.

® Street width, percentage of heavy commercial vehicles,
direction of flow, and area type have minor effects on
travel time,

o Travel time along an urban highway section is directly
proportional to the average number of traffic signals per
mile on the section.

The analysis does not establish relationships between acci-
dent occurrence and traffic operational measures, however, it
does provide links between several traffic parameters which have
been shown by others to be related to accident fregquency, i.e.,
traffic volume and signal density. Relating these measures to
travel time suggests that travel time may also be an important
variable in identifying accident problems on urban arterial high-
ways.

Cribbins, P.D., J.M, Arey, and J.K. Donaldson, "tffects of
Selected Roadway and Operational Characteristics on Accidents on

Multilane Highways,"™ Highway Research Record 188, Highway
Research Board, Washingfon, D.C., 1967,

This study was conducted to determine the relationships
between accidents and roadway features on rural and urban divided
higaways. Accident data covering the period January 1, 1963 to
September 30, 1964 were collected on 92 sections consisting of
388 miles (624.3 km) of roadway in North Carolina. Sites with
lengths less than one-half mile (0.80 km) were excluded from the

study. The independent variables selected for the study are
listed below.

e Access-point index _
e Intersection openings per mile (per km)
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Signalized openings per mile (per km)
Median openings per mile (per km)
Median width

Speed limit

Volume

Level of service

'TEE RN J

The access-point index was defined as the total estimated
traffic volume at commercial and industrial sites. The level of
service was defined as the travel time for a site divided by the
site length, The dependent variables included total accidents
and injury accidents, Multiple linear regression was used to

examine the relationships between accident frequency and the site
variables,

The major findings of the study are outlined below.

o A statistigally significant correlation between total
accidents and injury accidents was established.

¢ The number. of injury accidents per mile (per km) was
found to be significantly related to the following
factors.

.saccess-point index, X1

. signalized openings per mile, X3

. speed limit, X6

. volume, X7

. level of service, X8

ocano oo

The regression equation developed is shown below.

Y= -28.34 + 0.,00011(X1) + 3.28(X3) + 0.34(X6) + 0.0005(X7)
+ 7.35(x8) :

The R2 (explained variance) value was 0.685.

¢ The median opening accident rate was influenced by the
following factors.

a. access-point index,

b. the number of intersections

c. the number of signalized intersections
d. the number of median openings

o Median width and speed limit had the least effect on
median opening accident rate,
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o It was estimated that 37 percent of the accidents were
median related.

The study data indicate that accidents per mile (per km) on
divided highways are influenced by the traffic volume at commer-
cial and industrial establishmentis, traffic signals per mile (per
km) and the speed limit. Unfortunately, urban and rural sites
were combined in the data base, thus it is not possible to iso-
late specific factors related only to urban arterial highways.

Cribbins, P.D., J.W. Horn, F.V. Beeson, and R.D. Taylor, "Median
Openings on Divided Highways: Their Effect on Accident Rates and

Level of Service," Highway Research Record 188, Highway Research
Board, Hashingtor;, D.é., frgﬁ ’

The purpose of this study was to investigate the relation-
ship between median opening spacing on multilane divided highways
and accidents. Roadside features and accident data were collec-
ted for the years 1963 and 1964 on 92 sections consisting of
388 miles (624.3 km) of roadway in North Carolina. The sites
included rural and urban roadway sections.

The following regression equation was developed to predict
the number of accidents per mile (per km) on divided highways.

Yt = -0.479 + 0.006(X2) + 0.0099(X3) + 0.054(X4) +
0.166(X5) + 0.236(X6) + 0.027(X8) + 0.0688(X9) +
0.071(X10)

MWhere Y, = log 10 of total accidents per mile (per km)

X, = width of median, in feet (m)
X3 = posted speed limit, mph (kph)
X4 = average daily traffic, in 1000's

><
"

number of signalized intersections with left-turn
storage facilities per mile (per km)

Xg = number of signalized intersections without left-turn
storage facilities per mile (per km)

Xg = number of median openings without storage facilities
per mile (per km), excluding intersections
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Xg = number of intersections with left-turn storage
facilities per mile (per km)

X10 = number of intersections without storage facilities
per mile (per km)

The RZ2 (explained variance) value was 0.68 indicating that
the independent variables explain 68 percent of the variance in
the dependent variable, i.e., the number of accidents per mile
(per km). The general findings indicate that traffic volume,
roadside access, and frequency of median openings can be used to
predict accident frequency.

Other significant findings of the study are outlined below.

® Rear-end collisions amounted to 33 percent of all acci-
dents on four-lane divided highways.

o Fewer rear-end collisions occurred at median openings
with storage lanes than at locations without storage
lanes.

e As traffic volumes increase, median accidents increase.

Because the analysis contained both rural and urban sec-
tions, it is not possible to isolate specific roadway and acci-
dent relationships for urban arterial highways. The general
findings, however, appear to be applicable to urban roads as
evidenced by the results reported by other researchers. Applica-
tion of the regression equations to estimate the differences in
alternative highway designs does not appear to be practical due
to the difficulty encountered in estimating assumed values of the
independent variables.

David, N.A., and J.R. Norman, "Motor Vehicle Accidents in Rela-
tion to Geometric and Traffic Features of Highway Intersections:
Yolume I - Executive Summary and Yolume II - Research Report,"”
prepared for Federal Highway Administration and the National
Ilnghwa_y Traffic Safety Administration, Washington, D.C., June,
975.

The purpose of this investigation was to examine relation-
ships between accidents and geometric intersection features and
to identify countermeasures to reduce accidents or their severi-
ty. Accident data were collected at 558 urban and rural inter-
sections in California for the three year period, January 1972 to
1974, The dependent variables investigated were the number of
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accidents and number of fatal and injury accidents per year per
irtersection. Intersections were grouped by similar geometry for
analysis. The differences between mean accidedc rates for groups
with and without certain design features were tested for signifi-

cance. The results of the analyses are summarized below.

® As shown in Table 10, for any given traffic volume level,
cross-type intersections have higher accident rates than
tee type intersections and signalized cross-type loca-
tions have higher rates than stop controlled cross inter-
sections. Fatal and injury rates (shown in parenthesis)
are approximately similar for all intersection types.

e A summary of the study results is given in Table 11.
Significant relationships between accidents and the
following variables were found.

a. turn lanes

b. sight obstructions and alinement

¢. signlization

d. street name signs

e. delineation

f. buses

Table 10, Average yearly accident rates.

Accident Rate**
Tee-Type Cross-Type
ADT Stop Signal Stop Signal

< 5,000 1.3 (0.3) --* 1.3 (0.3) -
5,000 to 10,000 | 1.6 (0.4) -- 1.9 (0.4) 4.9 (1.1)
10,000 to 20,000( 2.7 (0.7) -- 3.0 (0.7) 6.7 (1.7)
20,000 + 4.2 (1.2) | 6.8 (1.8) {8.0 (1.1) 15.9 (3.7)

* Insufficient data.
** Accidents per intersection.

Source: David and Norman, 1975 [26], Table 2, pg.7.
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Table 11. Relationship between accidents and geometric
intersection features and traffic control.

Study Element

Conclusive
Results

No Statisticslly
Significant
Results

Insufficient
Sample for
Analysis

Inconclusive
Results

Intersection Geometry

Throughwidth
Turning lanes
Shoulders
Dividers and curbs
Obstructions and alignment
Hazards

Fixed objects

Accetses

Inte..ection Traffic Controls

Signalization
figns and markings
Street name gigns
Stop signs and pavement markings
Pedestrian signs
Delineation
Parking
Parking set-back
Pesk-hour prohibition

Intarsection Traffic

Buses
Routas
Loading zones
Trucks
Bicycles

Source: David and Norman, 1975 [26], Table 3, pg. 9.




¢ As illustrated in Table 12, the significant study find-
ings are summarized below.

a. Intersections with a traffic volume level greater than
15,000 and with obstructions within 20 feet (6.1 m) of
the stop line have 5.3 more accidents per year than do
intersections with unobstructed distances.

b. High volume intersections with street signs with white
letters on a dark background have an average of
5.1 more accidents per year than intersections having
dark lettering on a white background.

c. High volume intersections with storage lanes have
higher average accident rates than intersections
without storage lanes.

d. Intersections without ceramic markers have higher ac-
cident rates than do intersections with the markers.

e. High volume intersections without loading zone stops

have lower accident rates than intersections with
those stops.

f. High volume intersections along bus routes have higher
accident rates than intersections without bus routes.

g. Intersections without Jleft-turn only signalization
have higher accident rates than intersections with the
left-turn phase.

The potential effectiveness of several accident countermeasures
were determined and are provided in Table 13.

The study provides evidence of relationships between acci-
dents and specific geometric factors. However, not all of the
findings appear to be explained by the data and additional study
should be undertaken in some cases. For example, the color
arrangement of the street sign does not appear in a practical
sense to be a critical factor influencing the accident frequency.
Also, using white letters on a dark background is not sanctioned
by the Manual on Uniform Traffic Control Devices. Another exam-
ple is the finding that intersections without left-turn storage
lanes have lower accident rates than do intersections with left-
turn lanes. This difference may be caused by a heavier left-turn
volume and should not be interpreted to imply that removal of
left-turn lanes will improve the accident frequency.
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Table 1

2.

Analysis results of relationships between accidents

and tntersection features and traffic control.

Average Yesrly Accideate/Intersection
Statieticel
Contidence
Study Element AT Obstructed Clear Difference (£3] Basis of Anglytis
Sight-distance on fe 1.5 1.3 0.2 9 All types of study intersectione
vieidbilicy <5, 000 2,3 1.9 1.0
3,000 te 10,000 4.1 3.2 0.9
10,000 to 15,0005 11.4 6.2 5.3
> 13, 000 T L4 1.98 0.02
£30 fr 2.2 1.9 0.3
<3,000 .3 2.9 1.4
5,000 to 10,000 2 6.0 2.2
10,000 to 15, 000] ¥ : :
> 13,000 1.4 1.3 0.1
€100 ¢ 2.1 1.9 0.2
<3,000 4.0 2.8 1.2
5,000 to 10,000 8.7 4.0 3.9
10,000 to 15,
>15,000 Dark
White Lettering
Lettering on Vhite
on Dark Background
Background {Non-
 (Rotlectorized) | reflectorized) |
Streetosign <$,000 1.3 1.4 <0.1> 9 All vypes of study Intersections
latteting and 3,000 to lo,om 2.3 1.7 0.6
background 10,000 to 20, 4.0 3.1 0.9
> 20,000 10.4 3.3 s.1

Source: David and Norman, 1975 [26], Table 4, pg. 10.
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Table 12. Analysis results of relationships between accidents
and intersection features and traffic control (continued).
Accidents/Intersection/Yvar
Wich ¥ithout Statistical
Storage Storage Confidence
Scudy Elemsut ADT Lanas Lanes (%) Basis of Analysis
Intersection 10,000 to 15,000 5.9 3.5 2.4 99 Cross, two-phased signalized or
geometcy 15,000 to 20,000 7.8 5.4 2.4 stop-controlled intersections with
Left-turn >20,000 16.2 10.1 6.1 one storage lame in each directfon
storage lunes on one street
(exclusive of
uultiphase
signals) 4
With Without .
Ceremic 5,000 to 10,000 2.1 2.3 95 M [Cross-type (signalized or stop-
markers sad 10,000 to 20,000 3.6 $.7 controlled) intersections using
retrorseflactors 2 some form of lane delineation
With Without
Bus stops and < 5,000 1.4 1.4 95 Cross and Tee (signalized or stop-
routes 5,000 to 10,000 2.4 2.0 controlled) intersection on desig-
Losding zones | 10,000 to 15,000 4.4 3.5 nated Lus Toutes
(stops) 15,000 to 25,000 8.3 4.3
Along Bus No Bus
Routes Route
L 4
Rouces < 5,000 l.4 1.3 95 All types of study intersections
. 5,000 to 10,000 2.4 1.9
1 10,000 to 15,000 4.3 2.7
15,000 to 25,000 1. 3.8
R | witt Without
Signalization <15,000 0.3 1.1 90 Crois- and Tee-type signalized
laft-turn-only | >15,00d 1.8 3.0 intersections
signal phase

*
Figures relgte to latal imjury accidents only.

. Source: David and Norman, 1975 [26], Table 4, pg. 1l1.




Table 13.

at intersections.

Effectiveness of accident countermeasures

Potentisl Accident Savings
Annual*
Accidents Savings
ADT Reduced/ |[Confidende | in Injury
Measure Application Range Year (%) Severity’
Sight distance All study- 0.2 $ 700
clear for: intersection «<5,000 (4] 99% .-
vadius, 20 ft types 0.1 400
it o 3,70
! 5,000 to 10,000 0.3 99 1,100
0.2 700
0.9 3,300
10,000 to 15,000 1.4 99 5,100
1.2 4,400
5.3 19,400
>15,000 2.2 99 8,100
3.9 14, 300
Street-name sign | All study- <3,000 0.1 --
(white letters {ntersection 5,000 to 10,000 0.6 99 2,200
on dark types 10,000 to 20,000 0.9 3,300
background) 20,000 5.1 18,700
Left-turn~-only Cross=~two=phase | 10,000 to 15,000 2.4 8,800
storage lane signal or stop 15,000 to 20,000 2.4 99 8,800
sign >20,000 6.1 22,400
Ceramic markers Cross--signal 5,000 to 10,000 0.2 95 700
and retro- or stop sign 10,000 to 20,000 2.1 7,800
raflectors
Bus stops Cross and Tee~- < 5,000 0.0 -
(relocate) signal or stop 5,000 to 10,000 0.4 95 1,500
: sign, at near 10,000 to 15,000 0.9 3,300
(approach) 15,000 to 25,000 4.0 14,700
corner location
Bus routes All studye < 5,000 0.1 400
(abandon or intersection 5,000 to 10,000 0.5 95 1,800
relocate) types 10,000 to 15,000 1.6 5,900
15,000 to 25,000 3.2 11,700
Phase additiont--| Cross and Tee-- | < 15,000 0.8 90 12,600
clear left tumm two-phase signal, | >15,000 1.2 $18,900

actuated or fixed
time

t

Fatal and injury sccidents only.

Source: David and Norman, 1975 [26], Table 34, pg. 190.
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28,

29.

Federal Highway Administration, "Manual on Uniform Traffic Con-
trol Devices For Streets and Highways," prepared in coopesration
with the National Advisory Committee on Uniform Traffic Control
ll)evices, U.S. Government Printing Office, Washington, D.C.,
978.

The purpose of this manual is to provide unifarm standards
for all signs, signals, markings and other devices placed on
roadways to regulate, warn, or guide motorists.

Standards promogulated in the manual have been subjected to
considerable review by professionals and are felt to have desir-
able effects on traffic efficiency and safety based on the best
information available. The standards have and will continue to
be revised as new research findings are developed. Many of the
warrants are currently being re-evaluated.

Federal Highway Administration, "Design of Urban Streets,* Tech-

nolo Sharing Report 80-204, prepared by JHK & As-sciates,
ilasﬁ%ngfon, U.ii., january, 1330.

The purpose of the textbook is to present a comprehensive
review of urban street design. A large rumber of arterial street
design features are discussed including intersection design,
traffic signalc, illumination, traffic signs and markings, and
pedestrian facilities., Design criteria and some of the advan-
tages and disadvantages of specific design elements are identi-
fied. One major objective of the course is to review oxisting

facilities and to determine impacts on design standards and
practices.

The textbook provides a clear concise raview of current
urban street design features, and suggests methods for evaluating
the effectiveness of alternative designs. Use of the standards

may be expected to improve operations and enhance safety.

Fielding, Roy H. and Thomas E. Young, “Analysis of Flow %n an

Urban Thoroughfare”, Highway Research Bulletin 107, Highway
Research Board, Washington, D.C., 1955.

The purpose of this study was to evaluate the effects of
traffic signal modifications on accident frequency, traffic
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volume, capacity, delay, and speeds on a 3.85-mile (6.19-km)
section of four-lane urban arterial highway in Cincinnati. The
study covered the period 1952 to 1954. As a result of traffic
signal modifications including the installation of a new signal,
increasing the cycle 1length, synchronizing the controls, and
other changes such as restriping, installing parking signs, etc.,
the total number of accidents on the section decreased 3.5 per-
cent (from 749 in 1952 to 723 in 1953). Accidents at signalized
intersections decreased 21 percent, however, accidents at loca-
tions other than at traffic signals increased 22.6 percent. Our-
During the study period, traffic volumes increased from 10 to
15 percent, however, average trip times decreased 7.5 percent and
speed increases ranged from 0.4 to 2.1 miles per hour (0.64 to
3.38 kph) i.e., average speeds increased from 19.5 to 21.1 miles
per hour (31.3 to 34.0 kph).

This is one of the few studies where accident and operation-
al data were collected at the same time following physical
changes on an urban roadway. Unfortunately, no correlations or
statistical inferences can be made from data collected at one
site but the analysis indicates that reducing delay at signalized
intersections can reduce accidents at the intersection. However,
perhaps due to an increase in overall traffic speeds, accidents
between intersections increased. Further testing is needed to
examine this hypothesis.

Fisher, John E. and Robert E. Camou, "The Safety Benefit of

Arterial Street Widening," MNo. 10, Vol. 47, Transg%rtation

Engineering, Institute of Transportation Engineers, ngton,
Virginia, a'ctober 1977,

This study consisted of collecting and analyzing geometric,
accident, and volume data on 40 sections of urban arterial
streets located in Los Angeles. Data were collected for a total
of 31.5 miles (50.7 km) of roadway for a two-year before and
two-year after period, The projects involved only street widen-
ing. The effects of the widening on accidents are shown in Table
14. The effect of roadway widening on accidents for each major
category of street is also given in Table 15. The results of the
analysis are outlined below.

e Street widening has a significant affect on accident
frequency. The number of accidents as well as the number
of injury accidents stratified by crash type was reduced
an average of 21 percent following widening. Intersection



Table 14. Summary of arterial widening projects.

Total Reported Accidents Statistically
Stratification Category After Percent Significant
Before Actual Adjusted Change ?

A. Accident Location

1. Signalized 'S 1.020 906 807 =21 Yes
2. Unsignalized 'S 269 238 215 -20 Yes
3. Midblock . 849 753 665 =22 Yes

Total 2,138 1.897 1,687 =21 Yes

B. Accident Type

1. Right-Angle 513 482 433 -16 Yes
2. Left-Turn ' 445 432 382 =21 Yes
3. Rear-End 503 387 341 -32 Yes
4. Fixed-Object 67 46 42 -37 Yes
S. Vehicle-Pedestrian 7 50 45 —-42 Yes
6. Sideswipe 146 123 109 =25 Yes
7. Head-On “ 24 22 -350 Yes
8. Ran-Off-Road 102 70 64 -37 Yes
9. Parked-Vehicle 145 150 132 -09 No
10. Other 9% 133 n? +22 Yes

Total 2,138 1,897 1,687 =21 Yes

C. Injury Accidents

1. Percent (Injury & Fatal) 60 59 -—_ -_ —
2. Rate (Inj.Acc./MVM) 3.08 2.4} - =2 Yes
D. ADT Averuge 17950 20,150 —_ +12 —

Source: Fisher and Camou, 1977 [30], Table 1, pg. 25.

95




Table 15. Results of arterial street widening projects.

Reported Accidents®

(Injury Accident Rate) Sut;ﬂinuy
Project Category After Percent  Signifiant
Before Actusl Adjusted Change ? .
Major Street 484 397 37 ! Yes
(>80 feet) 2.27) (1.74) - (-23) (Yes)
Divided Major Street 300 258 217 ~28 Yes
(=80 feet) .67) (1.99) —_ (-25) (Yes)
Secondary Sueet 256 200 178 -30 Yes
(66 feet) (4.04) (2.60) -_— (~36) (Yes)
Secondary Street—
Substandard Width 206 248 244 +18 Yes
(<66 feer) (3.81) (4.45) -— (+17) (No)
Jut-Out 892 %7 681 -4 Yes
Elimination 3.4 (2.59) -_— (-249) (Yes)
Toual 2.138 1.897 1.687 =21 Yes
(3.08) 2.41) — (-2 (Yes)

*Upper numbers refer to total reported accidents. Parenthesised lower numbers
refer to the Injury Accident Rate (injury plus fatal accidents per million
vehicle-miles).

Source: Fisher and Camou, 1977 [30], Table 2, pg. 26.
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32,

and midblock accidents were also reduced as a result of
the widening.

e Significant reductions in accident frequency were found
for projects where major streets were widened or divided
and on secondary streets which were widened to 66 feet
20.1 m). An accident increase was reported on sections
which were widened to a standard that did not permit two
lanes of traffic in each direction.

The study results demonstrate that widening urban arterial
streets can produce significant decreases in accident occurrence.
The percentage reduction figures shown in Table 15 for each
project can be used to estimate expected benefits for similar
urban roadways, however, the results do not identify specific
roadway features which may affect accident frequency.

Foley, J.L., Jr., "Major Route Improvements®, Special Report 93,
Highway Research Board, Washington, D.C., 1967.

The purpese of this article is to present the findings of
before and after studies conducted to determine the effectiveness
of street improvements. The major finding of the studies was
that the presence of a median reduces accident frequency. The
data for two of the study sites are given in Tables 16 and 17. A
decrease in total accidents ranging from 23 to 35 percent was
observed along with a reduction in injury accidents ranging from
18 to 39 percent.

The sample size (i.e., number of sites) is too small to
warrant development of generalized conclusions. Furthermore, the
effects of other factors, such as average daily traffic, number
of driveways, etc. were not considered in the analysis.

Frick, Warren A., "The Effect of Major Physical Improvements on
Capacity and Safety”, Traffic Engineering, Institute of Traffic
Engineers, Arlington, Virginia, D'gcﬁer §968.

This article documents the results of a comparative evalua-
tion of two urban arterial projects implemented in the City of
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Table 16. Street improvement for Druid Park Lake Drive.

[tem

Before

After

Change (%)

Width*

Average daily

40 ft

Two 32-ft. (9.9 m) roadways
plus 4-ft, (1.2 m) median

traffic 28,900 28,200 -2
Injury accidents 11 9 -18
Total accidents 39 30 =23

*_ength of reconstruction, 1/2 mile (0.8 km).
Source: Foley, 1967 [31], Table 1, pg. 166.
Table 17. Street improvement for Skokie Boulevard.
Item Before After Change (%
Width* 56 ft. (17.4 km)|Two 36-ft. (9.9 m) -
roadways plus median
Total accidents 151 98 -35
Injury accidents 62 38 -39
Intersection
accidents 59 75 +27
Midblock
accidents 92 23 =75

*Length of widening, 1/2 mile (0.8 km).

Source; Foley, 1967 [31], Table 5, pg. 168.
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Springfield, I11inois. In one case, a 1.9-mile (3.06 km) section
of a two-lane roadway was widened to provide for four through
lanes separated by a raised curbed median. In the other case, a
1.5-mile (2.41 km) section of two-lane highway was widened to
provide for four through lanes separated by a continuous two-way,
left-turn median lane. Accident data for the years 1966 and 1967
were collected and analyzed for the two sections. The study
results revealed that the accident rate on the section with the
curbed median was 434 accidents per 100 million vehicle-miles
(per 160 million vehicle-km) of travel while the section with the
two-way, left-turn median lane-had a rate of 1,143. The author
concluded that curbed medians and intersection channelization
should be used for urban arterial street improvements.

There are a variety of factors including differences in the
number of traffic signals, driveways, roadside development, etc.
that may explain the difference in the accident rates on the
study sections., Also the sample size (two sites) is too small to
permit generalized conclusions, regarding the effectiveness of
raised medians and continuous two-way, left-turn median lanes.

Glauz, William D. and Donald J. Migletz, "Application of Traffic
Conflict Analysis at Intersections"™, National Cooperative Highwaz
ra,

Research Program Report 219, Transportation Research a
Washington, D.C., February, 1980,

The objective of this study was to develop a standard proce-
dure for collecting traffic conflicts data at intersections. The
scope of the study included a comprehensive state-of-the-art re-
view, field testing at rural and urban intersections, and the
development of a user's manual. The traffic conflict technique
was recommended as a tool for diagnosing safety problems at in-
tersections and for evaluating the effectiveness of countermea-
sures. A suggested list of countermeasures for reducing con-
flicts at intersections is given in Tables 18, 19 and 20.

There is some evidence given in the repnrt and in the liter-
ature review, that a relationship exists between traffic con-
flicts and accidents. While the effects of specific urban road-
way features on conflicts have been examined, it is not possible
to relate specific roadway features to accidents using conflicts
because the conflict-accident relationship has not been fully
developed.
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Table 18. Suggested improvements to reduce conflicts
for signalized, 4-1eg, 4-lane intersections.
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Source: NCHRP 219, Table 10, pg. 17.
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Table 19. Suggested improvements to reduce conflicts
for unsignalized, 4-leg, 2-lane intersections.
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Source: NCHRP 219, Table 11, pg. 17.

Table 20. Suggested improvements to reduce conflicts
for unsignalized, 3-leg, 2-1ane intersections.
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Glennon, John C. and Cathy J. Wilton, "Roadside Encroachment
Parameters for Non-Freeway Facilities®, Transportation Research
Record 601, Transportation Research Board, Washington, OU.C.,

The purpose of this study was to er arge the applicability
of the roadside hazard model developed in NCHRP Report 148 to
enable the model to predict the effectiveness of roedside safety
improvements on all classes of highway including urban arterial
streets. Roadside hazards considered in the study consisted of
the following obstacles; utility poles, trees, sign posts, light
poles, traffic signal poles, railroad signal poles, curbs, guard-
rails, roadside slopes, ditches, culverts, drainage inlets,
bridge abutments, piers, bridge rails, retaining walls, fences,
and fireplugs. Speed limits on the streets ranged from 48 to
72 kph (30 to 45 mph). Accident data obtained from eight cities
were used to develop the following equation for predicting the
roadside accident rate for urban arterial streets.

Y = 0.474 + 0.000254 [ADT)

For these data, the correlation coefficient r, was 0.608 and
the standard error of the estimate was 2.570. Application of the
developed roadside encroachment parameters in the hazard model
revealed that little improvement can be expected by implementing
roadside safety improvements on urban arterial streets.

Although the study findings suggest that roadside obstacles
contribute to accident rates on urban highwars, the sample size
was small and the data were not developed to .dentify site speci-
fic situations, e.g., highway curves, sect-ons with low skid
resistance, etc. Further research is needet to develop hazard
models for urban roadways that are sensitive to site specific
parameters.

Gupta, R.C. and R. Jain, "Effect of Certain Geomatric Design
Characteristics of Highways on Accident Rates *or Two-Lane,
Two-Way Roads in Connecticut®, University of Comnecticut, Storrs,
Connecticut, August, 1973,

This study was conducted to examine the relationships
between geometric features and accident rates on rural and urban
highways in Connecticut. Relationships were identified between
accident rates and sufficiency rating variables which were con-
sidered proportional to roadway features. Multiple linear
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regression analysis was used to analyze the data. The analyses
revealed the following results.

¢ On two-lane roadways with less than 12,000 vehicles per
day, there is no significant relationship between roadway
width and accident rate.

o The vertical cleararce rating is not significantly re-
lated to acciden: - «tes.

e Urban roads carrying between 3,000 and 7,900 vehicles per
day were found to have an increasing accident rate as the
degree of horizontal curvature increases.

o Two-lane urban roads with restricted sight distances were

found to have higher accident rates than sections with no
sight distance deficiencies.

One of the limitations of the study is that roadway features
ratings were used in the correlations instead of specific roadway
variables. Whether or not it is appropriate to substitute ratings
for geometric conditions is a point of debate. Consequently, the
study findings should be accepted only with a considerable dagree
of caution and not as proof that certain relationships do or do
not exist,

Hanna, John T., Thomas E. Flynn, and Webb L. Tyler, "Characteris-
tics of Intersection Accidents tn Rural Municipalities®, Trans-

rtation Research Record 601, Transportation Research Board,
Easﬁingfon, D.C., 1976.

Accident and geometric data were collected and analyzed for
300 intersections in 42 towns in Virginia which had an average
population of 15,000 persons. Accident data were collected at
each site for a 24-month period during the study years 1969

through 1973. The following pertinent results were obtained from
the analysis.

e As shown in Table 21, intersections with traffic signals
had higher accident rates than intersections with stop
and yield sign control.

e Intersections with poor driver sight distance had a
hioher than normal accident rate articularly with
regard to angle collisions as noted in Table 22.
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Table 21. Summary of accidents by intersection geometrics.

Intersection Rear End Angle Sideswipe Other Average
Accident
Type* Number Number Percent Number Percent Number Percent Number Percent Total  Rate"
Four -way
Sigralized s2 3 40 84 90 105 1n ki ] 1] 947 1.47
STOP or YIELD
sign control 68 125 22 340 59 35 10 50 9 570 1.27
Total ~ 1e 504 33 24 [1] 160 1 129 L] 1517 1.35
T-ype
Sigftalized 12 [ 1] 58 30 28 13 1 ki [} 18 0.8
STOP or YIELD
sign control K1) ] 28 109 [\] 30 12 K1) 17 258 0.79
Toul 60 140 38 139 37 43 n s1 " m 0.80
Offset
Signalized 3 3 42 [] [] 2 20 2 29 7 0.40
STOP or YIELD
sign control _9 _1s 34 14 30 s 19 _u 23 47 0.78
Toral 12 19 3 4 2 8 L) 13 2 54 0.58
Y-type
Signalized 1 10 42 7 20 ] 23 1 4 24 1.40
STOP or YIELD
sign control 14 o (1) 24 23 _4 4 1 7 103 1.04
Tatal 13 1 81 n 25 10 ] ] [ 127 1.22
SAccudents per mill <~ entenng vehicles. A for , et

Source: TRR 601, Table 2, pg. 80.

Table 22. Summary of accidents at intersections with severe
grades and poor sight distance.

Intersection Rear End Angle Sideswipe Other Average
Accident
Condition Number Number Percent Number Percent Number Percent Number Percent Total Rate®
Bevere grades 3% 108 39 104 38 L} 9 37 " m 0.97
Poor sight
distance 41 ™ 20 207 E ] 3 9 4 15 %6 1.33
*Actidenss per milian entering vehecles.

Source: TRR 601, Table 5, pg. 81.
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e The frequency of night accidents did not appear to be a
function of traffic control or intersection geometrics.
el .

¢ Intersections with severe grades appear to operate safely
in spite of potential hazards as shown in Table 22.

The study data revealed that the type of intersection
control and poor sight distance affect accident rates at inter-
sections located on urban highways in small cities. The re-
searchers, however, did not attempt to quantify these relation-
ships so that the results could be used to estimate the effec-
tiveness of specific countermeasures.

Head, J.A., "Predicting Traffic Accidents from Roadway Elements
on Urban Extensions of State Highways", Highway Research Bulletin
208, Highway Research Board, Washington, D.C., T959.

The purpose of the study was to develop equations that cculd
be used to predict accidents on urban highways using, as indepen-
dent variables, site specific data such as average caily traffic,
number of driveways, intersections, signalized intersections,
posted speed limit, pavement width and number of lanes. Accident
and roadway features data were collected on two- and four-lane
urban highways in Oregon. Accident data for the years 1954 and
1955 were used in the analysis. Data were collacted for 726 sec-
tions; a total of 186.4 miles (299.9 km) of higaway. Section
lengths ranged from 0.1 mile to 2.1 miles (0.16 km to 3.38 km)

with an average “length of 0.4 mile (0.64 km}. The following
variables were collected during the field investigations.

Commercial units (CU)
Commercial driveways (COW)
Residential units (RU)
Pesidential driveways (RDW)
Intersections (INT)

Traffic signals (SIG)
Channelized intersections (CI)
Indicated speed (SP)
Pavement width (PA)
Shoulder width (SH)

Number of lanes

Median width

Effective lane width (ELA)

The study sections, aggregated by average daily traffic range,
area type, and number of lanes are summarized in Table 23.
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Table 23.

average daily traffic ranges and culture type.

Distribution of study sections by number of lanes,

Total Average
Number Length of Length of
of Sections Sections
ADT FRange Area of Culture Sections {mi) {mi)
2 Lanes
Under 5,000 Urban 130 45.2 0.3
Subu rban 35 17. 68 045
Corporate 95 21.8 0.3
Business 30 -
Residential 46 - -
Mixed 54 - -
$,000 - 9,999 Urban 140 5¢.8 0.4
Suburban hK] 18 8 0.8
Corporate 107 36.0 0.3
Business s2 -
Residential 3 - -
Mixed 55 -
10,000 and over Urban 26 18.6 0.7
Suburban 2 1.1 0.3
Comporate 24 1.8 0.7
Business 11 - -
Residential 5 - -
Mixed 10 - -
Al Corporate Portland 22 15.8 0.7
Corporate Non-Portland 204 8.0 0.3
4 Lanes
Under 9,000 Urban 54 16.4 0.3
Suburban 9 3.1 0.4
Corporate 45 12.7 0.3
Business k1] - -
Residential 8 - -
Mixed 11 - -
9,000 - 17,899 Urban 50 31.2 0.6
Suburban 17 12.2 0.7
Corporate 13 19.0 0.6
Business 29 - -
Residential 3 -
Mixed 18 - -
18,000 and over Urban 26 20.0 0.8
Suburban S 2.8 0.6
Corporate 21 17.2 0.8
Business 20 - -
Residential 3 - -
Mixed 3 - -
All Corporate Portland 32 25.0 0.8
Corporate Non-Portland 67 2.8 0.3
Source: HRB 208, Table 1, pg. 48.
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Correlation coefficients, computed for the accident rates
for each of the independent variables are given in Table 24.

The authors recognized that study sections with various
Tengths could bias the results by giving disproportionate consi-
deration to short lengths and little consideration to long sec-
tions. The sections were normalized to account for length varia-
tions and the correlations for these data are given in Table 25.

The authors found that "In general, very little benefit was
realized by adjusting the study sections to compensate for the
varying length of the sections“.

Finally, multiple correlation coefficients were computed
between roadway features data and accident rates and these co-
efficients are given in Table 26.

