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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 countenneasures 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 iroan 
roadways. .._ ______ . 

The results of the study provide further evidence that geometric, 
traffic control, volume. and environnental 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 th 1s 
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 cll'lministrators and police 
officials ~o provided the accident data for t;his st1Jdy. 

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. 

NOTICE 

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

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

The contents of this report ref 1 ect the views of the authors -.tto are 
responsible for the facts and the accuracy of the data presented hereir.. 
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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"· ""•••e•• The purpose of this research study was to examine the specific 
charactetistics of urban arterial traffic accidents, and to identify 
ge."1eral causal elements and related countermeasures that can be used 
to reduce the rate and severity of these accidents. Accident, geo-
metcic, traffic control, and volume data were collected and analyzed 
for 8,678 one-tenth-mile (0.16-km) roadway segments located in 19 
metropolitan areas. 

The result of the analyses provides further evidence that speci-
fie geometric, traffic control, volume, and environmental conditions 
influence accident frequency and rate on urban roadways. Guidelines 
that can be used to identify accident problems and to select counter-
measures are provided in this report. One important product of this 
research was the development of a comprehensive computerized accident 
and roadway data base that can be used to explore in greater detail 
specific urban arterial accident problems and possible solutions. 
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• INTRODUCTION 

Many studies have been conducted to examine relationships between 
traffic accidents and spec1ftc geometric, environmental, and traffic con­
ditions (1,2,3]. A 1wajority of these studies pertain to rural highway 
situations, or a combination of rural and urban highway situations. A 
detailed study of accidents pertaining to irban roadway characteristics is 
important because the urban arterial road network is being taxed by sever­
al recent developments. The curtailment of trban freeway programs has 
contributed to high traffic voh11es on many 1.rban arterial roadways Illich 
has resulted fn increases in congestion and traffic accidents. Addition­
al demands on the urban arterial roadway network have occurred as a result 
of continued land development. 

Urban arterial roads have experienced and are still experiencing sig­
nificant safety problems. It has been estimated that one-third of all 
fatal motor vehicle accidents, and over one-half of al 1 other rootor vehi­
cle accidents occur on the urban arterial road network [4]. As the urban 
arterial network represents only three percent of all highway mileage, it 
appears that a large safety problem exists on a relatively sma11 system. 

The operational and environmental c~aracteristics of the i,ban arter-
1 al road network are varied and so are the attendant safety problems. 
Factors widely believed to influence traffic safety on i,ban arterial 
roadways include on-street parking conditions, traffic volume, access 
control, land use, and type of traffic control device. An assessment of 
previous research studies as .ell as a determination of the magnitude of 
existing traffic safety problems indicated the need for a detailed 
analysis of acct dent data on road!: and streets funct fonal 1 y cl ass i ff ed as 
urban art er fa 1 s. 

Little information is available from previous research that adequate­
ly defines the urban arterial accident problem. The use of htstorical 
accident data to identify safety deficiencies is difficult because of the 
following problems. 

• Accident data files are not generally stratified by functional 
classes of highway. 

• The operational and environmental characteristics of the urban 
arterial include extreme variances in design speed, traffic 
vol1.111es, capacity, access points, land use, and traffic control. 

• The i,ban arterial system acts as both a terminal and a transfer 
link between low and high vol1.111e routes. 

• lnfor.ntion is lacking relative to the identification of hazardous 
locations on the irban arter~al systems. 

1 



This study was conducted in response to the need to identify safety 
probll!lls on urban arterial roadways. The objectives of the study ~re 
to: 

• identify the general dimensions of the urban arterial accident 
problem relative to the overall motor vehicle accident problem; 

• determine the distribution and specific characteristics of w-ban 
arterial accidents and identify causal elements, i.e., geometrics, 
operational, and environmental characteristics; and 

• identify appropriate countermeasures that can be implemented to 
reduce the rate and severity of accidents occurring on w-ban 
arterials. 

The study is viewed as a benchmark in the deternaination and analysis 
of the motor vehicle traffic accident problem in the urban environment. 
In addition to the discovery nature of the study, a computerized data base 
was developed to promote continued in-depth analysis and study. The data 
base is of a sufficient size to allow the designer, researcher, and traf­
fic engineer to conduct statistical analyses for a variety of urban 
arterial roadwoJ characteristics. 

METHODOLOGY 

The study consisted of two phases; data collection and data analysis . 
. The data collection phase consisted of an extensive literature review; 
development of a sampling plan; selection of data items to be collected; 
development of the data collection plan; training of data collection per­
sonnel; collection of data; input of data into computerized files; and 
checking of data files. Data analysis consisted vf the determination of 
the general dimensions of the urban arterial accident problem; determina­
tion of the distribution of accident characteristics; development of 
causal factors; and identification of countermeasures. The specific 
details of each of these phases is outlined below. 

Data Collection 

The data collection phase of the study resulted in the development of 
a computerized d~ta file "11hich contains urban arterial roadway network 
characteristics and accident experience. A comprehensive background re­
view of the urban accident problem was conducted and is presented in the 
following section of this report. The review briefly summarizes the re­
sults of the literature survey which 1s presented in Appendix A. The 
purpose of the lftPrature review was to s1111nar1ze the results of studies 
conducted to date, and to identify relationships between traffic accidents 
and features of irban arterial roadways. Emphasis was placed on identifi­
cation of research efforts w,dertaken to establish a relationship between 
accident experience, and specific roadway, environmental, and operational 
features. In addition, literature pertaining to types of countermeasures, 
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or tl'le evaluation of the effect of various countenneasures on accident 
frequency, type, and severity were identified. An annotated btbl lography 
describing the details of each study included in the literature review is 
presented in Appendix B. 

After completing an analysis of the literature, a comprehensive samp­
ling plan was developed. The purpose of the sampling plan was to develop 
a computerized data base that would be representative of the accident and 
roadway characteristics of uriJan arterial highways in the United States. 
Several constraints prevent the true unbiased rmdeling of the systan. 
Foremost among these constraints was the need to develop the data base 
from computerized accident records. Due to the large numer of accidents 
desired (greater than 100,000), only those cities that could provide a 
computerized accident file were considered eligible for sample site selec­
tion. Data from 19 cities were eventually selected for the file, w1th the 
final determination based upon a number of considerations including: the 
availability of computerized accident records; the availability of suffi­
cient locational data tt' enable assignment of individual accidents to 
0.1-mile (0.16-km) segments of corresponding roadway; and the availability 
of sufficient information on severity, accident type, and other descrip­
tive information that would allow the accidents to be used for the pro­
posed analyses. 

Stratified random sampling was employed in order to collect a ~anage­
able anount of data representative of the urban arterial roadway popula­
tion. Because inferences \!ere made from the results of the analyses, the 
sample included the following specifications. 

• The segments must represent a cross section of ll"ban arterials in 
the United States in terms of various regional, climatological 1 

and terrain conditions. 

• An adequate number of observations for each category of urban area 
population, type of land use, location within the urbanized area. 
and type of facility must be included in the ~ample. 

• The segments selected should meet the target values for fatal 
accidents (1,000), injury accidents (40,000); and property damage 
accidents (60,000), as specified in the contract by the federal 
Highway Administration. • 

Based on data ayailabi11ty and sampling requiranents, the following 
19 urban areas were selected for data collection and analysis. 

• Big Rapids, Michigan 
• Kalamazoo, Michigan 
• Lansing, Michigan 
• Sagi~aw, Michigan 
• Birrningh.n, Michigan 
• Famington, Michigan 
• Farmington Hills, Michigan 
• Novi I Michigan 
• Oak Park, Michigan 
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• Royal 0ak 1 Michigan 
• Southfield, Michigan 
• Troy, Michigan 
• Topeka, Kansas 
• New Orleans, Louisiana 
• Milwaukee, Wisconsin 
• San Francisco, California 
• Fort Wayne, Indiana 
• seattle, Washington 
• Minneapolis, Minnesota 

A roadway segment length of 0. l mile {0.16 km) was selected as the 
unit for data collection and analysis. Data describing the characteris­
tics of the 0.1-mlle {0.16-km) roadway segments were either collected in 
the field or extracted from data files, maps, or other sources provided by 
city highway officials. Accident data were also obtained on computer 
tapes and coded for each 0.l-m1le (0.16-km) segment. 

A sani,Jling plan was developed which defined the MIOUnt of data to be 
collected in each of the selected cities. An analysis plan defining the 
analysis techniques and the order in ~ich these techniques were to be 
used 111as also .!!veloped prior to data collection. A complete discussion 
of the sanpling plan and the data collection procedure utilized for the 
study is contained in Appendix C. 

A major activity in this project was the identification of geometric, 
envirorwnental, and traffic factors which are associated with urban arter­
ial traffic accidents. The initial process of identification of roadway 
factors included a 1 iterature search and input based on the research 
experience of the study team members. Final selection of the factors 
included consideration of the following items: previously determined 
relationships between the factor and urban arterial accidents; availabil­
ity of the element in the existing data files, suitability of the factor 
for collection in the field; and the amount of processing necessary to put 
the factor in a form for analysis. 

Based upon this work, the list of factors shown in Table 1 were iden­
tified. The fact~rs are classified according to three major categories -­
geometric, environmental. and operational. For analysis purposes· these 
elemc#ts represent independent variables which are included in the canpu­
terized data base. 

In sl.lllTlary. data collection consisted of the following steps. 

• Identification of candidate cities by FHWA officials 

• Initial contact with the city traffic engineer or appropriate rep­
resentative 

• In-depth field interview of city representatives by the project 
engineer 
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Table 1. Roadway factors selected for data collectton. 

Gealletrlc Factors 

Lane width Nlllber of far-side bus stops per segaent 
Nlllb.,. of through 1 anes Nlllber of •idblock bus stops per Hglllellt 
AYerage shoulder width Nllllber of drheways per segMnt 
Roadway classiftcatton Curb lane usage 
PavaHnt surface Parktng lane - rt,ht stde 
Median width Parking 1 ane - le t side 
Median curb NIMlber of riJht-turn bays at tntersections 
Median type Nu.bar of let-turn bays at 1ntersect1ons 
Curb type - rl,ht 1ide 
Curb type - let side 

Nlllber of r1ght•turn bays at ■ldblock driveways 
Vertical allnewent 

Per~ent 1uardr1tl Horlz0nt1l alln•ent 
Nllllber o stgnallzed lnter1ectlons Nllllber of large ot,stacles per seg.ent 

per ~nt 
NIRber o non-signalized lnter1ectlons 

Nllllber of sail 1 ot,stacles per segiaent 
NIM!lber of trees per s191ent 

per 5e911nt 
Nllllber of bU5 stops per seg.ent 

Nllnber of uttltty poles per segNnt 
Land UH 

Bus stop typ'! - curb Mldblock right-turn lane5 
8U5 stop type - pullout 
Nllllber of near-side bu5 stops per 

seg.ent 

Envlrorwental Factors 

Roadway lighting •unt of rainfall 
City size Alllount of snowfal 1 

Operational FactOl"5 

Average daily traffic (ADT) Average cycle length 
Roadway capacity Posted speed l l1111t 
Location factor Operating speed 
Pelle hour factor Naer of traffic sign faces per segaent 
Vehicle 111ia-percent coaerclal Nlllber of regul 1tory sign faces per seg111•t 
Vehicle •la-percent cars Nllllber of warning sign faces per segaent 
Parktng turnover rate Nllllber of guide stgn faces per sqNflt 
Naer of local buses per hour 
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• Collection of records, maps, and other data outlining the city 
street system 

• Preliminary selection of roadway segments by the project staff 

• Training the data collectors 

• Assignment of the field crew to the city for data collection 

1 Interview of city traffic personnel by field crew personnel, and 
se~ection of the final segments to be surveyed 

• Collection of the field data 

• Collection of vol1.111e and other records 

• Submission ,f field data to the project engineer 

• Inspection and checking of the field data 

All field data collected were examined for errors, an1ss1ons, reason­
ableness, and encoded for keypunching. The coded data were then entered 
onto the computer file and checked for errors utilizing several edit 
programs. 

Accident data received from the cities were first checked. and then 
recoded and reformatted in accordance with the data file layout. Acci­
dents were identified with the street segment identification number and 
assigned to the appropriate 0.1-mile (0.16-km) road segment. 

As a final step the accident and roadway features data were merged 
into one data file. The file is based upon the 0.l-m11e (0.16-km) street 
segments and consists of the roadway, environmental, and operational data 
for each 0.1-mile (0.16-km) segment. The file contains the descriptive 
roadway information, plus the appropriate accident data in the form of 
total nllllbers of fatal. personal injury, and property damage accidents, as 
wel 1 as the accident data categorized by accident type. The completed 
file consists of data for 8,678 one-tenth-mile (0.16-km) street segments. 
A description of the computerized data base including example program 
outputs is given 1n Appendix D. 

Data Analysis 

A review of accident statistics reveals that the urban roadway envi­
ronment accounts for a large proportion of highway casualties. However, 
detailed information regarding the role of the individual factors and 
their relationship to accidents is not available. ~ile part of this defi­
ciency results from a general nonavailability of accident data by func­
tional classification including Lrban arterials in particular, the high 
degree of variability with respect to urban arterial operational and envi­
ronmental characteristics 111akes it extremely difficult to identify the 
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causal factors associated with accident occurrences. It was imperative, 
therefore, that an appropriate experimental plan be designed to answer the 
two foll)wing critical questions. 

• Is ft possible to identify specific geometric, traffic, and envi­
ronmental factors that contribute to accidents on the e.rban arter­
ial system? 

• If the answer to the above question is yes, is ft possible to 
detennfne the relationship between the identified factors and 
accidents, and to assess the relative importance of each factor 
under various circumstances? 

In an attempt to answer these questions, a systematic analysts plan 
combining three separate approaches was developed. The approaches include 
branching analysis, analysis of variance, and regression analysis. 11111e 
none of these approaches, applied individually, provided answers to both 
critical questions, the insights obtained from their combined use dfd pro­
vide meaningful direction in identifying the various canponents of the 
urban arterf al accident problem. Each approach fs described below, 
followed by a discussion of the way in wiich the techniques were inte­
grated to form the total analysis plan. 

Branching Analysis 

The Automatic Interaction Detection (AID) progran in the Burroughs 
Advanced Statistical Inquiry System (BASIS) was used to conduct the 
branching analysis [5]. AID is a multivariate technique for detenninin9 
the value of dependent variables (such as accident frequencies or rates) 
with a combination of several independent variables. The program makes 
dichotomous splits in the independent variables .,ich maximize the reduc­
tion in the total sum of squares between the current branch and the pre­
vious eel 1. If the reduction in the total s1111 of squares is greater than 
a user specified reduction, the branch is maintained. If the specified 
reduction is not attained, the data are retained in a single cell 1.11ti1 a 
new independent variable is input. Terminal cells are created wien none 
of the independent variables reduces the total s1111 of squares beyond the 
specified limit. The objective of branching is to classify the observa­
tions into mutually exclusive groups such that the observations tn. &ach 
group are similar to one another, yet different from the observations in 
all other groups. The program requires no assumption regarding linearity 
or collinearity of the independent variables. Nominal and ordinal data 
can be used as independent variables. The technique is not intended to 
identify causal effects of accident occurrences, but simply to identify 
those variables .iich maximize the explained variance in the dependent 
variables, i.e., accident frequency or rate. 

While the branching technfq1.1e can be used to identify single factors 
that explain a difference fn the variance, there may also be combinations 
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of factors acting together that explain accident variations on irban 
arterials. To help identify these combinations analysis of variance was 
used. 

Analysis of Variance 

The analysis of variance (AHOVA) is a statistical technique used to 
identify sources of variation in dependent variables. It is al so used to 
test if a significant fraction of the total variance can be explained by 
the relationship with the identified sources of variation. Typically, the 
technique lends itself to use in experiments ooder controlled conditions. 
However, by utfl izing an appropriate experimental design and sampling 
strategy. it is possible to use this technique in situations "'1ere the 
experiment cannot be performed under control led conditions e.g., traffic 
accident analysis. 

A factorial design was selected for the accident data analysis using 
the analysis of variance technique. The selection of the factors along 
with their associated levels was based in part upon the findings of the 
literature review, with additional factors based on the judgement and 
experience of the project team members. Although it is theoretically 
possible to identify an unlimited number of factors and levels for analy­
sis purposes. the results become difficult to comprehend and interpret 
when the experiment exceeds a part icui ar size. In mst experimental 
studies, a Jn factorial design is considered as the maxim1111; 1 .e., no 
factor is generally considered in rore than three levels. In accident 
data analysis, th~ factors are broadly classified into traffic. geanetric, 
and environmental characteristics with sub-classifications within each 
group. • 

The advantage of the factorial approach in traffic accident analysts 
is that a number of factors can be considered in the same experiment. This 
makes 1t possible for the analyst to examine not only the significance of 
the individual factors. but' also the possible interactions among the 
factors being tested. Such a design approach i,«>uld appear to be quite 
appropriate Wien one considers the multitude of independent variables that 
need to be accounted for in accident data analyses. 

Tests -.ere performed to determine vtiether statistically sigaificant 
differences exist between the calculated means in each category. -•The null 
hypothesis for these tests was that there are no differences between the 
means for each level. Differences in the means for each category -.ere 
tested using the •t• test and a 95 percent level of confidence. 

For this phase of the analysis plan the ANOVA subprogram contained in 
the Statistical Package for the Social Sciences (SPSS) was used [6]. This 
subprogram allows the use of up to five factors per design for factorial 
designs. In addition, a table for multiple classification analysis was 
produced. Multiple classification analysis is a method that can be used 
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to display the results of the analysis of variance when there are no sig­
nificant interaction effects. In particular the multiple classification 
analysis is used to illustrate the individual effects of each factor on 
the dependent variables. 

In ~di tion to the ANOVA subprogram, the subprogram ONEWAY was al so 
used. Use of ONEWAY is limited to problems involving only one independent 
variable, but, in addition to the standard analysis provided for tests of 
trends across categories of the independent variable, a priori contrasts 
and a posteriori contrasts are possible. 

Once the factors have been identified, determining the direction and 
strength of their correlation is important and multiple regression was 
used for this purpose. 

Multiple Regression Analysis 

Regression analysis is a technique for determining the best fit equa­
tion to a set of observed data. The equation developed using the method 
of 1 east squares can then be used to predict future outcomes given est 1-
mates of the independent variables. 

The independent variables and the accident data used in the regres­
s ion analysis were classified into a number of groups based upon a prel i­
minary analysis and review of the data. The purpose of this classifica­
tion was to es tab 11 sh a set of homogeneous groups that could be used to 
detenni ne the re lat f onships between dependent and independent variable~. 
For each group, multfregressfon equations were developed relating accident 
frequencies and rates to various traffic, envfrorrnenta.l, and geometric 
factors. 

In developing regression equations, ft is important to remove inde­
pendent variables with a high degree of correlation, as these variables 
decrease the validity of predictions. Research in the area of error pro­
pagation has shown that errors committed in the estimation of the indepen­
dent variables are propagated in the prediction and, further, the effect 
is significantly more adverse when these variables are correlated. 

Regression analysis was conducted util iz1ng the Statistical Package 
for the Social Sciences (SPSS) subprogram NEW REGRESSION [6]. NEW REGRES­
SION allows the options of simple multiple regression, regression with 
hierarchical inclusion of independent variables, stepwise inclusion of the 
independent variable using forward inclusion, and backward elimination of 
variables. In ~dition, residuals and predicted values can be calculated 
as .ell as special treatments applied in the cases where there are missing 
data. 

The branching analysis, analysis of variance, and regression analysis 
techniques 111ere •Jtilized in a sequential manner where the application of 
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each successive technique drew upon the results of the previous analysis. 
At each point, a review of the data and analysis findings was conducted to 
insure that all areas of concern ~re investigated and that the findings 
were reasonable. An overview of the analysis process is shown fn Figure 
1. 

Lftel"atul"e 
Revtew 

Collect 
Dita 

Analysis 

• D1stl"fbutfon and 
Ch1r1cter-fstfcs of 
Yarflbles 

• Br1nchfng 

• Analysis of 
Yarf 1nce and 
Cov1rhnce 

• Regression 

Identify 
Causal Factors 

Develop 
Countenaeasures 

Expel"fence 111d 
Judgeaent of 
Pl"oJect Te• 

Figure 1. Data analysts process. 

10 



BACKGROUND OF THE URBAN ARTERIAL SAFETY PROBLEM 

An extensive body of literature was collected, reviewed, and stJ11111ar-
1zed during the early stages of this study. A st.mnary of the accident 
studies identified during the literature review is given in Table 2. Most 
of the studies pertain to four-lane divided and multilane facilities. 
However, two-lane, multilane undivided roadways, and intersections also 
received considerable attention. Only five reports included investigations 
of accidents on one-way urban streets. 

The reports inc·•.Jded policy documents, guidelines, research results 
and synthesis reports. Policy and guideline reports were included because 
they re the key ,_, .•..:r.1ents used to design and maintain operations and 
safety on urban arteri .? roadways. Many of the standards and criteria 
given 1 n the documents are not nee es s ar 11 y based on spec i f 1c research 
investigations but represent a consensus of opinion developed from experi­
ence and a synopsis of the best information available. The synthesis 
reports contain the results of studies conducted in specific areas. 
Examples of these documents are reports prepared by Box (7] on intersec­
t ions and Azzeh, et al. [8] on access control techniques. Other studies 
pertain to the establishment of benchmarks for determining the hazardous­
ness of urban roadways. Ricci [9] developed urban crash statistics based 
on roadway type, time of day, road condition, and other factors. Zegeer 
(10] determined critical accident frequencies for street sections and 
intersections for cities of various populations. 

The methods used by the authors to examine relationships between 
accidents and urban roadway features included: correlation analysis; 
regression techniques; and comparative analysis. Correlation and ,-egres­
sion techniques are often used because they permit the resear,.her to 
quantify the relationship between variables and derive a mathematical 
expression of the relationship. Comparative analysis technique!: consist 
principally of methods which examine differences bet·-,een two or more 
variables. An example of this technique is the study conducted by Frick 
[11] in .t,ich the accident characteristics of a raised median roadway 
segment are compared to the accident characteristics of another urban 
roadway segment .tiich has a continuous two-way, left-turn medhn lane. 
A before and after study is another evaluation technique used by a nud>er 
of investigators. • 

A major problem with much of the research conducted to date on urban 
arterial roadways is that there are deficiencies in the experimental 
design employed, the sample size used, and/or the analysis techniques. 
Specific problem areas are noted in the annotated bibliography presented 
i , Appendix B. 

In the following section, a brief Sllllllary of the relationship between 
traffic accidents and each roadway factor identified in the literature is 
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presented. The only roadway factors discussed are those that have been 
reported to have a significant relationship with accidents. A complete 
discussion of all roadway features can be found in Appendix A. 

6eollletric Factors 

Roadway geometry consists of all physical elements within and along 
the highway. Roadway geometric factors inc 1 ude turn lanes, medians, in­
tersections, pavement width, and horizontal alinement. A s1.111111ary of the 
geometric factors are discussed below. 

Turn Lanes 

In a synthesis of accident studies at intersections, Box [12] noted 
that several studies indicate that the installation of left-turn lanes 
significantly reduces rear-end and left-turn type collisions. Shaw [13] 
concluded that installation of a median lane to provide storage space for 
1 eft-turning vehicles signi"icantly reduces delay time for through vehi­
cles and also reduces accident frequency. Terry and Kassan [14] found that 
total accidents, injuries, left-turn, and rear-end crashes are signifi­
cantly reduced after turn lanes are added, ~ile Cribbins, et al. (15] 
reported that the presence of a turn lane has a significant effect on 
accidents at signalized and unsignalized intersections and that fewer 
rear-end collisions occur at median openings with storage lanes than at 
locations withoi:., storage lanes. Thomas (16] reported that rear-end type 
accidents decret;se at locations -+"tich previousl.)' had no left-turn lanes. 
However, a study conducted by David and Norman [17] revealed that inter­
sections with storage lanes had significantly higher accident rates than 
1 ntersect ions without storage lanes. The authors attribute this finding 
to an increase in the number of nonturning accidents at intersections with 
storage 1 anes . 

Generally, the results of research studies suggest that the addition 
of turn lanes at intersections reduces vehicle delay and accidents. 

Median Presence 

Foley [18] reported that the presence of a median reduces accident 
frequency in the range of 23 to 35 percent, -+"tile Box [19] reported a 
50 percent decrease in the midblock accident rate. The major street 
improvement in the latter st.udy consists of adding a median barrier, 
installing a RIGHT TURN ONLY sign at driveways, and providing three lanes 
in each direction. Leong (20] analyzed 3,400 accidents and reported that a 
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narrow median may affect the type of coll is ion on an arterial roadway, but 
the median does not appear to affect the short-term or long-tenn accident 
rate. Analysis of accident and operational data by Babcock and Foyle [21] 
revealed that four- and six-lane undivided highway se~ments have higher 
accident rates than divided highway segments. Parker [22] found no sta­
t fsttcally significant difference fn accident rates between raised and 
traversable median treatments. The accident severity rate on undivided 
highway segments was signfffcantly higher than the severity rate on 
divided highway s~gments. Sawh11 l and Neuzil [23] reported the following 
findings. 

t Median related accidents are less seve,e than non-median acci­
dents. 

• The number of head-on accidents in a center left-turn median lane 
i s neg 1 i g i b 1 e . 

• At one site accidents decreased from 66. 7 per year to 49.5 per 
year, a reduction of 25.8 percent; most of the decrease was 
attributable to rear-end type accidents. 