Equations that can be used to predict accident rates on two-
and four-lane urban roadways for site specific conditions are
given below.

e Two-Lane, 5,000 - 9,999 ADT

A = -7.541+ 0.09 ADT + 0.12 CU + 0.36 INT + 0.94 SIG + 0.06 SP
- 0.01 PA

e Two-Lane, 10,000 or over ADT

A = -18.21 + 0.09 ADT + 0.25 CU + 0.07 COW + 0.41 INT
+ 3.87 SI1G - 0.16 SF

e Four-Lane, Under 9,000 ADT

A= 4,60 + 0.07 CU + 6.78 Sla
o Four-Lane, 9,000 - 17,999 ADT

A =7.93 + 0.04 CU + 0.03 INT + 2.70 SIG - 0.10 SP + 0.05 PA

e Four-Lane, 18,000 or over ADT

A =1.79 + 0.18 ADT + 0.04 CU + 0.23 INT + 0.80 SIG - 0.70 SP
- 0'09 PA

The following symbols were used in the equations.

A = At):cidents per million vehicle miles (per million vehicle
km .
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Table 24. Zero order correlations between accident
rates and roadway elements.

Accydent Rate - Resdusy Sioments Correintions

Sudy Cerwp ADT cv cow ] ROW [ =3 » ” (7Y
3 Lane, Jnder 3,000

Urtma 0.83 [ X [ 3t} -8.08 -0 14 0.04 0.08 -0. 08 «n (%]
Semarta 0.08 -0.1¢ -5.08 U -6.10 -0.08 : .13 (%]
Corpo tate 0.0 [ %] 0.20 -0.08 -0.18 0.91 .04 -8, o .2
Bueiess -0.03 . ® 010 -0.7 -0 -0.08 -.03 -0.10 [x"] (%]
Rerudential 0.04 (3 0.08 q_g -0.01 -0.83 o.03 -8.13 o L
Mixed .07 0.0 -0.08 -0. -0.18 0.18 0.2 0.1 .3 .0
2 Lane, 3,000 -
2.°99 ADT

Urtaa 0.3 [ X ] .% -0.13% -4.18 (X ] [ X ] -9.33 . (%}
Suburemn’ - - - - - —

Creporste 0.32 on 0. . * 042 0.48 -v. 38 (% ) [(§7}
i Lane, 10,000 - - - - - -
and over,

Urbea (X'} 0.67 0.4 -0.07 -.u 0.53 0.88 -0.4 (% ] (X}
Buburtea’

Corporate [ X (X [X] ' ’ 0.5 0.88 -.41 (% ] (Y ]
2 Lane, 5,000
wd over ADT

[ 0.10 0.18 H 0.08 0.08 N -8.03 [ 3] ﬂ
Busiasse |7 x,_g [ X} 0.08 Q_a -H H 1
Residential ﬁ -0.00 :,_g 0.18 X 0. -0
Mined [ X ] [X7] 0.3 % : 0.22 0.88 . -0.20 .43 .0
2 Lams, All ADTs

Corparsta Portand .34 (X ] (X ] : * 0.5 .07 X 1 . -1t
Corgorate Moa- =

Pectiand 0.10 (XY 0.3 0.08 -0.18 0.18 (% -.» oy (%]
:”l.m. Usder 9,000

Urtma 0.0 (¥ ] (% ] -0.13 0.04 0.13 (% ] -1 (X ] -8.18
Seburtns’

Carperate 0.14 0.% -0.17 (X 0.1 008 -5.08  -0.8 -
Business 0.03 o.12 0.12 0.38 e.13 a -0.08 . -4.23
Rosdontial & Mised 0.07 -1 .0 -0.28 0% -0.0¢ o.58 0.2 o -0.08
4 Lane, 9,000 -
17,908 ADT

Urdan | on [X+} % 0.00 -0.0t -0 wn -4 (%] (X )
Snlearhan

Corporans 0.3 (%] o1 * ’ 0.1 (%] A4 (% (Y}
4 Lane 18,000 &
over ADT

Urban [X] 0.6 (% ] (% o 0.81 en -0.712 [X ] (Y]
Seburean’ — - - -

Corporate (X’] (X .3 * ’ .3 wn 4 e “e
4 Lane, 9,000 8
proondd [ 3] [ N3] -5.10 e
Bubiases .

Romdontial & Mxed &ﬁ ﬁ "% %] (37 & &j!_ -:"‘g & (X}
4 g 20T .02 0.0 o ol o
gmw (X & [ X% &u ’ ﬂ tﬂ g [ ] [

orposate Nem-

Sertiand (%7 (X 0.1 an .n (%t} Lt .11 an n
Pate: y loc rogr are underiiaed.
* insuificient sampie ' compute simple correlation.
M oample ) of relishie regr Outa WIR sther ADT ranges.
b y low cor herelere, were ast

Source: HRB 208, Table 2, pg. 49.
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Table 25. Zero order correlations between accident rates and
roadway elements normalized to account for segment length variations.

Accidums - Randwny Floments Correlntons

Sudy Group AT cu cow U Apw o [ ] 4 ”m LA
2 Lane, Under 3,000
ADT -

Seburma v.01 -0.20 -0.22 -0. 3¢ -0, 19 -0.01 : 0.41 0.4 [X7]
C -0. 14 0.18 0.18 ha . (X 0.0¢ B o
2 Lane, 3,000
9,99 ADT

3 0.9 0.17 0.3 . . (XY 0.9 0.32 (K] (% ]
3 Lane, 10.000 & - = == ==
over

C: 0.33 o.78 0.58 ' * 0.0 0.0 -0.84 [X] .17
2 Lwee, 35,0008 - - - - -
over ADT

a, 0.2 0.41 0.00 0.08 0.0 0.4 -0.07 0.22 (X

2 Lane, All ADT"s

Corporate (¥ ] 0.68 0.43 * . .08 e. 00 -0.38 [ %] 0.9

Corporate Noa- - -

o.m 0.48 (X ] * o 0. 038 0. 3¢ (%] (%" ]

4 Lane, Under 9,000

C o.m [X} 0.2 -0.13 0.08 0.12 0.1 -0. 0.12 -6.9%8
4 Lane, 9,000 -

17,99 ADT

[ 0.3 on 0.3 ' ’ .41 o.02 -0.38 .n (X ]
4 Lane, 10.000 8 - - - - -
aver ADT

Corporate 0.9 0.1 0.49 ' * 0.3 om -0.73 0.93 “»
4 Lame, ALl ADT'> - - - - -

Subertas -0.00 0.37 0.07 o.62 0.33 0.e7 0.4 -9.48 [ X (3]

Corporate Portand 0.4 &N 0.5 O v &R @ - = %

Corpocate Nea-

Portiand 0.2 [ X1 0.18 * ' 0.0 (%] e.18 013 -0
Mote: od lor regr are
M sample w0 simple
' of rellable r Dawa with other ADT rasges.

Source: HRB 208, Table 3, pg. 50.
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Table 26.

and accident rates.

Multiple correlations between roadway elements

Coalliclont of Ratie of Randurd
Ml Randard Brror Error of Esumate
Correlation of Esticmtn o the Mean
Rudy Growp Bast Predictors Un-Woighted  Weighted Un-Weighted  Woighted  Us-Waighted  Weighted
2 Lane, Under 3,000 ADT
Urban [ 1} 2 1 » . 2
Suourtas IRUY, AP, (ELA) 0.37 0.32 s.2 "L 1.97 LM
Corporaes cu, PK 0.3 . 17 43 M 1. .
Bunaess v } . M .
Residenuial AU, PA 0.58 . (%] s Lt *
Mized I— _— ’ L] ' . [} L]
1 Lane. 3,000 - 9,999 ADT
Urtan ADT. CU, INT, 5G, $P. PA o.M : “ * 0.00 '
Seburtaa’ -
Corporate (ADTY, l‘cjg). (COW), (INT), ‘BG), 0.1% 042 s [ .6 (Y]
(3BT, (P —
2 Lane 10.000 & over ADT -
yrtaa ADT, CU. CDW. INT. $1G. $P 0.8 . s.o0r ¢ 0.4 .
Suburban’ -
Corporate (ADT), CU, (CDW), /INTY, IS1G), 0.0 0.3 1.98 R 0.% (%
3PV, (#RY
1 Lane. 5.000 & over ADT -
Sunrtma (Ccom), m'n mc) 1H o.88 0.18 3.3 593 0.3 ()
Business ADT. C! 0.8 : .28 . 0.3 4
Residenual ADT. m 0.4 N 3 M 0.64 N
Mized AR U g.v_ g PA 0.6 : s.13 s 0.6 :
3 Lane, ALl ADTs
Corporate Portiasd (ADT), (CU), (COW), (NTY, (BG),
3P (P 0.92 [R]] 1.08 5.48 0.7 .%
Corporate Noa- Portiand {18 0.48 0.4 13.29 " L3 1.3
4 Lase, Under 9,000 ADT
Urtan Ccu, 8¢ 0.04 * .78 . 0.3 ¢
Sebartan" _ =
Corporate (L), (|G, ($P), (ELA) 0.08 0.8 1.0 611 0.57 (X}
Business ok o 0.8 : [ * 0.58 :
Residential & Mixed Duliae i : ' : ' ’
4 Lane, 9,000 - 11,008 ADT
Uroan 0.01 * $.98 : 0.42 *
Sepurtan’
Corporate tADT, (CUY, (CDW), (INT), (RG], 0.78 LX) 8.40 a8 0.40 “n
[t ]
4 Lane, 19.000 & over ADT
Urtan ADT, CU, INT. §iG. $P, PA o.n * (% 1] ’ om :
Suburoan® = =
Corporaie ADT), CY), (COW), (INT), 0.5 0.92 620 5,33 (%) (X ]
Al v
4 l..e, 9.000 & over ADT
ADT, CU, INT, 5IG, SP, PA 0.87 * 8.3 * 0.3
dnuuil‘n‘ ADT. CU. (NT, 8, PA 0.8 . 41 : on
4 Lase. ALl ADT's -
Suourmn (g{_) RV, (RDW), (INTY, (SG), (SP.  0.90 0.0 3.5 3.4 o.M 0.3
Corporate Portiand m?n (cm (COW), (INTY, 'SIG), 0. 0.90 L% 5.2 0.% 0%
Corporate Noa- Portland <Xb"n. T, (86!, (ELAY L) 0.%8 9.3 .9 0.63 (X

Note: Best pr
‘mmuuu meenm: n-enumununn

* Mo predicuon squALions

* eulficrionmt sample sections m computativ of reliabie regresmion equeLions.

Source: HRB 208, Table 4,
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ADT = The average daily traffic divided by 100.

CU = The number of commercial units per mile (per km).
COW = The number of commercial driveways per mile (per km).
INT = The number of intersections per mile (per km).

SIG = The number of traffic signals per mile (per km).

SP = The indicated speed in mph (kph).

PA = The pavement width in feet (m).

The number of commercial units and the number of traffic
signals were found to be significantly related to accident rate.
Also, the following factors were related to accident rates: num-
ber of intersections, the indicated speed, average daily traffic,
and pavement width.

The following roadway elements do not appear to be related
to accidents: number of commercial driveways, residential units,
residential driveways, and effective lane width.

Accident rates were found to increase when:

The number of commercial units increase.
The number of traffic signals increase.
The number of intersections increase.
Indicated speed decreases.

Average daily traffic increases.
Pavement width increases.

The findings presented in this paper clearly illustrate that
there are relationships between geometric and traffic variables
and accident rates on urban roadways. The coefficients of deter-
mination for the equations ranged from 0.55 to 0.79 which indi-
cates that from 45 to 21 percent of the variance in the accident
rates is not explained by the independent variables. These values
were within limits achieved by other researchers and may be the
maximum correlations that can be obtained using accident data. An
advantage to using the equations 1is that the independent varia-
bles are easy to measure.

Heimbach, Clinton, L., and Harold D, Vick, “"Relating Change of
Highway Speed Per Unit of Time to Motor Vehicle Accident Rates”,

‘giahuay Research Record 225, Highway Research Board, Washington,
.L. 1903,

The purpose of this study was to investigate the relation-
ship between acceleration noise (change of speed per unit time)
and accident rates on rural and urban highways. Two of the six
study sites were located in Raleigh, North Carolina. Each site
was homogeneous in traffic and geometric characteristics. Acci-
dent rates were computed for the years 1963 to 1965. Accelera-
tion noise measurements were made by having five drivers operate
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a test car over the study sites under a variety of traffic condi-
tions. The results of a rank-order pairing of acceleration noise
and accident rates for the sites are shown in Table 27. While no
statistical analysis was employed there was a consistent rela-
tionship between acceleration noise and accident rate, i.e.,

sites with higher values of acceleration noise also had higher
accident rates.

Acceleration noise has been described as a traffic parameter
that is directly related to road conditions, congestion, and the
hazards encountered when driving on a highway. The significance
of this research is that it provides some empirical evidence that
acceleration noise may be directly related to accident rates.
While the study data suggest a link between acceleration noise
and accidents, additional research is needed to quantify this
relationship for urban roadways.

Hoffman, Max R., "Two-Way, Left-Turn Lanes Work!®, Traffic Engi-
neering, Vol. 44, No. 11, Institute of Traffic Engineers,
Kr11ng§on, Virginia, August 1974,

This study was conducted to determine the effectiveness of
two-way, left-turn median lanes. A one-year before and one-year
after analysis of accident data collected at four projects in
Michigan was conducted. At each of the study sites, the existing
four-lane undivided roadways were widened to permit a center lane
for left-turns. The total 1length of the four projects was
6.58 miles (10.59 km)., Traffic volumes on the sections ranged
from 15,000 to 30,000 vehicles per day. Analysis of the accident
data lead to the following results.

e Total accidents decreased by 33 percent.
¢ Injury accidents decreased by 41 percent.

® Rear-end accidents decreased 62 percent, and head-on
left-turn crashes were reduced by 45 percent.

Although the author examined the overall effect of two-way,
left-turn median lanes on accidents, injuries, and collision
type, the study period was limited to a one-year before and after
study and other factors such as driveways, traffic signals, etc.
were not considered in the analysis. The data, however, suggest
that two-way median lanes may have a beneficial effect on
reducing accidents on urban arterial roadways.
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Table 27.

Comparison of acceleration noise vs. mean
absolute change of speed by highway facility.

Absolste 3-mph Acceleration
Average Accidont Rate Speed Change Nolse o
Facility .y per MVM 2-uph
Mesa 5. Dev. Sposd Changes /oo
s [] per 60 soc

Hillsborowgh . 18,000 12.64 8.2 13.9 neu 1.8
Western Blve. 17,000 (¥ ) 20,37 14.18 1u.” L
NC 84 3,000 2.9 13.04 (X} 14.0¢ o.mn
us 0 12, 000 1.48 018 “n 10.13 0.4
SR 1003 1,500 3.3 s (X ] 10.10 0.
Beltline 19, 000 0.7 5.8 . .5 0.33

Source: HRR 225, Table 12, pg. 56.
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Holbrook, L.F., "Prediction of Wet Surface Intersection Accidents
From Weather and Skid Test Data“, Transportation Research Record
623, Transportation Research Board, Washington, D.C., 1976.

The purpose of this study was to develop a model to estimate
wet pavement accidents at intersections based on skid number, wet
time, and seasonal weather effects. Accident, skid, and weather
data were collected for 2,000 rural and urban intersections on
state highways in Michigan. The data were analyzed by employing
a nonlinear least squares computer program. The results of the
analysis produced the followina conclusions.

o Surface wet time and skid number are important factors in
wet pavement accident involvement.

o Below a skid value of 30, wet pavement accident involve-
ments increase as the pavement friction decreases.

e The amount of -time tne pavement is wet during the month

has a significant effect on wet pavament accident occur-
rence,

e Skid numbers alone will not lead to development of a plan
which would optimally reduce wet surface accidents.

The studv data indicate that wet pavement accidents are
greatly influe '‘ced by the amount of time the pavement is wet and
the skid number. Although the data were collected for rural and
urban intersections, no distinction was made in the analysis
between the effects of rural versus urban conditions. Conse-

quently, it has not been determined whether the results apply to
urban locations.

Humphreys, Jack B., Donald J. Wheeler, Paul C. Box, and T. Darcy
Sullivan, "Safety Considerations in the Use of On-Street Park-
ing®, Transportation Research Record 722, Transportation Research
Board, Washington, D.C., 1979.

The purpose of this study was to examine the relationships
between accidents reported on urban streets and parking confi-
gurations, land use, street width, and street classification.
Roadway and accident data were collected for 170 miles (273.5 km)
of urban roadways located in 10 U.S. Cities. The accident data
covered a period of two years. The analysis of variance statis-
tical technique was used to examine differences in mean accident
rates based on the independent variables selected for testing.
The findings of the study are listed below.
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e Parking use (turnover) has the greatest effect on acci-
dent rate, i.e., as the parking use increases, the acci-
dent rate increases up to approximately 1.0 million space
hours per kilometer per year as shown in Figure 3.

o Accident rates were lowest on roadway sections where
parking was prohibited.

e The prohibition of on-street parking where the space use
is approximately 300,000 hours per kilometer per hour
could reduce midblock accident rates by 19 percent. Where
space usage is 600,000 hours per kilometer per year mid-
block accident rates could be reduced by 75 percent.

o For 300,000 space hours of use, total urban accident
rates could be reduced by 8 percent and for 600,000 hours
of use the reduction could be up to 30 percent.

¢ Parking configuration, i.e., parallel, angle, etc. did
not have an effect on accident rate.

e Accident rates generally increased with changes in road-
side development, i.e., residential, office, and retail
land use,

¢ Parking related accidents at midblock locations accounted
for 49 percent of all accidents on major urban streets,
68 percent on collector strzets, and 72 percent on local
streets.

This study presents the results of the most comprehensive
investigation of accidents and parking characteristics undertaken
to-date. Parking turnover and land use have a significant effect
on urban roadway accidents while parking configuration did not
affect accident experience. Based on turnover rates, i.e., space
hours of use, accident reduction factors that can be used to
estimate the impact of removing parking on arterial streets have
peen developed and should receive widespread use by traffic and
safety officials.

ITE Technical Council Committee 5-S, “Guidelines For Urban Major
Street Design: Tentative Recommended Practice - A Summary®, ITE
Journal, Vol. 48, No. 9, Institute of Transportation Engineers,

ArTington, Virginia, September, 1979,

The guidelines were prepared to supplement design standards
given in the 1973 AASHO Policy on Design of Urban Highways and
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Figure 3. Accident rate vs. parking use on major streets
for all land uses.
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Arterial Streets. Both a minimum design value, the least value
felt necessary to produce a safe and functional street, and a
desirable design value, the condition worth obtaining if there
are no severe constraints, are given in the guidelines. The
values were determined through a consensus of professional
opinion of operations, design, and planning engineers, The
geometric design standards pertain only to major urban arterial

steets, excluding freeways, expressways, and local urban
streets.

The guidelines appear to present a practical state-of-the-
art synthesis of design criteria for major arterial streets,
however, many of the dimensions suggested are based on little or
partial research findings. Further research identifying rela-
tionships between accidents and specific geometric design fea-

tures is needed to supplement or modify the guidelines for future
use,

Jones, lan S. and A. Stephen Baum, “"Analysis of the Problem of
Urban Utility-Pole Accidents," Transportation Research Record
681, Transportation Research Board, ﬂasEingEon, U.C., 1978,

A study of urban utility pole accidents was undertaken using
1975 accident data on roadways in 20 urban areas. In a sample of
6,124 accidents, utility poles were found to be the most frequent
(21.1 percent) type of fixed object struck in single-vehicle,
run~off-the-road accidents. Approximately 2.2 percent of all ac-
cidents in urban areas involved impacts with utility poles and
utility pole accidents had the highest percentage (50.5 percent)
of injury accidents of all fixed object crashes. The data suggest
that as vehicle speeds increase, the percentage of utility pole
accidents increases. Also the number of utility pole accidents
were also found to be a function of the relative density of util-
ity poles in an area. As pole spacing increased, the frequency
of utility pole accidents was found to decrease. Utility pole ac-
cidents were also found to be a function of the distance the pole
is located from the roadway. The proportion of utility pole acci-
dents is high at low offsets, i.e., less than 5.5 feet (1.68 m)
from the roadway, however, beyond 5.5 feet (1.68 m) the frequency
of accidents appears to remain constant (approximately 0.2 utili-
ty pole accidents per single-vehicle accident). The distribution
of run-off-the-road accidents by type of fixed object for total
accidents and injury accidents is given in Tables 28 and 29. The

relationships involving utility pole accidents and pole spacing
and offset are given in Figures 4 and 5.
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Table 28. Distribution of run-off-the-road accidents
by type of fixed-object.

Number Percentage
Firse Object Struck of Accidents of Total
Utility pote 1291 19
Fence, guardrail 825 13.8
Sign, mailbox, perking meter, guy wire 128 11.9
Culvert, ditch, embankment 714 1.7
Tree 882 11.1
Light, signal pole 468 16
Fire hydrant 23 36
Building Pl 35
Ground (generally roliover) 187 3.1
wall 17% 2.9
Shrubbery 120 20
Bridge 118 9
None 79 13
Other 03 49
Total 8124 100.0

Source: TRR 681, pg. 89.

Table 29. Dfstribution of run-off-the-road injury accidents
by type of fixed-object.

Percentage
Towt injury Accidents r’;le‘
Object Accidents Number Percent Accidents
Utility pole 1166 589 505 314
Fence, guardeail 740 (Al 231 9.1
Sign, parking (5] 133 199 7.1
maeter, mail-
box, guy wire
Culvert, ditch, em- €74 300 “s 180
bankment
Tree 598 257 430 13.7
Light, signsf pole 365 n FiR| 41
Fire hydrant 179 n 179 1.7
Buiiding 18 k] 1.2 1.8
Ground (generaily 178 92 526 4.9
rollover)
Wall 147 3 8.1 28
Shrubbery 100 ? 7.0 04
[ ) 18 47 0.9 295

Source: TRR 681, pg. 89.
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Figure 4. Proportion of single-vehicle accidents involving
utility poles vs. pole spacing.
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Figure 5. Proportion of single-vehicle accidents involving
utility poles vs. final rest position of pole.
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The study data provide evidence that utility pole density
and offset from the roadway significantly contribute to the pro-
portion of utility pole accidents per single-vehicle, run-off-
the-road accident. The data also suggest that utility pole
accidents are also related to a high percentage of injury acci-
dents. The relationship between utility pole accidents and total
accidents cannot be developed from the available data. The
authors suggest that utility pole accidents may be a small per-
centage (2.2 percent) of the total urban roadway accident exper-
ience. The effectiveness of accident countermeasures such as
increasing the pole spacing or increasing the pole offset for
existing utility poles is 1illustrated in Figures 4 and 5.
Because utility pole accidents are a small part of the total
accident frequency, it 1is probable that some utility pole
countermeasures would not be cost-effective. Further data to
verify the study results plus an examination of the cost-
effectiveness of wutility pole accident countermeasures would
greatly enhance the existing knowledge of urban roadway accident
experience. .

King, G.F. and R.B. Goldblatt, “Relationship of Accident Patterns
to Type of Intersection Control®, Transﬁortation Research Record
540, Transportation Research Board, Washington, D.C., .

An evaluation of the distribution of accidents by type and
severity was made for various intersection control techniques.
Data were collected at 300 intersections located in uwrban and
rural areas throughout the United States. Values of the measures

of accident effectiveness for the urban intersection data are

given in Table 30. The results of the study are summarized
below.

o Installation of traffic signals influences a reduction in
right-angle accidents and an increase in rear-end colli-
sions.

o No evidence was found to suggest that the installation of
signals reduces the adverse effects of accidents.

e Right-angle ratio (the ratio of right-angle collisions to
total accidents) appears to be a good indicator of
detecting improvements in accidents as a result of sig-
nalization.

¢ Statistically significant correlations were found between

accidents and sight distance and grade for most of the
conditions studied.
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Table 30.

Summary of accident statistics for
signal and stop sign control.

Sugnificance
of Difter-
Signal Costrol® Rop-Sign Cost rol* ence

Measure of Effectiveness X . z/e x s xe = o
Accréent evalustion index 1.9 0.3 43 1.510 .44 36 - 005
Injury and fatality ratio 03e 038 12 DI el 132 - -
Rear-end ratto 0321 0.212 1.8 .17 0.134 14 - 0.01
Severtty index mn (X ] 0.4 $.2%0 1.402 [ X ] - 008
Right -angle ratio 0.20 0.91 1.3 0.458 0.198 1) [ X)) -
Normalized accidunt tetal 11.58 1.84% 1.4 4.147 .47 1.0 - 0.01
Velume accidest rate .20 1an 1.8 3.708 2300 18 - (X ]
Accibomt disutility 1.247 4.9 1.6 s 3.408 1.7 010 .10
Right - angle accidents 2768 .48 (3]} 319 1.390 | N ) - 0.0l
Right -angle accident rale 1.306 1319 0%  Len 1.49¢ 13 e -

118 m smple

Source: TRR 540, Table 8, pg. 9.
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An assessment of the study data indicates that traffic
signals installed at wurban intersactions may have higher
accident rates than nonsignalized intersections. Also signaliza-
tion may reduce right-angle collis‘ons but rear-end crashes will
most likely increase. The data do not permit examination of the
specific geometric, volume, environmental, and human factor ele-
ments that also tend to influence accident frequency.

Leong, H.J.W., “Effect of Kerhed Median Strips on Accident Rates
on Urban Roads", Proceedings of tle Fifth Conference, Volume 5,
Part 3, Australian Road Research Board, vVictoria, Australia,
1970.

This study consisted of analyzing 3,400 accident reports
collected on 21 urban highway sections in Sydney and the City of
Newcastle. Data were collected for the periods before, immedi-
ately after, and four to ten years after the installation of a
curbed concrete median strip. The results of the analysis are
summarized below.

8 MWide Medians - 10 to 16 Feet (3.0 to 4.9 m)

It was found that wide medians had no effect on accident
rates at midblocks or at major or minor intersections. How-

ever, this conclusion is only based on data collected at two
sites.

@ Narrow Medians - 3 Feet (0.9 m)

a. At midblock locations, a significant decrease in head-on
collisions was found, however, there was a significant
increase in fixed-object and sideswipe crashes.

b. At minor intersections there was a significant decrease
in head-on collisions and increase in total accidents.
Accident types that increased included rear-end, failure
to yield right-of-way, and sideswipe accidents.

¢. At major intersections, there was a short-term reduction
in total accidents, however, there were no differences
in the long-term rates.

d. In general, there was no difference between the immedi-
ate short-term and permanznt long-term effects of narrow
medians on accident rates on urban arterial roads.
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During the study period, the only geometric change at the
sites was the installation of the median strips. The presence of
a 3-foot (0.9-m) concrete median effected a change in accident
type (nead-on collisions decreased while fixed-object and side-
swipe accidents increased) at midblock locations and head-on
collisions decreased while rear-end, failure to yield right-of-
way, and sideswipe accidents increased at minor intersections.
The data indicate that a narrow median may affect the type of
collision on an arterial roadway but the median does not influ-
ence a difference between the short-term and long-term accident
rates.

May, Adolf D., Jr., "A Friction Concept of Traffic Flow", Vol. 38
Proceedings, 38th Annual Meeting, Highway Research ~Board,
ashington, D.C., 1959.

The purpose of this investigation was to determine the rela-
tionships between roadway features, operating characteristics,
and accident experience. Data were collected on 41 sections of
straight, lavel, high volume, multilane urban roadways located in
Detroit and Lansing, Michigan. The length of the test sections
ranged from 0.75 to 1.25 miles (1.20 and 2.00 km). Accident data
for the test sections were collected for the years 1956 and 1957.
The operating characteristics were obtained by driving a spe-
cially equipped research vehicle over the test sections. These
characteristics included average and running speeds, travel time,
spot speeds, fuel economy, number of brake applications, and
brake time. The roadway features were expressed in terms of
internal, medial, marginal, and intersectional friction. Internal
friction was expressed in terms of traffic volumes, volume/capa-
city ratios, and density. Medial friction was classified as
sections with and without medians. Marginal friction was classi-
fied as none, moderate, and heavy depending upon the type of
roadside development and the amount of on-street parking. Inter-
sectional friction was subdivided into four groups depending upon
the number of intersections and traffic signals within the sec-
tion.

Analysis of the study data indicated that the accident rate
increases as the medial, marginal, and intersection friction
increases. Intersectional friction, i.e., the number of inter-
sections and the number of traffic signals appeared to have a
greater influence on accident rates, travel time, and fuel econo-
my than the other forms of roadway friction. Travel time and
fuel economy were also adversely affected by increased marginal
friction. A statistically significant relationship was found
between accident rate and travel time as given in the following
equation and in Figure 6.
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2.25

A = 1.52 (Ty)
where:
A = accident rate, expressed as the number of accidents per
million vehicle miles (per 1.6 million vehicle km).
T = average travel time, expressed in minutes per mile (per

km),

The limits of the data for travel time ranged from 1.2 to
3.0 minutes per mile (1.93 to 4.83 ainutes per km). A summary of
the interrelationships of the variables studied, as shown in
Table 31, indicates that each of the variables are related to
roadway characteristics.

The results of the study suggest that travel time, fuel
economy, and accident rate are interrelated and an equation for
estimating the accident rate based on travel time is provided.
While the friction concept is one method of examining relation-
ships, the definitions of the categories of friction are too
general to permit identifying relationships between accidents and
site specific geometric variables.

May, A.D., Jr., "Economics of Operation on Limited-Access High-

ways”, Highway Research Bulletin 107, Highway Research Board,
Washington, U.%., 1955,

The purpose of the study was to compare the benefits, in-
cluding accident reduction potential between limited access and
roadway sections without access control. Accident, gasoline
consumption, and travel time data were collected for 12 case
studies on two- and four-lane divided highways in rural and urban
areas in nine states during 1954.

While no statistical correlations were developed between
accident experience and the operational data, the study findings
revealed the following results.

o Average speeds were lower on urban study sites with no
control of access (26.4 mph or 42.5 kph) when compared to

average vehicle speeds on controlled access roads
(47.2 mph or 76.0 kph).
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Table 31. Summary of interrelationships of urban
~ arterial and gperdting characteristics.

Unaignalised Sigualized
Charscteristic 3
Freeways l Arterlale Interm. Area I Downtown Area
Travel time, avg. (min/mi) 12 15 2.0 3.0 4.0 X
8 , ary. s:“ph) 50 90 30 20 15 10
Time ia motion, avg. (min/mi) 1.2 L5 1.9 2.6 21 38
Running specd, avg. (mph) 50 40 22 23 19 18
time, avg. (min/mi) 0.0 0.0 0.1 0.4 0.9 2.2
distribution (75 time):
[ 0 [] 18 25 8
1-10 mph o [} 3 7 10 16
11-20 2 2 4 13 21 35
21.30 mph 1 1 13 61 “ 12
31-10 mph 3 87 " 13 0 ]
41-50 mph 5 a0 3 [ 0 n
51-60 mph [ 0 0 0 0
Fuel economy, avg. (mi/gal) 18 20 18 " 12 10
Accident rate (no./veh-mi) 2 3 18 17 M 41

Source: HRB Proceedings, Table 1, pg. 509.
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¢ Gasoline consumption was higher on urban sections with no
access control (17.2 miles per gallon or 7.3 km per 1)
due to greater roadside friction and congestion when
compared to consumption rates on urban roads with full
access control (18.8 miles per gallon or 8.0 km per 1).

o The length of brake application per mile (per km) of
travel (expressed in seconds) was 5.74 seconds on urban
routes without access control compared with zero seconds
on urban roads with full control of access. Brake appli-
cation duration averaged 0.21 seconds on rural highways
with access control.

o Accident rates developed during this study and obtained
for two other studies are shown in Table 32 for urban and
rural facilities with various access control types. Gen-
erally, it was found that urban roadways with no control
of access had the highest accident rates. ‘

The results of the study suggest that differences in acci-
dent rates can be associated with degree of access control in
urban areas. More importantly, because accident and operational
data were collected and analyzed for the same roadway sections,
the data suggest a link between accidents and average speed,

gasoline consumption, and brake application duration (a human
factors measure).

Mayer, Peter A., "One-Way Streets”, Chapter 10, Traffic Control
and Roadway Elements, Highway Users Federation for Safety and
Mobility, Washington, D.C., 1971.

This report presents an excellent summary of studies con-
ducted to examine the safety effects of converting two-way
streets into one-way streets. Generally, the research studies
indicate that accidents can be reduced from 10 to 50 percent if
one-way streets are converted with adequate publicity, signing,
and enforcement. Initial operational and safety problems with
the conversion are usually resolved within the first six months
following implementation. It was also found that accident sever-
ity is generally reduced along with rear-end, sideswipe, turning,
parking, and pedestrian accidents. Research findings showing the
effects of one-way street conversion on accidents in New York

City, Washington, D.C., Oregon, and Michigan are given in Tables
33 through 36.

One-way street systems have generally been shown to improve
traffic operations and reduce accidents on urban streets, conse-
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Table 32. Comparison of accident rates as related
to access control.

of [of Urtan Mural

Full Accoss Comtrol

Twelve Caee Studies 207 49

Coanacticet Stody 81 n

Buresu of Public Roads Study 1 210
Partial Access Control

Twelve Case Studiea 200

Coanecticut Study 10

Bureau of Public Roads Study B 7
No Access C

Twelve Case Studies 443 3:

C

Bureau of Public Roads Study 8 407

The values in the table represent the aumber of sccidents
per 100 million vehicle-miles of travel.

Source: HRB 107, Table 13, pg. 60.
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Table 33. The effects of one-way street conversion
on accidents in New York City.