Frick [11] conducted a comparative analysis of accident data for a 
raised median roadway and a section with a continuous left-turn median 
1 ane and reported that curbed medians and intersection channel fzation 
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. Hoffman (24] 
reported that providing a continuous left-turn median lane decreases 
total, injury and rear-end accidents. Burritt and Coppola [25] examined 
the effects of installing a continuous two-way, left-turn median lane on 
accidents and reported the following results. 

• Total accidents were reduced by 35.9 pet·cent 

• Rear-end accidents decreased by 45.4 percent 

• Left-turn accidents decreased by 20.4 percent 

• Other accident types that were reduced included angle, sideswipei 
parking, fixed object, and pedestrian/bicycle related crashes. 

Accident and operational data collected and analyzed by Babcock and 
Foyle (21] provided evidence for the following conclusions. 

• Accident rates on multilane roadways with a continuous, travers­
able, left-turn median lane are similar to accident rates on four­
and six-lane divided highways. 
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1 In all cases the continuous left-turn median lane on multilane 
faci11t1es appears to handle traffic efficiently. 

These studies indicate that a median is generally benefic1 al in 
reduc1 "lg accidents ar,d the severity of accidents. 

Access Controi 

May (26] reported that urban roadways with no control of access have 
the highest accident rates. In another study May (27] found that .tlen 
roadway features are expressed in terms of internal, medial, marginal, and 
fntersectional friction the accident rate increases as the medial, margi­
nal and intersectional friction increases. Cribbins (28] reported on the 
effects of an access-point index on accident rates. The access-point index 
is defined as the estimated total of all novements entering or leaving the 
site from c011111ercial and industrial roadside development, private drive­
ways, and intersecting roadways expressed on a per-mile (per-km) basis. 
Analysis of the data reveals that the number of total and injury accidents 
per 111le is significantly related to the access-point index. The median 
opening accident rate is also related to the access-point index. 

The results of safety studies provides substantial evidence that con­
trol of access has a significant effect on reducing accidents and injuries 
on urban roadways. 

Driveways 

Head (29] reported that on two-lane roadways carrying 10,000 vehicles 
per day or mre, the number of coomercial driveways per mile (per-km) is 
significantly related to the accident rate. 

A comprehensive study of factors that influence driveway accidents 
was conducted by McGufrk and Satterly (30]. Analysis of the data provided 
the following results. 

• Factors found to be significantly related to driveway accictents 
were conaercial driveways per kilometer, numer of through lanes, 
average daily traffic, and the total number of intersections per 
kil0111eter. 

• 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 accident/km/yr) can be expected. 
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Walton and Machemehl [31] also conducted a study to identify rela­
tionships between accidents and roadway features on urban arterial road­
ways. The study revealed that accidents per mile (per km) significantly 
increase as the nl.lllber of driveways per mi 1 e (per km) on the roadway in­
creases. A similar finding was reported by Parker [22] who found that 
driveway-related accident frequency increases with driveway density on 
undivided roadways. However, on divided highways Parker found that the 
nUllber of driveways was not significantly related to accidents. 

There 1s 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 
traffic lanes, the type of median treatment, and the traffic volume. 

Traffic Signals 

There 1s substantial evidence that the number of traffic signals on 
an urban highway directly influences the accident characteristics of the 
facility. Studies conducted by fltl11nazz1 and Michael (32], Head (29], 
Gribbins, et al. (15,28], Azzeh et al. [8], Parker [22], and Walton and 
Machemehl [31] revealed that as the number of traffic signals on an urban 
roadway increases, the accident frequency and rate increases. 

Intersections 

The number of s1gnal 1 zed and unsignal i zed intersections on a roadway 
has been shown to affect traffic operations and safety. Chapman (33] 
reported that accidents along the main traffic routes of a town tend to 
cluster along relatively short sections of road passing through suburban 
shopping areas and at a few busy road junctions. Studies conducted by 
Head [29], Parker (22], ~linazzi and Michael [32], and Gribbins, et al. 
[15,28] revealed that as the number of intersections per mile (per km) 
increases, the accident frequency al so increases. Research conducted by 
May (27] on 41 sections of multilane urban roadways in Detroii and 
Lansing, Michigan indicated that intersectional friction, i.e., the ri,,mbe~ 
of 1nterser.tions and nunber of traffic signals, has a greater effect' on 
accident rates and travel time than other forms of roadway friction. 

Intersection Design 

A study conducted by Webb [34] revealed that fewer acciden~s occur at 
skewed intersect ions thar. at cross-type intersect ions. The study of 
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97 signalized intersections indicated that 7 of 8 semi-urban. skewed 
approaches had 43 percent fewer accidents than straight-legged approaches. 
In a synthesis of intersection accident studies conducted prior to 1970, 
Box [12] reported that cross-type intersect ions have significantly higher 
accident frequencies than tee-type intersections. An analysis of accident 
data conducted by David and Nonnan [17] indicated that for any given 
traffic vollllle level. cross-type intersections have higher accident rates 
than tee-type intersections; and signalized cross-type intersections have 
higher accident rates than stop-controlled cross-type intersections. 
Fatal and injury accident rates were found to be approximately equal for 
all intersection types. 

Curb Tge 

Olson, et al. [35] conducted an investigation to examine the effects 
of 4- and 6-inch (10- and 15-cm) concrete curbs on vehicle behavior. Such 
curbs are commonly used on arterial divided routes in the United States. 
Eighteen full scale crash tests were conducted and simulated impacts were 
made using the Highway Vehicle Object Simulation Model. The major finding 
was that concrete curbs six inches (15-cm) high or less do not redirect 
vehicles travelling at speeds above 45 miles per hour (72 km per hour) and 
with encroachment angles greater than five degrees. The results suggest 
that the 6-tnch (15-cm) concrete curbs c0111110nly used on trban streets 
should not be used if traffic operating speeds are expected to exceed 
45 miles per hour (72 km per hour). Other studies show that the installa­
tion of a curbed median on an t11divided highway significantly reduces 
accidents. 

Horizontal Alineaent 

Gupta and Jain [36] reported that accident rates on two-lane urban 
highways carrying 3,000 to 7,900 vehicles per day increase as the degree 
of curvature increases. Wright and Mak [37] analyzed accident data to 
determine relationships between single-vehicle, run-off-road, fixed-object 
accidents and traffic, roadway design, and socio-economic variables. for 
urban two-1 ane roadways. They reported that run-off-road acct dent rates 
are most closely related to traffic vol1111e, horizontal a11nenent, and 
population density. In a study of the relationship between accident 
involvement and traffic vol111es at signalized intersections, Webb [34] 
reported that intersect ions with curved approaches have higher accident 
rates than those with tangent approaches. Bued upon these studies there 
is some evidence that restrictive horizontal ali nement may be related to 
an increase in accidents. 
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Yert1ca1 A11neaent 

Hanna, et al. [38] conducted a comparative analysts using t.o years 
of accident data at intersections that have poor driver sight distance on 
at least one traffic approach or that had an oousually steep grade (great­
er than 5 percent} as compared with all other intersections, and reported 
the following results. 

• The <.tCcident rate for intersections with severe grades (0.97 per 
mi 1 lion entering vehicles) is 111usuall1 low Wien compared to the 
accident rate for all intersections (1.13 per million entering 
vehicles). 

• Intersections with extremely severe grades have 111usual ly low 
accident rates. 

In contrast, King and Goldblatt [39] reported that grades signifi­
cantly increase accidents in almost every case. 

Based upon these studies, there is some evidence that vertical aline­
ment is related to accident frequency, although this relationship is not 
strong. 

S1 ght D1 stance 

Gupta and Jain [36] studied the effects of restricttd sight distance 
on the accident rates of two-lane, two-way urban roads. Although no sta­
tistically significant relationship was reported, restricted sight dis­
tance appears to be associated with high accident levels, and in parti­
cular, for single vehicle accidents. Analysis of accident data conducted 
by Hanna, et al. [38] indicated that intersections with poor sight dis­
tar-;e on at least one approach have a higher accident rate Wien compared 
to the mean accident rate for all intersect tons. A high percentage of 
these accidents are angle coll is ions in W'lich the driver was 111able to 
eroeerly view an approaching vehicle on the cross street. David and Norman 
[17] reported that an increase in sight distance resulted in a decrease. tn 
total accident rates, right-angle accident rates, and right-of-way v1a1a,;. 
tton accident rates. They found that intersections with a traffic volume 
greater than 15,000 and obstructions within 20 feet (6.1 11) of the pave­
ment have 5.3 more accidents per year than intersections with 111obstructed 
s tght di stances. Moore and H1111phreys [ 40] reported that acct dents de­
creased by 67 percent (from 39 to 13) at 5 intersections .nen sight 
distance obstructions were removed. King and Goldblatt [39] reported a 
statistically significant correlation between accidents and sight distance 
for most of the intersection conditions they studied. 

There is some evidence that sight distance obstructions contribute to 
increasing the accident rate at urban intersections and on roadway sec­
tions. However, specific relationships have not been developed. 
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Fixed-objects 

Glennon and Wilton [41] examined the applicability of the roadside 
hazard 11K>del developed in NCHRP Report 148 in predicting the effectiveness 
of roadside safety improvements on all classes of highway, including irban 
arterial streets. Application of the roadside encroachment parameters 
developed for the hazard nodel revealed that little improvement can ~ 
expected by implementing conrnon roadside safety improvements on irban 
streets. Although there is evidence that roadside obstacles contribute to 
accident rates on urban highways, the data are limited and specific rela­
tionships have not been quantified. 

Jones and Baian [42] reported that as vehicle speeds i,1crease, the 
percentage of utility pole accidents increases. Al so, the number of 
utility pole accidents is a function of the relative density of utility 
poles in an area. As pole spacing increases, the frequency of utility 
pole accidents decreases. They also reported that utility pole accidents 
are ~ function of the distance the poles are located from the roadway. 
The proportion of utility pole accidents js high at low offsets, i.e., 
less than 5.5 feet (1.7 m) from the·,roadway, while beyond 5.5 feet 
(1.7 m), the frequency of accidents app,;ari to remain constant (approxi­
mately 0.2 utility pole accidents per single-~ehicle accident). Relation­
ships between utility poles and total accidents have not been fully devel­
oped, however, the available data suggests that utility pole accidents may 
be a small percentage (2.2 percent) of total urban roadway accidents. 
Based on the study results, it appears that there is a significant rela­
tionship between utility pole frequency, offset, and single-vehicle, run­
off-the-road accidents. 

Parking 

Mulinazzi and Michael [32] reported that permitting on-street parking 
significantly increases accident frequency on roadways carrying between 
1200 and 5800 vehicles per day. David and Norman [17] reported that there 
is not a statistically significant relationship between peak-hour parking 
prohibitions, parking set-back, and accident frequency. The nost compre~ 
hensive study i.idertaken to date concerning the effects of parkin~ 'on 
accidents was conducted by Hl111phreys, et al . , 1979 [43]. The purpose of 
the study was to examine the rel !tionships between accidents reported on 
urban streets, parking configurations, land use, street width, and street 
classification. Analysis of Humphrey's data lead to the following conclu­
sions. 
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• Parking use has the greatest effect 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 are lowest on roadway segme11ts llilere parking is 
prohibited. 

• The prohibition of on-street parking w,ere the space use is 
approximately 300,000 hours per kilometer per year 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. 

• 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 if parking were removed. 

• Parking configuration. i.e .. parallel, angle, etc., does not have 
a significant effect on accident rate. 

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

One-Way Streets 

A synthesis of the safety effects of cor;verting two-way street sys­
tems into one-way operations was conducted by Mayer [44]. This synthesis 
reported that accidents can be reduced from 10 to 50 percent if two-way 
streets are converted to one-way operation. Initial operational and 
safety problems with the conversion are usually resolved within the first 
s i.lt months fo 11 owing implementation. It was al so reported that accident 
severity is generally reduced, along with rear-end, sideswipe, turning. 
parking, and pedestrian accidents. One-way street systems have generally 
been shown to improve traffic operations and reduce accidents on _trban 
streets. Consequently, this type of change may be regarded as an effective 
countermeasure, however. additional research is needed to deter:ni ne the 
relationships between specific one-way street geometrics and traffic 
conditions on accidents. 
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Other Geometric Factors 

Consideraole research has also been conducted to examine the effects 
of other geometric factors on accidents. An analysis of these studies 
suggest that at least three elements, i.e., pavement width, number of 
median openings, and median width may have some effects on accidents, how­
ever, the effect does not appear to be significant. 

Environmental Factors 

For the purpose of this report, environmental factors are defined as 
measures which are external to the physical features of the roadway. 
Exmiples of these measures include climatic conditions, lighting, and 
roadside development. A sunmary of the environmental factors identified 
as having a significant relationship to roadway accidents is given below. 

Skid Nunber 

Data from numerous studies indicated that a general decrease in 
accident rate occurs as the coefficient of pavement friction increases. 
Accident statistics, skid number, and related data were analyzed by 
Blackburn, et al. [45] for a one-year period before and after resurfacing 
was performed on 428 roadway segments. The results indicated weak rela­
tionships between roadway type, traffic volume level• skid nunmer, and wet 
pavement accident rates on urban highways. Holbrook [46] developed a nodel 
to estimate wet surface accidents at intersections based on skid m1nber, 
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 provided the following 
results. 