Sirest and Length Number of Accideats Tota) | Total lmum
Made One-Way Peried Angle | Rear Ead | Turning | Other |Pedestrian[Accidents | Injured | Rate’
Madison Avenve | Before 23 49 83 67 54 246 167 16.7,
e SL0 | After 23 | 34 | 24 | 4| 32 {158 100 | 93
5.7 miles Percent Change 0%| —319% | —49% | —33%! —41% | —36% | —40%|-4%
Fifth Avenve Before 4 65 68 84 63 326 19 | 204
Nashinglon $0. 1 After 38 | s3 | s2 | 13| e | 261 |15 | 137
6.5 miles Percent Change | — 5%| —18% | —23% | —13%| —29% | —18% | —18%|-32%
Before 63 114 121 151 117 572 357 18.6
Both Streets After 61 8 76 118 n 419 | 257 | 116
Percent Change |— 3% | —24% | —37% | —22%| —34% | —27% | —28% |-38%

* Accidents per million vehicie miles

SOURCE DATA FROM: “One-Way Major Arnerial Sueets,” by John A. ' Hi Research Board i
CE DA Ropor 93, 1967 (0. bl Bruce, Highusy Special

Source: Mayer, 1971 [48], Table 4, pg. 4.

Table 34. The effects of one-way street conversion
on accidents in Washington, D.C.

Intersaction MidBlock
Time Peried
(Years) Injury Total lajery Total
Two-Way 2 64 212 10 70
One-Way 2 50 175 12 70
Percent different from two-way -2% - 17% +20% 0
SOURCE: Q&m%mu&#*% 1] W‘. Wi .D.C." by C. Thomss Vas Vechiea,

Source: Mayer, 1971 [48], Table 5, pg. 4.
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Table 35. The effects of one-way street conversion
on accidents in six Oregon cities.

Time Period Nomber of Accident Percest
(Naars) Accidents Rate ' Reduction la Rate

Intersectional

Before One-Way 3 969 18.36

After One-Way 3 1024 13.52 264
Non-Intersectional

Before OneWay — 3 1069 20.27

AfterOneWay 3 833 11.64 425

* Accidents par million vehicle miles

SOURCE: ;',A” L o:lg)n-\\uy Sueet Routiags o8 Urban Highways in Orepon, by Orepon MHighway Department,
. P. .

Source: Mayer, 1971 [48], Table 6, pg. 5.

Table 36. The effects of one-way street conversion
on accidents on Michigan State highways.

Lansing Kalamazes
Location of Two-Way Streat to Twe-Way Street Two-Way Strest to Twe-Way Street
Accidents One-Way Street Ns Charge Ome-Way Strest Ne Change

Signalized Inte: =c: s

Before oL 69 L) 147 5

Affer 46 6! 125 S8

% Change - 333 + 109 — 150 + 36
Non-Signalized intersections

Before 36 2 19 2

After 38 K ] 21 0

% Change <+ 56 + 364 + 105 NS
Mid-Block

Before 65 4 180 /]

After 2 43 111 2

% Change — 508 - 23 — 383 - 83
Total Accidents '

Before 173 121 357 | 4

After 113 13U 267 0

% Change —____________ — 231 + 107 — 252 — 24
' Includes accidents other then those tabulsted by location.
* Mot significant.

R : of Way snd Two-Way St "oy
SOURCE DATA FROM ;lﬂ."‘“m.“:l.‘lm-mﬁ’m. wo-Way Streets.” by Nejod Eannca,

Source: Mayer, 1971 [48], Table 7, pg. 6.
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50.

quently, this type of change may be regarded as an effective
countermeasure. However, additional research is needed to deter-
mine the relationships between specific one-way street geometrics
and traffic conditions on accidents. This research would be

useful in identifying factors which enhance safety on these sys-
tems.

McGee, H.W., W.A, Stimpson, J. Cohen, 6.F. King, and R.F. Morris,
®*Right-Turn-On-Red: Volume I: Final Technical Report", prepared
for the Federal Highway Administration, Washington, D.C., May,
1976.

The objectives of the study were to examine the accident and
energy saving aspects of permitting motorists to turn right on
red at traffic lights. Accident data were collected and analyzed
in the States of Colorado and Virginia and in the cities of
Denver, Chicago, Los Angeles, and Dallas. Results of before and
after studies in these areas are summarized below.

e Accident frequencies do not appear to be significantly
influenced by permitting right-turn-on-red maneuvers.

o Accidents involving right-turn-on-red vehicles tend to be
less severe and have a lower property damage value than
other intersection accidents.

o Delay is significantly reduced by permitting right-turn-
on-red maneuvers,

Analysis of the accident data indicate agreement with other

researchers who concluded that right-turn-on-red does not in-
crease the accident frequency at signalized intersections.

McGuirk, William W. and Gilbert T, Satterly, Jr., "Evaluation of

Factors Influencing Driveway Accidents"”, Trans?rtation Research
Record 601, Transportation Research Board, Washington, D.C.,
978,

Because driveway related accidents were found to account for
almost 12 percent of the total arterial highway accidents, this
study was conducted to identify some of the characteristics of
driveway accidents and their relationship to physical, envi-
ronmental and traffic features of the roadway. Data were collect-
ed on 10 urban roadway sections in each of 10 Indiana cities
(100 sites) whose population exceeded 30,000 persons. Site speci-
fic roadway features data were collected in the field and acci-
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dent reports were obtained for the period January 1, 1968 to
December 31, 1971 (4 years). The total study length was 96.85 km
(60.18 miles) consisting of sections on one-way streets and
two-way roadways with two to four lanes without median dividers.
Stepwise multiple regression analysis was used to develop equa-
tions to predict driveway accidents for site specific conditions.
The data revealed the following conclusions.

Driveway accidents accounted for 13.95 percent of all
reported accidents on the study sections.

Of all driveway accidents, 71.62 percent occurred at
commerical entrances and 85.56 percent resulted in pro-
perty damage only.

Factors found to be significantly related to driveway
accidents were commercial driveways per mile (per km),
number of through lanes, average daily traffic, and the
total number of intersections per mile (per km).

For each commercial driveway added to an arterial street
an additional 0.1 to 0.5 driveway related accidents per
mile per year (0.06 to 0.31 accidents per km per year)
can be expected.

Countermeasures such as median barriers, zraffic signals,
left-turn lanes, turn prohibitions, and eliminating
driveways should improve highway safety on urban arterial
roadways.

The following regression equations were developed to predict
the number of driveway related accidents per mile per year.

Driveway accidents for one-way streets

Y = -1.592+8.996(X,)+0.179(X;5)-0.006(X;q)

R

+0.970(x24)+1 .096(X2)(X19)
-32.035(X2)(XZ4)
= (.86

132



51'

Yy = +21.45+0.641(x1)-11.070(X5)+0.216(X9)-0.378(X13)
+0.043(X15)-0.041(X17)
-0.053(Xp1)+0.060(X6) (X16)
-0.022(X1)(X16)+0.013(Xg) (X21)+2.475(Xe)
(X2)+0.119(X9){X13)+0.029(X9) (X16)

p2 = o.gd

A list of the variables and the range of the significant vari-
ables are given in Tabies 37 and 38 respectively.

Although the study data were limited to one state, the re-
sults indicate that site related geometric characteristics, i.e.,
number of lanes, traffic signals per mile {per km), intersections
per mile (per km), and parking contribute to accident occurrences
on urban arterial streets. Also, environmental features, i.e.,
area population, commercial versus residential driveways and
traffic factors, i.e., average daily traffic significantly influ-
ence driveway accidents on urban streets.

Moore, William L., Jr., and Jack B. Humphreys, “Sight Distance
Obstructions on Private Property at Urban Intersections”, Trans-

ortation Research Record 541, Transportation Research Board,
Easﬁ!ngﬁn, D.C., I97%.

The purpose of this paper was to examine problems encounter-
ed in removing sight obstructions on private property and to
develop a model ordinance for improving sight distances at urban
intersections. A synthesis of accident problems encountered due
to sight distance obstructions on private property is given in
the report. A before and after study conducted in Concord,
California revealed that accidents at five intersections
decreased by 67 percent (from 39 to 13) after sight distance
obstructions were removed.

The sample size is too small to permit generalization of the
results, however, it appears that the removal of sight distance
restrictions at urban intersections is an effective countermea-
sure in reducing traffic accidents.
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Table 37.

related accidents.

Index Description

Y Driveway accidents per mile per year

X, 1970 urban area population 1n hundred thousands

Xz 1969 average daily traffic volume in hundred thousands

X5 Street type: X, = 0 for one-way streets; X, = 1 for two-wa: streets

X, Roadway section speed limitl (mph}

X Curb-to-curb street wadth (ft)

Xe Number of through-traffic lanes

X Lane markungs: X, = 0 {or no lane markings; X, = 1 for lane mark-
ings visible

A Number of stop signs and red flashing traffic signa:s per mile

X Number of traffic signals per mile

Xio Number of yield signs and yellow flashing traffic sigmis per mile

X of J-way inter per mile

Xa of 4-way inter per mile

X of tota] inter per mile

X Number of alleys per mile

Xs of resid 1dr ys per mile

X of cial dr ys per mile

X Number of industrial driveways per mile

X Number of other driveways per mile

Xy Number of total driveways per mile

Xae Number of friction poiats per mile

X2y age Spacing dja dr ys ()

Xz Average spacing between driveways and adjacent intersection
logs ()

Xas. Xae Curb parking restrictions
Xos, Xos Curdb condition

Source: TRR 601, Table 4, pg. 70.

Table 38. Range of significant variables.

List of variables used to predict driveway

ample Variable Index Maximum Minimum Range

2 sections Driveway accidents per kilometer per year Y 11.0 0 17.0
Urtaa area papulation 100 000(X.) 744 624 31403 13 322
ADT 100 000(X,) 31 03¢ 1153 m;
Number of traffic lanes 1 3
Lane markings X, 1 [ 1
Traffic sigrals per kilometer Xe 13 [ 1.3
Total intereections per iilometer X 14.7 1.7 3.0
Alleys per kilometer } ) 1. [}
Commaercial driveways per kilometer Xu 4535 [}
ind 1al dr ys per kil X 1.7 [
Other driveways per kilometer Xu 13.8 [
Total driveways per kilometer X "1 10.1 8.0
Friction poists per kilometer Koo 1.0 2.0 E
Driveway «driveway spacing (meters) Xo, 9.5 1 3.0
Parking Xae 1 0 1

¢ two-way secticns  Driveway accidents per kilometer per year Y 1.0 o 11.0
Urtan ares papulation 100 000(X,; 744 824 31 €03 mm
Number of traffic lanes X 4 2 3
Traffic sigrals per kilometer X, $ (] S
Total inter T kil Xy . 1.7 1.2
Commercial driveways per kilometer t 45.3 [} 4.5
Iy dr ys per kil X 16.7 0 .7
Driveway-d:iveway epacing (meters) Xay 0.1 .7 314

Now: 1 amo 062 mie; 1m=320 N

Source: TRR 601, Table 5, pg. 70.
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Mueller, Edward A., and Woodrow K. Rankin, "Pedestrians®, Chapter
8 - Traffic Control & Roadway Elements, Highway Users Federation
for Safety and Mobility, Washington, D.C., 1970.

This study is a summary of research studies corducted on
pedestrian safety, In 1965, more than 65 percent of the pedes-
trian deaths occurred on urban roads in the United States. Fac-
tors which have been shown to affect pedestrian accidents include
alcohol content, roadway illumination, wet weather, and age of
the pedestrian. Countermeasures to improve pedestrian safety
include using one-way street systems, installation of traffic
signals and pedestrian signals, pedestrian grade separation,
11lunination, increasing pedestrian visibility, and strict en-
forcement of pedestrian regulations.

The report identifies several general factors which affect
pedestrian accidents and describes possible countermeasures to
reduce these accidents. Additional research data are needed,
however, to identify pedestrian problems and the effectiveness of

countermeasures at site specific features of urban arterial road-
ways.

Mulinazzi, T.E. and H.L. Michael, "Correlation of Design Charac-
teristics and Operational Controls with Accident Rates on Urban
Arterials®, Joint Highway Research Project, Purdue University,
Lafayette, Indiana, December, 1967.

This study was conducted to examine the relationships be-
tween design and operational controls on traffic accidents on ur-
ban arterial highways. Accident, volume, and geometric data were
collected for 100 sections of urban arterial roadways ranging in
length from 0.254 mile to 4.167 miles (0.41 km to 6.70 Km3 Ac-
cident data were collected for the three year period 1962 through
1965. Traffic volumes on the sections rarged from 1,200 to
32,000 vehicles per day. Sixty-eight of the sections were two-
lane urban roadways. A list of the 26 independent variables for
which data were collected is given in Table 39. Multiple linear
regression analysis was used to develop equations to predict the
accident rate (number of accidents per 100 million vehicle miles
or 160 million vehicles km) and the annual number of accidents
per mile (per km). Accident rate, as a dependent variable, was
eliminated because the independent variables explained less than
50 percent of the variability in the rate (R2<0.50). The
eguations for estimating the number of accidents rer mile had

values greater than 0.50 and are reported be ow for four
specific urban situations.
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Table 39. List of independent variables used to examire

relationships between design and operational controls on accidents.

Number

Variable Description

-~ [FCR O

[ IS N, |

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26

Average daily traffic on the arterial in thousands of vehicles

Number of intersections per mile (per km)

Number of heavy volume intersections per mile or km (intersections
with arterial streets)

Number of medium volume intersections per mile or km (all cross
streets except arterials and low volume Local)

Number of traffic signals per mile (per km)

Number of driveways per mile (per km?

Number of commercial driveways per mile (per km)

Number of medium and heavy volume commercial driveways per mile or
km (rated on basis of commercial activity)

Number of light volume commercial and residential driveways per
mile (per km)

Number of frictiorn points per mile (per km)

Street width (in feet or m

Number of moving lanes

Posted speed limit

Quality of signing (2,1,2) (poor, fair, good)

Quality of street markings (0,1,2) (poor, fair, good)

Parking allowed on one side only (0,1) (none or on one side)

Parking allowed on two sides (0,1) (none or on two sides)

Interseggional street lighting only (0,1) (none or intersec-
tiona

Continuous street lighting (0,1) (none or continuous)

Quality of street lighting (0,1,2) (poor, fair, good)

Number of four-way intersections per mile (per km)

One-way strect operation (1,0) (one-way, two-way)

Number of three-way intersections per mile (per km)

Urban design of pavement cross-section (0,1) (curbed, uncurbed)

Number of yellow flashers per mile (per km)

Ratio of commercial driveways per mile (per km) to total number of
driveways per mile (per km)

Source: Mulinazzi and Michael, 1967 [53], Table 2, pg. 11.
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e Using data from all 100 study sections

Y = -0.261 + 1.256(X]) + 3.909(X3) + 6.086(Xs5)

Where:

Y = Number of accidents per mile {per km) per yr

Xy = Average daily traffic on the section in thousands
of vehicles

Xq = Numhﬁr of heavy volume intersections per mile (per
km

Xg = Number of traffic signals per mile (per km)

RZ = 0.74

¢ Using data from the 35 low volume sections (ADT between
1,200 and 5,800).

Y = 3.789 + 0.252(Xg) + 10.032(X1¢)

Where:

Xg = Number of iieavy and medium volume commercial
driveways per mile (per km)

X1 = Parking allowed
RZ = 0.52

e Using data from the 32 high volume sections in
Indianapolis

Y = 1.630 + 7.222(X;) + 4.510(X21)

Where:

X3 = Nuﬂbsr of heavy volume intersections per mile (per
m

X1 = Number of 4-way intersections per mile (per km)
RC = 0.62

e Using data from the 68 two-lane sections..

Y = 0.894 - 1.754(X;) + 5.990(Xs)
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Where:

Xy = Average daily traffic on the section in thousands
of vehicles

Xg = Number of traffic signals per mile (per km)

RZ = 0.62.

The results of the analysis indicate that the following factors
have a significant effect on accident frequencies on urban
roadways.

On-street parking

Traffic signals per mile {per km)

High volume intersections per mile {(per km)

Average daily traffic

Number of heavily used driveways per mile (per km)
Number of intersections and driveways per mile (per km)
Quality of signing and pavement markings

Although the data were collected in only one state, the
results of the study indicate that accidents on wuban roadway
sections can be predicted with a reasonable degree of accuracy
from site specific geometric, operational, and envirommental
features. The applicability of equations developed should be
verified using current accident data and roadway features.

Nemeth, Zoltan A., "Development of Guidelines for the Application
of Continuous Two-Way, Left-Turn Median Lanes", Engineering

Experiment Station, Ohio State University, Columbus, Ohio, July,
976,

Before and after studies were conducted to evaluate the
effectiveness of continuous two-way, left-turn median lanes.
Three urban arterial routes in Ohio were selected for study.
Average daily traffic on the routes ranged from 12,940 to 17,610
vehicles per day. The improvements consisted of restriping a
two-lane roadway (which operated as four lanes) to accomodate two
through lanes and a two-way median lane; restriping a two-lane
highway to provide for two lanes with a left-turn median lane,
and remarking a four lane road to allow for four through lanes
and a left-turn median lane. Travel speeds, volumes, and traffic
conflicts data were collected before and after the improvements
were made at each site. Accident data were not obtained for this
study. At the site where four through lanes were restriped to
allow two through lanes and a left-turn median lane, the results
were increased travel times, increased weaving, and fewer traffic
conflicts. The restriping of a two-lane roadway to provide two
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through lanes and a median left-turn lane resulted in reduced
travel times and delays with some increase in average running
speed. Traffic conflicts were reduced by 37 percent in spite of
the fact that mainline volumes increased by 2.5 percent, cross
traffic volumes increased by 25.8 percent, and left-turns in-
creased by 16 percent. The restriping of a four-lane undivided
roadway to allow for four through lanes and a left-turn median
lane resulted in a slight increase in running speeds, however,
the increase was not statistically significant. Traffic con-
flicts were reduced.

Although the study did not include an accident analysis, it
was one of the few published reports that addressed operational
effectiveness and hazard potential reduction of implementing two-
way, left-turn median lanes on urban roadways. The report also
provides a comprehensive review of the literature pertaining to
median turn lanes, inciuding accident studies, and offers guide-
Tines for traffic engineers to use when considering the installa-
tion of a median turn lane. While the study data at three sites
are not sufficient to permit a statistical inference, the results
suggest that a two-way, left-turn median lane can improve travel
time and reduce conflicts created by left-turning vehicles.

Olson, R.M., G.D. Weaver, H.E, Ross, Jr., and E.R, Post, "Effect

of Curb Geometry and Location on Vehicle Behavior®", NCHRP Report
150, Transportation Research Board, Washington, D.C., 197X,

This investigation was undertaken to examine the effects of
vehicle behavior on 4- and 6-inch (10.2- and 15.2-cm) concrete
curbs and a special 13-inch (33.0-cm) curb. The 6-inch (15.2-cm)
curbs are commonly used on divided arterial routes in the U.S.
Eighteen full scale crash tests were conducted and simulation
impacts were made using the Highway Vehicle Object Simulation
Model. The major finding was that concrete curbs 6-inches
(15.2-cm) high or less do not redirect vehicles at speeds above
45 miles per hour (72 kph) and encroachment angles greater than
5 degrees.

The results of the crash tests suggest that 6-inch (15.2-cm)
concrete curbs commonly used on urban streets should not be used
if speeds are expected to exceed 45 mph (72 kph). An analysis of
crash data on urban sections with and without concrete curbs for
roadways exceeding 45 miles per hour (72 kph) would help estab-
1ish the magnitude and severitcy of the problem suggested by the
results of the crash tests. Comparative data for roadways with
vehicle speeds of less than 45 miles per hour (72 kph) would also
be useful to confirm the hypothesis that raised curbs do not pose
safety problems on these roadways.
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Parker, Martin R., Jr., "Guidelines For Selecting Median Treat-
ments for Urban Areas”, Compendium of Technical Papers, 49th
Annual Meeting of Institute o* Transportation Engineers, Toronto,
Canada, September, 1979.

The purpose of ¢the study was to develop a process for evalu-
ating the impacts of alternative median design treatments for
site specific conditions to enable selection of the safest and
most operationally efficient design. Accident data were collect-
ed for 50 urban roadway sections 1in 31 urban areas in Virginia
for the years 1975, 1976, and 1977. Geometric and operational
data were also collected for each study site. Median treatments
included in the investigation were raised medians with six-inch
(15.2-cm) concrete curbs, traversable median left-turn lanes, and
undivided roadways as shown in Table 40. All of the study sites
had four through lanes. Multiple linear stepwise regression
analysis was used to develop equations to estimate the impacts of
alternative designs on accidents and left-turn vehicle delay.
Dependent variables examined included annual number of accidents
per mile (per km), accident rate, accident severity rate, and the
delay in seconds per left-turn vehicle. The list of independent
variables is shown in Table 41 and the range of the independent
variables is shown in Table 42. The regression equations are
shown in Table 43.

Table 40. Median treatments studied in Virginia.

No. of Length,
Median Treatment Locations Miles
Raised (6-in, or 15.2-cm curbs) 19 28.22
Traversable
Two-way left-turn lane 13 12.24
Alternating left-turn lanes 3 2.06
Continuous left-turn lanes 1 0.87
Undivided 14 16.59
50 59.98

Note: 1 mile = 1.6 km

Source: Parker, 1979 [56].
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Table 41. Independent variables included in
the regression analysis.

Average daily traffic

Main line volume, in vehicles per hour, recorded during the
field studies

Average number of left-turns per hour

Number of signalized intersections per mile (per km)

Number of public streets per mile or per km (A four-way
intersection would be counted as two streets whereas a tee
intersection has only one street approach. The number of
approach legs at signalized intersections should also be
included.)

Number of driveways per mile or per km (including all
intersections except public streets)

Number of intersections per mile (per km)

Median opening. per mile or per km (applies only to raised
median projects)

Area population

Table 42. Range of independent variables.

Yarisble Symbel Range
Hinisus Maximup
S$4gnals per mile i 0.00 6.98
Average daily traffic ADT 5,460 33,5%0
Design hourly volume DMV 138 1,367
Drivevays per mile Dr. 12,42 116.36
Area population Pop 1,111 206,694
Strests per aile st 2.61 32.5%9
Nedian openings per mile Open S5.21 16.65

Source: Parker, 1979 [56], Table 7, pg. 76.
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Median Type
Raised

Traversable

Undivided

Table 43. Regression equations for predicting annual

accidents per mile and midblock left-turn delay.

Source: Parker, 1979 [56], Table 6, pg. 75.

The results of the analysis are summarized below.

Regression Equations !E
Ay = 8.040 Sig + 0.00155 ADT - 0.0228 Dr - 0.00000926 Pop ~ 12.718 0.73
Dp = -1.362 Sig + 0.0184 DHV - 0.205 Open- 0.0000312 Pop + 2.937 0.81
'AT = 5.432 Sig + 0.00173 ADT + 2.157 St - 0.0000058 Pop - 28.797 0.71
Dy = -0.525 sig + 0.0198 DHV -0.0676 Dr - 0.0000214 Pop + 0.920 0.7s
A“ = 3.055 Sig + 0.00212 ADT - 0.264 Sc + 0.557 Dr - 36.507 0.79
Du = =1,073 Sig + 0.0142 DHV + 0.367 Sc - 0.0000203 Pop - 3.177 0.57

Standard Error

10.29 acc/nile
3.37 seconds
20.77 acc/uile
2.74% seconds
13.40 acc/mile

3.0! saconds

e Mean accident rates are not significantly different for

raised, traversable, and undivided median sections. How-
ever, accident severity is significantly higher on undi-
vided roadways.

The type of median treatment influences the type of
collision based on the data provided in Table 44.

Factors which significantly affect the accident frequency
on urban roadways with raised medians are the number of
traffic signals per mile (per km) and the average daily
traffic.

Factors affecting accident frequency on wrban roadways
with traversable medians are the number of traffic si?-
2al:ﬁand streets per mile (per km) and the average daily
raffic.
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Table 44.

Category
Rear-end
Angle
Sidesvwipe
Read-on
Pedestzian
Bicycle
Fixed -object
Miscellaneous

U-turn accidents

Soruce: Parker, 1979, [56], Table 5, pg. 74.

Percent of collision type for each type

of median treatment.

Percent of Collisions

Raised

37.48
38.70
8.62
1.03
0.9
1.00
10.45
1.77
1.27

Traversabie

35.69
62.63
11.90

0.98
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Undivided

34.67
39.98
11.75
1.97
1.61
0.48
8.33
1.01
0.36

sSignificant
Differences,
= 0.05
None
Trav. greater
Raised lower
Undiv. greater
Rone
None
Raised grester
None

Raised greater




57.

e Factors affecting accident frequency on four-lane undi-
vided urban roadways include the number of traffic sig-
nals, streets, and driveways per mile (per km) and the
average daily traffic.

¢ Midblock left-turn delay was found to be affected signi-
ficantly by the number of traffic signals per mile (per
km), the area populaticn, the mainline hourly volume, and
the number of driveways and streets per mile (per km).

o The midblock left-turn delay was not significantly

related to the accident frequency for any median treat-
ment.

Further verification of equations should be made to test
their validity in other wrban areas. The equation developed for
predicting accidents per mile (per km) for traversable sections
was compared to the equation developed by Walton and Machemehl
using Texas data and the results appear to yield similar values.

Parker, Martin R., Jr., Robert F. Jordan, Jr., Jeffrey A.
Spencer, Melvin D. Beale, and Larry M. Goodall, "Right-Turn-on-
Red®, Virginia Highway & Transportation Research Council,
Charlottesville, Virginia, September, 1975.

The purpose of the study was to determine the energy and
accident effects of implementing the general permissive right-
turn-on-red rule at signalized intersections in Virginia. The
study included collection of delay and traffic conflict data and
accident data at 20 locations before and after right-turns-on-red
were permitted. While a statistically significant reduction in
delay time was found after right-turns-on-red were permitted, no
significant differences were detected in the accident frequency,
accident rate, or number of traffic conflicts. The data were
collected at rural and wurban signalized 1{ntersections in
Virginia, As a result of the findings, the General Assembly
adopted the general permissive rule on January 1, 1977.

The study results concur with the findings of other investi-
gators who found that implementation of right-turn-on-red maneu-

vers does not increase accident frequency at signalized intersec-
tions.
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59.

Post, Theodore, J., Robinson, H. Douglas, and Price, Harold E.,
®*A User's Guide to Positive Guidance", report prepared for the
Federal Highway Administration, Office of Traffic Operations,
Washington, D.C., June, 1977,

Positive guidance is the combination of traffic engineering
and human factors to develop a system of driver information about
a hazard so that accidents can be avoided. The concept is based
on the premise that information can be provided to the driver
when he needs it, and in a form he can use to enable him to avoid
an accident. This report is a user's guide giving step-by-step
instructions for applying the concept of positive guidance 1in
rural and urban highway situations. A case study of an urban
signalized intersection is presented to illustrate the procedures
involved in applying positive guidance to specific sites.

The user's guide presents a systematic method of integrating
human factors and traffic engineering to reduce accidents and
improve the operational efficiency of a location. The extent to
which the procedure is being used to identify safety deficiencies
and develop countermeasures in U.S. urban areas is unknown but
there have been some reported applications of the tecnnique.

Ricci, Leda, "National Crash Severity Study Statistics™, DOT-HS-
805-227, prepared by Highway Safety Research Institute For the

National Highway Traffic Safety Administration, Washington, D.C.,

October, 1979,

This report presents tabulations of crash data collected be-
tween January 1977 and March 1978 in seven wrban areas of the
U.S. The data were collected by investigators trained by the
National Highway Traffic Safety Administration. The report con-
tains only crashes for passenger cars and occupants which were
severe enough to require that the vehicles be towed from the
scene of the accident. Numerous tables and figures are given of
crash statistics including crash and injury distributions by
location, degree of urbanization, roadway type, time of day, road
condition, speed limit, and accident type. Also vehicle, occu-
pant, and severity tables are presented.

The statistics presented in the report were not used to
establish relationships between accidents and roadway features
but the data can be used to compare crash reports by accident

type, roadway type, etc. with accident data collect in other
urban areas.
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Roy Jorgensen Associates, “Cost and Safety Effectiveness of High-

way Design Elements®, National Cooperative Highway Research
Program Report 197, Transportation Research B'6arl(l, Easﬁ!ngfon,
ooy .

The purpose of this report was to develop a method of
assessing the cost and safety relationships for various design
elements. The report contains an extensive summary of accident
and design relationships for a variety of highway conditions
including urban arterials. However, only cost and accident rela-
tionships were developed for lane width, shoulder width, and
shoulder type for rural two-lane roads. Specific safety rela-
tionships noted in the report which pertain to urban arterial
highways are discussed in other sections of this bibliography.

Sawhill, Roy B. and Dennis R. Neuzil, "Accidents and Operational
Characteristics on Arterial Streets with Two-Way Median Left-Turn
Lanes", Highway Research Record 31, Highway Research Board,
Washington, D.C., 1963.

The purpose of this investigation was to examine the safety
and operational effects of using continuous two-way, left-tirn
median lanes on arterial roadways located in commercial and
industrial areas of Seattle, Washington. Before and after acci-
dent data collected at three sites werz examined. The study sec-
tions ranged in length from 0.46 to 1.49 miles (0.74 to 2.40 km)
and traffic volumes ranged from 15,800 to 27,500 vehicles per
day. Trends in accidents, accident rates, type of collision, and
accident severity were examined at the study sites.

An analysis of the accident data is provided below.

o Only 9.4 percent of the total accidents were re-
lated to the use of the median lanes.

o The median related accidents were less severe than
nonmedian accidents.

¢ The number of head-on accidents in the median lane
was negligible.

e At one site accidents decreased from 66.75 per year

to 49.5 per year, a reduction of 25.8 percent. Most
of the decrease was in rear-end accidents.

Analysis of the operational data revealed the following
results.
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® Motorists using the two-way, left-turn lane ranged
from 3 to 23 percent of the traffic.

o The beneficial effects of the median lane includ-
ad the following items.

a.! The lane provided a refuge area for pedestri-
ans,

b. Emergency vehicle movements were enhanced,
especially during peak hours,

¢. The lane permits space for detouring traffic
during utility work and street maintenance.

d. Few drivers used the median lane for passing
other vehicles.

This report is one of the {irst efforts to document the
effectiveness of constructing a continuous two-way, left-turn
median lane on arterial streets. The limited number of sites
examined does not permit general inferences, however, the data
indicates that safety and operational factors were enhanced at
the study locations after the median lanes were installed.

Shaw, Robert B. and Harold L. Michael, "Evaluation of Delays and
Accidents at Intersectfons to Warrant Construction of a Median

Lane”, Highwai Research Record 257, Highway Research Board,
Washington, U.C., . .

The purpose of this study was to examine the effects of a
left-turn median lane on delay time and accident rates. Delay
time and accident data were collected at 11 intersections located
in rural and suburban areas in Indiana. Traffic volumes at the
intersections ranged from 7,100 to 27,500 vehicles per day,.
Intersections were classified as suburban when the approach speed
was less than 45 miles per hour (72 kph). Accident data were
collected for a five year period from January 1961 through August
1965. The acriaent and delay data were analyzed by multiple

linear regression andlysis. The results of the analysis are
summarized below.

¢ Delay caused by left-turning vehicles was found to be
significantly related to the total hourly volume and the
number of left-turn vehicles per hour.
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e Shown in Table 45 are the independent variables examined
for predicting the accident rates at the rural and sub-
urban intersections.

¢ The equation developed for predicting the accident rate
caused by left-turning vehicles is given below.

Yas = 3.6203 - 1.1407(X7) + 1.2446(X12)
- 0.7723(X13) +0.0371(X14)

The multiple correlation coefficient is 0.74._ The vari-
ables explain approximately 55 percent (Rz) of the
variation in the number of accidents per million vehi-
cles caused by left-turning vehicles on a suburban
intersection approach. The significant variables
related to accidents are approach and opposing average
daily traffic, the number of approach lanes, the weekday
approach average daifly traffic and the total intersec-
tion average daily traffic.

e The installation of a median lane to provide storage
space for left-turning vehicles significantly reduces
delay time to through vehicles and reduces the accident
frequency.

The study results indicate that median left-turn lanes are
effective in reducing left-turning accidents and delay at subur-
ban intersections. Significant relationships were found between
accident rates, and the number of approach lanes and the average
daily traffic. The applicability of the results to urban arter-
ial streets is piausible because the locations used to develop

the findings for suburban intersections were located near metro-
politan areas.

Snyder, James C., “Environmental Determinants of Traffic Acci-
dents: An Alternate Model", Transportation Research Record 486
Transportation Research Board, Basﬁgngion, v.t., 1978,

The purpose of this study was to identify envirommental
factors related to traffic accidents. Accident and environmental
data were collected on 135 two-mile (3.2-km) segments in Oakland
County, Michigan. The county encompasses urban, suburban, and
rural environments. The accident data covered the years 1968

through 1970. Dependent variables analyzed were accident fre-
quency and accident rate per million vehicle miles (per 1.6 mil-

lion vehicles km) of travel. The independent varjiables were road
type, number of lanes, percent of population ages, popula-
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Table 45. Independent veriables examined for predicting
suburban and rural accident rates.

Number Varisble

Type of area, ssburbas or rural

Flasher (sop) controiled

Fixed-time controlled sicnalization

Semitratiic -actusted con:rslied signalisstion

Fully traffic-sctusted conirutled sigral izstion
Number of approach lanes

Wik of app L, y at the inter a, R

Width of opposing roadway af the intersection, R

Approach volume per hour at time the accidest occurred, vph
Opposing volume per hour at time the accident occurred, vph
Weekday spproach, ADT, wpd

Weekday sppr ADT plus weekday opposing ADT, vpé

Tatal iatersection weekday ADT, vpd

Ratio of approach volume per hour to capecity of approach direction
Ratio of oppoeing velume per iiour to cagacitr of opposing direction
Awrn‘wmh.nmmhamm
vehicle, &,/ 99¢

o s e et gt gt
NP PN OO N BAUN

Source: HRR 257, Table 6, pg. 27.
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tion density, percent of commercial frontage, percent of devel-
oped frontage, and value of homes. Multiple classification
analysis and regression techniques were employed to analyze the
data. The results of the analysis are summarized below.

® Accident frequency can be predicted from traffic volumes
and accident rates.

o Accident rates are best predicted from type of road,
intensity of road frontage development, and percentage of
the population between 16 and 24 years old.

The relationships developed in the study are of interest but
do not provide results that can be used by highway engineers to
influence traffic accident reduction. For example, the percent-
age of population between 16 and 24 years old may be related to
accidents, but this variable is clearly not controlled by the
traffic engineer. The other variables have also been identified
as accident related by several investigators.

Stark, Richard E., *Studies of Traffic Safety Benefits of Roadway
Lighting®, Highway Research Record 440, Highway Research Board,
Washington, D.C., 1973,

The purpose of this study was to examine some of the inves-
tigations undertaken to determine the relationship between i1lu-
mination level and accidents on urban streets and freeways. The

following dlscussmn pertains only to the studies related to
urban streets.

A study of 97 miles (156.1 km) of street relighting in
Kansas City, Missouri revealed that property damage accidents
were reduced by 4 percent, injury accidents by 18 percent and
fatal crashes by 28 percent. The study data are given in Tables
46 and 47, Based on the study findings, it has been suggested
that a serious night accident problem exists when the ratio of
night-day accidents is more than 1.5 times the average ratio for
similar locations or sections on the same system of roads and
streets. Also, it was found that approximately 25 percent of the
travel in urban areas occurs at night.

The study data tend to support the hypothesis that low
illumination levels are associated with high accident occurrenc-
es. Additional studies, however, should be undertaken to deter-
mine the specific effects of various illumination levels on acci-
dents, including the cost-effectiveness of each i{llumination
level.
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tion density, percent of commercial frontage, percent of devel-
oped frontage, and value of homes. Multiple classification
analysis and regression techniques were employed to analyze the
data. The results of the analysis are summarized below.

e Accident frequency can be predicted from traffic volumes
and accident rates.

¢ Accident rates are best predicted from type of road,
intensity of road frontage development, and percentage of
the population between 16 and 24 years old.

The relationships developed in the study are of interest but
do not provide results that can be used by highway engineers to
influence traffic accident reduction. For example, the percent-
age of population between 16 and 24 years old may be related to
accidents, but this variable is clearly not controlled by the
traffic engineer, The other variables have also been jdentified
as accident related by several investigators.

Stark, Richard E., "Studies of Traffic Safety Benefits of Roadway
Lighting”, Highway Research Record 440, Highway Research Board,
Washington, D.C., 19/3.

The purpose of this study was to examine some of the inves-
tigations undertaken to determine the relationship between iliu-
mination level and accidents on urban streets and freeways. The

following discussion pertains only to the studies related to
urban streets.

A study of 97 miles (156.1 km) of street relighting in
Kansas City, Missouri revealed that property damage accidents
were reduced by 4 percent, injury accidents by 18 percent and
fatal crashes by 28 percent. The study data are given in Tables
46 and 47, Based on the study findings, it has been suggested
that a serious night accident problem exists when the ratio of
night-day accidents is more than 1.5 times the average ratio for
similar locations or sections on the same system of roads and
streets. Also, it was found that approximately 25 percent of the
travel in urban areas occurs at night.

The study data tend to support the hypothesis that low
illumination levels are associated with high accident occurrenc-
es. Additional studies, however, should be undertaken to deter-
mine the specific effects of various illumination levels on acci-
dents, including the cost-effectiveness of each i{llumination
level.
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Table 46. Change in proportion of accidents at night on
relighted streets in Kansas City.

Belore After
Vehicles Night Nigit
per —eeee ———
Traffic Hour Accident Type Day Number Percent Day Number  Perceat
Light 150 to 500 Property damage 32¢ 201 40 388 200 %
Injury L34 45 4% 51 M  d
Fatality 3 3 80 2 1 3
Medium 500 to 1,200 Property damage 1,411 [ 1] 37 1,443 789 3%
Injury 192 210 (1] 183 138 41
Fatality 10 17 [ -] ] ) 45
Heavy 1,200 to 2,400 Property damage 47 323 4 472 340 L 1)
Injury A 96 (1] L] $1 [ 1]
Fatality 3 8 k] 2 4 7
Total Property damage 2,282 1,352 3 2,480 1,329 3
Injury 264 381 4 288 220 45
Fatality 16 28 “ 10 10 50

Source: HRR 440, Table 2, pg. 23.

Table 47. Fatal and injury accidents after major route
relighting in Kansas City.

Night Accidents
Lighting Day Accidents Before After Change
Level Route
mre) Miles Before After Number Percent Number Percert Number  Percest
0.2t0 0.39 38.7 00 [ 67 48 [ 4 +19 +28
0.410 0.59 40.8 126 » 173 8 “n 45 -91 -52
0.6t00.79 7.2 45 23 43 4% a3 80 -30 -41
0.0t0 0.0 8.9 81 38 2 70 L] “ -44 -8l

Source: HRR 440, Table 3, pg. 23.
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Stover, Vergil G., William 6. Adkins, and John C. Goodknight,
“Guidelines For Medial and Marginal Access Control on Major

Roadways®, National Cooperative H1¥hwa! Research Program Report
93, Highway Researc ard, Washington, U.C., .

The objective of this investigation was to develop guide-
lines for selecting the degree and type of access control for a
site specific roadway situation. The scope of the study was
Timited to a survey of the literature and state-of-the-art prac-
tices used in the states. The guidelines suggested for control-

1ing access on roadways in urban areas consisted of the follow-
ing elements.

¢ Minimum spacing requirements should be developed for sig-
nalized intersections i.e., 1,600 to 2,000 foot (488 to
610 m) spacing on primary arterial highways.

& Reduction or elimination of residential driveways. Om
secondary arterial roadways, minimum driveway spacing
should be one driveway per 200 foot (61 m) of frontage.

e A median width of 16 feet or 4.9 m (14 foot or 4.3 m
absolute minimum).

e A minimum spacing for median openings of 500 feet
(152.4 m),

® Prcvision of left-turn storage lanes at median openings.
o Use of a barrier curb to prevent crossing of the median.

¢ The use of a two-way, left-turn continuous median 1lane
was not recommended for arterial roads on a new location,
but they have applications on existing arterial high-
ways.

The guidelines developed by the researchers apply to the
control of access on urban arterials and if followed, may lead to
a reduction in accidents. However, the guidelines are vague in
specifying the choice of median type and other design features
based on site specific conditions. Also, the recommendation
concerning continuous two-way, left-turn median lanes does not
appear to be based on the results of research data.
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Telford, Edward T. and Rudolph J. Israel, “Median Study
(California)®, Highway Research Board Proceedings, Thirty-Second
Annual Meeting, VoT. g!. Washington, D.C., 1953.

The abjective of this report was to examine the influence of
various median treatments on accident frequency. Accident data
were collected for a two year period (1947-48) on suburban and

rural highways in California. Only the results of the study
pertaining to suburban roadways are discussed below.

A total of 90 miles (145 km) of suburban roadways were
included in the study. The median types consisted of undivided
roadways, paved traversable, curbed, and barrier type medians.
A1l intersection accidents were eliminated from the accident data
base. The results of the investigation are summarized below.

e Narrow deterring medians, including medians with curbs
had lower accident rates than other median treatments.

@ The accident rates on undivided roadways did not differ
substantially from the accident rates on divided roadways
for the volume conditions studied.

The sample size on suburban roadways was too small to deter-
mine if there was a statistically significant difference in mean

accident rates for the median types included in the investiga-
tion. :

Terry, D.S., and Arthur L. Kassan, "Effects of Paint Channeliza-
tion on Accidents®, Traffic Engineering, Institute of Traffic
Engineers, Washington, D.C., Ue—cher. 13 .

This study was conducted to determine the effectiveness of
paint channelization (left-turn lanes and medians) on an uwrban
arterial roadway in Los Angeles. A 1.14-mile (1.83-km) roadway
was evaluated using an 18-month before and after period of study.
Also, two adjacent streets were selected as experimental control
sections. After the left-turn lanes and median were painted on
the study section, total accidents decreased from 129 to 85; an
annual reduction of 31 percent which was statistically signifi-
cant. Also significant were reductions in left-turn accidents
(42 percent) and rear-end accidents (50 percent). Injury acci-
dents decreased by 40 percent from 95 before the improvement to
57 after the change. e authors concluded that painted channel-

ization was effective in reducing accident and injury crashes on
urban arterial streets.
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The authors are one of a very limited number of traffic
safety investigators who used control sections to determine the
effectiveness of a traffic control feature on urban roadways.
The results appear to confirm the findings also reported by other
investigators, however, because only one site was studied it was
not possible to examine the effects of other variables, i.e.,
number of streets, signals, driveways, etc. on accidents.

Thomas, Richard C. “Continuous Left-Turn Channelization and Acci-
dents", Traffic Engineering, Vol. 37, No. 3, Institute of Traffic
Engineers, Hasﬁinggon, D.C., December, 1966.

The objective of this study was to examine the relationship
between accidents and continuous directional left-turn lanes on
urban arterial streets in Denver. The study scope was limited to
a one-year before (1961) and one-year after (1963) accident ana-

lysis on a 4-mile (6.4-km) urban street carrying four lanes of
traffic. The results of the investigation are given below.

¢ Rear-end type accidents decreased by 52 percent at loca-
tions which previously had no left-turn lanes.

e There was a 22 percent decrease in injury accidents on
the four-mile (6.4-km) study section.

o Total accidents for the entire prnject were »educed by
20 percent (462 accidents in the before period and 368 in
the after period).

Based on the study findings, the installation of painted
channelized left-turn lanes on major arterial streets appears to
reduce total accidents and injury crashes. The sample size is
too small to permit the identification of other variables, i.e.,
driveways, average daily traffic, etc. which may also have a
significant effect on accidents.

Torres, J.F. "The Effects of Street Geometrics and Signalization
on Travel Time and Their Relationships to Traffic Operations

Evaluation®, Highua; Research Record 211, Highway Research Board,
Washington, D.C., .

The purpose of this study was to examine the relationships
between travel time on urban arterial streets and specific street
characteristics such as geometrics and signalization. The objec-

tive of the research was to develop a methodology that could be
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used to evaluats the effects of roadway improvements on traffic
operations based on simple measurements of roadway features.
Geometric and operational data were collected on 158 street
sections in 7 U.S. cities. Variables collected included volume,
pavement width, signal density, speed zoning, and travel time.

The results of the analyses indicated that signal density
has a highly significant (statistical) effect on travel time.
Lane width, percent of green time, and parking also affect travel
time but to a much lesser extent that signal density. A metho-
dology is suggested which can be used to estimate the effects of
pavement width, signal density, and volume on travel time.

While accident data were not used in the study, the rela-
tionships found between travel time and signal density help pro-
vide a link to understanding relationships found between acci-
dents and signal density on urban streets. Thus, hypotheses
linking geometric roadway features to operational and accident
measures can be formulated. Although the methodology for predict-
ing travel time based on easily obtained geometric features is a
desirable product, the use of the procedure given in the paper
does not appear to have received widespread use as an evaluation
tool. Further research combining the expected values of accident
and operational measures based on site specific geometric and
environmental characteristics would be an extremely valuable tool
for evaluating the effects of alternative countermeasures.

Walton, C. Michael and Randy B. Machemehl, “Continuous Two-Way
Left-Turn Median Lanes: An Effective TSM Option®, Cangendim of

Technical Papers, 49th Annual Meeting, Institute of Transporta-
on Engineers, Toronto, Canada, September, 1979.

The purpose of this study was to identify relationships and
characteristics of accidents associated with left-turn lanes and
to develop guidelines for selecting median treatments. Regres-
sion techniques were used to examine relationships between acci-
dents and site characteristics. Study sites were aggregated into
sections of 0.4 miles (0.64 km) in length to provide homogeneous
sections. All data were collected on urban roadways in the State
of Texas. The following equation was developed to predict the
annual number of accidents per mile for site specific conditions
on four-lane highways with continuous two-way, left-turn median
1anes.

Accidents/mile = -43.5 + 0.00203(ADT)+0.000175(City Population)
+0.491 (Number of Driveways/mile or km)
+9.20(Number of Signals/mile or km)
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The standard error of the estimate is 33 accidents/mile (or km),
the F value is 34 and the value of R¢ = 0.75. Estimates of the
number of accidents per mile (per km) for four-lane urban sites
with two-way, left-turn median lanes and various site character-
istics are given in Table 48.

The results of this investigation indicate that urban arter-
1al accident rates are significantly affected by the number of
traffic signals per mile (per km), the number of driveways per
mile (per km), the city population, and average daily traffic.
Data were also collected for raised median sections, however, the
data were limited and did not permit the development of compar-
able regression equations. Operational data, (i.e., lateral
placement and maneuvering distance data) were collected and the
analyses of these factors indicated that two-way left-turn median
lTanes 11 and 12 feet (3.4 and 3.7 m) in width had no significant
adverse effect on traffic operations, however, lane widths of
15 feet (4.6 m) and more created some driver confusion.

The guidelines for estimating accident frequencies for con-
tinuous two-way, left-turn median projects will assist designers
and traffic engineers in determining the benefits of using this
design feature, however, the user is cautioned to use data within
the range of the variables used to develop the regression equa-
tions. Unfortunately, these values are not given in the report.
Also, other sources must be consulted to estimate benefits of
using alternate designs such as raised grass medians with 6-inch
concrete curbs.

Webb, 6.M. "The Relation Between Accidents and Traffic Volumes at

Signalized Intersections", Proceedings, Institute of Traffic
Engineers, Washington, D.C:, 1955, ’

This study was conducted at 97 signalized intersections in
rural, suburban, and wrban locations in California to examine the
relationships between accidents and traffic volumes. The results
of the analysis are summarized below.

¢ Three-way intersections have fewer accidents with lower
posted speeds and more accidents with higher posted speed
limits.
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Table 48. Estimated accidents per mile on two-way,
left-turn median sections.
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e Skewed intersections had fewer accidents than cross-type
intersections. Seven of the eight semi-urban skewed
approaches had 43 percent fewer accidents than the
straight leggyed approaches.

e Intersection approaches on curves had more accidents than
approaches with straight sections. Three of the inter-
sections (two semi-urban and one rural) with curved
approaches had 30 percent more accidents than the
straight legged approaches.

While the results may delineate general relationships, the

sample size is too small to permit establishment of statistically
valid conclusions.

Wootan, C.V., H.G. Meuth, N.J. Rowan, and T.G6. Williams, "A
Median Study 1in Pleasanton-Baytown-San Antonio, Texas®, Texas
Transportation Institute, Texas A&M University, College Station,
Texas, August, 1964.

This study was conducted to examine the effect of installing
a raised curbed median on traffic operations, safety, and the
economic activity of local businesses. Three urban sites located
in a large, medium, and small town were selected for investiga-
tion. Before and after traffic and accident data were collected
and analyzed. The data indicated that after the median was
installed, there was a significant reduction in rear-end colli-
sions involving vehicles making left-turns. There was an in-
crease in accidents involving drivers making improper lane
changes and an increase was reported in fixed-object crashes. In
the San Antonio study, total accidents were reduced from 234 to
72 (69 percent) in a one-year before and one-year after period.
Personal injury accidents decreased from 40 to 14 (65 percent).
The overall effect of the raised median at the study sites was a
reduction in traffic accidents.

The study reports provide a comprehensive review of economic
and operational effects that are influen.ed by installing a
raised median on an urban arterial street. While there was a
significant reduction in accidents due to the installation of the
median, the data and number of sites studied are too limited to
identify the specific effects of other variables, i.e., signals,
driveways, etc. on accident experience,
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Wright, Paul H. and King K. Mak, “Statistical Analysis of Single
Vehicle Accident Relationships*, Traffic E@iineerigg, Yol. 46,
No. 1, Institute of Transportation Engineers, Arlington,
Virginfa, January, 1976.

The objective of this study was to identify relationships
between single-vehicle, fixed-object accidents and roadway
features on two-lane urban roadways. Accident and geometric data
were collected on 45 sections of two-lane roadway in Atlanta,
Georgia. Each section was approximately one mile (1.6 km) in
length., The accident data were obtained for a three year period.
The dependent variables investigated were single-vehicle,
fixedobject accident rate per mile (per km) per year and the
singlevehicle, fixed-object accident rate per million vehicle
miles (per 1.6 million vehicles km). The roadway and traffic
variables and socio-economic varijables are shown in Table 49.

Correlation and factor analysis and stepwise multiple linear
regression analysis was used to examine relationships between the
variables. The correlation coefficients for the roadway and
socio-economic variables are given in Tables 50 and 51. Develop-
ment of a regression equation to predict the off-road accident
rate per million vehicle miles (per 1.6 million vehicle km)
revealed that average daily traffic, number of curves greater
than 4 degrees, and the population density explain 45 percent of
the variation in the accident rate. Details of the model are
shown in Table 52.

The resuits of the study indicate that single-vehicle,
fixedobject accidents are significantly related to average daily
traffic, horizontal curvature, and population density. However,
the equations developed do not account for a majority of the
variance in accidents and should not be used to predict accident
rates on two-lane urban roads. Also, the relation between
accidents and population density is of little value as an

independent variable because it cannot be controlled through
roadway design or traffic regulations.

legeer, Charles V., "Identification of Hazardous Locations on
City Streets," Research Report 436, Bureau of Highways, Division
of Research, Lexington, Kentucky, Wovember, 1975.

The purpase of the study was to develop a method for identi-
fying hazardous locations in cities with a population exceeding
2,500 persons. Accident data for 1974 were supplied by
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Table 49. Road&ay. traffic and socio economic variables
used to identify relationships between single vehicle,
fixed-object accidents and roadway features.

Roadway and Traffic Varijables

><
[
L}

Average daily traffic (ADT)

XZ = Total pavement width

X3 = Speed limit (mph or xph)

.X4 = Number of intersections per mile (per km)

Xg = Number of driveways per mile (pér km)

Xg = Horizontal alinement (No. of curves >4°)

X; = Horizontal alinement (Avg. degree of curve for curves >4°)

Xg = Vertical alinement (percent of roadway with gradient >4 percent)
Xg = Vertical curvature (percent per station)

X10 = Number of discrete objects 0-5 ft. (0-1.6 m) from
pavement edge

X1 = Cogtinuous objects 0-10 ft. (0-3.1 m) from pavement
edge

Socio-Economic Variables

w
—
[]

Population density (persons per square mile or square km)

[74]
~N
H

Oriving population (percent of persons 16 years and older)

wn
w
L]

Percent of Negro population

(%]
F
]

Number of housing units per square mile (per square km)

(7]
w
L]

Annual median income per housing unit

(%]
(-
"

Median number of automobiles per housing unit

w
~
[}

Median number of years of education

w
[« -]
"

Percent of employment

Percent driving to work

O
L}

Source: Traffic Engineering, Vol. 46, No.l
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Table 3. Correlation coefficient matrix for roadway
and traffic variables.

Varieble 1 3 3 4 K3 ] [ [] 10 1
1 1.00 0.33 0.48 0.14 0.21 -0.26 -0.25 -0.28 -0.26 ~-0.01 -0.17
ADT

2 1.00 0.38 -0.05 0.06 -0.23 -0.22 -0.11 ~-0.06 0.23 -0.05
Pavement Width

3 1.00 -0.21 -0.25 -0.29 -0.30 -0.15 -0.09 -0.48 0.21
Speed limit '

4 1.00 0.30 -0.09 -0.22 -0.07 ~0.01 0.35 -0.06
Number of Intersections

S 1.00 -0.22 -0.18 0.06 0.15 :35* ~0.40
Nunber of Driveways

6 1.00 0.5 ©0.10 0.12 0.08 -0.08
Musber of cruves > &°

7 1.00 0.22 0.12 0.21 0.05
Degree of curve for curves > 4°

8 1.00 0.68 0.17 0.31
I roadway with gradient > 4°

9 1.00 0.16 0.19
Vertical curvature
10 1.00 -0.30
Discrete objects, 0-5'
11 1.00

Continuous objects, 0~10'

Source: Wright and Mak, 1976 [73], Table 1, pg. 13.
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Table 51. Correlation coefficient matrix for
socio-economic variables.

Varisble 1 2 3 [ S (] 7 [ 9

1 1.00 -~0.01 0.36 0.9% -0.59 ~0.73 =-0.52 0.11 -0.74
Population density

2 1.00 -0.59 0.28 0.34 0.37 0.47 0.0 0.44
Driving population

3 1.00 0.15 -0.48 -0.55 -0.43 0.30 -0.66
Negro population

4 1.00 -0.49 -0.61 -0.38 0.17 -0.58
Housing density

5 1.00 0.85 0.91 -0.50 0.72
Annual income per family

6 1.00 0.83 -D.12 0.9
Number of automobiles per family

7 1.00 -0.24 0.22
Years of education

8 1.00 -0.00
Z employment

9 1.00

% driving to work

Source: Wright and Mak, 1976 [73], Table 5, pg. 20.
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Table 52. The relationship between off-road accidents per MVM
and roadway, traffic and socio-economic characteristics.

4+ 0.0001 5, +1.75

Yz « -0.000097 !1 + 0.15 26 1

Variables in Eguacior

Variasble Coefficieat Standard Error
x. ADT ~0.000097 0.000024
Xs. Nunber of curves > 4° 0.15 0.083
31. Population density 0.0001 0.000061

¥ Ratio = 10.93 R = 0.67

Mulciple Correlation Coefficient lz = 0.45

Standard Error of Estimation «0.73

Source: Wright and Mak, 1976 [73], Table 9, pg. 26.
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69 Kentucky cities for analysis as snown in Table 53. The average
number of accidents and the critical number of accidents for
arterial street midblocks and intersections was determined for
six population groups and the results are shown in Table 54,

The study provides an effective method of iddentifying
hazardous midblock and intersection locations on wrban arterial
highways. The average and critical numbers shown in Table 54 are
useful for purposes of comparing frequencies obtained in ather
urban areas, however, these values should only be used as a
guideline as the data were obtained only in Kentucky. While the
method can be used to identify hazardous locations, it cannot be
used to identify specific accident problems or geometric, opera-

tional, environmental, and human factor elements that may have
contributed to the hazard.

Table 53. Population groups of citfies.

POPULATION NUMBER OF
GROUP POPULATION CITIES
1 Over 200,000 1
2 50,000 to 200,000 3
3 20,000 to 50,000 7
4 10,000 to 20,000 15
s 5,000 to 10,000 28
6 2,500 to- 5,000 43

Source: Zegeer, 1975 [74], Table 1, pg. 4
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Table 54. Average and critical accidents on
arterial collector streets.

691

ANNUAL ACCIDENTS CRITICAL ACCIDENTS
POPULATION PER LOCATION PER LOCATION®
GROUP
MIDBLOCKS INTERSECTIONS MIDBLOCKS INTERSECTIONS

1 50 102 11 19
2 4.1 6.6 10 14
3 r N 4.5 7 10
4 1.5 24 5 7
5 1.0 1.9 4 6
6 08 1.2 4 4

*Computed from A, = A, + 2.576VA, + 1/2

Source: Zegeer, 1975 [74], Table 5, pg. 7.



APPENDIX C - SAMPLING PLAN AND DATA COLLECTION PROCEDURE
Introduction

The major efforts of this research included the selection of study
sites representative of the population of urban arterial roadways, the
collection of detailed roadway elements and ~rcident data, and extensive
analyses of these data. To accomplish the study objectives, a comprehen-
sive systematic process was proposed. The process included a sampling
plan which outlined the criteria that was used to select the study sites;
a data collection plan which identified the variables that were collected
and procedure that was followed during the data collection activities; and
an analysis plan which described the mathematical techniques that were
used to0 analyze tne data., The details of each of the sampling plan nd
data collection procedure are discussed in the following sections of this
appendix to provide guidance to highway officials and future researchers
who are interested in the processes used to develop the study results or
to those who wish to conduct other analyses using the computerized data
base.

Classification of Urban Arterial Roads and Streets

Prior to the devlopment of a sampling plan it was necessary to define the
basic characteristics of an urban arterial roadway. While roadways are
often classified both functionally and administratively in urban areas,
there is no widely accepted standard for differentiating between an wrban
arterial highway and another type of urban street. Based upon guidelines
used in other studies, the following general criteria were used in this
research to identify urban arterial streets [1,2,3,]*.

e The roadway must be a signalized surface street or part of a net-
work of signalized surface streets which operate as a system, as
opposed to a series of isolated signalized intersections.

e The roadway must provide service for major portions of through
traffic. '

o The roadway must serve the major activity centers'of a metropoli-
tan area, be a high volume travel corridor and give priority
service to long distance urban trip desires.

* The numbers in bracket identifies the publications provided on the
reference list in this appendix.
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¢ The roadway must carry a high proportion of total urban area vehi-
cular travel,

o The roadway must serve a major portion of the vehicle trips either
entering or leaving the urban area, central business district, or
trips within the urban area or between major urban centers, and or
intersect major rural roads at the metropolitan boundary.

¢ Urban freeways, expressways, and other limited access highways are
excluded for the purposes of the study.

The selection of urban arterial highways within the context of the
study must provide a set of roadways from which a sample suitable for data
collection and analysis can be drawn, and provide a basis for the explana-
tion of a portion of the accident variance occurring on wban arterials.,

Because there is a wide range of arterial highway facilities classi-
fied as arterial, the criteria must be structured in a manner such that
identification of urban arterials can occur without difficulty and result
in an adequate number of miles of roadway to ensure that all variables
that describe the safety characteristics are respresented.

The classification of arterials was based upon the following charac-
teristics.

1. City Population
2., Facility Type
3. Land Use

These characteristics were stratified in the following manner.

1. City Population

e Large - population over 250,000 persons
e Medium - population between 50,000 an 250,000 persons
o Small - population between 2,500 and 50,000 persons

2. Facility Type

¢ One-Way

o Two-Lane/Two-Way

e Multilane Divided
o Multilane Undivided

3. Land Use
® ‘Industrial and Commercial
® Residential
® Vacant
o Other Land Use
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The advantages of this scheme include the following items.

o The three-level scheme describing the characteristics of urban
arterial streets does not contain a burdensome rumber of cells.

e The characteristics represent discrete rather than continuous
values. The discrete chara-teristics minimize the arbitrary
setting of boundaries within the classification scheme.

e The classification scheme will facilitate identification of
arterials within each class, enhancing the probability that every
class will contain a sufficient sample.

e By defining a preliminary hypothesis that there will be statisti-
cal differences in +the acciuent characteristics between the
classes, the scheme provides a basis for beginning an analysis of
accident experience for urban arterial roads,

The characteristics selected in the classification sche- were chosen
because of their reported relationships with accidents. The relationships
between accidents and city population, and accidents and type of facility,
and access control are shown in Tables 55 and 56, and in Figure 7. These
data also imply that some accident variance can be explained by the stra-
tifications within these roadway characteristics.

Samg]ing Plan

The purpose of sampling is to collect a manageable amount of data
which is representative of the population. To perform an unbiased and
reliable analysis of the population of national urban arterial roadway
accident experience, it 1is necessary that a sample data set satisfy
several constraints including the following:

1. It must represent a cross section of the United States in terms
of various regional, climatological, and terrain conditions.

2. It must have an adequate number of data points for each of se-
veral logical categories to be derived from urban area popula-
tion, type of land use, location within the urbanized area, and
type of facility. .

3. The error of estimate should be within acceptable limits.
4. It should also meet the target values of fatal accidents, injury

accidents and property damage accidents as specified in the
Contreact.
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Table 55.

Motor vehicle accidents, deaths,
and injuries by city population, 1974,

Property Deaths
Fatal Injury Damage

City Population Accidents Accidents Accidents Injuries No. | Rate**
Total 40,200 1,200,000 14,400,000 1,800,000 46,200] 21.9
Urban 15,000 770,000 10,400,000 1,050,000 16,000} 11.4
Over 1,000,000 1,800 150,000 2,000,000 200,000 1,900] 10.2
250,000-1,000,000 2,800 150,000 2,300,000 200,000 3,000 12.3
100,000-250,000 2,100 110,000 1,600,000 150,000 2,200 14.5
50,000-100,000 1,900 110,000 1,400,000 150,000 2,0001 11.3
10,000-50,000 3,700 150,000 2,050,000 200,000 4,000 9.6
Under 10,000 2,700 100,000 1,050,000 150,000 2,900% 13.1

**Deaths per 100,000 population

Source:

Accident Facts-1975, National Safety Council, Chicago, Illinois




Table 56. Relationship between city population
and traffic fatalities.

Deaths/100,000 Deaths/10,200

City Population Population IRegistered Vehig;:;==
Over 1,000,000 10.1 2.8
750,000-1,000,000 11.4 2.5
5¢,000-750,000 12.8 2.5
350,000-500,000 14.0 2.4
200,000-350,000 13.3 2.1
100,000-200,000 11.9 2.0
50,000-100,000 9.7 1.6
25,000-50,000 9.3 1.5
10,000-25,000 10.9 1.6
Over 200,000 . 11.73

50,000-200,000 10.68

2,500-50,000 9.94

Source: Accident Facts-1975 Natfonal Safety Council 1]
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Figure 7. Predicted accident rates for various roadway
types and access conditions. .
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To meet the above criteria, the first decision should have involved
the random selection of the study cities. However, the study cities were
tentatively selected by the Federal Highway Administration. Representa-
tives of 25 candidate urban areas volunteered for this study, and it was
decided, based upon practical reasons, to include each of these areas in
the study. Preliminary review of the data availability and other factors
resulted in the selection of the following urban areas - Boston,
Charlottesville, Detroit, Toledo, Lansing, Kalamazoo, Saginaw, Big Rapids,
Fort Wayne, Zanesville, Milwaukee, Rochester, Minneapolis, Topeka, New
Orleans, San Antonio, Seattle, Santa Fe, Longmont, san Francisco,
Milpitas, Coronado, La Mesa, Los Gatos, and Lafayette.

The following are the regional classifications of the candidate urban
areas:

Northeast - Boston

Southeast - Charlottesville

North Central - Detroit, Toledo, Lansing, Kalamazoo, Saginaw, Big
Rapids, Fort Wayne, Zanesville, Milwaukee, Rochester,
Minneapolis, Topeka

South Central - New Orleans, San Antonio

Northwest - Seattle

Southwest - Santa Fe, Longmont, San Francisco, Milpitas, Coronado, La
Mesa, Los Gatos, Lafayette

The following are climatological classifications:

Northern - Boston, Charlottesville, Detroit, Toledo, Lansing,
Kalamazoo, Saginaw, Big Rapids, Fort Wayne, Zanesville,
Milwaukee, Rochester, Minneapolis, Topeka, Longmont

Temperate - New Orleans, San Antonio, Seattle, Sante Fe, San
Francisco, Milpitas, Coronado, La Mesa, Los Gatos,
Lafayette

The following are terrain classifications:

Generally Flat - Boston, Detroit, Toledo, Lansing, Kalamazoo,
Saginaw, Big Rapids, Fort Wayne, Milwaukee,
Rochester, Minneapolis, Topeka, MNew Orleans, San
Antonio, Santa Fe, Coronado, Lafayette

Generally Hilly - Charlottesville, Zanesville, Seattle, San
Francisco, Milpitas, Longmont, Los Gatos
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The sites were preselected based on the willingness of the city
representatives to participate, and wnile the sample of urban areas se-
lected for the study may not statistically unbiased, it does include a
wide variation of city types, city sizes, regional classifications, clima-
tological conditions, and terrain classifications. This bias should not
affect the study results, since it is anticipated that accident relation-
ships will be more dependent on traffic, geometric, environmental, and
other factors than on geographic location.

A roadway length of 0.1 mile was selected as the unit base for data
collection and analysis. Data on the characteristics of every 0.1 mile
roadway section in the study sites will be collected in the field or
extracted from data files, maps, or other sources. The accident data was
also recorded for each 0.1 mile of the roadway under study. The variables
may then be evpressed in terms of accidents per unit, such as accidents
per mile or per 0.1 mile segment.

A1l cities used in this study were required to have at least 3 years
of accident records available. The Contract specified that the sample for
this study should include at 1least 1,000 fatal accidents, since fatal
accidents are the rarest type of accident. If this requirement is satis-
fied, it is expected that the total data set will contain the required
number of injury and property damage accidents. Based on the unit sample
concept presented in the technical proposal, a minimum of 2,002 miles of
arterial roadway would be needed to obtain the required 1,000 fatal acci-
dent sample for a three-year period. The distribution of these samples
are shown in Table 57 for various city sizes.

Table 57. Required miles of arterial roadway.

City Population

50,000 to 2,500 to -
over 250,000 250,000 5,000 Total

Total Miles 702 676 624 2,002

A review of the candidate cities was conducted to determine the aver-
age number of miles of arterial street per city within each city size
category. The review process consisted of map examinations, discussions
with city traffic engineers, and site visits. A1l major streets, county
primary roads, State highways, and Federal routes, (except freeways or
expressways), were considered to be urban arterial roadways. The average
miles of urban arterials per city were 35C miles (large cities), 55 miles
(medium cities), and 10 miles (small cities). '
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Based on average mileage data, an estimate was made of the number of
cities which would be required to meet the minimum mileage requirements
(2,002 miles), as determined by the unit sample approach. The minimum
mileage requirement (based on 3 years of accident data from Tabie 57) was
divided by the average number of arterial miles for each city size cate-
gory. The required number of cities is shown in Table 58.

Table 58. Required number of cities.

. Number of Years of Accident Data
City Size 1 Yr. Acc. Data 3 Yr. Acc. Data
Large 6 2
Medium 36 12
Small 186 62

Only 25 urban areas were available to the research team for data
collection based on the requirement of a computerized accident reporting
system and the interest of the cities in participating in the study. These
25 included 10 large cities, 5 medium cities, and 10 small cities. The
number of required small (62) and medium (12) size cities is larger than
the number available (10 small and 5 medium cities). Thus, the use of the
originally proposed sampling plan would not result in a fatal accident
sample of adequate size if data collection was constrained by the total of
25 communities.

As an alternative, a sampling strategy based solely on arterial mile-
age was developed for this study. The research team believes that a mile-
age based sample should be used instead of an accident based sample, since
the use of an accident based sample could lead to biased results. The use
of an accident based samplie could lead to the selection of those sites
exhibiting unusually high levels of accidents, in order to meet the sample
requirements. Selection of an inordinate number of high accident loca-
tions would lead to inaccuracies in conclusions made as a -esult of the
analysis. The objective of this mileage based sampling plan is to assure
that the number of accidents within each arterial classification cell will
be adequate to achieve a predetermined level of confidencea. This is
accomplished using the standard sampling algorithm for samples randomly
selected from a normal distribution. It is the assumption that the fre-
quency of occurrence of accidents is normally distributed across the 0.1
mile sample sections, as shown in Figure 8.