• 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. 

• Monthly wet time has a significant effect on wet accident occur­
rences. 

• Skid numbers alone wi 11 not lead to development of a plan wiich 
would optimally reduce wet surface accidents. 
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The study data indicated that wet pavement accidents are greatly 
influenced by the anount of time the pavement is wet and the skid nuncer. 
The literature presents considerable evidence that sites (roadways and 
intersections) with low skid numbers have a significantly higher propor­
tion of wet pavement accidents than sites with high skid nuncers. 

llt1111nat1on Levels 

A study conducted by Christie [47] examined the effects of lighting 
i ■provements on traffic accidents. The measure of effectiveness used to 
determine the effect of the lighting was a ratio of daylight to darkness 
accidents before and after lighting was installed. With the exception of 
fatal accidents, differences 1n the ratios were statistically significant. 
A study of 97 mttes (156 km) of street re-lighting in Kansas City, 
Missouri conducted by Stark [48] revealed that property damage accidents 
were reduced by 4 percent, injury accidents by 18 percent and fatal 
crashes by 28 percent. Based on the study findings, it is suggested that 
a serious night accident problem exists w,en the ratio of night-to-day 
accidents is more than 1.5 times the average ratio for similar locations 
or segments on the same system of road and streets. The study data tend 
to support the hypothesis that low illumination levels are associated with 
high accident occurrence. kl investigation conducted by Box [49] deter­
mined the effect of lighting reduction on accidents and accident severity. 
The data revealed that, overall, night accidents increased 39.5 percent 
and night injury accidents increased 33 percent as a result of lighting 
reductions. Box [SO] also investigated the effects of illumination on 
highway accidents in the City of Syracuse, New York and found the fol low-
1 ng results. 

• Streets with little or no illumination have higher night-to-day 
accident ratios and costs than the average street in their cate­
gory. 

• Streets with extremely high illumination levels have higher ntght­
to-day accident ratios and costs than the average street in their 
category. 

• The 111:>st favorable il luminatton level is from 0.8 to 1.8 hori-
zontal foot-candles (8.6 to 19.4 l1.111en/sq.m.). • 

These studies suggest that there is a rel attonship between roadway 
1111111ination level and accidents on urban streets. Roadways with low 
1 eve ls or no 11 lwnination and rQadways with high levels of illumination 
appear to have higher accident rates than roadways with moderate illumina­
tion levels. Although additional data are needed to identify the reasons 
Box found that streets with extremely high illumination levels have high 
accident ratios, one hypothesis is that these sites previously had high 
accident rates and increasing the level of illumination to a higher level 
did not result in a further reduction in accidents. 
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Roadside Developaent 

The effects of type of land use on roadway accidents have been exam­
ined by a nllllber of investigators. Although each author .Jefined roadstdt! 
developnent fn various terms, the overall conclusion from these studies ts 
that changes in roadside development influence accidents on ~~ban arterial 
roadways. Head [29], for ex111ple, counted the number of res1dential and 
ca.erctal units on a roadway and found that the nllllber of 111its was not 
related to accident frequency. However, 01apman (33] examined the effects 
of residential, open, industrial, and shopping space on accidents and 
found that roadways with shopping areas had significantly higher injury 
accident rates than sections with other types of land use. Hllllphreys [43] 
Jnd Snyder [51] also found that accidents increased with the intensity of 
1 and use. 

Other Env1ror11ental Factors 

Studt es have al so been conducted to examine the effects of other 
envfr011111ental factors on traffic safety. None of the factors studied 
appear to be stron9ly related to accident involvement. For example, 
Wright and Mak [37] found that population density (persons per square 
Mile) was significantly related to single-vehicle, fixed-object accidents. 
Walton and Machemehl [31] also found that the number of accidents per mile 
on roads with a continuous two-way, left-turn median lane was signifi­
cantly affected by the population of an area. Parker [22] examined area 
population for roadways with continuous, two-way, left-turn median lanes 
and did not find a significant relationship to accidents. These studies 
appear to suggest that area population may have some affect on traffic 
accidents, however, the relationship is not significant. 

Operational Factors 

Operational factors include measures of the perfomance of the traf­
fic stre• and traffic controls Wlich influence traffic flow. A s111111ary 
of the operational measures significantly related to urban arterial acci­
dents ts given below. 

Traffic Yol1111 

N1.111erous authors, 1.e., Azzeh [8], Cribbins, et al. [15,28], Head 
[29], 11111nazz1 [32], Parker [22], and Walton (31] concluded that traffic 
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volUMs .-e 110re closely related to accident experience than any other 
non-accident factor or combination of non-accident factors. Further, most 
studies nonnally utilized ranges of volume in explaining the effects of 
other elements on accident experience. Although numerous studies have 
been conducted, the conclusions have not always been consistent. The 
absence of a consistent relationship between accidents and traffic volume 
•ay be due in part to the effects of other variables on accidents. Over­
all, the studies provided considerable evidence that increases in traffic 
volume will increase accidents on urban roadways. 

Signal Iaprovwnts 

Fielding and Young (52] conducted a study to evaluate the effects of 
traffic signal IIOdifications on accident frequency, traffic volume, capa­
city, delay, and speeds on a 3.85 mile (6.20-kmJ section of four-lane 
urban arterial highway in Cincinnati. They reported that as a result of 
traffic signal 11Ddifications wiich included installation of a new signal, 
increasing cycle length, and synchronizing controls and other changes such 
as restriping, irstalling parking signs, etc .• the total number of acci­
dents on the section decreased 3. 5 percent ( from 7 49 in 1952 to 723 in 
1953). No statistical test results ~re provided, but this difference 
does not appear to be significant. Accidents at signalized intersect ions 
decreased 21 percent -'1i~e 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 increased from 19.5 to 21.1 miles per hour (31.4 to 
34.0 km per hour). There 1s a need to examine the specific effects of 
signal improvements on urban arterial roadway accidents. 

Tr1ffic Conflicts 

Traffic conflicts have been used by Clayton and Deen [53] to identify 
traffic hazards at intersections and by Parker (54] to evaluate the 
effects of implementing right-turn-on-red regulations at signalized inter­
sections. Glauz and Migletz [55] suggested that a relationship be~ween 
traffic conflicts and accidents exists, however, conclusive evidence of 
this relationship does not exist. 

Level of Servtce 

The relationship between level of service and accidents was examined 
by Cribbtns, et al. [28]. It should be noted by the reader ·that Cribbfns 
did not define level of service as a measure of the capacity of a roadway. 
Travel time through a section divided by the section length was defined by 
Cr1bb1ns as the level of service. The results of the analysis indicate 
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that level of service (travel time divided by section length) ts stgn1fl­
cantly related to the number of injury accidents per mile (per km); 1 .e., 
as the travel time on a section increases, the injury accident rate in­
creases. 

TYJ)! of I~tersectton Control 

Studies conducted in the U.S. and abroad for many years indicated 
that type of contro 1 at 1 ntersect 1 ons 1 ocated on tr ban roadways affects 
the accident rate. Yield signs, two- and four-way stop controls, as i.el 1 
as traffic signal control can significantly reduce accidents and increase 
travel ti11es wien properly used at intersections. Traffic signals were 
especially identified as influencing the type of accident but not the 
adverse effects of accidents (39]. 

Stret Signs 

A study conducted by David and Norman (17] revealed that high volume 
intersections with street signs Wlich had Witte letters on a dark back­
ground have an average of 5.1 more accidents per year than intersections 
with signs .tiich have dark lettering on a .tit te background. Holahan, et 
al., [56] examined the relationship between traffic signs and accidents at 
60 intersections 1n Austin, Texas and found that the number of signs was 
strongly related to accidents at stop-sign intersect ions. The data al so 
revealed that large, private signs at the intersections may be distracting 
motorist attention from the roadway .ti1ch may lead to the higher accident 
frequency. 

Other Operational Factors 

Studies ~ave also sho-m that traffic accidents may be related to a 
variety of other operational factors. lmong these factors, some evidence 
suggests that posted speed limit, acceleration noise. travel time, vol1111e­
capacity ratio, and fuel cons1.111ption may~ significantly related+.~ acct~ 
dents on Ul"'ban arterial roadw,tys. Further research is needed to tden➔;ffy 
and quantify these relationshios. 

S11111ary 

The p1.1rp.J!.e of the literature review was to identify studies .tilch 
examined the relationships between accidents and urban roadway features. 
Although a nllllber of investigators have identified accident relationships 
for urban arterial roadways, each study was conducted to accomplish specl-
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fie objectives and differed from other studies in scope, method, '&ltd/or 
purpose. Due to the differences in study techniques, it is not po!.sible 
to quantify specific relationships between roadway features and accidents. 
Nevertheless, the literature can be used to identify elements wiich appear 
to be related to traffic accidents on irban arterial roadways. Each of 
the roadway elements identified in the literature was placed in one of the 
following categories. 

Deftntte Relattonshtp 

A roadway feature was placed in this category wien a large number of 
studies revealed that a statistically significant relationship existed 
between the variable and accidents. The factors in this group included 
turn lanes, traffic signals, medians, parking, 011e-way street operation, 
and traffic vol1111e. 

Probable Relattonshtp 

A roadway feature was placed in this category wien several studies 
identified a relationship be-tween the variable and accidents. Further 
research is needed to establish the relationship. 

Possible Relat1onsh1p 

A roadway feature was placed in this category wien there w,1s SOiie 
evidence to suggest a link between the feature and accidents. 1'tdit1onal 
research is needed to establish the relationship. 

Results 

Based on these definitions, each roadway feature was subjectively 
rated and classified into the approprt ate category. A sunwnary of . the 
results is given in Table 3. 
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Tale 3. Slal•y of reht1onsh1ps bet.en .:cidents Ind 
roadway features for urban arterial streets based on the 

11 terature rev 1 ew f 1 nd t ngs. 

Rold•ay Features Type of Rtlatlonslllp 

Definite PrOblble Possible 

&eoattr1cal Factors 

Pav .. nt w1dtll • Turn lanes • Necl1111 iresence • Necl1 • w1dtll • Med1M apen1ngs • llr1vt111ys • Traffic signals • Intersection design • Intersections • Tr1vrsable Nd1• lanes • Raised lloed1ans • Horizontal iliftlllltflt • Vertical 1lh-nt • Sight d~ starcci • Fixed-objects • Parking • Ut111ty poles • One-Way streets • Access control • 
Env1roraental Fectors 

Area popuhtion • Ro.istdti dewelopaent • Sk Id IIUllber • Illaln1tl011 level • Pav-.it .. t ti• • eo.erc111 floor area • 
0Deration1l Factors 

Speed 11■1t • Traffic vol.- • Travel tta-c • Signal 1aprov .. nts • T1•afflc signal control • Traffic conflicts • Sllflll t1■1ng • Level of serv1c:t • Street styns • Accelerat on no!se • Voliae/capaclty ratio • Welltcle ■b • Fuel COftS .. ctlon • lntrsect10II control 
devices • R1ght-turn•or.-red • 
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ANALYSIS OF DATA 

As described earlier. this study consisted of the collection and 
analysis of comprehensive accident and roadway features data. A nurmer of 
statistical tests were ~sed to identify differences in. and relationships 
between. accidents and various geomeiric. environmental. and operational 
characteristics of irban roadways. The selection of a particular test 
depended upon the type and illlOunt of data, the level of measurement, and 
the hypothesis being tested. The procedures utilized in this study 
included the following statistical tests: 

• Chi-square • t-test 
• Branching • Z-test 
• Analysis of variance • Multiple regression 
• Analysis of covariance 

The data were first analyzed u!.ing al 1 8,678 segments in the data 
base. Sep;1rate analyses were conducted for each of the fol lowing func­
tional roadway groups. 

• one-way streets 
• Two-lane. two-way streets 
• Multilane divided roadways 
• Multilane undivided roadways 

The final determination of causal factors was based on these analyses 
coupled with the expe~ience and knowledge of the project team members. The 
results of the tests are presented in the fol lowing sections of the re­
port. Each section provides a synopsis of the procedure utilized and the 
significant or noteworthy results obtained. A summary table is presented 
at the end of each section to report the overall results of that process. 
No attempt has been made to report in detail all of the specific findings 
of the tests. The Appendixes contain detailed information concerning 
these findings. The sections of the report are described below. 

• Independent Variables - A description of the fifty-three indepen­
dent variables utilized in the analysis is presented. 

• Characteristics of Urban Arterial Roadwa{ Accidents - This section 
presents a SU11111ary of the general charac eristics of 1.rban arteri­
al accidents. No attempt was made to consider the effects of 
other influencing characteristics such as traffic volume, land 
use, etc. in this section. 