The number of units to be selected can then be determined from the
following equation:
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Frequency

Mean

Number of Fatal Acc./Segment/Year

Figure 8,

Assumed distribution of accident frequency.
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Where:

n = sampla size, which is the minimum number of units (a 0.l-mile
highway segment) required in the sample (with the average number

of fatal accidents per unit being normalized ard set equal to
1),

K = the number of standard deviations about the mean, which corre-
sponds to the desired confidence level,

0 = the standard deviation of the number of fatal accidents per
mile,
e = the limits of the tolerable error.

The use of the above algorithm requires that certain parameters be
prespecified. A level of confidence of 95 percent has been chosen for this
application, which corresponds to a K value of 1.96 for the above equa-
tion. Also, the relationship between o (the standard deviation), and e
(the limits of tolerable error) is critical. For this analysis, e is set
at the level of 0.5 times o. Setting e at this level means that the
total tolerance is equal ta one half the standard deviation, which is a
conservative estimate. Substituting the atove values yields:

n* = (3.84) x 02 =15.4
(.5 )

Using 0.1667* fatal accidents per mile, the minimum number of 0.1 mile
roadway segments necessary for each classification cell is 15/0.1667=90
segments (0.1 mile each) or 9 miles.

Therefore, a sample which contains 15 fatal accidents for each
classification cell is required. However, the use of the sampling plan
would result in a total sample of only 810 fatal accidents, where 810 is
the product of 15 fatal accidents per cell multiplied by 54 classification
cells. Based on an annual fatal accident rate of 0.1667 fatal accidents

per mile*, this sample will require data from 4859 mile-years of arterial
roadway.

To obtain a sample with a minimum of 1,000 fatal accidents, it would

be necessary to utilize (1,000/810) or 1.23 times the minimum number of
sample units.

* Source: National Safety Council, “"Accident Facts", 1977.
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That is, 4,859 miles x 1.23 = 5,998 mile-years of roadway must be
sampled.

Therefore, the total number of road miles required to meet both the
minimum sample size requirement for a 95 percent confidence level, and a
1,000 fatal accident minimum is 5,998 miles for a single year of accident

"data, or 1,999 miles using 3 years of accident data.

Based on the estimate of arterial road mileage and the number of
candidate cities, the total number of arterial road miles from which to
sample is 3,875 miles, distributed as follows.

10 small cities at 10 miles each
5 medium cities at 55 miles each
10 large cities at 350 miles each

100 miles
275 miles
3,500 miles

Total Miles

3,875 miles

A comparison of the total number of miles available and the required
sample indicates that there are enough miles of total arterial roadway to

sample, but the mileage is not distributed uniformly across city size
groupings.

To maintain the best possible distribution by city size for the 1,999
miles of sample roadway, the 10 small cities and the 5 medium cities
should be sampled at the 100 percent level. This will contribute 375 miles
of roadway to the sample. The remaining 1,624 miles will be sampled from
the large cities. With 3,500 total arterial miles in large cities, only
46 percent of available mileage for large cities will be necessary:

(1,624 miles/3,500 miles) x 100 = 46 percent
Based on this distirbution of sample miles, the miles per city are
given by city size group in Table 59.

Table 59. Sample miles per city.

Estimated Avg.
City Number Of Available | Total Miles| Percent | Miles
Size Cities Avg. Miles | Arterial To Be Of Miles | Per
Group | Available Per City Miles Sampled Sampled | Civy
Large 10 350 3500 1624 46 162
Med ium 5 55 275 275 100 55
Small 10 10 100 100 100 10
Total 25 -— 3875 1999 52 -
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Using a fatal accident rate of 0.5 accidents per mile per 3 years and
a sample of 1,999 arterial road miles, 1,000 fatal accidents can be
expected from the sample. Assuming a ratio of fatal to injury accidents
of 1 to 30 and fatal to property damage of 1 to 360, as taken from
National Safety Council Accident Facts, it is anticipated that aout
30,000 injury accidents and about 360,000 property damage accidents will
be in the sample data set collected.

As part of the analysis of the street networks for available cities,
an estimate of the distribution of the arterial road miles within the
classification plan was made. The results of this analysis are presented
in Table 60, which gives the expected distribution of mileages based on
the average mileage for each city size. The total number of miles by cell
that will be sampged in this project is given in Table 61.

The selection of candidate arterial roadway segments from the large
cities will be made using random number tables. This process included:

e Establishing a roadway segment selection rule. For exemple, all
candidate roadway segments can be sequentially arranged and tested
against a random number generated or selected from a statistical
table, If, for example, the random number is odd the roadway seg-
ment will be selected. If the number is even the roadway segment
will be rejected. The process will be continued or each city
until the reguired number of roadway samples have been obtained.

As the sampling of road miles reaches a conclusion, each cell within
the classification plan will be reviewed and a check will be made as to
the sample size within each, At that time, the confidence level for each
cell will be determined.

There is still some uncertainty as to the total number of fatal acci-
dents that will be includea in the sample, since the sampling plan was
based on certain assumptions. For example, the assumption was made that
the rate of 0.1667 fatal accidents per mile was applicable across all city
sizes and all arterial classifications. I[f the assumption is not valid,
the sample will not contain the prescribed 1,000 fatal accidents.

In calculation of the number of sample units required, the assumption
was made that each year of a three year accident history on a unit segment
of roadway constituted an independent sample point. Thus, when determining
the sample size to be used, the assumption was made that the same of the
three years of data would be condensed for this analysis. It is antici-
pated that these minor assumptions will not result in a biased sample. In
fact, they are of much lesser significance than the lack of an adequate
number of sample miles from small and medium size cities - a factor which
was not within the control of the research team.
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Table 60. Estimated number of miles available from

25 candidate cities*.

1 Way 2 Ln Multi Ln
& Div. | 2 Way 2 Vay
10 Large City .
Industrial & Commercial
CED 140 140 420
FR o4 24 252
oL 56 5€ 158
Residential & Vacant
CBD &4 e4 252
FR 105 105 315
oL 231 231 693
5 Medium City
Industrial & Commercial
c8D 16.5 16.5 49.5
FR 7.0 7.0 20.5
oL 4.1 4.1 12.5
Residential & Vacant
CED 4.0 4.0 12.5
FR 7.0 7.0 20.5
oL 16.5 16.5 49.5
10 Small City
Industrial & Commercial
CBD 9.0 9.0 27.0
FR 1.8 1.8 5.0
oL 1.2 1.2 4.0
Residential & Vacant
CBD 1.2 1.2 4.0
FR 2.0 2.0 6.0
oL 4.8 4.8 14.0

* Derived from the current candidate cities.




Tatrle 61. MNimber of miles from candidate cities
using three years accident data.

1 Kay 2 Ln Multi Ln
& Div. | 2 Way 2 Way
Large City
I‘ndustr'ia'l & Commercial
Cel 4.4 64,4 1093,2
FR 38.€ 38.6 115.9
0L 25.8 25.8 77.3
Pesidential & Vacant.
cad 38.6 38.6 115.9
. FR 4.3 48.3 144.9
oL 106.3 106.3 318.8
‘ a
Medium City.
Industrial & Commercial
CBD 16.5 16.5 49.5
FR 7.0 7.0 20.5
oL 4.1 4.1 12.5
Residential & Vacant
c8D 4.0 4.0 12.5
FR 7.0 7.0 205
oL 16.5 16.5 49.5
Small City
Industrial & Commercial
¢
CBD 9.0 9.0 27.0
FR 1.8 1.8 5.0
oL 1.2 1.2 4.0
Residential & Vacant
C8D 1.2 1.2 4.0
FR 2.0 2.0 6.0
Q! 4.8 4.8 14.0
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Accident Data Sources

The data analysis performed in this study requires the accumulation
of accident data from a number of candidate city locations. This accumu-
lation necessitates a procedure whereby accident data from variables
sources is reformatted into a standard form. In addition to the accident
information, the final data record will contain the associated roadway and
environmental characteristics pertaining to the particular 0.1 mile
segment .

The existence of a computerized accident inventory system greatly
enhances the task of data collection. If accidents are located by a node
and/or mile point convention, it is rather easy to select the accidents
for a particular section of arterial roadway. Generally, accident data is
entered into a computerized inventory system through the following proce-
dure as shown in Figure 9,

Source Document

The source document, accident report, is prepared by the officer
investigating the accident. Generally, the location of the accident
is identified by specifying the county, city, or township and the
distance and direction from some reference point.

Data Review

Accident reports are collected at a centralized 1location and
reviewed. This review process assures that the form is complete as
prepared by the officer and in some cases, allows for the addition of
supplemental information. This additional information may dinclude
such data as street type, node designations, 1link designations,
roadway defects, etc.

Data Entry

Upon completion of the review, the accident reports are transferred
to computer media, either punched cards or magnetic tape and sub-
mitted for processing.

Processing

Based on the design of the inventory system, a variety of processing
. may be performed on the accident reports at this time. Systems that
utilize a geographic location file will access that file and generate
the corresponding location appendix for each accident. Generally,
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Accident

STEP A. Report

Manual

STEP B.- Review

STEP C. Keypunch

A 4

Location

STEP D. Processing

Report
Processing

(Source Document)

(Data Entry)

"Master
Accident
File"

Reports

Figure 9. Computerized accident inventory procedure.
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some reformating and data expansion is also accomplished during this
task. The last step of this procedure provides for the merging of
each accepted and located accident to the Master Accident File.

Regorts

After the Master Accident File is formed, there are a variety of
reports which may be generated from the data base. Many times these
reports make use of supplemental information such as; volume files,
roadway configurations, traffic characteristics, and driver files.

The data analysis for this study required roadway segments of 0.1
mile. The data records come from the Master Accident File of & computer-
ized system (Step D above). Additionally, the records would contain a
unique roadway identity and some form of mileage point indication. Avail-
ability of data records containing the above information would require the
least amount of additional processing. Initially, all that would be

required is one program to reformat the records into a single standard
record format.

Accident records available only from Step C (Data Entry), requires
extensive time and manual processing. Each record had to be altered to
include the information necessary to assig1 the accident to a particular
0.1 mile roadway segment. In addition to Jeveloping programs to alter the
data, man-hours were expended determining the correct street identity and
Tocation distance. These records were processed through a program to
reformat the data into a single standard record format.

In the worst case, accident data were obtainable only from Step A
(Source Document) or Step B (Data Review). Extreme effort had to be
expended verifying the source document and supplying additional informa-
tion such a standardized 1location information (both street names and
distances). In both cases, the source document must be key punched and
verified prior to the processes explained for Step C.

Clearly, with the volume of data anticipated (some 100,000 accidents)
it is desirable to obtain all accident records from a computerized Master
Accident File. The data available from each of the candidate cities was
reviewed and classified to it's acceptance in terms of the above steps.
To this end, a preliminary form was developed to document and classify the
accident data available from each candidate city. A sample form is
included as Figure 10. Further, refinement and procedural steps were
needed for those cities where data is available only form Steps A, B or C.
A summary of the accident data availability for the cities contacted in

this study is provided on the following accident data classification
forms.
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ACCIDENT DATA CLASSIFICATION

City: Date:
1. .How many years of accident data exist?
2. Is a record description (format) available?
3. Does G&4G have a copy of the record description (format)?
4. How is the location of the accident defined? (Describe)
5. 1Is there a unique code (node number of link #) relating
to the accident location?
6. Is a distance from a reference point (node) avajlable?
7. 1Is the file available on magnetic tape (1600 bpi)?
8. Indicate Step data is available from:
7« Source Document
B. Data Review
C. Date Entry
D. Past Location Processing
9. Is further investigation of manual processing warranted?

Figure 10, Accident data classification.
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1.
2.
3.

4,

5.

6.
7.
8.

9.

ACCIDENT DATA CLASSIFICATION -

city: _Mmz_pg) MreH Date: _ 5-7-21.

How many years of accident data exist?
Is a record description (format) available?
Does G&G have a copy of the record description (format)?

How is the location of the accident defined? (Describe)

Sye
_yes

ve
’

‘D-"—‘)[om.s- r»rvl Dires~ime ‘Crom J‘n-{am/m\- /nulé

de( nﬂAHQ‘ﬁ:;ﬁ» 4¥OF‘A‘+ %é grn ol snd

MALT

Is there 2 unique code (node number of link #) relating
to the accident location?

Is a distance from a reference point (node) available?
Is the file available on magnetic tape (1600 bpi)?
Indicate Step data is available from:

A. Source Document

B. Data Review

C. Date Entry

D. Past Location Processing

Is further investigation of manual processing warranted?

185

ho



ACCIDENT DATA CLASSIFICATION

City: LcM:? INITecH Date: __ s-3-) ¥

1. How many years of accident data exist? _ K
2. 1Is a record description (format) available? 1ves
/

3. Does G4 have a copy of the record description (format)? Yes
4. How is the location of the accident defined? (Describe)

MALT

5. Is there a unique code (node number of link #) relating

to the accident location? \ve ¢
6. Is a distance from a reference point (node) availabie? #__
7. 1s the file available on magnetic tape (1600 bpi)? ;@ S

8. Indicate Step data is available from:
A. Source Document
B. Data Review
C. Date Entry
D. Past Location Processing o)

9. 1Is further investigation of manual processing warranted? AO

186



City: .Zyd_&k, Moo b  Date: 2229

1.
2.
3.

4.

5.

6.
7.
8.

9.

ACCIDENT DATA CLASSIFICATION

How many years- of accident dgta exist?

Is a record description (format) available?

Does G&G have a cop& of the record description (format)?
How is the location of the accident defined? (Describe)

57704

Y e

»

Is there a unique code (node number of link #) relating
to the accident: location?

Is a distance from a reférence point (node) available?
Is the file available on magnetic tape (1600 bpi)?
Indicate Step data is available from:

A. Source Document

B. Data Review

C. Date Entry

D. Past Location Processing

Is further investigation of manual processing warranted?
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ACCIDENT DATA CLASSIFICATION

City: S..a Y. ) MreHd Date: £ - 25
1. How many years of accident data exist? _ 5
2. Is a record description (format) avaflable? yes
3. Does G& have a copy of the record description (format)? 74,‘4
4. How is the location of the accident defined? (Describe)
MiL7
5. Is there a unique code (node number of 1ink #) relating
to the accident location? _ﬁ}&.

6. Is a distance from a reference point (node) available? _IVC_S_ .
7. 1s the file availablé on magnetic tape (1600 bpi)? 'ggs
8. Indicate Step data is available from:

A. Source Document

B. Data Review

C. Date Entry

D. Past Location Processing O
9. Is further investigation of manual processing warranted? ro
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City: 4 ;¢ C Date: ;2?— 2f
1. ‘How many years of accident data exist?
2. 1ls a record description (format) available?
3. Does G&G have a copy of the record description (format)?
4. How is the location of the accident defined? (Describe)
MAL
S. 1Is there a unique code (node number of T1ink #) relating
to the accident location? ’
6. Is a distance from a reference point (node) available?
7. 1Is the file available on magnetic tape (1600 bpi)?
8. Indicate Step data is available from:
A. Source Document
B. Data Review
C. Date Entry
D. Past Location Processing
9. Is further investigatiu: of manual processing warranted?

ACCIDENT DATA CLASSIFICATION
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ACCIDENT DATA CLASSIFICATION

S-* .

City: @; i pids mrcH

1.
2.
3.

8,

5.

6.
7.
8.

9.

How many years of accident data exist?
Is a record description (format) available?
Does G& have a copy of the record description (format)?

How is the location of the accident defined? (Describe)

Wil T

Is there a unique code (node number of link #) relating

to the accident location?

Is a distance from a reference point (node) available?
Is the file available on magnetic tape (160N bpi)?
Indicate Step data is available from:

B.
C.
D.

Is further investigation of manual processing warranted?

Source Document

Data Review

Date Entry

Past Location Processing
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ACCIDENT DATA CLASSIFICATION

City: _&m,ucl._. MTeH Rate:  $=2-95
1. How many years of accident data exist? v
2. 1Is a record description (format) available? v
3. Does G& have a copy of the record Jescription (format)? Zr £
4., How is the location of the accident defined? (Describe)
ML —
5. Is there a unique code (node number of link #) relating
to the accident lYocation? Vadi
6. Is a distance from a reference point (node) available? vas
7. Is the file available on magnetic tape (1600 bpi)? e
7

8. Indicate Step data is available from:

A. tzurce Document

B. Data Review

C. Date Entry

D. Past Location Processing 2
9, Is further investigation of manual processing warranted? 7
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City: L,m;ﬁvﬁ Ay et Date: _ 6 2- 74
1. How many years of accident data exist?
2. 1Is a record description (format) available?
3. Does G& have a copy of the record description (format)?
4. How is the location of the accident defined? (Describe)
VW™
5. Is there a unique code (node number of 1ink #) relating
to the accident location?

6. Is a distance from a reference point (node) available?
7. Is the file available on magnetic tape (1600 bpi)?
8. Indicate Step data is available from:

A. Source Document

B. Data Review

C. Date Entry

D. Past Location Processing )
9. Is further investigation of manual processing warranted?

ACCIDENT DATA CLASSIFICATION
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ACCIDENT DATA CLASSIFICATION
City: E“..'..s fove s Yk Date: _ ¢ 2- 21
1. How many years of accident data exist? wd
2. Is a record description (format) available? Jos
3. Does G&G have a copy of the record description (format)? >

4. How is the location of the accident defined? (Describe)

MELr

5. Is there a unique code (node number of link #) relating

to the accident location? LZs
/
6. Is a distance from 2 reference point (node) available? 7*515_____
7. 1s the file available on magnetic tape (1600 bpi)? YA

8. Indicate Step data is available from:
A. Source Document
g. gata Review _
. Date Entry
D. Past Location Processing ' o)

9. 1Is further investigation of manual processing warianted? Ad
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City: _Aov e Date: _ - 2-7f
1. How many years of accident data exist?
2. Is a record description (format) available?
3. Does G&G have a copy of the record description (format)?
4. How is the location of the accident defined? (Describe)
peL 7
5. Is there a unique code (node number of link #) relating
to the accident location?
6. 1Is a distance from a reference point (node) available?
7. Is the file available on magnetic tape (1600 bpi)?
8. Indicate Step data is available from:
A. Source Document
B. Data Review
C. Date Entry
D. Past Location Processing )
9. Is further investigation of manual processing warranted?

-

ACCIDENT DA¥A CLASSIFICATION -
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City: Oake Rk e Date: S-*77
1. How many years of accident data exist?
2. Is a record description (format) available?
3. Does G&G have a copy of the record description (format)?
4. How is the location of the accident defined? (Describe)
WAL~
S. Is there a unique code (node number of link #). relating
to the accident location?
6. Is a distance from 2 reference point (node) available?
7. Is the file available on magnetic tape (1600 bpi)?
8. Indicate Step data is available from:
« Source Document ‘

B. Data Review

C. Date Entry

D. Past Location Processing
9. Is further investigation of manual processing warranted?

ACCIDENT DATA CLASSIFICATION
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ACCIDENT DATA CLASSIFICATION

City: Iy Mz pate: <727/
4 7
1. How many years of accident data exist? L
2. 1Is a record description (format) available? Yot
/
3. Does G& have a copy of the record description (format)? ,/_g,--
4. How is the location of the accident defined? (Describe)
2070 T
5. Is there a unique code (node number of link #) relating
to the accident location? 47,
6. Is a distance from a reference point (node) available? p‘f’—'z‘_
7. Is the file available on magnetic tape (1600 bpi)? Vi
7
8. Indicate Step data is available from:
A. Source Document ’
B. Data Review
C. Date Entry
D. Past Location Processing ‘ >}
9. Is further investigation of manual processing warranted? A
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ACCIDENT DATA CLASSIFICATION

City: - %/)'1;/:;-6:.9-4&:_ 7’/'7);, 4 Date: T S5=7%
1. How many years of accident data exjst? ) ‘// 3 '
2. Is a record description (format) available? |
v
3. Does G&G have a copy of the record description (format)? /1 ¢
4. How is the location of the accident defined? (Describe)
Dochas o DA =t S A
5. Is there a unique code (node number of link #) relating
to the accident location? ld 2
6. Is a distance from a reference point (node) available? Ve
7. Is the file available on magnetic tape (1600 bpi)? .
J
8. Indicate Step data is available from:
A. Source Document
B. Data Review
C. Date Entry
D. Past Location Processing )
9. Is further investigation of manual processing warranted? /5

Roproauud from
best available copy.
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5.

6.
7.

8.

ACCIDENT DATA CLASSIFICATION

< 1

Date: 5 - ¥-7i

How many years of accident data exist?
Is a record description (format) :>ilable?
Does G&G have a copy of the record description (format)?

How is the location of the accident defined? (Describe)

y !
/k'l/,l' v nar-ﬁ;_,

,; =

A cC

Is there a unique code (node number of 1ink #) relating
to the accident location?

Is a distance from a reference point (node) available?
Is the file available on magnetic tape (1600 bpi)?
Indicate Step data is available from:

A. Source Document

B. Data Review

C. Date Entry

D. Past Location Processing

Is further investigation of manual processing warranted?
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City: ';r 7gwe\j(" ( Date: 5_—"5 -75

l.
2.
3.

4.

5.

6.
7'
8.

9.

ACCIDENT DATA CLASSIFICATION

D. Past Location Processing

Is further investigation of manual processing warranted?

How many years of accident data exist? i :_\7 ]
Is a record description (format) available? (Lo '
Does G&G have a copy of the record description (format)? | A’
How is the ‘locatlon of the accident defmed? (Describe)
f7"f/, { DY Y
// IA-/ ’-"IO " :~"’E ‘.J"—— i
Is there a unique code (node number of link #) relating
to the accident location? TR
v
Ts a distance from a reference point (node) available? Lo
v/
Is the file available on magnetic tape (1600 bpi)? M
Indicate Step data is available from:
A. Source Document
B. Data Review
C. Date Entry 5




('.
City: coede, 7 A 0

1.
2.
3.

4.

9.

ACCIDENT DATA CLASSIFICATION

How many years of accident data exist?
Is a record description (format) available?
Does G&G have a copy of the record description (format)?

How is the location of the accident defined? (Describe)

Date: (—J "/;’;

=
"

e
L i m

7

i o .'/) r— 17.; Jt bﬂm -

o/

Is there a unique code (node number of link #) relating
to the accident location?

Is a distance from a reference point (node) aveilable?
Is the file available on magnetic tape (1600 bri)?
Indicate Step data is available from:

A. Source Document

B. Data Review .

C. Date Entry

D. Past Location Processing

Is further investigation of manual processing warranted?
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City: 21. /ym g; e

"1,
2.
3.

4.

5.

6.
7.
8.

9.

ACCIDENT DATA CLASSIFICATION

Wi S consing Date: __ 5.9-29
How many years of accident data exist? SO
Is a record description (format) available? \ A
Does G& have a copy of the record description (format)? N
How is the location of the accident defined? (Describe)
'anf;f,/', '.".ﬁr'a é
QZP/L 1 Sj-:x/'j’ ,° '/4-“1
—‘L/'.” & z - /\ v Q. W¢-/~c~ Y
Is there a unique code (node number of link #) relating
to the accident location? D=
‘ . 7=

Is a distance from a reference point (node) available? -
Is the file available on magnetic tape (1600 bpi)? 7
Indicate Step data is available from:

A. Source Document

B. Data Review

C. Date Entry

D. Past Location Processing C
Is further investigation of manual processing warranted? _)z_g____
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City: [ fedo oL Date: _5—-*+79

1.
2.
3.

4.

5.
6.
3
8.

ACCIDENT DATA CLASSIFICATION

How‘many years of accident data exist?

Is a record description (format) available?

Does G&G have a copy of the record description (format)?
How is the location of the accident defined? (Describe)

/

-

—

,/‘/'
ATy s el

f'/'5-+ - Sl e —tn 4";
Is there a unique code (node number of link #) relating
to the accident location?
Is 2 distance from a reference point (node) available?
Is the file available on magnetic tape (1600 bpi)?

Indicate Step data is available from:
A. Source Document
B. Data Review
C. Date Entry
D. Past Location Prucessing

Is further investigation of manual processing warranted?
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ACCIDENT DATA CLASSIFICATION

City: %—ML Nonrp. Tad Date: §-7-72¢
v G
1. How many years of accident data exist? /
2. 1Is a record description (format) available?
3. Loes G& h ipti ? .
ave 2 copy of the record description (format) 2]
4. How is the location of the accident defined? (Describe)
4 I4 '
,/’;‘.._4 . l',‘{CL
5. Is there a unique code (node number of link #) relating
to the accident location? “
6. 1Is a distance from a reference point (node) available? ??
7.7 Is the file available on magretic tape (1600 bpi)?
8. Indicate Step data is available from:
A. Source Document
g. gata_Review
. Date Entry
D. Past Location Precessing
9. 1s further investigation of manual processing warranted? 7}‘_'&_
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ACCIDENT DATA CLASSIFICATION

City: Ewoi/lc_ Oho Date: S’Q =
1. How many years of accident data exist? .
2. Is a record description (format) available?
3. DNoes G&G have a copy of the record description (format)?
4. How is the location of the accident defined? (Describe)
5. Is there a unique code (node number of link #) relating
to the accident location?

6. Is a distance from a reference point (node)'available?
7. 1Is the file available on magnetic tape (1600 bpi)?
8. Indicate Step data is available from:

A. Source Document

B. Data Review

C. Date Entry

D. Past Location Processing
9. Is further investigation of manual processing warranted?
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1.
2.

5.

6.
7.
8.

9'.

ACCIDENT DATA CLASSIFICATION

205

" City: .’2%[';7‘3\ ‘Z’/A.Qh ‘Date: 4'_,\’-7/
How many years of accident data exist? )
Is a record description (format) available? Vo
Does G&G have a copy of the record description (format)? X
How is the Tocation of the accident defined? (Describe)
:7.-‘1//—& e 4 Oq»‘r'vﬂ.:/.tl”(f(k
Is there a unique code (node number of link #) relating
to the accident location? A
. / Al’

Is a distance from a refererce point (node) available? , .
Is the file available on magnetic tape (1600 bpi)? =
Indicate Step data is available from:

A. Source Document

B. Data Review

C. Date Entry

D. Past Location Processing C
Is further investigation of manual processing warranted? o frT



ACCIDENT DATA CLASSIFICATION

City: ga-«ﬁ'i-» y/ Date: oy
1. How many years of accident data exist? A
2. Is a record description (format) available? ;,'4-'_
3. Does G4 have a copy of the record description (format)? 2.
4. How is the location of the accident defined? (Describe)
,t/u' k i cr{f/
5. Is there a unique code (node number of 1ink #) relating
to the accident location? Ve

6. Is a distance from. a reference point (node) available? d O
7. Is the file available on magnetic tape (1600 bpi)? bl
B. Indicate Step data is available from:

A. Source Document

B. Data Review

g. ID’::: Egggion Processing C
9. Is further investigation of manual processing warranted? V-—A“
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ACCIDENT DATA CLASSIFICATION

City: S'--A ;ff--ah;,-- Co. Date: _4 - -/f
1. How many vears of accident data exist? 2
2. Is a record description (format) available? L
3. Does G&G have a copy of the record description (format)? :;Ag/
4. How is the location of the accident defined? (Describe)
N AV
5. 1Is there a unique code (node number of link #) relating
to the accident location? 7
6. Is a distance from a reference point (node) available? 7
7. Is the file available on magnetic tape (1600 bpi)? ~
8. Indicate Step data is available from:
A. Source Document
B. Data Review
C. Date Entry
D. Past Location Processing
9. Is further investigation of manual processing warranted? b=
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ACCIDENT DATA CLASSIFICATION

City: Saz‘f't (., Date: 5—5-24
1. How many years of acciden* data exist? 5
2. s a record description (format) available? 1
3. Does G&G have a copy of the record description (format)? “om
4. How is the location of the accident defined? (Describe)
- ﬂ:'—[i r e ('{(
5. Is there a unique code {ndae number of link #) relating
to the accident location? 2 L ot
':,
6. Is a distance from a reierence p2int (node) available? s
7. Is the file available on magnetic tape (1600 bpi)? ) P
8. Indicate Step data is available from: "
A. Source Document
B. Data Review
C. Date Entr: .
D. Past Location Processing K.
9. -\’/[/

Is further investigation of manual processing warranted?
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ACCIDENT DATA CLASSIFICATION

City: '/./Ql' 1’:‘\ -~ Kr’q.l 5 Date: '; M $\" \':;
= Xy .
1. How many years of accident data exist?
2. 1Is a record description (format) available?
3. Does G& have a copy of the record description (format)?
4, How is the location of the actident defined? (Describe)
.4/’;'—]’? et
5. 1Is there a unique code {node number of link #) relating
to the accident locatfon?
6. 1Is a distance from a reference point (node) available?
7. 1Is the file available on magnetic tape (1600 bpi)?
8. Indicate Step data is available from:
. A. Source Document
B. Data Review
C. Date Entry
D. Past Location Processing
9. 1Is further investigation of manual processing warranted?
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City: ;7/1LJL (’M,

1.
2-
3.

4.

6.
7.

9.

ACCIDENT DATA CLASSIFICATION

Date:

'~

How many years of accident data exist?
Is a record description (format) available?
Does G& have a copy of the record description (format)?

How is the location of the accident defined? (Describe)

7£=)

/
// ;. f" ('-‘F' <

Is there a unique code (node number of link #) relating
to the accident location?

Is a distance from a reference point (node) available?
Is the file available on magnetic tape (1600 bpi)?

Indicate Step data is available from:
A. Source Document
B. Data Review
C. Date Entry
D. Past Location Processing

Is further investigation of manual processing warranted?
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Selection of Data Variables

As a major activity in the development of the data collection plan,
variables involved or associated with the urban arterial and the urban
arterial accident were identified and reviewed. The identification process
was intitiated by a literature search for variables that have been to some
degree previously identified with the urban arterial or urban arterial
accidents and possibly have had some relationship developed. However, the
process also invclves the practical and research experience of the
research team members. The variables identified by these sources are
compiled and then reviewed for their suitability to be included in the
final list of variables. Review of the variables involves the considera-
tion of at least the following items: previous determined relationships
that have related the variable to the urban arterial or the urban arterial
accident; availability of such variables in existing data files or for
collection in the field; and the amount of processing necessary to place
the variable in the proper form for analysis. The review process evalu-
ates the practicality of each candidate variable for use in describing
more completely the urban arterial accident and the factors that may
characterize urban arterial accidents.

Four major categories of variables were considered, physical, traf-
fic, control, and environmental. The variables may also be described in
terms of descriptive, exposure breakdowns and locational factors. The
following variables were included in the analysis:

Section Spot
Descriptors Descriptors
e Locational Average Daily Traffic X X
¢ Locational Speed Limit X X
e Locational Average Operating Speed X
e Locational Number of Lanes/Lane Width X X
e Locational Type of Condition of Pavement X X
¢ Locational Horizontal Curvature X
e Locational Vertical Curvature X
e Locational Type of Object Struck X
e Locational Extent of I1lumination X
e Locational Traffic Control Devices X X
¢ Exposure Driveways Per Mile X
e Exposure Intersections Per Mile X
o Exposure Utility Poles Per Mile X
o Exposure No. of Fixed Objects Per Mile X
e Exposure Bus Stops Per Mile X
¢ Locational Locations of Accidents X
e Locational Driver Information Load X X
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Fach of the variables listed above require further definition as to
the stratification and detail to be obtained. The designation as a sec-
tion or spot descriptor relates to the applicability of the variable to

eithe~ spot locations (intersections) or sections of the arterial road-
way.

In addition, variables to describe such items as weather conditions,
winter maintenance procedures, location within the urban area and levels

of volice enforcement may be included. Such variables include the follow-
ing:

Section Spot
Descriptors Descriptors

Pounds of Salt Application per Mile
Wind Direction and Intensity

Barometric Pressure

Direction of Major Street

Miles from CBD

Bus Headways

Number of Citations per Day

Patrol Hours per Day

Vehicle Miles of Police Patrols per Day

0000 SOOGS
> D¢ D¢ X<
€ XX XXX

2K > > >

The identification and review procedure is a pre-requisite to the
data collection plan and analysis approach. The analysis plan will define
the analysis techniques that will be utilized and the order in which they
will be used. The techniques may require the preparation of data in spe-
cific forms in order that the analysis can take place. The sampling plan
will define the amount of data to be collected in order that the objective
level of significance can be maintained. Therefore, the variables were
reviewed for their consistency with the analysis techniques and the levels
of significance in order that each selected variable can contribute the
utmost to the analysis.

For each of the variables listed previously, a number of associated
(secondary) variables were defined. The following list illustrates these
variables.

Primary Variable Secondary Variable

o Average Daily Traffic Highest hourly volume count, percent
hi?hest hourly count to average
dally traffic, 1length of peak
period, vehicle mix, peak hour
factors, hourly traffic at the time
of the accident, V/C
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Primary Variable

Speed Limit

Average Qperating Speed

Number of Lanes/Lane Width

Type and Condition of Pavement

Horizontal Curvature

Vertical Curvature

Type of Object Structure

Extent of Illumination

Traffic Control Devices

Driveways Per Mile

Secondary Variable

Speed limit changes per mile, gen-
eral vs. speed zone.

Off peak speed, peak period speeds,
differences in speeds by direction,
speed at the time of the accident.

Crown rate, curbs/shoulders, median
width,

Surface type, type of skid treat-
ment, joint spacing.

Sight distance-degree of curvature,
amount of superelevation, superele-
vation run off, amount of cross-
slope, location of point of rota-
tion, pavement widenings, curve
radius, design speed, ratio of curve
design speed to tangent design
speed.

Sight distance, average grade, rate
of vertical curvature.

Type of anchorage, distance from
edge of road, slope to object con-
tinuous vs. single objects, location
of object (on curve vs. tangent
section).

Average intensity, 1luminaire spac-
ing, luminaire height, color of
light, uniformity.

Number traffic signals per mile,
number of signs per mile, existence
of pavement markings, types of pave-
ment markings, sizes of signal
lenses, types of device mountings.

Types of driveways per mile, traffic
controls at driveways, radius of
curvature at entrances and exists,
driveway volumes.
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Primary Variable Secondary Variable

e Intersections Per Mile Geometrics, type of traffic control,
left turn prohibitions, left turn
facilities.

o Utility Poles Per Mijle Type of materials, type of founda-

tion, distance from edge of curb,
Tuminaire mounting.

o Number of Fixed Objects Per Mile Distance from edge of curb, type of
object, location on curve vs. tan-
gent section,

¢ Bus Stops Per Mile Nearside/farside location, headways,
bus turnouts.

e Locations of Accidents Intersection/midblock/driveway.

o Driver Information Load Bicycle path, distance of buildings

from roadway, type of roadside
development, rail highway crossings,
pedestrian volumes, left and right
turn volumes, signalized vs. non-
signalized, number of signs per
mile.

Based upon the literature review, and other sources previously
discussed, the 1ist shown in Tables 62 and 63 were defined. The variables
are separated into two major categories, intersections and road sections.

Using this shopping 1ist of variables, a review of each was conducted
to eliminate redundant and related items from the list. As a result of
this review, a reduced variable was defined, as was a list of redundant
and related items.

For each of the two major classifications intersections and road
sections a reduced variable 1ist is given in Tables 64 and 65. Following
each is a 1ist of proposed variables to be eliminated. The list of redun-

dant and related items contains the reasoning behind the elimination of
each item.
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Table 62. Intersections - reduced variable list.

.

Approach Width - Associated with intersection capacity, is a measure of

intersection complexity.

Distance to lst. Parked Vehicle - Measure of intersection complexity, also

associated with intersection capacity.

Type of Parked Vehicle - Associated with intersection capacity, relates to

intersection complexity.

Parking Turnover Rate - Associated with intersection complexity and side

friction, related to intensity and type of land use.

Angle vs. Parallel Parking - As'sociated with intersection capacity and side
friction, related to intensity and type of land use as well as turnover
and trip type.

N
Lane Control\ (Divided vs. Undivided) - Associated with intersection capac-

ity and quality of flow.

Signal Spacing - Associated with the quality of flow as it approaches a
particular intersection, also affects capacity and approach speeds as

well as pedestrian crossings.
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Table 62. Intersections - reduced variable list (continued).

Bus Stop Location - Associated with the quality of flow and intersection

capacity, also a factor in the amount of side friction when considered

with parking.

Type of Bus Stop - Associated with intersections capacity and side fric-
tion, also quality of flow.

Pcinted Crosswalk - Associated with pedestrian activity and side friction.
Lane Width - Associated with intersection capacity and quality of flow.

Number of Lane Approaches - Associated with intersection capacity and turn-

ing provisions, also a measure of facility type.

Approach Grades - Associated with quality of flow as well as contributor to

intersection complexity.

Approach Alignment - Associated with intersection complexity and capacity.

Sight Distance - Associated with intersection complexity as well as quality

of flow on both major anc minor streets.

Right-Turn Lane - An indicator of the quality of flow as well as of inter-
section complexity. Also associated with capacity.
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Table 62. Intersections - reduced variable list (continued).

Left-Turn Lane - Associated with intersection complexity as well as with

quality of flow and complexity. Also affects timing and special phas-
ing.

Pavement Composition - Associated with ciality of flow.
Pa.ement Maintenance Condition - Associeted with quality of flow.

Obstacles Per Mile - Associated with quality of flow and side friction as

well as complexity.

Peak Hour Factor - Associated with capacity and quality of flow.

Discharge Headways - Associated with capacity and quality of flow.

Bus Dwell Time - Associated with capacity, and quality of flow as well as
intersection complexity.

Distribution of Trip Purpose - Associated with quality of flow as it re-

lates to turning movements and travel speeds.

Non-Motorized Vehicles - Associated with quality of flow and intersection

complexity as well as side friction.

Construction Work - Associated with quality of flow, intersection complex-

ity as well as capacity.
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Table 62, Intersections - reduced variable list (continued).

Intersection ADT (total) - Associated with quality of flow.
Approach ADT - Associated with quality of flow.
Intersection Capacity - Affects quality of flow.

Pedestrian Crossing Volumes ~ Associated with intersection complexity and

intersection capacity.

Vehicle Mix - Associated with quality of flow and intersection capacity.

Bus Stops/Mile - Associated with quality of flow, capacity, and side fric-

tion, as well as intersection capacity.
V/C - Measure of quality of flow.

Parking Regulations - Associated with quality of flow and side friction, as

well as capacity.

Right-Turn On Red - Associated with capacity, intersection complexity, as
well as quality of flow.

Type of Signal Control - Associated with capacity and intersection complex-
ity.

Total Amount of Green/Approach ~ Associated with capacity.
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Table 62. Intersections - reduced variable list (continued).

Number of Times Approach Records Green - Associated with capacity.

Scramble Phase - Associated with intersection capacity as well as side

friction.

Type of Approach Control - Associated with capacity and intersection com-

plexity.
Pedestrian Signalized Approach - Associated with intersection complexity.

Lane Marking Type - Associated with capacity, quality of flow and complex-
ity.

Approach Signing - Associated with quality of flow and complexity.
Posted Speed Approaching Intersection - Associated with quality of flow.

Turn Restrictions - Associated with quality of flow, intersection complex-

ity and capacity.
SMSA Population - Associated with intersection complexity and capacity.

Urbanized Area Population - Associated with intersection complexity and ca-

pacity.

City Population - Associated with intersection complexity and capacity.
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Table 62, Intersections - reduced variable list (continued).

Density of Land Use - Associated with intersection complexity and side

friction, as well as quality of flow.

Highway Lighting - Associated with intersection complexity as well as qual-
ity of flow.

Land Use Type - Associated with intersection complexity and quality of flow

as well as side friction.

Number of Curb Cuts Within 200' - Associated with intersection complexity

and quality of flow as well as side friction.
Seasonal Rainfall - Associated with quality of flow.
Seasonal Snowfall - Associated with quality of flow.

Directional Orientation of Intersection - Associated with quality of flow

as well as complexity,

Area Type (Urban, Rural, CBD) - Associated with quality of flow as well as
capacity.

Location Within City - Associated with intersection capacity.
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Table 63. Road segment - reduced variable list,

Type of parked vehicle - Associated with road section capacity, relates to

complexity.

Parking Turnover rate - Associated with complexity and side friction, re-

Jated to intensity and type of land use.

.

Bus stop location - Associated with the quality of flow and road section
capacity, also a factor in the amount of side friction when considered

with parking.

Type of bus stop - Associated with capacity and side friction, also quality

of flow.

Pavement composition - Associated with quality of flow.

Pavement maintenance condition - Associated with quality of flow.

Non-motorized vehicles - Associated with quality of flow and complexity as

well as side friction.

Construction work - Associated with quality of flow, capacity, and side
friction.

Y/C - Measure of quality of flow.

221



Table 63. Road segment - reduced variable list (continued).
Parking regu]étions - Associated with quality of flow and side friction, as

well as capacity.

Lane marking type - Associated with capacity, quality of flow and complex-

ity.
SMSA population - Associated with complexity and capacity.
Urbanized area population - Associated with complexity and capaci;y.
City population - Associated with complexity and capacity.

Density of land use - Associated with complexity and side friction, as well

as quality of flow.

Highway lighting - Associated with complexity as well as quality of flow.

Land use type - Associated with complexity and quality of flow as well as

side friction.

v

Seasonal rainfall - Associated with quality of flow.
Seasonal snowfall - Associated with quality of flow.

Directicnal orientation of intersection - Associated with quality of flow

as well as complexity.
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Table 63. Road segment - reduced variable list (continued).
Area type (urban, rural, CBD) - Associated with quality of flow as well as
capacity.

Location within City - Associated with capacity.

Curb/shoulder presence -~ Associated with capacity, and complexity of the

road section.
Driveways per mile - Associated with complexity and quality of flow.

Length of parking - Associated with complexity and quality of flow.

Number of lanes - Associated with capacity and complexity of the road

section.

Shoulder width - Associated with capacity and complexity as well as side

friction along the section.
Shoulder composition - Associated with complexity.

Guard rail type - Associated with capacity and complexity as well as side

friction.

Verticle Alignment - Associated with capacity, quality of flow, and the
complexity of the road section.
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Table 63. Road segment - reduced variable 1ist (continued).

Horizontal Alignment - Associated with quality of flow and section complex-

ity as well as side friction.

Superelevation - Associated with quality of flow.

Truck climbing lane - Associated with quality of flow.

Facility type - Associated with capacity, and quality of flow. In addition

affects the complexity of the road section.

Number of roadside fixed objects - Associated with side friction of section

and overall complexity.

Roadside slope - Associated with quality of flow side friction and overall

complexity.

Lane width - Associated with capacity and quality of flow.

Intersections per mile - Associated with quality of flow and complexity of

the road section.

Peak hour factor - Associated with capacity and quality of flow.

Midblock demand - Associated with quality of flow and complexity.
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Table 63. Road segment - reduced variable list (continued).
Truck classification - Associated with road section capacity and quality of

flow.

Local buses per hour - Associated with road section capacity and quality of

flow.

Bus dwell time- Assocfated with quality of flow.

Corridor ADT - Associated with quality of flow.

Distribution of trip purpose - Associated with quality of flow.

Major traffic generators - Associated with quality of flow, complexity and

side friction.

No passing zone control - Associated with quality of flow and complexity.

Major pedestrian generators - Associated with road section complexity and

side friction.

Delineators - Associated with road section complexity.

Traffic control devices - Associated with road section complexity and qual-

ity of flow as well as road section capacity.
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Table 63. Road segment - reduced variable 1ist (continued).

Number of driveways per mile - Associated with road section complexity and

quality of flow.

Minor intersection control type - Associated with road section complexity.

Vehicle classification - Associated with quality of flow and capacity.
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Table 64. Eliminated intersection variables.

Configuration - Measure of the complexity of an intersection - described by

approach width, number of approach lanes, approach alignment.

Parking condition - Measure of complexity of an intersection, roadside
friction - described by distance to first parked vehicle, type of parked
vehicle, turnover rate, angle vs. parallel parking, also a factor of

approach width.
Intersections per mile - Not applicable to intersections.

Wet skid resistance -~ Measure of pavement quality - described by pavement

composition, pavement maintenance condition, posted speed limit.

Demand by movement - Measure of quality of service of the intersection -

described by intersection ADT (total) and approach ADT.

Gap acceptance character - Measure of quality of flow and level of service
- described by intersection ADT, approach ADT, intersection capacity,

V/C ratio and discharge headways.

Side street demand - Measure of quality of flow -~ described by approach
ADT,

Truck classification - Measure of quality of flow and complexity of inter-

section, as well as locational characteristics - described by Bus fre-
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Table 64. Eliminated intersection variables (continued).

quency/headway, vehicle mix, discharge headway, land use type, area

type, location within city.

Local buses per hour - Measure of quality of flow - described by bus stop
location, type of bus stop, bus dwell time, bus frequency/headway, vehi-

cle mix, bus stops/mile.

Types of buses - Measure of quality of flow - described by vehicle mix, bus

stops/mile.

Approach speeds - Measure of quality of flow - described by posted speed

limit.

Bus stops - Measure of intersection complexity, and quality of flow - des-
cribed by bus stops per mile, bus dwell time, vehicle mix, bus stop

Tocation, type of bus stop, and bus frequency/headway.

Distance from parking zone (Bus Stop) - Measure of intersections complexity
- described by bus stop location, type of bus stop, distance to list

parked vehicle.

Percent truck and buses - Described by vehicle mix.

Center marking type - Measure of intersection complexity - described by
lane control, number of approach lanes, axclusive turn lanes, lane mark-

ing type.
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Table 64, Eliminated intersection variables (continued).

)

Surface condition (Roadway) - Measure of facility quality - described by

pavement composition,

Ambient light condition - Described by highway lighting.
Background noise - Measure of land use and development (intensity) - des-

cribed by land use type, SMSA population, urbanized area population,

city population, density of land use.
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Table 65. Eliminated road segment variables.

Median treatment - Measure of the complexity of a road section - described

by type of facility and curb/shoulder presence.

Guard rail - Measure of the complexity of the road section as well as the

side friction - described by guardrail type.

Pavement type - Described by pavement composition.

Wet skid resistance - Measure of intersection complexity, and quality of
flow - described by pavement composition and pavament maintenance condi-
tion.

Curbed - Described by curb/shoulder presence.

Curbed height - Described by curb/shoulder presence.

Degree of curvature - Described by horizontal alignment,

Facility type - Measure of complexity and capacity - described by number of

lanes, lane width.

Grade - Described by verticle alignment.
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Table 65. Eliminated road segment variables (continued).

Types of buses - Measure of quality of flow and capacity - described by

1ocal buses per hour.

Lane blockage - Measure of quality of flow - described by construction

work.
Capacity - Described by V/C ratio.

% trucks and buses - Measure of quality of flow and capacity - described by

vehicle classification.

On-street parking - Measure of quality of flow, road section complexity and

capacity = described by parking regulations.

Length of parking - Measure of rcad section complexity - described by park-

ing regulations, turnover.
Edgelining - Described by lane marking.
Center marking - Described by lane marking.
Visibility of marking - Described by pavement maintenance condition.

Speed 1limit - Measure of quality of flow - described by posted speed
limit.
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Training of Data Collectors

To collect the data in the cities, two teams of data collectors were
trained. One team consisted of employees of Goodell-Grivas, Inc. which
will handle cities in the south, east, and in the midwest. The second
data collection team was composed of graduate students from the Univeristy
of Notre Dame, who handled the cities primarily in the west, with some in
the midwest.

Training sessions were conducted in two parts including (1) classroom
lecture and discussion, and (2) field training. The Goodell-Grivas, Inc.
team was first trained through extensive trial runs in the Detroit area.
Several stages of modifications in data collection forms and procedures
was made to insure maximum data accuracy with minimum wasted effort. After
the data collection procedure was finalized, additional training was com-
pleted through open discussions between the project engineer and the data
collection team during and after further data collection. Al1l specific
procedures related to data collection were listed and included 1in the
field training manual.

The second data collection team from Notre Dame University was
trained by the principal investigator and the Goodell-Grivas, Inc. study
tean. The training included a total of about 6 to 8 hours of classroom
lecture, discussion, and field training. At least one member of the

Goodell-Grivas, Inc. team accompanied the Notre Dame team on initial data
collection runs.

Field Data Collection

The data were taken from three sources which included (1) field data
collection by the data collection team, (2) data provided by cities, and
(3) reduction of data from other sources (such as maps). The source of
data collection for each variable is shown in Table 66. The data collec-
tion discussed herein refers only to the field data collection and the
procedures that were used for obtaining the information.

Data collection was made using trained data collectors who rode in a
test vehicle. The vehicle was driven at approximately 10 to 20 mph in the
right-hand lane or sometimes on the roadway shoulder. Occasional stops
were necessary to record data when the section was particularly crowded
with signs, roadside obstacles, or driveways. Emergency flashers were
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Table 66. Data collection source.

Variable

=

Office
Collection
Farms

Field
Collection
Forms

| ADT - Measured Value
V/C Ratio - Calculated Value

Peak Hour F - Caleculated Value

Number of Lanes - Measured Amount

Vehicle Mix - Calcylated Percentage Ranges
Parking Turnover Rate - Calcylated Value

Local Buses Per Hour - Measured Rate

> |><>x ><I>< >

Bus Stops Per Mile - Measyred Value

Intersections Per Mile - Measured Rate

| Driverways Per Mile - Measured Rate

L i - A

| Lane Width - Measured Amoynt
L Cuyrb Shoylder Presence - Category Values

Hori 1 Al -C ory Values

| ___Horizontal Alignment - Catego
| Special Turn Facilities - Cateagory V¥alues

Median Type - Category Values

Pavement C - v

‘ Vertical Alj nt - Category Values

Type of Bys Stop - Catedory Valuyes

| Density of TC Devices - Measured Rates

Signal Interconnect - Category Values

Number of Roadside Fixed Objects - Measured Rate
Cur 1 - ry Values

Post L - red V

y

- S
Average Cycle Length - Calculated Value
| Bys Stop Location - Cateqory Valye

| ef<|<]><| | || ef<pe] || p<

- y Valyes

Land Use T - ry Values

‘ H'lgh!gx Lighting - Category Values
Maj. Ped. Generator - Calcylated Rate

20|

v

| ___Locatjon Factor - Category Value
Urbanized Area Population - Measured Value

> [ | ><|>=< > [><

Seasona] Rainfall - Measured Value

Distribytion of Trip Purpose - Category Value

Seasonal 5098_1[5]] - Measured Value
irectional Orientation - Measured Value

<>
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activated during data collection, and a portable flashing light was
mounted on top of the test vehicle to reduce the chance for a rear-end
collision., Collection of data consisted of one driver and two other data

collectors. Work duties were alternated to even out work loads and
relieve boredom.

The data collection begin at a defined point in the road which was
defined as point 0.0. Al! data were recorded in 0.1 mile increments on
the data sheets. The driver operated the motor vehicle and keep track of
the 0.1 mile highway sections. At the end of each 0.1 mile, the driver
alterted the others so data could be recorded on the next set of hori-
zontal columns on their data forms. After the hihgway section was inven-
toried, the vehicle was turned around, and data collection began in the
other direction starting at the exact endpoint. The length of the section
should come out the same for bot!. directions of travel and was checked.
Problems in data collection was minimal, however, 1inventory duplication
was necessary in some cases.

The data that were collected is summarized in six forms as shown in
Table 67. Data collection on each section consisted of three complete
runs in each direction (total of six runs). The two data collectors used
three of the six data sheets to collect the necessary data. The six data
sheets (Data Form A through F) are attached as Figures 11 through 16 along
with the guidelines that were used for data collection.

Data Form A

These variables include an inventory of signs and trees, which are
further classified by their location on the median or on the right side of
the road. Al1 signs should be counted which are visible to the driver and
pertain to the driver's direction of travel, regardless of their distance
to the road. In many cases several signs will be mounted on the same post
and each sign face should be counted separately. Figure 17, 18, and 19
which illustrates many of the various regulatory, warning, and guide
signs. The data collectors should be familiar with the type of each sign
to reduce confusion and error while counting and classifying signs.

Trees should also be counted on Data Form A and classified as median
or right side of road. Where a vertical curb exists on the road edge,
only trees within 5 feet of the road should be counted. Where a mountable
curb or no curb exists, trees within 12 fet of the road edge should be
counted.

This criteria should be used for all obstacles near the road except
the numbers of sign faces as mentioned previously. Also trees behind a
guardrail should not be counted, since a vehicle could not hit the tree
without first hitting the guardrail. Trees less than 3 inches in diameter
should not be counted.
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Data

Table 67. Summary of field data variables collected.

Form A - Signing and Trees

Data

Regulatory Signs (Median and Right)
Warning Signs (Median and Right)
Guide Signs (Median and Right)
Trees (Median and Right)

Data

Form B - Supports and Obstacles

Thin Supports (Median and Right)

Heavy Supports (Median and Right)

Utility and Light Poles (Median and Right)

Mail Boxes and Others ((Light) Median and Right)
Hydrants and Others ((Heavy) Median and Right)

Form C - Lane Usage and Turns

Data

Number of Through Lanes

Continuous Left Turn Lane (One Direction or Two Direction)
Continuous Right Turn Lane

Parking Lane (Continuous or Partial)

Number of Right Turn Lanes (Intersection)

Number of Left Turn Lanes (Intersection)

Number of Right Turn Lanes (Midblock)

Form D - Median, Curb and Shoulder

Median Width

Median Type (Curb or No Curb; Paved or Unpaved)
Curb Type (Mountable or Vertical)

Shoulder Type (Paved or Unpaved)

Shoulder Width

Percent of Guardrail
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Table 67. Summan‘ of field data variables collected (Continued).

Data Form E - Alignment, Intersections, and Driveways

Vertical Alignment (Level, Mild, or Steep)

Horizontal Alignment (Straicht or Curves)

Number of Intersections (Signalized or Non-signalized)
. Number of Driveways (Single Family or Commercial)

Number of Lanes on Cross Street

Data Form F - Roadway Environment

Posted Speed Limit

Lighting (Yes, or No) v

Surface Type (Bituminous or Concrete)

Land Use (Residential, Commercial, Industrial, Recreational,
Educational, or Vacant)

Bus Stop Location (Near, Far, or Midblock)

Bus Stop Type (Curbside or Pullout)
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DATA FORM A - SIGNS AMD TREES

civy ROUTE MO. ROUTE MAME
DATE . OBSEXVER DIRECTION
Regulatory St Warning Signs Guide Signs Trees*
-—Sﬁf—jﬁhgﬁP’ ~—Tn_ [ Right Tn Right Tn | Right |
Median | Side Median | Side Mediad Side Medfan] Side

L82

*Mote: Trees are counted only if they are within 5 feet (vertical curb present) or 12 feet (no vertical curh) of road-
way.

Figure 11, Data form A.
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DATA FORM P - SUPPORTS AND OBSTACLES

ROUTE 10.

DATE

OBSERVER

ROUTE NAME

DIRECTION

liote: Objects are counted only If they are within § feet (vertical curb present) or 12 feet (no vertical curh) of

roadway. Obstacles hehind quardrail are not counted.

Thin Supports Heavy Supports Utiility & Light Poles Mafl Boxes ¢ llydrants and

— In JRight In JRight In Right Others (Light) | Others (Heavy

Nedian] Side Median] Side Median Side In Right In TRight
Median] Side Median| Side




6€2

DATA FORN C - LANE USAGE AlD TURNS

cITy ROUTE MO. ROUTE HAME
DATE OBSERVER DIRECTIOR
mMer TCont:mous I.ef%k Cont inuous [Lhrk}gg mﬂwb;r . Muu?er Humber
rough rn Lane (Midhlk. Right Turn ane (Cont. ght Turn eft Turn Right Turn Bays
Lanes ﬁn_e Bir. "TvTo'lﬂ?.L Lane (mdbll:.)p or Partial) | Bays (Inters.)| Bays (Inters.) (Midblk. )

Figure 13, Data form C.




DATA FORM D - MEDIAN, CURR, AMC SHOULDER

civy ROUTE MO. ROUTE NAME

DATE OPSIRVFR DIRECTION
Median Median T | Curb Type Shoulder Type Shoulder Width Percent of
Width *‘Tt‘.‘uFFor""{Fuavea—"or (Mountable (Paved or Un- (Ft) Guardrail
(Ft) Ho Curd) | Unpaved) or Vertical) paved)

oye

Fiqure 14..f0ata foce
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DATA FORM [ - ALIGNMENT, INTERSECTIONS, AID DRIVEMAYS

cIvy ROUTE HO. ROUTE HAME
DATE O0BSERVER DIRECTION
Yertical Aligmment Horizontal Alfgrnment Nusber of Number of flumber of
{Leve), Mild, or (Straight or Curves) Intersections Orivevays Lanes on X-5t,
B Steep) Sig. [Non. Sig. | Single [Comn, ¥ (2,3,4,5 or
Family {Other ather)

Figure 15. OData form E.
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DATA FORM F - ROADWAY EMYVIRONMENT

clry ROUTE HO. ROUTE MAME

DATE OPSIRYVER DIRECTIOM

Posted Lighttng Surface Land Curb Lane Usage Bus Stops

S (Yes Type (Bit. Use (Thru, Rike, Rus, tion | Type

Limit or HNo) or Con. ) » Parking Cont. or Near, {CurbsTde,
Limited; Restricted Far, Mid)| Pullout)

or Unrestricted)

. Residentinl. Commerical, Industrial, Pecreation, Educationel, Vacant
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14 X

[ AXLE ; OTHER REGULATORY SIGNS
] —‘l! & No SW':‘P,IIGl WEIGHT ¢ \4/\ . \%(’ (Sign code not listed in Sign Manval
van sref o £XCEeT o0 LT ?sg
n-w o) [ n2-2 gg%’ Ry 'mm AHEAD
0rew A a3 [ % o] 2 ) - "
2 - R,
L. NO sTop| [ mam 3 =
sis ire PARKING NERE OW - _ _
= cert on RED wne| [TRACKS] .
rm SHoNIER " vt usa A
oroe ) » i) s
QW) Py (24" W (;:P._ﬂﬂ
’m E {30 8*) B
posmnc | NO WEIGHT STeP Fon
[ 1] LIMIT SCHooL BUS
— w &g o o1]l  Juessme on 400
. 127 WROABING
0r. ey rieiiridy z 2 s T ?
Re-3 HIGHWA
‘ e u'.”':-;‘ o4 33-2 [E ns-2
NO 082 %7 ey a) ar-”.'"w'p
PARKING — NO ['m']
gﬂ ANY u ) TURN TRUCK S
2AM-6AM on Rep] | ROUTE £
— o i e =,
n-n fFaf Beutsbe il
[ ot ¥ o] ..‘. [' g ]
arhn - "ij
oF SN
WEIGHT
o Lt 0T
- T&s L AR NL ARt W OF o]
PwEnE TRE e
$ -1 'u,‘;;t‘-‘.-:“' o, wae Rm &‘n m
3¢ 9 Qe s W) N

sots 3 or § [onan

Figure 17. Regulatory sign codes (Continued).
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Counts of all data on Form A should be made by making slash marks in
appropriate boxes if possible. When numerous signs or trees make this
impossible at desired vehicle speeds, mechanical traffic counter boards
were used to eliminate the problem.

Data Form B

The highway variables on Form B include sign supports and other
roadside obstacles which are classified by median or right side of road
locations. Sign supports are classified as heavy or light. Light supports
include most U-channel posts (light gages). Heavy sign supports include

double or heavy gage U-channel posts, steel I-beams, and concrete
supports.

A1l utility and light poles were counted, regardless of the diameter
or type of base. All mail boxes and other light objects including wood
posts, water pumps, newspaper boxes, litter barrels, fences and other
miscellaneous objects were included in this category.

Fire hydrants and other heavy obstacles is the final category which
also included such obstacles as:

1. support poles for pedestrian signals and pole-mounted traffic
signals,

2. concrete block, posts, and boxes for trees and shrubbery,
culvert pipe and head walls,

gasoline pumps,

LS B~ B ¥% ]

railroad crossbucks and signals, and

6. stone walls,

The criteria for counting all obstacles in 5 feet where vertical
curbs exist and 12 feet for mountable curbs or no curbs was also used for
data collection in this category. Objects behind guardrails or otherwise
shielded were not counted. Obstacles should normally be counted with

slash marks in appropriate columns, but may be counted with counter
buttons.
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Data Form C

Variables related to lane usage and turns are recorded on data sheet
C. The number of through lanes is counted including those lanes in which
both through and turning movements are allowed. For example, a lane
marked for through or left turns would be counted only as a through lane.

The next column is for continuous left turn lanes. This applies for
example in the case of a 3-lane, 5-lane, or 7-lane road, where the center
lane is used for left turns by vehicles in one or both directions. Pave-
ment arrows are usually provided in such cases. A continuous right turn
lane should be recorded where there is a shoulder lane intended only for
right turns intc and out of driveways. These categories of left and right
turn lanes relate to midblock lanes and do not include intersection-
related turn bays.

Separate parking lanes are noted in the next column., These facili-
ties are further described as continuous or partial, although the number
of actual parking spaces is not recorded.

The number of intersection-related turn bays is counted for right
turns and left turns, where the bays are provided only for turning maneu-
vers, If two intersections were present within a section, each turn bay
would be counted separately. For these cases, intersections do not
include driveways but normally include signed cross streets with some form

of control. The number of midblock right turn bays is noted in the last
column.

Data Form D

Variables related to median, curb, and shoulder are included on Form
D. The median width should be estimated as closely as possible and
expressed in units of feet in the first column. For streets with medians,
the median type should be given as curb or no curb and also asp aved or
unpaved. A median is considered here to be four feet or more of space
between opposing traffic lanes.

Where shoulders exist, the shoulder type (paved or unpaved) and width
(in feet) should be given, where the width is estimated as close as pos-
sible by the data collector. For sections with guardrails present, the
percent of the section with guardrail should be estimated. For example, if
a 0.1-mile section has about 100 feet of guardrail, then the percent is
about 100/500 or 20 percent.
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Data Form E

The alinement of the roadway and the number of intersections and
driveways are inventoried on this form. The vertical alinement of each
section should be classified as level, mild, or steep. Horizontal aline-
ment should be noted as straight or curved. These evaluations are subjec-
tive, and care should be taken to insure consistency in ratings.

The number of intersections should be counted as signalized or unsig-
nalized. Also, the driveways on the right side of the road are to be
classified as single family or commercial. A single family driveway
includes a driveway to any house, while commercial types normally include
restaurants, apartment buildings, gasoline stations, parking lots, and
others where considerable traffic usage might be expected.

For each cross street, the number of lanes is noted in the final
category. This should be thes number of through lanes only which may
include continuous turn lanes. If more than one intersection occurs in a

0.1-mile section, the number of lanes should be given for each cross
street.

Data Form F

Variables related to the roadway environment are included on this
form. The value given for posted speed limit may be the last speed limit
sign along the section if no speed limit signs exist on the section. The
presence of lighting means that at least 10 light poles exist n the
section, regardless of the apparent condition. The surface type should
only be noted as bituminous or concrete. In the case of both surface
types within a section, both types should be noted on the form.

Land use pertains to the predominant type of development along the
right side of the roadway. Possible types include residential, commercial,
industrial, recreational, educational, or vacant (parking lot, field,
etc.). Curb lane usage is the next category which includes through lane,
bike lane, bus lane (exclusive), and curb parking lane. For a curb parking
1ane, further classifications include continuous or limited and restricted
(specific hours only) or unrestricted.

Bus stop descriptions constitute the final category. The location of
the bus stop with reference to a signed intersection is given as either
near-side (just before intersection), far-side (just beyond intersection,
or midblock). Bus stops may be either curbside or pullout, where a pull-

out defines a special area provided for buseds to pull off of the main
traffic lane.
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APPENDIX D - DESCRIPTION OF THE COMPUTERIZED DATA BASE
Introduction

Creation of the master file began with the collection of three conse-
cutive years of data from existing computerized accident files of the
cities selected for study. Operational, geometric, and environmental data
were also collected for the roadway sites of these selected cities for the
purpose of developing a computerized data base that would be representa-
tive of the accident and roadway characteristics of urban arterial high-
ways in the United States.

Data Base Layout

The data base was structured in a manner that would provide enough
detail to associate accidents occurring at a particular location with the
decription of that location. This provided the analyst with a more analy-
tical option in addressing the contract objectives.

Because of the large number of accidents desired, only those cities
that could provide a computerized accident file were considered eligible
for sample site selection. Data from 19 cities were eventually selected
for the file, with the final determination based upon a number of consi-
derations including; the availability of sufficient locational data to
enable assignment of individual accidents to 0.l-mile (0.16-km) segments
of corresponding roadway; and the availability of sufficient information
on severity, accident type, and other descriptive information that would
allow the accident to be used for the proposed analyses.

Based on data availability and sampling requirements, the completed
data file consists of descriptive roadway information, plus the appro-
priate accident data in the form of total numbers of fatal, personal
injury, and property damage accidents, as well as the accident data cate-
gorized by accident type for 8,678 one-tenth-mile (0.16-km) roadway Sseg-
ments. Because of programming constraints, each 0.1-mile case was broken
into three records containing data grouped in the following categories:

e Operational Data

o Geometric Data

® Environmental Data
® Accident Data

The general arrangement of the data within the master file including a
description of the data tape, the data base format and the variable lables
1s shown in Table 68. °
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Table 6B. Format of the computerized data base.

REPORT NO. FHWA/RD-82/(DOT-FH-11-9500)
ANALYSIS OF URBAN ARTERIAL ROAD AND STREET ACCIDENI EXPERIENCE

"THE DAYTA TAPE 1S A 16008P1 9TP NONLABELED MAGNETIC TAPE
File Block Tapelan Block len

Ly count  (feet) av. max.
1 6 1.307772120 "'2400

2 1042 210.08 2823 2825 ,

“Totai ‘tape iength +7211.38 feet.
THE TAPE CONTAINS TWQ FILES. THE FIRST IS AN OUTLINE OF THE FORMAT AND

"VARTABLE DESCRIPTION OF THE DATA BASE.  THIS FIiLE CONTAINS 106 RECORDS
AND 1S FIXED BLOCK FORMATTED AT (2400, 120).

“THE "SECOND FILE iS THE URBAN ARTERIAL DATA BASE. THIS FILE CONTAINS ~ 7" 7

26034 RECORDS AND IS FIXED BLOCK FORMATTED AT (2825.113). °

THE DATA BASE FORMAT PROVIDES FOR 75 VARIABLES. e L e et e
‘1T PROVIDES FOR 3 RECORDS PER CASE. A MAXIMUM OF 13 “COLUNNS? ARE USED ON A RECORD.

THE DATA BASE CONTAINS A TOTAL OF 8678 CASES.