• Macrosco~ic Analysis - This section oresents the results of a 
series o tests conducted to identify specific roadway character-
istics -.ich are over or underrepresented in terms of urban 
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arterial accidents. Chi-square tests were used to detennine if 
the frequency of accidents with regard to a specific variable was 
distributed in proportion to the number of roadway segments that 
describe the variable. A contingency coefficient was also used to 
identify the effects of sample size on the Chi-square statistic. 
The Z-test was used to determine spectf~c levels of the variable 
that account for the over or ooderrepresentat ion of accidents. In 
this section, confounding factors such as traffic volume, land 
use, etc., were not examined. 

• Branching Anal,ris - This multivariate analysis process was en­
ployed to iden Hy independent variables that explain the varia­
tion in accident rat! and frequency and to establish an interrela­
tional franework among ~he roadway variables. The branching pro­
gram selected independent variables that accounted for the highest 
amount of explained variation. This process provided guidelines 
for later analysis work, including the selection of independent 
variables for regression analysis, the analysis of variance, and 
the main partitioning of the data file to identify key classifica­
tion variables. Interpretation of the results of the branching 
analysis did account, in part, for the effects of confounding 
factors on accident rates and frequencies. 

• Re~ression Anal~sis - Multiple linear regression analysis was 
ut 1ized to iden ify independent variables that explain the great­
est 5110unt of accident variation. The selection of independent 
variables used for analysis input was based upon the literature 
review, the identification work performed in the macroscopic and 
branching analyses, and the experience of the project tean mem­
bers. From ten to twenty independent variables were included in 
each step-wise multiple regression run. A final selection of the 
most meaningful independent variables was made based upon the t 
statistic. No attempt was made to develop equations that could be 
used for accident prediction but only to identify independent 
variables that can be used to explain the greatest amount of vari­
ation in the accident rate or frequency for each functional road­
way group. 

• Ana1{5is of Variance and Covariance - These tests were used to 
iden Hy differences in the mean accident rates and frequencies 
for the independent variable groupings. In addition, the analysis 
of variance was used to account for such influencing factors as 
traffic voh111e. Covariates tested for their influencing effects 
were selected from the branching analysis results, the literature 
review findings, and the experience of the project tean. 

While an attenpt was made to account for all influencing factors 
that can reasonably be expected to affect the accident rate and 
frequency, it must be recognized that an almost infinite number of 
influencing factors and combinations can be developed. This analy­
sis included the results of only a small number of combinations. 
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The data base developed in this study can be used for further re­
search utilizing many other combinations. 

• Primary Accident Relationships - This section presents the project 
teams' identification of the primary accident causal factors based 
on the results of each of the previous tests. These results are 
presented in two sub-sections; the first containing continuous 
type variables and their identified relationships, and the second, 
discrete situations such as parking vs. no parking conditions. 

• Causal Factors - Based upon th~ results of the various tests, 
conclusions ..ere drawn concerning the indepeni,;ent variable rela­
tionships with accident rates and frequencies. Those independent 
variables with a previcusly defined relationship were specifically 
reviewed to determine if the data base supported causal factor 
relationships with irban arterial accidents. 

• Countermeasures - Each causal factor was reviewed in detail 
utilizing the analysis results and, based on this review, appro­
priate countermeasures were identified. The countenneasures are 
presented in four tables representing the four roadway groupings 
previously listed. In each table a sunrnary is presented of causal 
factors and countermeasures for the following accident types. 

• Head-on 
• Rear-end 
• Sideswipe 
1 Angle 

• Research Results - The data base collected fur the study and the 
ex tens he testing have produced a va 1 uab 1 e resource for design, 
research, and traffic operations engineers. While it is not 
possible to display all possible combinations of dependent and 
independent variables, this section presents several tables and 
graphs to aid the h1ghway engineer in making decisions to enhance 
safety on irban arterial roadways. 

• Reconnended Research - Only a small portion of the potential areas 
of interest have been explored and are presented in this report. 
Several rec011111endations are given for future studies utilizing the 
computerized accident and roadway data base. 
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INDEPENDENT VARIABLES 

In this section descriptions of the independent variables utilized in 
the analysis are presented. Based upon the findings of the literature 
review and the input received frooi project teM members and FHWA per­
sonnel, a final list of independent variables was selected for data 
collection. The variables are grouped in three categories; geometric, 
environmental, and operational as shown in Table 1. The following dis­
cussion provides a brief description of these variables. Data for several 
of the variables are presented in graphical fonn for illustrative pur­
poses. HistogrMs for all fifty-three variables used in the study are 
presented in Appendix E. 

6eometr1c Factors 

Thirty-four independent variables were classified as geometric fac­
tors which describe those items that contribute to the physical makeup of 
urban arterial roadways. 

Lane Width 

Lane width was defined as the average width of the through lanes on 
the roadway segment. Width was coded both as a continuous variable and a 
discrete varhble in the data set to pennit ;ts use as a factor and as a 
covariate where appropriate. The prerlominant lane width contained in the 
file was 12 feet (3.7 m), however, 11- (3.4-m) and 14-foot (4.3-m) lanes 
are al so well represented as shown in Figure 2. The niimber of segments 
for each lane width category is given in Table 4. The lane width category 
1 abeled as no data availalJle represents roadway segments -.here lane width 
was either not collected or erroneously recorded. 

NUlllber of Through Lanes 

This factor was defined as the n1111ber of mainl i ne 1 through travel 
lanes contained in the segment. The n1111ber of through lanes does not 
include continuous left-turn lanes or curb lanes used for parking or 
excl·Jsive bus use. Two- and fourlane segments characterize over 80 per­
cent of the sample. 
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Figure 2. Distribution of roadway seg111nts by lane width. 

Table 4. Frequency of roadway seg111ents by lane width. 

Lane 
Width Nlftber of Re lat tve Adjusted C11111ulative 
(feet) Segaents Frequency (Pct.) Frequency (Pct.) Frequency (Pct.) 

7-9 1,082 12.5 12.9 12.9 

10 1,020 11.8 12.1 25.0 

11 1,718 19.8 20.5 45.5 

12 2,386 27.5 28.4 73.9 

13 457 5.3 5.4 79.3 

14 1,348 15.5 16.0 95.4 

15+ 388 4.7 4.6 100.0 

No data 279 3.2 -
aulllblt 

T.m ioo.o -Total 100.0 

Note: 1 foot ■ 0.3 ■ 
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Aver9e Shoulder Width 

The width of the shoulder for the 1.414 segments of roadway with a 
shoulder was defined as the average shoulder width. Over 50 percent of 
the shoulders are narrow as the shoulder width ranges between 1 and 6 feet 
{0.3 and 1.8 m) wide as shown in Figure 3 and Table 5. It should be noted 
that 84 percent of the roadway segments did not have a shoulder as the 
majority of urban roadway designs B':lploy curb and gutter cross sections. 
The average shoulder width for the 1,414 segments was 6.14 feet (1.87 m). 

Roadway Classfffcatton 

All road segments were assigned a functional classification, i.e., 
either one-way; two-way, two-lane; multilane divided; or multilane llldi­
vided. Forty percent of the roadway segments were classified as two-lane, 
two-way llhile one-way segments comprised only 8.4 percent of the total 
number of segments. 

Paveaent Surface 

All road surfaces were classified as portland cement concrete. bitum-
1 nuous concrete, or other. Bituminous surfaces constituted 78.8 percent 
of the urban arteri a 1 roadway surf aces. 

Med fan W1 dth 

Where a median exists, three characteristics were identified, 1.e., 
the median width, "1hether the median 1s bounded by a curb or shoulder, and 
1 f the med1 an 1 s paved or 1.11paved. The majority of med 1 ans ( 51 percent) 
are in excess of 20 feet (6.1 m) in width llhile 95 percent of the medians 
are bounded by a curb and 97 percent of all the me:H ans are paved. 

Land Use 

Predominate land use along the segment was classified into one of 
four categories: commercial, residential, vacant, and other. The largest 
nl.lllber of segments (49 percent) are bounded by predominately residential 
land uses as shown in Figure 4 and Table 6. 
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Figure 3. Distribution of roadway seg111ents by 
average shoulder width. 

Table 5. Frequency of roadway segaents by average 
shoulder width. 

Average 
Shoulder 

Width Nlllber of Adjusted C1111.1lative 
(fHt) Sepents Frequency (Pct. ) Frequency (Pct. ) 

1-3 343 24.3 24.3 

4-6 479 33.8 58.l 

7-9 340 24.l 82,2 

10+ 252 17.8 100.0 

No data 
avail able 
11t1d/or no 
shoulders 7.264 ---

Total 8,678 100.0 

Note: 1 foot• 0.3 ■ 
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Figure 4. D1str1but1on of roadway segaents by type of land use. 

Table 6. Frequency of roadw-, segaents by type of land use. 

Type of Nullberof Relative Adjusted CU111U1lthe 
Land Use Segaents Frequency (Pct. ) Frequency (Pct.) Frequency (Pct.) 

eo-er-:111 2,618 30.2 30.8 30.8 

Rts1dlftt111 4,194 48.3 49.4 80.2 

Vacant 992 11.4 11.7 91.9 

Other &88 7.9 8.1 100.0 

11D datl 186 2.1 -
1va1l1blt 

"'wi 100.0 100.0 Total 
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Curb Tp 

For roadways with curbs. the curbs were classified as either vertical 
or nountable. For divided and one-way segments, left-hand curbs were also 
identified. Approximately 70 percent of the segments had vertical curbs 
on both sides of the roadway. 

Percent 6uardr111 

For each O.l-m11e (0.16-k:n) roadway segment, an assessment was made 
on the anount of coverage of guardrail 1long the road edge. The coverage 
was expressed as a percent of the total segment length. For multflane 
divided and one-way roadways the coverage percentage fs an av~rage for 
both sides of the roadway over 96 percent of the segments did not have 
guardrails. 

NUlllber of Intersections 

The nt.lnber of intersections in each segment was counted and classi­
fied as either signalized or nonsignalized. The number of signalized 
intersections ranged from Oto 3. Seventy-four percent of the segments did 
have a signal fzed intersection, however, 45 percent of the segments had 
one nonsignalized intersection. 

Bus Stops 

The following six items related to bus stops were recorded. 

• Total number of bus stops within the se~nt 
• Type of curb at the bus stop 
• Type of bus stop pullout 
• Number of near-side bus stops 
• Number of far-side bus stops 
• Nl.lllber of midblock bus stops 

Nlllber of Driveways 

The number of driveways intersecting the road segment were recorded 
and are sunnarfzed in Figure 5 and Table 7. Over 50 percent of the seg­
ments have 5 or fewer driveways. The mean number of driveways on the irban 
segments was 5.07 driveways per segment. 
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Figure 5. Distribution of roadway seg111ents by the nUllber of 
driveways per seg1111nt. 

Table 7. Frequency of roadway segaents by the nllllber of 
driveways per segaent. 

Nlnbr of ll111btr of Adjusted C.-ullthe 
Dl'tvew1ys Sta111ents Frequency (Pct.) Frequency (Pct.) 

0 996 11,5 11.5 

1-3 2,289 H.4 37.t 

4-6 Z,550 29.4 67.3 

7-10 2,113 
I 

24.4 91.7 

11-13 542 6.2 97.t 

14+ __ll! .J.:.!. 100,0 

Total 8,678 100.0 
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Curb Lane USl.i!, 

The curb or right-hand lane was classif;ed by type of traffic usage 
as stlown below. 

• Through traffic 
1 Re~erved bus lane 
• Restricted lane, i.e., loading permitted, etc. 
1 Full-time unrestricted parking 
• Limited lane usage 
I Other. 

Through traffic usage 1s the predaninate classification found in the 
data base. 

Median Left-Turn Lane Usage 

For roadway segments with a median left-turn lane, the segment was 
classified as either one direction or bidirectional, i.e., a continuous 
two-way, left-turn median lane. Left-turn bays at intersections were 
classified as separate turning lanes. 

Parking Lane 

In some areas a separate lane reserved for parking is generally 
delineated by the existence of a roountable curb. Parking lanes were 
classified by tne side of street they occupied and ~ether parking was 
permitted continuously or intermittently along the segment. 

Turn Lanes at Intersections 

Separate right- and left-turn turn lanes at street intersections and 
at midblock driveway locations were recorded. Less than lfJ percent of all 
sc111ple segments contained at least one right- or left-turn lane. 

S.111 Obstacles 

Items such as u-channel sign posts, small trees, and parking meter 
posts were classified as small obstacles and the distribution is shown 1n 
Figure 6 and Table 8. Lateral distances to individual obstacles were not 
recorded. 
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Ftgure &. Distrtbutton of roadway segments by the nlllber of 
Slllall obstacles per segaent. 

Table 8. Frequency of roadway seg111ents by the nUllber of 
S11all obstacles per segnaent. 

Nullber of lllllber of Adjusted C111ul1t1Ye 
S.111 Obstacles Sepents Frequency (Pct.) Frequency (Pct,) 

0 3,524 40.6 40.6 

1 1,071 12.3 52,9 

2 721 8.3 61.2 

3 563 6.5 67.7 

4 551 6.4 74,l 

s 471 5.4 79.5 

6+ _hZ!! 20.5 100.0 

Total 8,678 100.0 
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Horizontal Altneaent 

Road segments were classified into two categories with reference to 
horizontal al 1nanent, i.e., either straight or curved. Over 12 percent of 
the sample segments are classified as curved. 

Vertical Altnment 

Road segments were classified into three groups for vertical al ine­
ment. i.e .. level, moderate, or steep. Fifty-nine percent of the segments 
were classified as level. 

Large Obstacl'!.!, 

!tens such as ut11 ity poles, hydrants, and large sign suprrts were 
recorded as large obs tac 1 es if they were wf th f n 15 feet { 4. 6 m from the 
edge of the roadway. Lateral distances to individual laqe obstacles were 
not recorded. Over 32 percent of the roadway segments had 15 or more 
1 arge obstacles. 

Nlllber of Trees 

Trees greater than 3 inches in diameter and within 15 feet {4.6 m) 
from the edge of roadway were recorded. Sixty-four percent of the segments 
did not have a tree within 15 feet (4.6 m) frolR the edge of pavement. 

Ut11tty Poles 

Ornamental light poles, as distinguished from -«lOd poles, were 
recorded as a separate item. Only poles "'1ose primary purpose is to sup­
port l1111inaires are classified 1" this category. 

Env1roraental Factors 

The following independent variables were classified as environmental 
factors. 
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Roldway Lighting 

Road segments were classified as to the existence or non-existence of 
street lighting. Eighty-nine percent of the segments were illuminated. 

City Size 

Road segments were c1assified as being either small (less than 
50,000 population), medium (50,000 to 250,000 population) or large (more 
than 250,000 population). Over 50 percent of the segments were located in 
1 arge ct t 1 es . 

City Population 

The 1978 estimated population for each city is included in the seg­
ment descriptive data. This information provides the analyst with a 
continuous form of data on city size, "11ereas city size data are dis-
crete. 

Inches of rainfall (per year) were included for each segment, based 
upon the average annual rainfall in the city. 

Snowfal 1 

Inches of sno'-ifall (per year) were included for each segment, based 
upon the average annual snowfall in the city. 

Operational Factors 

Fifteen independent variables were classified as operational factors 
as shown below. 
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Average Daily Traffic 

An average daily traffic volJme was assigned to each segment based 
upan records supported by a manual or machine count. Traffic volwnes on 
the segments ranged fran 650 to 5~,392 vehicles per day. 

Capacity 

Traffic capacity for each segment was calculated using procedures 
outlined in the 1965 Highway Capacity Manual. 

Vol11111e-To-Capactty Ratio 

The average daily traffic and the calculated capacity were used to 
calculate a vol1.111e-to-capacity ratio for each segment. 

Location Factor 

A location factor was estimated for each segment based on the loca­
tion of the segment within the urban area. 

Peak Hour Factor 

A peak hour factor was estimated for each segment based on the 
traffic volume durfog peak periods. 

Vehicle Mix 

The percentage of cars and commercial vehicles were estimated for 
each segment based upon field data. 

Parking Turnover Rate 

• An estimate of parking turnover was made based upon either previously 
collected data or field inspections. 
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Local Buses Per Hour 

The average local bus volume per hour was recorded for each segment 
with bus traffic. The data were obtained from bus route schedule informa­
tion. 

Average C,cle Length 

A determination of the average cycle length for each segment contain­
ing a traffic signal was made by field measurement or from a review of 
city records. 

Posted Speed Limit 

The posted speed limit for each segmert was recorded. The frequency 
of segments with speci fie posted speed limits are shown in Figure 7 and 
Table 9. Nearly 40 percent of the segments have a posted speed limit of 
30 miles per hour (48 km per hr}. 

Operating Speed 

A determination of the operating speed on the roadway segment was 
made based upon previously collected data or field samples of vehicle 
speeds. 

Traffic Sign Faces 

The number of traffic sign faces on each roadway segment were 
recorded and are s111111arized in Figure 8 and Table 10. The traffic sign 
face data were classified into the following categories. 

• Total number of traffic sign faces 
• Ntnber of regulatory sign faces 
• Nllllber of warning sign faces 
• Nllftber of guide sign faces 

s ... ary 

A sunmary of selected descriptive characteristics of the urban 
arterial segments ts given in Table 11 for the independent variables 
collected during the study. A detailed description of each variable is 
given in Appendix E. 
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Figure 7. D1str1but1on of roadway segaents by posted speed 11■1t. 

Table 9. Frequency of roadw-, segaents by posted speed 11■1t. 

Posted 
Speed 
L1a1t NUlllber of Rel 1the Adjusted CU111ulItive 
(111)11) Se~nts Frequency (Pct.) Frequency (Pct,) Frequency (Pct.) 

.i 25 1,609 18.5 18.5 18.5 

30 3,427 39.5 39.S 58.l 

35 2,152 24.8 24.8 82.9 

40 748 8.6 8,6 91.5 

45 439 5.1 5.1 H.6 

50 274 3.2 3.2 99.7 

55 25 0.3 0.3 100.0 

llo datl 
av11111111 _j ~ --

Total 8.678 100.0 100.0 

llott: 1 apll • 1.6 kph 
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Figure 8. Distribution of roadway seg11ents by ■Ullber of 
traffic sign faces per segaent. 

Table 10. Frequency of roadway segments by nUlllber of 
traffic sign faces per segaent. 

Nllllber of Nllllber of Adjusted Cinulative 
Stans ~nts Frequency (Pct.) Freauenc Y I Pct. I 

0-4 2,675 30.8 30.8 

5-9 3,179 36.6 67.4 

10-14 1,856 21.4 88.8 

15+ _!!!... ....!!d 100.0 

Total 8,678 100.0 
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Table 11. Selected descr1pt1ve character1st1cs of the ID"'ban arterial seg11ents. 

Range Containing 
Nulllber Of Percent Of 50 Percent Of The 

Yarhble Selected CatHorv ~nts Total s-nts Total Se011ents 

Lane width 12-foot 2.386 28.4 10 to 12 foot 

Nulllber of 
tllrough lanes 2 1 anes 3.786 U.6 2-3 lanes 

Average shoulder 
width 3-foot 182 24.0 3 to 7 foot 

Roadway two-way. two-lane 
classification two-way, two-lane 3.459 39.9 and multilane undivided 

Pavement surface bit111inous 6.828 78.8 bit111lnous 

Medi an width 30-foot 175 11.0 15-60 ft. wide 

Median curb curbed 1.418 94.9 curbed 

Median type paved 514 96.6 paved 

Curb type -
rioht side vertical 6.017 69.3 vertical 

Curb type -
left Side vertical 6,081 70.l vertical 

Percent guardrail O percent 8.33Z 96.0 0 percent 

resident 111 
Land use res identh 1 4.194 49.4 • c011111erc 1a 1 

Nllllber of signal-
ized intersections 0 6,382 73.5 0 

Nulllb• of non-
signalized inter-
11ct1ons l 3,876 44.7 0-1 

Nulber of bus 
stops 0 5,410 62.3 0 

• Note: A coaprellens1ve siaary of the roadway characteristics is included In Appendti E, 
1 foot• 0.3 ■ 
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Table 11. Selected descriptive characteristics of the 
rban arterial segaents (continued). 

Ronge Containing 
lllllber Of Percent Of SO Percent Of The 

Vartlble Selected Cateoon 5-iwnts Total ~nts Total Seaments 

NUlllber of 
driveways 0 996 11.0 0 to 5 

Curb lane usage through traffic 4.499 51.8 through traffic 

Parking lane -
right side none s.ooa 57.5 none 

Parking 1 ane -
left side none 5,018 57.8 none 

Rt ght turn bays 
at intersection 0 8.oaz 93.l 0 

Left turn bays 
at intersection 0 7,724 89.0 0 

Horizontal 
111n111ent tangent 7,572 87.6 tangent 

Vertical 
altnenient level 5,094 58.9 level 

NUlllber of 
large obstacles 10 467 5.0 3 to 13 

Nullber of 
S1111ll obstacles 0 J.SZ4 41.0 o to 1 

Nullber of trees 0 s.saa 64.0 0 

Nlllllber of utt11ty 
poles 5 970 11.0 3 to 7 

Roadway lighting yes 7.719 88.9 yes 

City size large 4.4Z4 51.0 large 

4verage dat ly 
traffic 15.000 586 7.0 • 9900 to 20.000 

10 percent 10 percent 
Vehicle ■ix co■■erct al 3,647 53.0 c_.rchl 

Local buses 
per hour 5 z.au 80.2 5 

Note: A co■prehenshe s1a11ry of the roadway ch1r1ctertst1cs 15 included 1n Appendix E. 
1 foot • 0.3 II 
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Table 11. Selected descriptive characteristics of the 
urban arterial segaents (continued). 

Nlllber Of Percent Of 
R111Je Containing 
50 ercent Of The 

Variable Selected C1teaorv se--nts Total se-ts Total s-ts 

Posted speed ll■it 30 llll)h 3,427 39.5 30 to 35 ■ph 

Operating speed 30 ■ph 3,027 35.0 30 to 35 11ph 

Nlllllber of traffic 
sign fKes 4 683 8.0 3 to 9 

Nllllber of 
regulatory sign faces 0 1,019 12.0 Oto 4 

Nlllber of 
warning sign fices 0 6,074 70.0 0 

NUlllber of 
guide sign fices 2 2,285 26.0 Oto 2 

Bus stop-curb none 5,439 62.7 none 

Bus stop-pullout none 8,645 99.6 none 

Right turn bays at 
■idblock driveways 0 8,580 98.9 0 

Bus stop near-side 0 6,678 77.0 0 

Bus stop far-side 0 7,789 89.8 0 

Bus stop ■1dblock 0 7,804 89.9 0 

Peak hour factor 0.95 6,169 90.0 0.95 

Parking turnover 
rite 1.50 45 26.8 1.20-3.00 

Average cycle 
lefflJlh 60 sec. 1,867 67.2 60 sec. 

Loc1t Ion factor 1.25 3,598 65.1 1.25 

City population 485,000 1,125 13.0 372,000-649,000 

Rainfall 32 Inches 2,067 30.7 28 to 32 Inches 

SncNf1ll 32 inches 2,067 38.3 32 to 45 I nehes 

Capacity 1,650 vph 3,648 42.0 1,650 to 4,950 vph 

Note: A ecaprehenslve ,.,..1ry of the ro1dw1y eh1r1etertstles Is Included in Appendix E, 
1 ■pt! • 1.6 kph 
1 Inch• 2.5 C11 
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CHARACTERISTICS Of URBAN ARTERIAL ROADWAY ACCIDENTS 

One primary objective of the study was to determine accident charac­
teristics for urban arterial roadways. The analyses in the remaining sec­
tions of the report were conducted to identify specific accident problems 
and related countermeasures. In this section the general dimensions of 
the urban arterial accident ?roblem are outlined. 

The mean accident frequencies and rates for the 0.1-mile (0.16-km) 
arterial roadway segments included in the sanple are given in Table 12. 
As shown in Table 12, multilane divided roadways have the highest annual 
ace i dent frequency and the 1 owes t ace i dent rate. Two- lane, two-way 
streets had the lowe~t annual accident frequency wiile one-way streets had 
the highest accident rates. 

Table 12. Mean accident frequencies and rates for the 0.1 ■11e 
(0.16-lan) urban roadway segaents. 

Annual Accident 

Roadway Frequencr Accident Rate** 

Classification Mean Std. Dev. Mean 

One-way 3. 71 5.11 10.06 
Two-lane, two-way 2.50 3.98 8.06 
Multilane divided 4.73 6.21 7.82 
Multilane undivided 4.38 5.62 8.59 
All segments 3.66 5.24 8.33 

* Accidents per 0.1-mile (0.16-km) se~ent per year 
** Accidents per million-vehicle miles 

Note: 1 mile• 1.6 km 

Std. Dev. 

11.49 
10.93 
10.32 
10.76 
10.81 

While total accident frequencies and rates can be used to describe 
general accident problems, an analysis of the data by severity and acci­
dent type is needed to identify specific causal factors and countermea­
sures. The distribution of accidents by severity and accident type is 
shown in Figures 9 and 10. The percentage of fatal accidents on arterial 
streets (0.24 percent) appears to be higher than the estimated 0.12 per­
cent of fatal accidents that are annually reported 1~ 1rban areas [4]. 
However, it should be noted that only 225 fatal accidt:11ts were reported in 
the 8,678 sample segments during the three-year accident period (1976 
through 1978), thus the percentage of fatal accidents may be highly vari­
able due to the smal 1 sample size. 

In comparison to the findings of the other researchers, ~linazzi and 
Michael [32] reported that 0.31 percent of the accidents reported in urban 
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areas in Indiana during 1963. 1964, and 1965 were fatal collisions. 
Recently, Parker (22] noted that fatal accidents constituted 0.36 percent 
of the total accidents reported during the period 1975, 1976 and 1977 on 
mult1lane urban arterial streets in 30 cities in Virginia. These data 
also provide evidence that the percentage of fatal accidents on irban 
arter1 al roadways may be significantly highc!r than the percentage of fatal 
accide~ts on other irban facilities. 