DATA BASE FORMAT  FIXED(2(16,1x).11,1X,12,13,212,14,512,14,
. S12,2x,1112,4x, 16!2/914 1X.15, 13 212,F3.1,
13,12.9%,12,213,2¢F4.1.12,9x, 15/5(r7 3, X))

..ACCORDING TO THE DATA BASE FORMAT, VARIABLES ARE VO BE READ AS FOLLOWS

VARIABLE FORMAT RECORD COLUMNS VARIABLE LABEL VALUE LABEL
e ATBE T BT T e e RoUTE RMBeR
VATO2 16 1 8- 13 STREET 1D
CVATOS by Nl B 05 TRAFFIC FLOW  [O)MISSING(1)ONEWAY(2)TWOWAY(3)1IWY DIVIDED

{4)2wy DIVIDED

VATO4 12 1 17- 18 TRAFFIC SIGN FACES
_VATOS 13 4 19- 21 LARGE OBSTACLES
VATO6 12 i 22- 7 23 SMALL OBSTACLES ~
VATO? 12 ' 24- 25 THRU LANES
CVATOS 1 4 1 .26~ 29 MEDIAN VIDTH {O)MISSING o )
VATO9 12 BRI 30- 31 MEDIAN TYPE-CURB "7 (O)MiSSING( 1)CURB(2)NO CURS
VAT 10 12 1 32- 33 MEDIAN TYPE-PAVED (O)MISSING( 1)PAVED( 2 )UNPAVED
VAT 12 LY . 34- 35 CURB TYPE-RIGHY SIDE ~~ (O)NONE(1)VERTICAL(2)MOUNTABLE e
VAT 12 i2 1 36-" 377 CURB TYPE-LEFT SIOE ' " (O)NONE(1)VERTICAL(2)MOUNTABLE "~ o '
VAT1I 12 1 38- 39 AVERAGE SHOULDER WIDTH (99 )MISSING
VAT 14 IR V... 40- 43 PERCENT GUARDRAIL =~ . . N
VAT 15 12 1 445 745 TVERTICAL ALJIGNMENT TTT(OMMISSING( 1 )LEVEL(2)MOOERATE( 2)STEEP
VAT16 12 1 46- 47 HORIZONTAL ALIGNMENT (O)MISSING( 1)STRAIGHT (2 )CURVE
. VAT17 12 JV.....48- 49 DRIVEWAYS L
VAT 18 12 1 50- 51 SIGNALIZED INTERSECTIONS
VAT19 12 ! §2- 53 NONSIGNALIZED INTERSECTIONS
VAT20 1 2 .Y . .86- 57 POSTED SPEED =~ (o)MIssiNG =
TVATZA 12 t 58- 89 "LIGHTING (0)MISSING( I)YES{2)NO
VAT22 12 ' 60- 61 SURFACE TYPE (O)MISSING( 1)BITUMINOUS(2)CONCRETE(I)DIRT
vat2a 12 A..82- €3 LAaNO UsE (O)MISSING())COMMERICAL(2)RESIDENTIAL =
{3)VACANT(4)OTHER
VAT24 12 1 64- 65 CURB LANE USAGE (O)OTHER( 1) THRU(2)BIKE ( 3)BUS( 4 JRESTRICTED
. L . (S)UNRESTRICIED(G)LIMITED .
VvAT25 12 1 66- 67 NO. BUS STOPS
VAT26 12 1 68- 69 BUS STOP TYPE-CURB (OINO( 1)YES
VAT27 12 1 70- 71 BUS SIDP TYPE-PULL OUT (OINO(1)YES



VAT28

Table 68.
12 1 72- 73 SECTIONS PER CITY
12 [ 74- 7785 Caiy Size 77
12 1 76- 77 ROADWAY CLASS
“i2 [l 82777 83 TREGULATORY SIGNS T
12 1 84- 85 WARNING SIGNS
L2 .....86- 87 GUIDE SIGNS
12 1 B8B-" 89 TREES
I2 1 80- 91 UTILITY POLES
L2 L) ...92- 93 LEFT TURN LANE-1 DIRECTION
12 1 94-779% "LEFT TURN (LANE-2 DIRECTION
12 1 96- 97 RIGHT TURN LANE-MIDBLOCK
_____________ 12 Y 98- 99 PARKING LANE-RIGHT SIDE
12 1 “100-"7 101 PARKING LANE-LEFT S1DE
12 1 102- 103 RIGHT TURN BAY-INTERSECTION
ra2 1 104- 105 LEFT TURN BAY-INTERSECTION
T2 1 106~ 107 RIGHT TURN BAY-MIiOBLOCK
12 1 108~ 109 BUS STOP-NEAR
12 1 110- 111 BUS STOP-FAR
137 A 11277113 BuS STOP-MIDBLOCK
14 2 1- 4 TOTAL ACCIDENTS
14 L2 S- .8 FATAL ACCIDENTS =
14 3 98- 12 TINQURY ACCIDENTS
14 2 13- 16 PROPERTY DAMAGE ACCIDENTS
L1 e .2 V- 20 HEAD ON ACCIDENTS = =
1 4 2 21-777 24 REAR END ACCIDENTS
14 2 25- 28 SIDESWIPE ACCIDENTS
1 4 2 29- 32 ANGLE ACCIDENTS
i 4 2 '33- 36 TALL OTHER ACCIDENTS
s 2 38- 42 ADtV
< L2 43~ 45 PHE e e
iz2 2 46-"77 477 'VEMICLE MIX-CARS
12 2 48- 49 VENICLE MIX-COMMERICAL
F3 1 2 50- 52 PARKING TURNOVER RATE
13 2 §3-  §5 LOCAL HUS PER 1OUR
12 2 $6- ST LANE WIDIH
12 2 %9- 60 AVERAGE CYCLE LENGTH
13 2 61~ 63 LOCATION FACTOR
13 2 64- 66 CITY POPULATION
LA T8 L2 . 67- TO RAINFALL L
F 4.4 2 T2 74 7 SNOWFALL ' N
12 2 75- 76 . OPERATOR SPEED
............. 15 .2 .80~ B4 CAPACITY
F17.3 3 1- 17 VC RATIO
£F7.3 3 8- 15 TOTAL ACCIDENT RATE
£2.3 3 17- 23 FATAL ACCIDENT RATE =
F7.3 3 28- 77317 INJURY ACCIDENT RATE
F7.3 3 33- 39 PROPERTY DAMAGE ONLY RATE

Format of the computerized data base (continued),

(1)B1G RAPIDS(2)KALAMAZOO(I)LANS ING(4)SAGINAW
(S)BIRMINGHAMUG JFARMINGION{ 7 JFARMINGTON HILLS
{8)NOVI(9)0AK PARK( 10)ROYAL OAK( 11)SOUTHFIELD

(12)TROY( 13 )TOPEKA( 14 )NEW ORLEANS

(15)MILWAUKEE( 16)SAN FRANCISCO{ 17)FORT WAYNE

(1B)SEATTLE (19)MINNEAPOLES
T U1)SMALL {2 IMEDTUME D)L ARGE
(1)ONEWAY (2)TWO WAY, TWO-LANE

(3)MULTILANE DlVl“EQ“’“ULIILANE“UND!V!DEQ”.

(99)MISSING
{99 )MISSING
{O)NONE( 1)YES(2)INO

_(O)NONE(1)PARTIAL(2)CONTINUOUS L
{O)NONE( 1)PARTIAL{2)CONT INUOUS™

(9999)MISSING
(9999)MISSING
(9995 )MISSING
(9999 )MISSING
(9999 )MISSING

19999 )IM1SSING

(9999 )MISSING
(8999 )MISSING

"(9999 )MISSING

(999 .999)MISSING
(999.999MISSING
{999.999)MISSING
(999.999)MISSING
(999 .999 )MISSING
(999.999)MISSING
(999.999)MISSING

.. (999.999)MISSING

(999 999)MISSING
(999.999 IMISSING
(999.999IMISSING
{999.999 IMISSING
(999.999)MISSING
(999.999)MISSING
(999.999 )MISSING
(999.999 )MISSING
(999.999 )MISSING

1990 990 NI SSING T

(999.999 )MISSING



10.
11.
1z2.
13.
14,
15.
16.
17.
18.

19,

A description of the data variables is given below.

Geometric/Operational Data

Route Number
Street 1.0,
Traffic Flow

Traffic Sign Faces

Large Obstacles

Small Obstacles

Number of Thru Lanes
Median Width
Median Type

Median Type

Curb Type

Curb Type

Average Shoulder Width
Percent Guardrail
Vertical Alignment
Horizontal Alignment
Number of Driveways

Number of Intersections
Signalized

Number of Intersections
Nonsignalized

(Arterial Reference Number)
(City & Section Code)
(Directional Use)

(Total of Guide, Regulatory, and
Warning Sign Faces)

(Total of Trees, Heavy Supports, Uti-
1ity Poles, Hydrants, and Qther Large
Dbjects

(Total of Light Supports, Mail Boxes,
and Other Small Objects)

{With Curb)
{Paved)

{Right Approach)
(Left Approach)
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20.
21.
22,
23,
24,
25,
26.

27.

28.

29.
30.
3.
32.
33.
3.
35.
36.
37.
38.
39.
20.
a1.

Paosted

Geometric/Operational Data (Continued)

Speed

Lighting

Surface Type

Predominant Lane Use

Curb Lane Usage

Number

of Bus Stops

Bus Stop Type

Bus Stop Type

{Location at Curb)

(Special Lane - Pull Out)

Number of Sections per City - (Tenth of a Mile)

City Size

Roadway Classification

Number
Number
Number
Number
Number
Number

Number

of Regulatory Signs
of Warning Signs
of Guide Signs

of Trees

of Utility Poles

of Left Turn Lanes

of Left Turn Lanes

Right Turn Lanes

Parking Lane

Parking Lane

Number

of Right Turn Bays

+

(With One Approach)
(With Two Approach)
(Midblock)

(Right Approach)

(Left Approach)
(At Intersections)
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42,

43,
44,

45.
46.

1.
2.

3.

Number of left Turn Bays - (At Intersections)
Number of Right Turn Bay - (Midlock)
Number of Bus Stops - (Nearside)

Geometric/Operational Data (Continued)

Number of Bus Stops - (Farside)
Number of Bus Stops - (Midblock)

Accident Data (Frequency of occurance per
tenth.of a mile section)

1. Total Accidents

2. Fatal Accidents

3. Injury Accidents

4, Property Damage Only Accidents
5. Head on Accidents

6. Rear End Accidents

7. Side Swipe Accidents

Angle Accidents
9. A1l Other Accidents

Operational/Environmental Data

ADT - (Average Daily Traffic - Volumes)

PHF - (Peak Hour Factor - Ratio of the
Valumes Occuring During Peak Hour)

Vehicle Mix - (Cars - Percent of Cars in Normal
Traf- fic).
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14,

15.
16.
17.
18.

Vehicle Mix - {Commercial - Percent of Commercial
Vehicles in Normal Traffic)

Parking Turnover Rate

Local 3us per Hour

Average Lane Width {(each approach)

Location Factor (weighted-city population)

City Population

Average Rainfall

Average Snowfall

Operator Speed

Capacity - (Maximum - Number of Vehicles which has

a Reasonable Expactation of Passing
Qver a Given Section)

VC Ratio

Accident Data (Per Million Vehicle Miles)

Total Accident Rate
Fatal Accident Rate
Injury Accident Rate
Property Damage Only Rate

Problems Encountered Creating the Master File

One of the primary problems encountered in developing the master file

was that of coding accident data to a 0.1 mile (0.16 km) section of road-

way.

This was found to be due primarily to the non-standardization of

information on the computerized accident record systems of the citfes se-
lected for the study. It was found that the criteria for recording an
accident as well as what information is recorded varied considerably
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between the selected study cities. Variable classification and accident
location information either did not exist or was unusble in some of the
selected sites,

This difficulty made the identification of accident severity, acci-
dent type, and other factors associated with or contributing to an acci-
dent, difficuit to associate with a specific roadway segment, These
problems particularly created a major problem in providing the detailed
accident and geometric information necessary to throughly address the
contract objectives. Because of this problem, the accident sample size
outlined in the analysis plan was considerably reduced.

Programm1n9

Programming used in the performance of the analysis plan of the study
were SPSS (Statistical Package for the Social Science), and OSIRIS IV.
(Statistical Analysis and Data Management Software System).

In addressing the objectives of the research study, SPSS was used for
Bivariate Frequency Analysis, One Way and Multivariate Analysis of Vari-
ance, Contingency Table Analysis, Correlation Analysis, and Regresssion
Analysis. OSIRIS IV's Search (searching for structures was used for
branching analysis.

Other programs used in the study were designed specificly to process
the various accident and geometric data from each city to meet the stan-
dard format outlined in the master file description.

An example of the SPSS program and typical output is displayed in
Table 69,

An example of the OSIRIS V's program and typical output is given in
Table 70.
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Table 69. Example SPSS program and output.

esessss ANALYSIS OF VARIANCE -~ ROADWAY CLASS BY CITY SIZE - TOTAL DATA BASE *e¢tess
SPSS BATCH SYSTEM 07/13/82 PAGE 1

TMYS78PSS . VERSTON W, RELEASE 9.1, FEBRGARY TV, 1oz T
CURRENT DOCUMENTATION FOR THE SPSS BATCH SYSTEM

"OROER FROM MCGRAV-HIUL Y "¥PES, IND ED. (PRINCIPAL TEXT) " ORDER FROM SPSS INC.: '$PSS STATISTICAL ALGORITHMS

SPSS UPDATE 7-9 (USE W/SPSS,2ND FOR REL. 7, 8, 9) KEYWORDS: THE SPSS INC. NEWSLETTER
SPSS POCKET GUIDE, RELEASE 9 e e e et et e et et e e et

PSS PRIMER (BRIEF INTRO Tu $BSS) 7

"BEFAULYSPACE ACLoCATION. AULOWS FOR.T102 TRANSFORMATIGNS T T

WORKSPACE 71680 BYTES 409 RECODE VALUES + LAG VARIABLES

LJRANSPACE 10240 BYVES . . e J641 TF/COMPUTE OPERATIONS i

1 RUN NAME URBAN ARTERIAL STUOY
2 FILE NAME URBAN . A

FVARTABLE UTST VATOY TO VATIG VATRI TO VATIV VATSA Y0 vaTén, 7 77 "7 7
4 VADO1 TO VADO9,VACO! TO VAC13,VACIS TO VAC20
S _INPUT MEDIUM DIk

& INPUT FORMAT ~FixED(2 §2.0,F3.0,9¢2.0.F4.0,5F2.0,Fi.0,
7 5F2.0,2X,t1F2.0, 4! 1\%2 O/9F4 .0,1X,F5.0,F3.0,2F2.0,F3.1,
8 .Ummm”mwF§“9m§?.9“1!AF?“O"2F3“0”2F§.1.F? 0.3%,F5.0/5(F7. 3.!&1)___

ACCORDING TQ YOUR INPUT FORMAT, VARIABLES ARE TO 8E READ AS FOLLOWS

VARIABLE FORMAT RECORD COLUMNS

8- 13
15- 19

VATO!
VATO2
VATO3

I
19- 2
22 2t e

VATO4
VATOS
VATO6

s

4= 728
26- 29
30-_ 31

VATOS
VATO9

4- 35
36- 37

VAT 10
VAT 14
VAT12

38-7739
40- 43
44~ . .45

VAT 13
VAT 14

g R i
48- 49
SO~ Sy ...

PO PO

‘§2-77'8)
S6- 57

ﬂﬂiﬂ'ﬂ"l.ﬂl'l'll'llﬂ'ﬂ'ﬂ'ﬂ‘nfﬂ"lﬂ;ﬂﬂﬂ.
RN R B R D RN BRI W - O
© 0000000000000 000000
SRR SNPI SRR SR SR



Table 69. Example SPSS program and output (continued).

URBAN ARTERIAL STUOY 07/13/82 -PAGE 2

VAT22 38- 59
VAT23
VAT24

LVAT2S
VAT26
VAT27
VAT28
vATi9
VAT30

. VAT3
VATI4

VATIS

VAT36

VATATTTTTTT

VAT3S

VATI9

VAT40

VAT41

VAT42

AT 4G

VAT44

VAT4S

VAT46

VAT47

VAT48

vAT49

VADO

VADO2

vabod

YADO4

VADOS

vADOé

VADO7

VADOS

VADO9

VACOt

yACO2

VACOI

VACO4

VACOS

VACO6

62- €3
B B e oot e e e e e
66" 67

68- 69

70- 7%

74- 715
I8 LT e
82- 7783
84- 85
L e . O
88- " 89
90~ 91
..92- 93
94- as
96- 97
L o
100-"""101
102- 103
L ST L SR
106-""107
t08- 109
S TR P
1H2- 7143 ’
1- 4
S N
e Y2
13- 16 -
17- 20

192

ie

.

25~ 28

29- .32

33-7""36

38~ 42
B ST L T
B TN ¥ A

48- 49

50- 52

84-" " 55

‘vlf‘l‘lﬂW?ﬂﬂﬂﬂﬂﬁﬂﬂﬂ%ﬂﬂﬂz"l'ﬂﬂﬂﬂ'ﬂi'ﬂ‘n'ﬂ‘l‘ll'!lé'll'ﬂﬂvﬂﬂﬂ_‘ﬂ'n'ﬂf'ﬂ'nﬂ.‘
VONNLAALRRLRALLNRRNRNRNNRDRRN NN N RDD N LD N
© -~ 000000000000 0000000000000000000000000600

NN I RO I3 RN I3 N I I3 ) bt =+ b b bk b b s a e  aie  wiee s ics e
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Table 69. Example SPSS program and output {continued).
URBAN ARTERIAL STUDY 01/13/82 PAGE
ACCORDING TO YOUR INPUT FORMAT, VARIABLES ARE TO BE READ AS FOLLOWS
~ARTABLE FORMA® ~RECORG ™ COLUMNE ~~ ~ "~ " v e
vACO7 £2 .0 286 ST
VACOS F2.0 2 $9-7" 60
VACO9 F3.0 2 6t- 63
vacio £3.0 284 86
VACH F 4. 2 67-"7710
VACH2 F 4, 2 - 74
VAC13 F2.0 . ..2 .75 76
VAC1S F'870 2 80-
vaC16 F7.3 3 1-
vact? £r.3 T S A L
vacis F7.3 3 KT S L
vaCte F7.9 3 25- N
vacio F1..8 3 K 2 AL

THE INPUT FORMAT PROVIDES FOR
1T _PROVIDES FOR

9 ALLOCATE

.3 RECORDS (’C

74 WILL BE READ
A MAXIMUM OF

74 VARIABLES.

CARDS’) PER CASE. . TCOLUMNS *

113 ARE USED ON A RECORD.

TRANSPACE = 15000

WORKSPACE
TRANSPACE

66920 BYTES
15000 BYTES

ALLOWS FOR.. 77180 TRANSFORMATIONS
600 RECODE VALUES + LAG VARIABLES
..2400 1F/COMPUTE OPERATIONS = .

10 N OF CASES

12
13
14

11 VAR LABELS . ..)

UNKNOWN
VATO1,ROUTE NUMBER/

VATO2, STREET 1D/
VATO3,TRAFFIC FLOW/
_VATO4,NO. OF TRAFFIC SIGNS/

15"
16
17

18
19
20

21
22
23

vnvoc SMALL OUSTACLES/
__VATO? ,NO, OF 1MRU LANES/
VATO8,MEDIAN WIDTH/
VATO9,MED TYPE CURB/
. VAT10,MED TYPE PAVED/
VAT{1,CURE TYPE RT/
VAT 12,CURB TYPE LY/
VAT 13,AVG SHOULDER WIDTH/ _

24
28
26

VAT 15.VERT ALIGN/
VAT 16 ,HORZ ALIGN/

27 .
28
29

VAT17,.N0. OF ODRIVEWAYS/
VATI8,NO. OF INTER SI1G/
VAT19,NO. OF INTER NSIG/

VAT31, POSTED "SPEED/

VAT22,L1GHTING/

_ VAT23,SURFACE TYPE/ _
VAT24 LAND USE/
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Table 69. Example SPSS program and output (continued).

URBAN ARTERIAL STUDY 07/13/82 PAGE 4
34 VAT25,CURB LANE USAGE/
as VAT26 NO. BUS $TOPS/’
36 VAT27,BUS STOP TYP CURB/
SRRSO . . VﬁlzngUSHSYQ?H?ULLQUT/...”””h“"mmmu“". ...
" - T:¥ VAT29,SECTIONS PER CiTY/
39 VAT30.CITY S12E/
40 VAT31,ROADWAY CLASS/
AT T AT 34 REGULATORY STGNS/ T
42 VATIS . WARNING SIGNS/
.43 . VAT36,GUIDE SIGNS/
44 VAT37, TREES)
45 VAT38,UTILITY POLES/
46 . VATI9,LTLANE 1 DIR/
47 VAT40 LTUANE 2 DIR/™
48 VATA{ RTLANE MID/
A8 .. YATA2, PARKING LANE RT/
80 " VATA3,PARKING LANE LT/ o
59 VAT44 ,RTBAY INT/
2  VAT45,LTBAY INT/
B g e A LAY MDY
54 VAT47,8US STOP NEAR/
58 s YATAR  BUS STOP FAR/
56 ' VAT49,BUS '$TOP ™10/
57 VADO1,ACCIDENT FREQUENCY/
s8 VADQ2 ,FATAL ACCIDENTS/
&g VADO3, TNJURY ACCIOENTS/
60 VADOA ,PROPERTY DAMAGE/
61 VDO HEAD DN/ e e —— e oo e e oo et e e e e e e e e
63 VADOG , REAR ENDS/ ™ o ’ ’
€3 . VADQ7,SIDESWIPE/
84 VADOB ANGLE/ e
(13 VADO9, ALL OTHERS/
66 VACO1,ADT/
_________ 67 __VACO2,PHF/
[} TVACO3, VEH MIX CTAES)”
69 VACO& ,VEH MIX COMM/
10 __VACOS,PKNG TNOVER RATE/
Ti VACO6,LOCAL BUS PER HR/
72 VACO7,LANE WIDTH/
73 VACO8 ,AVG CYCLE LENGTH/
T4 VACO9,L0C FACTOR/
75 VAC10,C1TY POPULATION/
76 VAC11,RAINFALL/ -
17 VAC 12, SNOWFALL/
78 VAC13.0PER SPEED/
19 __VAC1S,CAPACITY/
80 “UVAETE,VE RATIO/) T
a VAC17,70T ACCIDENT RATE/
82 _VAC18,FATAL RATE/
a3 VAC19, INJURY RATE/
84 VAC20.PD RATE/

85 MISSING VALUES VATO3,VATOS TO VATIO,VATIS, VAT16,¥AT21,VAT2Y,
T8 T T T U NAT24,VACOT TO VAC|5(0)/VA113 VAT39.VAT40(99)/



Table 69. Example SPSS program and output (continued).

117 READ INPUT DATA e

AFTER READING

8678 CASES FROM SUBFILE URBAN.A , END OF DATA WA ENCOUNTERED ON LOG

URBAN ARTERIAL STUDY 07/13/82 PAGE
.87 . VADO! TO VADOD(9999)/VAC16 TO YAC20(999.998)/
88 COMPUTE VAD 10aVADO 1/
< 89 VAR LABELS VAD10,AVG ACCIOENT FREQ/
9N VALUE LABELS  VATO3 (O)UNKNOWN(1)ONE WAY(2)TWO WAY{3) 1wy DIVIDED
91 (4)2vy DivIDED/
92 VAT22 VAT41 (O)INONE( t)YES(2)INO/
9 VAT42 VAT43 (OINONE(1)PARTIAL(2)CONTINUOUS /
924 VATO9 '(1)CURB!2)INO CURB/
95 VAT10 (1)PAVED(2)UNPAVED/
s 96 e VAT VAT12 (OJNONE(1)VERTICAL(2) MOUNTABLE/
97 TTTTTVATAS (1)LEVEL(2)MODERATE(I)STEER/
98 VAT16 (1)STRAIGHT{2)CURVE/
.99 e o VAT2T VAT28 (OINO(1)YES/
100 VAT23 (1)BITUMINGUS(2)CONCRETE(3)DIRT/
tot VAT24 (1)COMMERICAL(2)RESIDENT IAL(3)VACANT
102 o LA)OTHER/ o L I »
103 T YAT2S (OYOTHER( T ) THRU(2)BIKE (3)BUS(4)RESTRICTED
104 (5 )UNRESTRICTED(6)LIMITED/
...................... OB YAT29 (OJUNKNOWN
106 (1)B1G RAPIDS{2)KALAMAZOO(IILANSING(4)SAGINAW(S)IBIRMINGHAM ~
107 (6)FARMINGTON(7 )FARMINGTON HILLS(B)NOVI(9)0AK PARK
OB e, L JOJROYAL OAK(11)SOUTHFLELD( 12)TROY( 13]TOPEKA( 14 )NEW ORLEANS
109 (13)MILWAUKEE( 16 )SAN FRANCISCO( 17 )FORT WAYNE( 18)SEATTLE
110 (19)MINNEAPOLES/
oy _VAT3IO (O)UNKNOWN( 1)SMALL(2)MEDTUM(I)ILARGE/ o
112 VATI 1 (O)UNKNOWN{ 1 JONE WAY(2)TWD WAY,TWO LANE
113 (3)MULTLANE DIV(4)MULTLANE UNDIV/
114 ANOVA VAD10,VAC17 BY VAT31(1,4),VAT30(1,3)
198 wiTH VACOI/
116 STATISTICS ALL
"TANOVA Y PROBUEN WEQUTRES ™" 197¢ EYTES OF SPACE.

‘L UNIT » 8
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URBAN ARTERIAL STUDY
JFILE URBAN.A (CREATION DATE = OT/13/82) . . i i o oo oo

e o YADIO
BY VAT
VAT30

TOTAL POPULATION

Table 69.

ceELt

3.66
( 8678)

Example SPSS program a.

MEANS

_VATI

1

3.72

2.5

4.73

B £13)

(

3489)

1897)

{

VATI0
1

718
( 44¢)

(

3.89
3806)

4.37

R )

P

5 & & 0 ¢ & 4 5 6 4 0 0 >0

JAVG ACCIOENY FREQ | i s o o
ROADWAY CLASS
CITY SIZE

¢ & 3 & & 8 & & P 4 6 O & S S 0 & S St ST SRS EE S St RS

e VAT IO

Varl3dt

2.73

(

16)
1.61

{

229)

2.9

316)
4.01

(

1547)

4.45

38)
3.%2

4.69

" 84d)

{

438y

4.13

autput (continued).

07/13/82

FRB ) [ (G L L
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URSAN ARTERIAL STUDY
FILE URBAN.A_(CREATION DATE = O7/13/82)

% & & & ¢ & s v B s e s s
VACI17

TTBY VAT
VAT30

® ¢ & & @ ® & 6 5 & 8 5 & & A 2 4 4 O & & 6 4 2 F W AR S L At e s 20

T ROADWAY CLASS

Table 69. Example SPSS program and output (continued).

CELL
TOT ACCIDENT RATE

ClTY SI2E

TOTAL_POPULATION

8.32
(..8678)

VAT

1

10.07

7.82

{7 736)

(

1997}

R

i

8.59

MEANS

* & 4 5 2 8 2 & b & 6 ¢ b+ 0

Ry T

VAT

(

7.484
4424)

VAT30

8,44

%8y

-

2
_10.83

TT4dt)”

8.76

v

310)
6.13

{

1602)
9.78

£
5.69

8.90

5y

{

T

g

8.94

7.88

PR Y s e

7.14

8,47

(

“84)

(

{

1220)

R e e S

Y L
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Tai.le 69. Example SPSS program and output (continued).

URBAN ARTERIAL STUDY 07/13/82 PAGE [}
JFILE URRAN.A (CREATION DATE = 07/13/82) . . . ... ...

® e o e e v et oo ANALYSIS DF VARIANCE® * ¢+ 000000
oo YADYO | AVG ACCIDENT FREQ . . .. i oo
8Y VATIt ROADWAY CLASS
VATN CITY SIZE
i SITH VAC. MDY

SOURCE OF VARIATION SQUARES OF SQUARE F OF F

COVARTATES TUUARFFUETITT TN T A% 4731048 (545
VACO1 25371 173 1 25371.4731048.545

WA ERFRETE NIRRT TR 36568 14 885
VAT31 €67.739 3 222.580 9.199
VAT30 . 962.671 2 481336 19.893

6
]

2-WAY INTERACTIONS €93.215
VAY31 . VAT3O £93.215 S

115.836 4.77%
115,836

Tt

EXPLAINED 27878 .688 12 2323.224

RESTBUAL : OREER RO BEES R EF
yovaL 237544.188  8€77 .. ....27.976 .

COVARIATE  RAW REGRESSION COEFFICIENT

“GRESi e s

T CAEES WERE PROCESSES T
O CASES ( 0.0 PCT) WERE MISSING.




N
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Table 69. Example SPSS program and output (continued).

URBAN ARTERIAL STUDY

JFILE URBAN.A (CREATION DATE = O7/13/82) .
**e* MULTIPLE CLASSIFICATION ANALYSIS ==
VADIO  AVG ACCIDENT FREQ
BY VAT ROADWAY CLASS -

VAT30 CITy SIZE
WITH VACO1 ADT

07/13/82 PAGE 9

T R e e TS S T T e L R R

GRAND MEAN = 3.66 ADJUSTED FOR

UNADJUSTED INDEPENDENTS + COVARIATES

.VARIABLE ¢ CATEGORY . N_ _ DEV'N ETA DEV'N BETA DEV'N BETA

VAT3H
e} ONE WAY S £ D107 e st v 91 38
3 MULTLANE DIV 1997 1.08 0.10
4 MULTLANE UNOIV 2496 L0:72 e e e e 0229

VAT30 ’

AORISTED FOR ™ INGEPENDENTS =

2 MEDIUM 3806 0.24 0.33
I LARGE 4424 ...70:05, .70.18

“MULTIRLE R

MULTIPLE R SQUARED TSRS~ D 1
0.338
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Table 69.

URSAN ARTETIAL STUDY

LFILE URBAN.A

¢ * & s 0 0 0 s s 0 ANALYSTS O F

BV VATI177 ROADWAY CLASS
VATIO  CITY SIZE

COVARTATES

2-WAY INTERACTIONS
VAT YATIY

"RESTHOAT
YOTAL .1o12919.2%0 8677

EXPLAINED

.{CREATION DATE = 07/13/82)

i34 804 T
VACO1 7134.504

“10352.480 7
VAT 3115.461
VATI0 L8194 028

1499.699
1499.700

18986 . 688
993932.%63

Example SPSS program and output (continued).

SOURCE OF VARIATION SQUARES

COVARIATE  RAW REGRESSION COEFFICIENT

VACO1 -0.000

8678 CASES VERE PROCESSED.
O CASES ( 0.0 PCT) WERE MISSING.

SQUARE

ALK
7134,

3676
1038,
..3097,

249.
249,

1582.

18

$04

i96 "

487

o) .

930

950

224

[ 3

62.19a
62.198

18.050

9.053

27.000 0.

2.179

2179,

13.794

VARIANCE = ~ ¢ s ¢ 4 9% 0 s
VAC17  YOT ACCIDENY RAYE

"SIGNIF "

OF F

0.0
0.0
o

LR L,

07/13/82

PAGE

10
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Table 69. Example SPSS program and output (continued).

URBAN ARTERIAL STUDY 07/13/82 PAGE 1"
FILE URBAN.~ (CREATION DATE = 07/13/82)

*e* MULTIPLE CLASSIFICATION ANALYSIS o
o YACAT  YOT _ACCIDENT RATE A
LS T Moyt L A e
VATI0  CITY SIZE
__MITH VACOY__ ADT

B I T R R R R A A BN B R B SN R R S S S R S S S S S S ST

LGRAND MEAN = 832 e e s o ADJUSTED FOR
ADUUSTED FOR ™~ INDEPENDENTS

UNADJUSTED  INOEPENDENTS ¢+ COVARIATES
VARIABLE ¢ CATEGORY N DEV!N ETA DEV'N BETA DEV'N  GETA

VATt
v ONE MWAY 726 1.74 1.10
2" TWo WAY: TV TARE 4a8 i g o S
3 MULTLANE DIV 1297 -0.50 0.34
4 MULTLANE UNDIV 2496 0.26 048
0.06 0.06

VAT
1 SMALT 448 <2.73
2 MEDIUM 3806 0.88
3 _LARGE 4424 -0.48

MULTIPLE R SQUARED R X1
MULTIPLE R 0.13¢
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Table 69.

URBAN ARTERIAL STUDY

Example SPSS program and output (continued).

07/13/82

RSP REGUTRED O WG s s bt £

1 TRANSFORMAT]IONS

0 _RECODE VALUES + LAG VARTABLES i oo o o i o oo e o+ o e

TTUAT1E /COMPUTE  GPERA \ 1ONS

LCPU TIME REQUIRED.. = 20.98 SECONDS . | .o oo oo s oo s oo o o et + oot oo e et o e e

{8 TINTSH
NORMAL END OF JOB.

O ERRORS WERE DETECTED.

PAGE

12
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Table 70. Example OSIRIS V program and output.

1 R *OSIRIS4 SPRINI:-6
2 8DICT DICTOUT=-DIC2 SOURCE=DICI PRINT=0UTC
.3 .. BRECODE SOURCE=RCODE =~ = . .
] STRANS DICIIN=-DIC2 DATAIN=-GEOM{LR=113) DICTOUT=DIC2 DATADUT=-DATA
5 CREAVTE NEW VARIABLES
6 RECODE=) PRINI=CODEBK VARS=V1-V49,V101-V124,V201-V210,R50-R71
7 SEND .
8 SEMPTY -6
9. .. GSEARCH DICTIN=DIC2 DATAIN=-DATA
B[] INCLUDE v3i=3
1 BRANCHING ANALYSIS FOR URBAN ARTERIAL STUDY
12 RECODE={ DEPV=R7Q MAX=30 MIN=25 EXPL=.25
13 VAR=R6T M CODES=(i-7)
14 VAR=RS4 CODES=(1-6)
15 VAR=V2S RS2 CODES=(0-6)
16 VAR*RS 1, R85 CODESs(i-5)
17 VAR=V24,V31,R53,R62,RG8 CODES=(1-4)
18  VAR=V19,R58.R59.R65.RGE CODES=(0-4)
19" VAR*V18 . R57.R63,.R64 COOES=(0-3)
20 VAR=V {5 Vv23,V30,R60,R69 CODES=(1-3)
21 __VAR=V11,V12,V22,V42,V43,R61 CODES=(0-2)
AT ARV 16, v CODES={ 1-2) £rD T
23 &END
24 ..$COP_-6(1,30) e et
1 SSEARCH GICTINSDIC2 DATAIN=-DATA"
26 INCLUDE V313
.27 BRANCHING ANALYSIS FOR URBAN ARTERIAL STUOY i e o o
b1} RECOOE=1 DEPV=REO MAX=30 MIN=25 EXPL=.25
29 VAR*RS4 CODES=(1-6)
30 _VAR=RE™ M CODES=(1-7)
TR T VARSVES ,R83 €ODES=(0-6)
32 VAR=RS1,RSS CODES=(1-5)
33 VAR=V24,V31,RSI,R62,R6B CODES=(1-4)
‘34 VAR=Vi9, RS58,R59,R65 . R66 CODES<(0-4)
3s VAR=V18 ,R57,.R63,R64 CODFS=(0-3)
36 VAR=V15,v23,V30,R60,.R69 CODES=(1-3)
37 VARaV11,V12,V22,V42, Va3, R61 CODES=(0-2) ~
as VAR=V16,V9 CODES=(1-2} END
L3 SENO
40 §T0P
't CON *PRINT® ROUTE=EAPC .
42 COP -6 *PRINI®

4377 T RELSPRINTS T T T
End of file



L -
43

44
a8
48

47
a8
A
50
S1

g

58
se
3L
88
59

Va8 NAME=MEOIAN VIDTH' COL=26 WiD=4 MDi~O L=NONE

Ve 14 NAWES ‘GUARORAILS' COL~40 WiDed MDi*NONE L=NON

Table 70. Example OSIRIS V program and output (continued).