Parker (22] also conducted an analysis of the accident data by acci­
dent type and reported that the percentages of head-on, rear-end. side­
swipe, and angle accidents are comparable to the percentages shown in 
Tat le 10 which were found in this study. It should be noted that accident 
type data are not provided in the computerized data base for the cities of 
Topeka, New Orleans, Milwaukee, and San Francisco. The computerized acci­
dent data files for these cities do not contain accident data by type aoo 
1 t was not possible to obtain these data within the research budget as the 
task would have required obtaining copies of the accident reports. 

The distribution of accidents by severity and city is shown in 
Table 13. A review of Table 13 provides an indication of the problems in 
collecting a large sample of severity data for research purposes. First, 
several cities do not have severity or other accident data in a 
computerized format that can be easily reduced and reformatted. For 
example, repeated attempts were made to recode severity data for each 
study segment in San Francisco and Seattle, however, the process of 
assigning the severity data to specific roadway segments was found to be 
extreme 1 y time cons 1J11i ng and subject to cons i derab 1 e error. Thus I to 
improve the accuracy of the data base, severity data for Seattle and San 
Francisco do not appear in the computerized data base. Another problem is 
that fatal accidents are rare events in many cities. Four of the cities 
included in the sample did not have a reported fatality in the study 
segments during a three-year period. 

While the sanple of 225 fatal accidents is much less than the target 
sanple size of 1,000 fatals, 1n retrospect ft appears that the target 
value was 1.11realistic given the overall scope of the research. For exan­
ple, taking into consideration the data transfer problems and the low 
number of fatals in urban areas, data would have to be collected on a 
minimt.111 of 56,720 segments or 5,672 miles (9,132 km) of irban roadway to 
obtain a minimllll of 1,000 fatal accidents. This is 6.5 times the nunmer 
of segments currently included in the data base. 

A sllllmary of severity and accident type data stratified by functional 
roadway classification 1s given in Tables 14 and 15. As shown in Table 
16, accident severity was also Sllllmar1zed by city size. Examination of 
the data reveals that there is little difference in the severity of acci­
dents by roadway type with the exception that one-way streets appear to 
have a lower percentage of injury accidents as compared to the percentage 
of injury accidents reported on the other roadway types. As shown in 
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Table 13. D1str1but1on of rban arterial accidents 
by city and accident severity. 

Three Year Accident History (1976-78) 

Niaber Df 0.1- Personal Property 
,me (0.1&-1111) Fatal Injury 0•191 Total 

City SeGNnts Accidents Accidents Accidents Accidents 

11g Rapids 135 0 185 607 792 
Kal .. zoo 489 3 1,284 4,442 5,729 
Lansing 545 9 2,032 6,237 8,278 
Saginaw 676 7 1,544 3,951 5,502 
Blf'lllngh• 92 0 169 522 691 
Flf'll1ngton 49 1 176 400 577 
FInafngton Hills 72 0 105 182 287 

Novf 162 7 251 485 743 
Olk Park 10 0 24 58 82 
Royal Olk IIO 1 75 183 259 
SOutllffeld 281 4 900 1,095 1,199 
Troy 318 7 1,019 1.916 2.942 
Topeka 647 6 1,349 2,749 4,104 
New Orle111s 570 13 2,418 4.516 6,947 
IHlw.,ukee 875 9 3,215 9.239 ll,463 
San FrlllC hco 774 38-' 3,844* 7.843* 11,725 
Fort Wayne 718 37 3,107 12,223 15,367 
Seattle 1,125 34* 4,388* 6,025* 10,447 
Mlnneann1 ts 1.080 49 3.434 2.763 6.246 

Total 8,678 225* 29,Slte 65,436* 95,180 

* The severity data for these c1ttes wre taken frca the data provided by city offt­
c1Ils, !lo.ever, these data do not appear in the coaputer1zed dltI base because 
cGdfng ... 111n prevented ns1gnfng severity type to specfftc O.l-■11e (0.16-k•, 
roadway 11g11111ts. 
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Table 14. Sullury of severity by roadway c1assif1catton. 

Roadway Cl1ssiftc1tton 

Accident Two-Way. Mult111ne Nultil1ne 
Severtty Olle•WIY Two-Line Otv1ded Undivided 

f1t1l a co.11) 56 (0,ZI) 33 (0.21) S6 (0.21) 

Pl 1.uo (24.91) 6.840 (29.91) 6.198 (29.71) fi.617 (29.31) 

PDO 4,920 (75.0I) 16.152 (69.91) 14.618 !70.11) 15.877 (70.51) 

Total ,.5sa c100.01) 23.048 (100.01) 20.849 (100.01) 22.5so c100.01) 

Table 15. S11111ary of 1ec1dent type by roadway class1f1cat1on. 

Ro1dw1y Cl1ssiflc1tion 

Accident Two-Way. Mult111ne Multlhne 
T-. One-W1v Two-Lane Divided Undivided 

Head-on 42 (0.61) 490 (3.01) 188 (l.71) 491 (2.11) 

Rear-end 3.190 ;48.91) 4,692 (29,ZI) 4.275 (38.51) a.Jaz (36.21) 

Sideswipe 306 (4.71) 543 (3.41) 700 (6.31) 1,440 ( 6.21) 

Angle 2.038 (31.31) 5,982 (37.ZI) l.fi72 (33.11) a.oao (34.91) 

All Other 942 (14.51) 4 382 !27.Zll 2 271 (20.41\ 4.774 (20.61) 

Total 6.518 (100.01) 16,089 (100.01) 11,106 (100.0I) 23.617 (100.0I) 

Table 16. s ... ary of severity by ctty stze. 

City She 
Acctclent 
Severttv S.111 IIMh• Larae 

F1t1l a (0.31) 74 (0.21) 143 (0.31) 

Pl 805 (27.91) 11,415 (25.71) 17,299 (36.ZI) 

PDO 2.072 (71.81) 32.978 (74.11) 30,386 CU.Sil 

Total 2,885 (100,0I) 44,467 (100,0I) 47,828 (100.0I) 
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Table 16, the percentage of injury accident data for large size cities 
appears to be significantly higher than the percentage of injury accidents 
reported in S1111ller and medium size cities. However, a review of the 
accident reporting procedures in the large cities contained in the sample 
revt=aled that property damage accidents are not routinely investigated, 
thus, it is doubtful if there fs a real difference in the percentage of 
1 n,1 ury accidents. 

Further details and s1J1111aries of the urban arterial accident charac­
teristics are provided in the preceeding sections of this report and in 
the Appendixes. 
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MACROSCOPIC ANALYSIS 

This section presents the results of a series of tests conducted to 
identify specific roadway char,1cteristics .tiich are over or underrepre­
sented in terms of accidents. Chi-square tests were used to determine ff 
the frequency of accidents with regard to a specific variable and the 
frequency of roadway segments for that variable are significantly differ­
ent. A contingency coefficient was used to identify the effects of sample 
size on the Chi-square statistic, while the Z-test was used to identify 
particular groups within the distribution that accounted for the over or 
under representation of accidents. In this section confounding factors 
such as traffic volume, land use. ~tc. ure not accounted for. 

A macroscopic analysis of the data was i.1dertaken to determine if the 
data base provided evidence of a relationship betweer. a single roadway 
feature and traffic accidents. A frequency table was constructed for each 
independent varhble listing the range and categories of the independent 
variable in order to compare the number of segments wHhin each category, 
and the frequency of accidents on those segments. For purposes of illu­
stration, the frequency table for median width is shown in Table 17. 
Median widths for the 1 1 555 roadway segments with a median range from one 
foot (0.3 m) to 198 feet (60 m). Five categories were selected to s111111ar­
ize the data for analysis. e.g., 1 to 4 feet (0.3 to 1.2 m). 5 to 10 feet 
( 1.5 to 3 m). 11 to 20 feet (3.3 to 6 m), etc. These categories were 
selected based upon a review by team members of the distribution of each 
independent variable. A total of 21 1 721 accidents were reported on the 
1.sss segments with a median. 

As shown in Table 17 1 12.3 percent of the segments have medians 1 to 
4 feet (0.3 to 1.2 mj wide, and 15.0 percent of the accidents occurred on 
these segments. Thus, it appears plausable that a higher proportion of 
accidents occur on roadways with narrow medians. 

Operating under the hypothesis that the proportion of accidents is 
not influenced by the width of median, i.e., the 11ull hypothesis, several 
stat 1st ical tests were conducted. The Chi-square test is used to deter­
mine if there is an association between two variables, e.g .• accident 
frequency per segment of roadway and median width. In this nonpar1111etric 
test, observed accident frequencies are compared with expected accident 
frequencies 'ltlich would exist if the two var1ables were independent. 

The computed Chi-square value is compared with the critical Chi­
square value obtained from statistical tables at an assumed level of con­
fidence. If the calculated value is greater than the r.ritical value, the 
null hypothesis 1s rejected and it is concluded that there is a s1gnif1-
cant association between the variables. If the calculated value is less 
than the critical value, 1t is assumed that there is no association be­
tween the variables. 
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Table 17. Frequency distribution of roadway segaents 
and accidents by aed1an width. 

0.1-Mile (0.16-km) Segments Number of Accidents 
Median Width 

(feet) Nunmer Percent Nurmer Percent 

1-4 192 12.3 3,263 15.0 

5-10 435 28.1 5,741 26.4 

11-20 167 10.7 2,197 10. l 

21-40 403 25.9 5,188 23.9 

41+ 358 23.0 5,332 24.6 

Total 1,555 100.00 21,721 100.00 

Note: 1 foot• 0.3 • 

60 



Because the Chi-square statistic is strongly affected by sample size 
and table size, especially wien large data samples are taken, the contin­
gency coefficient, c, was computed and used to determine if significance 
was attributable to sample she. The contingency coefficient ranges from 
0 to 1, (depending upon table size - for example the maximum value for a 
2 x 2 table is 0.707) with values close to 0 indicating that little 
relationship (association) exists between the variables even if the 
Chi-square value indicates the relationship is significant. However, for 
values of the coefficient close to 1, a strong relationship can be ass1111ed 
between the variables. 

As shown in Table 18, the calculated Chi-square value for median 
width is 12.73 which is significant at the 0.05 level of significance. 
However, as the contingency coefficient equals 0.023, median width may 
have an effect on accidents but 111>st of the association is attributed to 
the large sample size, and the relationship is not considered strong. 

When the Chi-square test indicated a significant association existed 
between roadway segments and accidents, the Z-test was used to identify 
category(s) that contributed to the relationship. The Z-test is used to 
determine if the proportion of accidents to total accidents for a category 
is significantly different from the proportion of segments to total 
segments in that category. 

As shown in Table 19, the results of the Z-test for the median width 
categories revealed that a significantly higher percentage of accidents 
occur on roadway sections with iiarrow median widths ranging from 1 to 
4 feet (0.3 to 1.2 m). 

The results of the Z-test identify the specific categories of a vari­
able which may have a significant over or underrepresentation of acci­
dents. Such findings provide useful information that can be utilized to 
further investigate relationships between roadway features and accidents. 

The Chi-square test, contingency coefficient, and z-test were con­
ducted for each of the geometric, environmental, and operational indepen­
dent variables. The significant findings are reported in the following 
discussion. These results do not necessarily depict a cause-effect rela­
tionship, nor do they explain any possible interactional effects of 
various independent variables. However, the analyses do present a picture 
of the distribution of accidents relative to specific geometric, environ­
mental. and operational variables. A complete set of results is ~nown in 
Appendix E. 

The factors determined to have a significant deviation from the ex­
pected frequency ( ass1111ing the null hypothesis) are 1i sted in Table 20. 
Median curb, horizontal alinement, and vertical alinement which are listed 
as having a probable relationship with accidents in Table 3, failed to· 
denonstrate such a relationship with the study data. This finding may 
simply mean that the effect of these variables are masked by other vari­
ab~es distributed nonuniformly through the data base. The remaining tests 
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Table 18. Chi-square test results for aedian width. 

Number of 
0.1-Mile 

Median Width (0.16-km) Number of 
(feet) Segments Accidents 

1-4 192 3.263 

5-10 435 5,741 

11-20 167 2,197 

21-40 403 5,188 

41+ 358 5,332 

Total 1,555 21.721 

Calculated Chi-square= 12.73 with 4 degrees of freedom. 

Contingency coefficient, C • 0.023 

Total 

3.455 

6,176 

2,364 

5,591 

5,690 

23,276 

Critical Chi-square for a= 0.05 • 9.49 with 4 degrees of freedom. 

Thus, as the calculated Chi-square 1s greater than the critical Chi­
square, i.e., 12.73 > 9.49, the frequencies are significantly different. 

Note: 1 foot• 0.3 • 
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Table 19. Z-test results for aedtan width. 

O.l-M11e (0.16-kll) ~P.glleflts NUllber of Accidents 
Medi an Width Calculated 

( feet) NUllll>er Percent Nllllber Percent Z-V11ue 

1-4 192 12.3 3,263 15.0 2.87 

S-10 43S 28.l S,741 26.4 1.33 

11-20 167 10.7 2,197 10.1 0.79 

Zl-40 403 ZS.9 5,188 23.9 1.81 

41+ 358 23.0 5,332 24.6 1.35 

Total 1,555 100.00 21,721 100.00 

Note: 1 foot• 0.3 ■ 

• Critical Z-Value • 1.96 at a• 0.05 

Sign I f1ctnte• 
II •0,05 

Yes 

No 

No 

No 

No 



Table 20. s ... 1ry of accident rel1t1onsh1ps for urban arter111 
stretts based on the ■acroscoptc analysts. 
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were conducted to deteT'llline ff combinations of these variables display a 
significant relationship with urban arterial accident frequencies or 
rates. 

A brief description of some of the variables with a significant dif­
ference 1s given below. The statistics for each variable are provided in 
Appendix E. 

Analyses of Selected Variables 

Average Shoulder Width 

An association between average shoulder width and accident frequency 
was found, with the percent of accidents less than expected for roadway 
segments with 7- to 9-foot (2.1 to 2.7 m) shoulders, and greater than 
expected for shoulders greater than 10 feet (3 m) wide. 

Traffic Sign Faces 

As previously noted, four independent variables were developed from 
the sign inventory: total number of traffic sign faces; number of regula­
tory sign faces; number of warning sign faces; and number of guide sign 
faces. Three of these independent variables exhibit a significant rela­
tionship with accident frequency; total number of traffic sign faces as 
shown in Figure 11, number of regulatory sign faces, and number of guide 
sign faces. In each case there are significantly more accidents than 
expected where the sign densities exceed certain limits. For each of 
these independent variables the critical densities are listed below. 

• Total number of traffic sign faces - 10 sign faces per segment 

• Number of regulatory sign faces - 4 sign faces per segment 

• Number of guide sign faces - 3 sign faces per segment 

Obstacles 

Obstacles were classified into four categories: large; small; trees; 
and utility poles. Each category was ex.wined separately. The analysis 
revealed that each of these variables exhibited a relationship with acci­
dent frequency. For those segments with 10 or more large obstacles there 
were more total accidents than expected as shown in F;gure 12, wiile the 
sane result was found Wlere there were O and 1 smal 1 obstacles per seg­
ment, 0 trees per segment, and 8 or rmre utility poles per segment . .,..ile 
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the relationship for the number of small obstacles and trees per segment 
may be influenced by other variables. the magnitude of the statistics for 
large obstacles and utility poles indicates that these variables strongly 
are associated with urban arterial accidents and should receio/e further 
examination. 

Land Use 

When the four land use categories of conmercfal 1 residential, vacant, 
and other were analyzed, it was found that segments with c01'1111erc1al land 
use have a higher than expected number of accidents. 'llilfle segments 
classified as residential and vacant have correspondingly lower than 
expected accident frequencies. This finding is illustrated in Figure 13. 
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BRANCHING ANALYSIS 

Branching analysis was used to identify the independent variables 
that explain the variation in accident rates and frequencies and to estab­
lish an inter-relational framework anong the variables. The branching 
progr• selected the independent variables that account for the highest 
amount of explained variation. This process provided guidelines for later 
analysis work, including the selection of independent variables for inclu­
sion in regression analysis, the analysis of variance and the partitioning 
of the data file to identify key classification variables. The branching 
resu1:s also were used to identify possible accident causal factors and to 
select appropriate countermeasures. 

The results reported in the previous sections were developed from the 
total accident data file, and there was no effort to identify the interac­
tive affects of such factors as city size, traffic volume, or road type. 
This phase of analysis, therefore, initiated the investigation of rela­
tionships anong variables and how they may affect accident rates and 
frequencies. 

fl.s an initial attempt to identify these inter-relationships, the 
t::ntire accident file and all independent variables were entered into the 
branching program. The resulting stratification for accident rate 1s 
shown in Figure 14. The branching diagram using annual accident frequency 
as a dependent variable 1s given in Figure 15. As shown in Figures 14 and 
15, the following variables contributed significantly to the explanation 
of accidents on urban arterial roadways when al 1 roadway segments were 
considered in the analysis. 

• City 
• Number of signalized intersections 
• Number of traffic sign faces 
• Land use 
• Average daily traffic 
• Functional roadway classification 
• Curb lane usage 
• Number of small obstacles 

The branch for accident rate, presented in Figure 14, was initiated 
by a sp 1 it based on the city from which the data were obtained. In other 
words, this result suggests that a major variable which explains the 
variation in accident rate is a function of the city where the sanple ts 
taken. A 1 ist of cities and respective codes that are used on the branch-
1 ng diagrams are given below . 

.£!!l 
San Francisco 
Fort Wayne 
Topeka 
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f.:!..!l Code 

New Orleans 4 
Big Rapids 5 
Birmingham 6 
Farmington 7 
Farmington Hills - 8 
Kalamazoo 9 
Lansing 10 
Novi 11 
Oak Park 12 
Royal Oak 13 
Saginaw 14 
Southfield 15 
Troy 16 
Minneapolis 17 
Seattle 18 
Milwaukee 19 

A number of confounding factors may account for this result. Some of 
these factors are differences in accident reporting practices in the 
cities, differences in levels of law enforcement, safety programs, etc. 

For 13 of the 19 cities, a significant accident rate difference is 
indicated between segments with signalized intersections and those without 
signalized intersections. Again this result is expected as the influence 
of traffic signals on vehicle accidents has been extensively investigated. 
This group is diviaed further by the independent variables average daily 
traffic and land use. The presence of average daily traffic emphasizes 
the important part played by traffic volume. For 6 of the 13 cities, 
segments with less than 8 traffic sign faces per segment had a signifi­
cantly lower accident rate than segments with more than 8 traffic sign 
fac~s per segment. Traffic sign faces presents a rather unexpected result 
as the use of this variable in traffic accident research has not been 
extensive [56]. It is possible that the number of traffic sign faces is a 
surrogate for another variab1e such as traffic volume. For this group of 
cities, the accident rate is also influenced by average daily traffic. 
la"d use, number of signalized intersections, and curb lane usage. 

When all roadway segments were included in the analysis, the segments 
with the highest accident rate were located in the cities of Fort Wayne, 
Indiana, and Saginaw, Michigan, and these segments had greater than 
20,000 vehicles per day with one or more signalized intersections per 
segment. In contrast, the segments with the lowest accident rate had no 
signalized intersections and res;dential, vacant, or other type of land 
use. 

The branching diagram for annual accident frequency for al 1 segments 
is given in Figure 15. The following variables contribute significantly 
to the accident frec.uency on urban arterial roadway segments. 
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• Average daily traffic 
• City 
• Number of signalized intersections 
• N\llber of traffic sign faces 
• Land use 
• Curb lane usage 
• Functional roadway classification 

Because the functional cl ass of highway is a significant factor in 
traffic operations and many countermeasures are applicable to only one 
class of roadway (i.e., adding medians, etc.), this stratification was 
chosen as a forced branch and the branching analysis progr~ re-run for 
each of the four functional classes. The final results of these branching 
analyses are shown in Figures 16 through 23. A brief discussion of each 
analysis follows. 

Two-Lane, Two-Way Segments 

The branching results for two-lane roadways are given in Figures 16 
and 17. The major variables influencing accident rate on two-lane, two­
way roadways are city, volume, traffic sign faces, and curb lane usage. 
The major factors influencing the annual accident frequency are city and 
average daily traffic with a split at the 10,000 average daily traffic 
level. The second level branching is characterized hy splits on the number 
of signalized intersections per segment and the number of traffic sign 
faces. The third level branching contains major components of curb lane 
usage and further splits in traffic volume. 

One-Way Segments 

Branching analyses for one-way segments are presented in Figures 18 
and 19. The major variables that influence acddent rate are city and 
nllllber of traffic sign faces per segment. At the second level a division 
was made for vertical al inement. The major factors that influence the 
annual accident frequency on one-way streets are average daily traffic, 
city, and curb lane usage. 

Mult11ane Divided Segments 

The branching diagrams for accident rate and frequency for multil ane 
divided segments are presented in Figures 20 and 21. Similar to the other 
functional roadway classes, the accident rate on divided highways was 
influenced by the city, land use, average daily traffic, and curb lane 
usage. The annual accident frequency was influenced by traffic volume 
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1«1ich split at 20,000 ·1ehicles per day, city, the number of traffic sign 
faces per segment, and the number of signalized intersections per 
segment. 

Multil~ne Undivided Segaents 

The branching diagrams for the multilane undhided roadway segments 
are given in Figures 22 and 23. Again the rate is influenced by city, 
number of signalized intersections per segment, land use, and traffic 
volume. The annual accident frequency is influenced by city, traffic 
volume, land use, and number of signalized intersections per segment. 

S11111ary 

Using the results of the branching analysis, variables were selected 
for inclusion in the regression analysis, and the analysis of variance and 
covariance testing. 

One important overal 1 conclusion that appears from the branching 
results is that generally the independent variables do not explain a major 
percentage of the variation in accident rate or annual accident frequency. 
The highest explained variance ranged from 17 .7 to 30.4 percent using 
annual accident frequency as a dependent variable. A number of hypotheses 
may be offered to explain this result. One hypothesis that was examined 
was the effect of the short 0.1-mile (0.16-km) segment length on the 
explained variance. The results of this investigation are reported in 
Recorrmended Research section of this report. 

Branching analyses were al so conducted using angle, rear-end, side­
swipe, and head-on accidents as dependent variables. Separate branches 
were obtained for the four roadway groups available in the data base for 
these accident types and the results are given in Appendix F. Also, a 
branching analysis was conducted for the four roadway groups using only 
the segments in large cities, i.e., cities with a population exceeding 
250,000 persons, and the results are presented in Appendix F. 
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REGRESSION ANALYSIS 

Multiple linear regression analysis was utilized to identify rela­
tionships between variables that explained the greatest anount of accident 
var1 at ion 1n the accident frequency and rate for each function al roadway 
class. The selection of independent variables used for analysis input was 
based upon the literature review, the identification work perfonned in the 
macroscopic and branching analyses, and the experience of the research 
team members. From ten to twenty independent variables lllll!re included in 
each stepwise multiple regression test. A final selection of the most 
meaningful independent variables was made based upon the explained vari­
ance, i.e., R', the overall F statistic, the magnitude of the standard 
error, and the calculated t value for each regression coefficient. 

Tables 21 and 22 s1J1111arize the relationships established using the 
regression analysis. Details of the regression analysis are given in 
Appendix G. The purpose of the regression analysis was not to develop 
equations for predicting accident rates or frequencies but to determine 
the part a particular variable had in explaining variations in accident 
rates and frequencies. The regression results were generally poor, as the 
st!ndard error tended to be high, '1thile the explained variance was low. 

Table 21 presents the independent variables deemed to have a signifi­
cant influence on annual accident frequencies for each roadway classifica­
tion. Table 22 gives the regression results for accident rate. As can be 
observed, several independent variables appear repeatedly. For example, 
average daily traffic appears as a factor in both accident rate and fre­
quency for al functio'lal classes. Likewise, the number of signalized 
intersections per segment also appears in mst cases. Based upon previous 
studies it is not surprising that these two factors appear. On the other 
hand, the number of traffic sign faces, number of utility poles, number of 
through lanes, and land use appear in only a few cases. Several of these 
factors were not expected based upon knowledge of the state-of-the-art, 
but they were supported by the results of the earlier analysis phases of 
this study. 

Several other independent variables provide useful infonnation by 
their presence or absence in the regression results. For example, the 
number of driveways is not present. Also it is somewhat unexpected that 
land use -.«>uld not have a greater effect on accidents that is supported by 
the regression analyses. 

Table 23 presents the independent variables that are identified as 
having a possible relationship with accidents. The table contains factors 
identified as a result of the literature review, macroscopic an,-vses, 
branching analyses, and multiple regression results. 
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Table 21. Independent variables tdenttfted by regression analysts 
wtth annual acc1denl frP.quency 1s the dependent va, .. 1able. 

Roadway Classif1catlon 

One-W,y T111>-Way, Two-LIiie Multllane Divided Multll1ne Undivided 

Average Dally Traffic Aver1ge Dally Traffic Average Dilly Traffic Average Dally Traffic 

No. of Utility Poles llo. of Traffic Sign Faces llo. of Traffic Sign fices No. of Slgna11ted 
lntersecltoM 

No. of Through Lines No. of Utility Poles llo. of Stgn1llzed No. of Utlllty Poles 
Intersections 

llo. of Stgnallzed 
Intersection, 

F1• 51.89 FR'• 270.50 F • 91. 76 R2F • 108.05 
R • 0.22 • 0.19 R'• 0.12 • 0.12 

St1nd1rd Error• 4.51 Standard Error • 3. 58 