DICTIONARY FOR URBAN ARTERIAL STUDY
NRECORDS=J LRECL=113

V=1 G 1 NAME='STREET ID‘ REC=1 COL=1 WID=6 TYPE=C MD1=NONE L=NONE
Ve2 NAME='CITV CODE’ CO1:8 WiDs6 MD1=0 ( =NOWE

V=3 NAME='TRAFFIC FLOW' COL=15 WID=1 MO1=0 L=NONE

V=4 NAME*SIGNS COL>17 WID+2 MD1=NONE L =NONE

“yel NAME=LARGE OBSTACLES’ COL=19 WID=3 L=NONE

V=G NAME=’SMALL ORSIACLFS' COL=22 WID=2 L=NONE
Ve7 NAME='NO OF THRU LAMES’ COL=24 WID=2 L=NONE

V=9 NAME='MED TYPE CURB‘ COL=30 WID=2 L=’ 1=CURB,2=:NO CURB’
V=10 NAME=‘MED TYPE PAVED’ COL=32 L=’ 1=PAVED,2=UNPAVED'’

Ve ii NAME='CURB TYPE RS‘ COL=34 MDi=NONE L=’'O=NONE, i=VERTICAL ,2WOUNTABLE '

Ve12 NAME='CURB TYPE LS’ COL=36 MD1=NONE L=’O=NONE, | =VERTICAL,2=MOUNTABLE’
V=13 NAME='SHOULDER WINTH’ COL=38 MD{1=99 L=NONE

V= 1S NAME='VERTICAL ALIGM’ COLsd44 WID=2 MO1=0 L=’ I1=LEVEL,-
2*MODERATE 3=STEEP’

V=17 NAME= ‘DRIVEWAYS’ COL=48 MD1=NONE L=NONE .
V=18 NAME='SIGNALIZED INFER’ COL=50 MD{1=NONE L=NONE = .

TUvm 19 NAME« ‘MHONSIGNALIZED INTER? COL=82 L=NONE

V=20 NAME='LANES ON CROSS ST’ COL=54 L=NONE
V=21 NAME= POSIED SPEED’ COL*S6 L=NONE

Va2 NAMEs ‘LIGHTING® COL=58 MD1:NONE L= ‘ONONE, i=vES ™~~~ " "~

Vs23 NAMEs ‘SURFACE TYPE' COL=60 MD1=0 L=’ 1=BITUMINOUS, 2=CONCRETE,3=DIRT"’
V=24 NAME= 'LAND USE’ COL=62 L=’ {1sCOMMERICAL, 2=RESIDENTAL , 3=VACANT, 4=QTHER’

“yea% NANMEs ‘CURR LANE USAGE COLE4 MO I=NONE L= O=OTHER, i=THRU,2=BIKE 3-8US, -

4sRESTRICYED,SaUNRESTRICTED,.6=LIMITED’

V=26 NAMEs‘BUS S1OP' COL:66 L=NONE

Ve27 NAME=‘BUS STOP CiRB‘ COL=68 L=NONE '
V=28 NAME=‘BUS STOP PULLOUT* COL=70 L=NONE
V=29 NAIE-'SECTIWS BY C11v”’ co:.-'lz II.H‘O I.-mNE

Va3 NAME®CITY SIZE* COL=T4 MDI=NONE L=*1=SMALL, 2sMEDIUM, ISLARGE:

Vea31 NAME='ROADWAY CLASS® COL=76 L=’ 1=ONEWAY,2=2WAY 2LANE,J=DIVIDED,4=UNDIVIDED’
2 NAME='SHOULDER TVPE RS’ COL®T8 Le='1=PAVED,2=UNPAVED' =
NAME = SHOULDER TVPE LS COL=80 L=7 i=PAVED,d=UNPAVED: "~ " 7"

Vs34 NAME=’REGULATORY SIGNS’ COL=82 MD1=NONE L~NONE

V=35 NAME= 'WARNING SIGNS‘ COL=84 L=NONE

T"Ve36 NAMEs‘GUIDE SIGNS’ rOL=86 L=NONE

V=37 NAME='TREES® COL:=88 MNI=NONE L=NONE

VedB NAME= UTILITY POLES’ COL=90

v=39 NAME=:LTLANE DIR‘ COL=92

V=40 NAME=‘LTLANE 201R’ COL=94

NAME=‘RTLANE MIDBLK’ COL=DG L=’O=NONE,i=YES,2sNO’ =~
sd2 NAME = PARKING RS’ COL=08 La*O=NONE, i=PARTIAL, 2=CONT ™ ’
V=43 NAME='PARKING LS’ COL= 100 Le‘O=NONE, 1=PARTIAL,2=CONT’

Ved4 NAME=‘RIBAY INTER’ COL=102 LsNONE =~~~

V=46 NAME=’RTBAY MIDBLK‘ COL=106
Va47 NAMEs'BUS STUP NEAR® COL=108
Va48 NAME=‘GBUS STOP FAR' COL=1{10
V=49 NAME='BUS STOP MIDBLK’ COL=112

" Ve i€ NAME= HORIZONTAL ALIGN' COL=46 L= 1=STRATGHT 2uCURVE: ™~ "~ 7~ 7

ek NAMESLTBAY INTER' COLS104 . S

V2101 G=2 NAME='ACCIDEN! FREQ’ REC=2 COL=1 WID=4 MO1=9899

"“Ve 104 NANE« FATAL ACCIDENTS” COL=%
V=103 NAME='INJURY ACCIDENTS’® COL=9
V=104 NAME='PDO ACCIDENIS’ COL=13
V=108 NAME= HEAD Oi AcC’ coL=1¥
V=106 NAME='REAR END ACC‘ COL*21%
V=107 NAME=‘SIDESWIPE ACC’' COL=25




vie

T
L )
84

V=108
V=109
V=110

R TE R}

V=112
ve=113

AT iE

v=11S
V=116

Vi iT

LARR]
V=112

N30

V=121
V=122

S TEY

vVe124
V=201

ad6a

V=203

. Y2204

V=203
V=206
V=207

" V=208

V=209
V=210
SEND

End of ftle

"NAME=

Table 70. Example OSIRIS V program and output (continued).

NAME = * ANGLE ACC* COL=29
NAME="OIHER ACC’ COL=29

NAME=°ADT°’ COL=38 WID*S MOt=0

NAME='PHF° COL=43 viD«3
NAME='VEH MIX CARS' COL=46 WID=2
NAME='VEH MIX COMM‘' COL=48

NANES * PARRING TURNOVER®  COUSEO WHEA OGS s e s 5t £ s s e s s s o

NAME='BUSES PER HOUR® COL=33 TYPE=C WID=3 NOEC=0
NAME=‘LANE WIDTH' COL=%56 WID=2

'NAMES 7 AVG CYCLE LENGTH? GOLoES s womms s o

NAME=°LOC FACTOR’ COL=61 WID=3

NAME='POPULATION’ COL=64

NAME=*RAINFALL® COL=87 WiD=4 NOEC~T"
NAME='SNOWFALL’ COL=7t

NAME= ‘OPERATOR SPEED’ COL=73 TYPE=C WID=2 NDEC=0
NAME=“POPULATION LEVEL " COL=78 WiD=1
NAME=’CAPACITY’ COL=80 WID=S

G»3 NAME='VC RAT]O’ REC=3 COL®1 WID=7 NDEC=3 MD1=999.999

NAME=‘ACCIDENT RATE? COLsS ™
NAME='FATAL RATE’ COL=17

NAME=‘ INJURY RATE‘ COL=25
POO RATE* COL=3F ™ o
NAME="HEAD ON RATE’ COL=41
NAME=‘REAR END RATE’ COL=49
NAME=‘SIDESWIPE RATE’ COL=S7
NAME=‘ANGLE RAIE' COL=65
NAME=‘OIHER RATE’ COL=73




sLe

Table 70.

OSIRIS IV MONITOR SYSTEM
18:33:21 JUL 12. 1982

RECODE=1 FLOATING POINT

RS0=0
T VIGTGY 6 THEN AB0=vioi/d T

RS1=0
1F V4 IN(O-4) THEN RSI=1

TTIEVATINGS-F) TN Rsie2 0 T

IF v4 IN(8-10) THEN RS1=)
IF V4 IN(11-15) THEN RS1=4
TUHEVETGE 16 THEN RS i<
MDATA RS1(0)

Example OSIRIS V program and output (continued).

R82=0

IF VS IN(S-10) THEN RS52+2
IF VS IN(11-15) THEN RS2:)

_._", VB INCIB-30) "THEN R824 =~ " e e

IF VS IN(21-24) THEN RS2-3

!' “ “ 25 tm" .53.6 . Coa Rressdnss ar 4 tiaaamas ol aaess esaeses

TWMDATA "R82{0)
R53°4
IF V6 EQ O THEN RS3=0

IF V6 IN(3-6) THEN RS3=2
_1F V8 GE 7 THEN RS3=3
Wh R84
m-o
F_ VI _GT O THEN RS4=V?

..."..” & T THEN" Bdsy

mn RS4(0)

xr n ln(s-lo) THEN R5S5=2
N(11-20) THEN R53=3

lf"bi'lhlii-:iﬂ “HEN BEB=4 T

IF V8 GE 36 THEN RSS=5
MDATA RSS(0)
“ThiE=6

IF V13 IN(1-8) THEN RSE=!
IF V13 IN(S-10) THEN RSEx2 oo - e

TIEVASTEE VT THEN RBé=3
MDATA RS6(0)

R57=4 .
~§F VIa EG O TN W8T

IF Vt4 IN(1-25) THEN RS7=!

IF V14 IN(2€-80) THEN RS722 o e

TYREVITEE 1 TEN REYSd T
MDATA RS7(4)

RSges
IR ViT RO O YN R80T T T T

IF V17 IN(1-2) THEN RS8e1
IF V17 IN(3-3) THEN R58s2

1F V17 GE 10 THEN RS8-4
MOATA R38(S)
TS0

IF V2 €0 60610 THEN R59=1
~.JF V2 EQ 80820 THEN R59:2




9s2

Table 70. Example OSIRIS V program and output (continued).

IF v2 EQ 90910 THEN RS9=)
IF v2 €Q 101010 THEN RS59-~4
IF V2 EQ 121230 THEN RS9+S

IF v2 €Q 141310 THEN R39°7
-JF V2 EQ 131310 THEN RS9:8

1F7V2 €0 161420 THEN R59-D

IF V2 €0 171520 THEN RS9=10

I1F V2 EQ 181310 THEN RS9~y

TIFVITEQ 191310 THEN #59-12
IF V2 EQ 201310 THEN RS9+ 13
..JF V2 £Q 211620 THEN R59=14
TEF V€0 221310 THEN RS9~ 16 i
IF V2 EQ 231310 THEN R59=16
IF V2 €Q 241710 THEN RS9=17

~YF V€0 34111 THEN RESs 18~ T T

IF V2 EQ 251710 THEN R59-18
IF V2 EQ 312410 THEN RS9=18

~FF VI €0 323810 THEN RSGeig T T

MDATA RS9(0)
R60=0
TTEVRTTINTS-38) VN Réosy T
IF V21 IN(26-35) THEN R60=2
iF V!' GE 36 'I’HEN aso-a
“MOATA &éOT6)
RE1=V26
- JE V26 GE 2 THEN R61e2 =
#€§3=0
IF V34 IN(O-1) THEN R62+1
_IF v34 IN(2-8) THEN R62=2
TE V34 IN(6-10) THEN R62+3
IF V34 GE 11 THEN R62=4
MOATA R62(0)
REIVIT
If V3% GE 3 THEN REJI=3

- RG4nq
TF VI8 EQ O YiéN 640
IF V36 IN(1-2) THEN RE4=1

IF ¥36 IN(3-4) THEN R64*2
1#F VIE GE & THEN R€a=a T
MDATA RG4(4)

L) Lo
1# VY €GO YN W85
IF V37 IN(1-2) THEN RES=*1
IF V37 IN(3-6) THEN RES=2

IF V37 GE 10 THEN RES=4
..JMOATA Re3(%)
héé-y

IF v:n EQ O THEN RE6&-0
V38 IN(1-2) THEN Re6=1

._," VR TNUS AT THER BEEsg - o + o o

IF V38 IN(8-10) THEN R66-3
IF V38 GE 11 THEN RG6€=4
TMOATA REEIST
RE7~0
. JF V110 IN(O-4899) THEN RET=1
TE VIO INIS000-9999) THEN REé7=2
1F V110 IN(10000-14999) IHEN RG67-3
_.1F V110 IN(15000-19999) I1HEN RE7=4
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Table 70. Example OSIRIS V program and output (continued).

IF V110 IN(20000-24899) IHEN RG7=5

IF V110 GE 25000 THEN RE7+6

_.MDATA RE7(0)
“heds0”

IF V116 IN(7-9) THEN R68at

IF V116 IN(10-12) THEN RG8=2

TIEVIIC INGCI3S14) TTHEN RGdedy T T T

IF V118 GE 15 THEN RG8+4 .

MOATA R8GO . e o e et e e e
“B8eD - e e g e+ S

IF V124 IN(16€50-4950) THEN RE9=1 N

IF V124 IN(S000-8250) THEN RG9s2
TETVI24 G 8300 THEN #69-3
MDATA RE9(0)

R70+0

R71=0

IF V119 IN(O-49) THEN R71=1 , L

IS INU85-349) THEN Rigsg ™
IF V119 GE 250 THEN R71=2

NAME RSO ‘AVG ACC FREQ’, RS1 'SIGNS’.R32 ‘LARGE OBSTACLES',RSJ °SMALL OBSTACLES:

“NAME B84 TTHID LANES S @68 ‘MOETAN WIDTH 886 °SHOULDER WIDTH: . AST 'PCT GUARDRAIL f
NAME RSS ‘DRIVEWAYS-.RS9 'CITY’, RGO ‘POSTED SPEED"

NAME RE1 ‘BUS STOPS’ ,RE62 'REGULATORY SIGNS’,RE3 'WARNING SIGNS®
" NANE G4V OUTOE SIGNS ¢ 68 ‘ TREES ' REE ‘UTILTYY POLES” ’ '

NAME RE7 °ADT‘ RE8 ‘LANE VINTH' REQ ‘CAPACITY’ ,R70 ‘ACC RAVE’

©e 00 oNORMAL TERMINATION OF RECDOE $ 0.17 0.73 SECS




Table 70.

OSIRIS 1V MONITOR SYSTEM
16:33:43 wuL 12, 1982

“BREARCH DICTIN=DICI DATAIN:-O8OATA T

BRANCHING ANALYSIS FOR URBAN ARTERIAL STUDY

RECODE=1 DEPV=R70 MAX=30 MIN:50 EXPL=,29

“VARSRES F CODES=(1-19)
VAR=V24 V31 F CODES=(1-4)
VAR=V25 F CODES=(0-6)
"VARSREA W CoDES={i-7)
VARSRS2,R67 CODES=(1-6)
_VAR*RS! COOES=(1-3)
VARSRT 1 COOES<(1-4)

VAR=V1{9 ,RS8 CODES=(0-4)
VAR=V18, V44 ,R53,R57 CODES=(0-3)
"VARSV 18, V30.R60 CODES=( 1-3)
VAR®V{1,V12,V42,V43,V46,RA 1 CODES=(0-2)
VARV 16,V23 cooss-u 2)
“VAR=V33,V27 V28 CODES=(O-1) END

8L¢e

Example OSIRIS V program and output (continued).
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Table 70. Example OSIRIS V program and output (continued).

se¢ SEARCH - OSIRIS SEARCHING FOR STRUCTURE
JUL 12, 1982 BRANCHING ANALYSIS FOR URBAN ARTERIAL STUOY

THE NUMBER OF VARIABLES IS 30

“TUCEGAL CHARATTERS TN THE OATA WiILL- 777

BE TREATED AS MISSING DATA

“YHE DATA ARE NOT WETGHTED

THE DATA WERE TRANSFORMED BY RECOOE f

THE NUMBER OF CASES IS 8427

SEARCH 9



6.2

Table 70, Example OSIRIS V program and output (continued).

¢ee SEARCH - DSIRIS SEARCHING FOR STRUCTURE

THE NUMBER OF VARIABLES IS 30

BF TREATED AS MISSING DaTa

“YRE DATA ARE NGTY WETGHTED

THE DATA VERE TRANSFORMED Bv RECODE 1 . . . .
THE MUMBER OF CASES IS 8437

SEARCH 1.




Table 70. Example OSIRIS V program and output (continued).
T BAREITIONTRG ERBS W1Hi 19 F Il GHGUE S S e

_THE VARIATION EXPLAINED IS 12.8%

ONE-WAY ANALYSIS OF FINAL GROUPS

SOURCE VARIATION

EXPLATNED "0l id63anBE 06 T

ERROR 0.859 1648 +06
ToTAL .. ....0.9ASS536E06

JSPLIT SUMMARY TABLE

MEAN(Y)= 0©.8333917E+0!
TTTTSPLIT ON RS T e TY

INTO GROUP 2 CODES 12 8 6
AND GROUP 3 CODES

.. 8437 CASES
VAR{Y)s=

oROUP 3 3929 CASES SUN(WT )=

""""" WEANLVY= 0. 1073410k409

1. 999

VAR

.. SUM(NT) = 0.8437

.OF

W
8420
8436

0.1168271€+03

11

10
0.

1% 16 17 3

3929000€+04

1403463Ev63

SPLIT ON RS 1 SIGNS
AND OROUP S CODES 3 4 B

“ORBUPTTTTTTTTTTAROE T CASES T T TSUN(wTYs T

Qi

WEAN(Y)= O 6284468€+01 = VAR(Y): O

SPLIT ON V18 SIGNAL]IZED INTER

..INTO GRoup
AND “GROUP

eROUP 8
MEAN(Y)e O. 1240827E+07

........ SUTY o WEY ~RBF T
INTO GROUP &8 CODES t 2 3

VAR(Y)®=

2283 CASES  SUM(WT)= O.

VARIAT[ON=

AR ERPLE

19 4 18 8

VARTATiGN=""0

....YAR EXPL= .O:

~ O

.9055536E406

SEARCH

R TABEERRGE T

IBAR0BBEIOB e et St s e e s

. 87088 15€402

O. 1346304E+03

AND omOup ... CODES  \8 6 e o

GroOUs @ SUM(WT )=
T RERNIVYe 6193348384062

SPLIT ON RS9 crry

1760 CASES

e TS OROUB. AE T COBEE T 14 W6 T

AND GROUP 11 CODES 19 9 2

0. 1760000€+04

TUVAR(YYETTE

. 1682939€ 469

VAR EXPL=

[ ] CODES 0 o

VARIATION=

VARIATION= O

FIAIBIVELOE e et et e e et e

0. 10703C8E+0S

.3529122€+06

"VARIATION=" ©

VAR EXPL=  0.4847602€%04 . . .. ...

ZIBIOO0EIOA || ottt et ot Sttt e e 5 o e et e



Table 70. Example OSIRIS V program and output (continued).

T PARTIYIONTNG ENDS witii 157 F iNAL GROUSS
THE VARIATION EXPLAINED IS 12.8%

ONE-WAY ANALYSIS OF FINAL GROUPS

ERROR
TOTAL

VARIATION

NEAN(Y)=

8437 _CASES

0.8338917€+0¢

. SumM(wT)=

VAQ(Y).

GPCATNED 5 i36I88BESG6 =

DF

8420

0.

e BAFE i it e

8437000€+404

0.1168271E+03

2 CODES

3___ COOES

[ d
oS omowr 3
=3

3929 CASES

""""" WEANLYYS O i07340k 402

SPLIT ON RS

e SR 6 RO
AND GROUP

MEAN(Y)=

SIGNS
4777 copEs
L] CONES

4808 CASES
0.8284468E¢01

SPLIT ON V18
OROUP

12 8 6

SUM(WT ) =

TLICI TR

15 16 17 23

. 3929000€ +04

. 1403403403

3 43

" §ui(wi)="T 0

SIGWALIZED INTER

[} CODES

2203 CASES

MEAN(Y)=

e L B R KB

8 CODES

9 CONES

1760 CASES

T RERNTYYS 019234058463

SPLIT ON RS9

ciry
16 7 cobEs
1" CODES

0. 1240827€+402

_VAR(Y)es O.

8703313E402

VAR(Y)=

1 2 3

SUM(WT )=

sum(wr)= 0

0. 1546504E+03

0. 1760000€ +04

“VAl(v)sT0

L 16828398463

19 9 2

VARIATION=

VAR EXPL

13 418 5

VARTATION=

.. VAR EXPL®

VARIATION:

VAR EXPL=

VARIATION=

VAR ERBLE

VAR EXPL=

‘o

VARTATiONs"

o

“§

7

[« 13

‘0

o O

Q:

Q

.B83%536E+06

§815866te06

18420326405 e

. 10TO308E+0%

.3529122€+06

. 48476026004

CABOROOOEIGE | e
:3923578E306

SEARCH

2

SQBI000EEOE | s et s i et s e e e e £ e e e
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Table 70.

GROUP ¢
" MEAN(Y)® ©.5381693E+01
| ———————
INTO GROUP 12 cConDES 3 2 4
AND GROUP 13 CODES 1
QROVP 4 1848 CASES
TTUREANY )0 830084400
SPLIT ON RE7 ADT

2 3 &

3413 CASES

VAR(Y)=

SUM(WT )=

AND GROUP 1S CODES
RO T
MEAN(Y)= O.1504701E+02

F98 CASES
- VAR(Y)=

SPLIT ON V25 CURB LANE USAGE
m"“gmﬂ" CODES S O

GROWP 7

MEAN(Y)= O0.897481SE+0! VAR(Y )=
“““““ SPLIT ON &Y AT T 0
INTO GROUP 18 CODES 1 2

AND GROUP 19

oROUP 1S 147€ CASES SUM(WT) e

TTTMEANTVYSTTOUTE1Ed6eE 61 T TVARTYYe

e SELLY ON V24 ...LAND USE
“INTO GROUP
AND GROUP 21 coneEs 1

SumM(wT)=

CVAR(YYST

SUM(wi Y=

1095 CASES SUM(WT)=

CorEs 3 4 8

0.
o.

“EROUPTTIY TG CASEST T TSUN(WTYS D

MEAN(Y)® ©.1628647€+02  VAR(Y)=

SPLIT ON RS2 SMALL OBSTACLES

2 CODES O
TTTTTAND TORGUP AT CObES T T T YT
962 CASES  SUM(WT)s

QROUP 10
MEAN(Y)= O.1171327E+0>

T —
INTO GROUP 24 CODES 1

VAR(Y)s

3413000404

6797601E+02

- 1646000E +04

. 111200618463

: 1981004€103

- 1095000€ +04
. 1368558€+03

. 1476000E +04

L 1002826E4+05

:2066929€403

VARIATION=

| VAR EXPLe

VARTATIONe ¢
VAR ExPL= Q.

VARIATION= O.

VAR EXPL=

VARIATION=

... VAR EXPL= O

VARIATION= 0.

VAR EXPL»

Example OSIRIS V program and output (continued).

0.2319342€+06

0.3167243€404

3SR EIGE
OB BAE S04 e e

FEREGGOE G e
1578860E+06 e

.5339828E+04

. 1497202€4+06

VAR EXPL=" O.4718734€404 7

9822208404

JAADITORLOE s et e et e et
0.3441302E+04

0. 1387048E+03

.coots 2 3 4

VARIATION=

0. 1332953E+06

(BBR0000E 40T e o e o i et s s

SEARCH
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Table 70. Example OSIRIS V program and output (continued).

MO I8

MEAN(Y)= O. 1189258E+02

L ——
INTO GROUP 26 - COOES
AND_GROUP 27 ... GODES

.. JE8_CASES

VAR(Y)e=

15 17 2

RO 27 216 CASES SUM(WT )=

T REANTY YO IKA8I8TEO2
ROADVAY CLASS

Co0ES 2 3
CODES t 4

T VAR(Y )=
SPLIT ON V31
e GROUP - 58

AND GROUP 29
BEAN(Y)* 0.96S1679E+01
SPLIT ON R39
AND “GROUS 317
QrRouP 31

MEANTY)= 0. 11784138402

CITyY

CODES 9 19 1

VAR(Y)=

"'""'""m:ff"ﬂ'ii"9""""'"""""'§i’li“l[‘t'i!'ﬁ""iiif g

INTO GROUP 32
AND GROUP 33

CoOES O
CODES

SUM(WT )=

L4181

278 CASES  SUM(WT)=

0.3680000E¢03

[+ .8181{88E+0S

2229207€+03

0.2160000€+03

TUEOM(wE)s T 6

L VAR(Y)= O.

[3738745€ 403

9911023€+02

VARIATION=

VAR EXBLsTO

VARTATION= "0
VAR EXPL=

VARIATION= 0

VAR Tarvs

k]
.5888303¢€ +05

.6588176E+04

0.2623204E+04

0 e e e e

0.124199SE+03

FINAL OROUP SUMMARY TABLE oo

WEAN(Y)® O.48S9988E+O1
0 K] paZ BT 1 L I
NEAN(Y)e O.T7160477E301
onoUP 14 170 cases
TTURERNVYS TS 1At eE
QROUP 18
MEAN(Y)e O.2648232E+01
BT Y CRERS
e JEAN(Y)= O T749787IE401

VAR(Y)=

SUM(WT )=

149 CASES .

VAR(Y)=

SUM(WT)>

SR 5
VAR(Y)=

UARTVYE
SUM(WT)"

- SRy

. YAR(Y)=

© 0o 0 0 O U 0 o © O

VARIATION=

22T80000E 20T | | s
.3440325€+05

6201608E+02

VARIATION=

. 1635984E +06

SHR EXPL=

GEITOIAEGE

-0.44%8056E+0S

T940000E+63

-8430394£102
. 1700000£+03
J1793338E458
: 14900008403 ...
. 1257374£+403
370000808

-8703792E402  VARIATION:

VARIATION= O

VARTATTON""

VARIATION=

8168506205

6. 9030888 E08

SR ExpLe=

SHIt EXPL=

0. 18609 1JE+05

06318933408

SHR EXPLe

SHR_EXPL=

LTOBSIASISELOM o

"0 V14204808

~0.4568137C+04

D. 1886600£+04

SEARCH

4

ni:‘si'i‘j?‘i‘gg;é’i“-“"..".“""..-”“””-n“h.‘“‘N" e aT e eme e eEA et e e e e s tTaELEeLeeiemettsbiaLles sasiealc sisccngantiirnime 4



OROUP 20

1103 CASES

MEAN(Y)=

MEAN(Y )=

0.6866609E+0!

s G R G

0. 1063219E+02

388 CASES

o RV
omoue 3

0. 1836283E403

291 CASES

MEAN(Y)*

MEAN(Y)=

0.1373231€+02
T 338 CASES

GROUP 23

724 CASES

152 CASEs

0.6833498E+01

148 CASES

0.1162838E+02

70 CASES

MEAN(Y )=
MEAN(Y)=

Q.7266039E+01
T iR CASES

TTTUREANLVYS T O 16d 11788402

107 CASES

010833808402

03438 85E62
745 CASES

0.8839683E+01

Table 70. Example OSIRIS V program and output (continued).

SUN(WT)=

VAR(Y)s

SUM(wi)e"
L VAR(Y)=

SUM(WT )=

TUVAR(VYe T
SUM(WT )~

VAR(Y)»

SUM(wi )

.LL1A S L

SUM(WT)=

AR

. SUM(wT)=

VAR(Y)=

TR W)

SUM(WT )=

TVAR{Y)e

SuM(wT)=

VAR(Y)

SUM(wi )=

SUM(WT)»

- RBTY)E

o ‘o

o o o

© 0600 0 00 O 0 0 o 0 0 o oo

o o

- 1103000€ +04
.8764972E402

+1273909€+03
. 3580000€ +03

-2910000E +03
. 194084 1E403

. 2380000F 403

. 7240000€ +03
JT123982€403
: 1320000€ +03
. 1079530€+03

OE +03

. 1T18256E403
. 7000000E 402
39681358403
- 2450000E +03
.6028313€+02
. 1710000 +63
.......... -9240211€+02
. 10TO000E +03
L {40765 7E+63

FTAIE4O  VARTATION

VARIATION=

VARIATION=

VARTATION=
_VARIATION= O.

VARTATiONs

VARIATION=

VARIATION=

VARTATIO

VARIATION=

VARIATION=

VARTATION="

0.9658994E+03

9:4738941E405

0.5628439E+40%

O BII6IBAEIO8

0. 163009 1E+05

0.2491471E405
0. 3¥IBOT4EO8
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Table 70.
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Example OSIRIS ¥ program and output (continued).
X _VARIATION EXPL. BY BEST SPLIT(* FOR FINAL GRPS.)
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Table 70. Example OSIRIS V program and output (continued).

X VARIATION EXPL. BY BEST SPLIT(* FOR FINAL GRPS.) - continued =

SEARCH 7
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JX_VARIATION EXPL. BY BEST SPLIT(* FOR FINAL GRPS.) - continued =
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o.o8
..9.00

0.04

9.00 .0

.S0E~-02

0.00

30¢

B EL LI

0.09

.72€-02

.87€-02

eeE0E
900

.S8E-02

. T0€-02

.88E-02

e

0.00

T
w9200

T e.6V
.0:07

e B

L31E-02

[ 1 T R

T
..0.09

.. 9:00 .

Example OSIRIS Y program and output (continued).
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} - continued

L9.00 .

0.08

8802
0.0 ..

.72€-02

.S0€-02

©0.02

6.60

0.00

T
0.04 .

0.00

000 .0

0.0t

B
o.01 ..

33

0.08

0.00

0.00

L9000 .

.S1E-02

9.04 ..

0.00

0:00 e

Eea
999

L0.03

Ei
0.00 ..

0.00

6.6
o.0f .

0.00

T
29:00  .87E=02

0.086

§Es
0.00 ..

0.00

.70€-02

0.00

0.00

Q.00

0.00

9:00

0.00

SEARCH

0.02

0.00

o6 SBEGE
900

0.00

0.10 :S0E-02 .

0.00

000, i i e e e e e et e i

000 et e St i o et e

000 et e e e e e e e ot e e

L i .
L0 e e e e et S e et e e



X _VARIATION EXPL. BY BEST SPLIT(® FOR FINAL GRPS.) - continued o T
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Example OSIRIS V program and output (continued).
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development (R&D) of
the Federal Highway Administration (FHWA) are
responsible for 8 broad program of staff and contract
research and development and a Federalaid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program and the
National Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses research and development resources to
obtsin timely solutions to urgent national highway
engineering problems.®

The diagonal riouble stripe on the cover of this report
represents a highway and is color-coded to identify
the FCP category thst the report falls under. A red
stripe is used for category 1, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category 5, green for categories 6 and 7, and an
orange stripe identifies category 0.

FCP Category Descriptions

1. Improved Highway Design and Operation
for Safety
Safety R&D addresses problems associsted with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
appropriate design standards, roadside hardware,
signing, and physical and scientific data for the
formulation of improved safety regulations.

2. Reduction of Traffic Congestion, and
Improved Operational Efficiency

Traffic R&D is concerned with increasing the
operational efficiency of existing highways by
advancing technology, by improving designs for
existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such as bus and carpool
preferential treatment, motorist information, and
rerouting of traffic.

Environmental Considerations in Highway

Design, Location, Construction, and Opera-

tion

Environmental R&D is directed toward identify-
ing and evaluating highway elements that affect

'Thmﬁumﬁuo&dmdh'ﬂhoﬂh.‘

the Notioas! Techaical Information Service, Springhied, Vo. 2216). Singhe

dmumv&umcﬂﬂhﬂu from Program
uamno-uomumum ‘sderel Nighwey
Adminiowstion, Wash'ngeea, D.C. 20090

the quality of the human environment. The goals
are reduction of adverse highway and traffic
impacts, and protection and enhancement of the
environment.

4

Improved Materials Utilization and

Durability

Materials R&D is concerned with expanding the
knowledge and technology of materials properties,
using available natural materials, improving struc-
tural foundation materials, recycling highway
materials, converting industrial wastes into useful
highway products, developing extender or
substitute materials for those in short supply, and
developing more rapid and relisble testing
procedures. The goals are lower highway con-
struction costs and extended maintenance-free
operation.

5. Improved Design to Reduce Costs, Extend
Life Expectancy, and Insure Structural
Safety
Structural R&D is concerned with furthering the
latest technological advances in structural and
bydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient
highways at reasonable costs.

6. Improved Technology
Construction

This category is concerned with the research,
development, and implementation of highway
construction technology to increase productivity,
reduce energy consumption, conserve dwindling
resources, and reduce costs while improving the
quality and methods of construction.

for Highway

N

Improved Technology for

Maintenance

This category sddresses problems in preserving
the Nation's highways and includes activities in
physical maintenance, traffic services, manage-
ment, and equipment. The goal is to maximize
operational efficiency and safety to the traveling
public while conserving resources.

Other New Studies

This category, not included in the seven-volume
official statement of the FCP, is concerned with
RP&R and NCHRP studies not specifically related
to FCP projects. These studies iavolve R&D
support of other FHWA program office research.

Highway

ast






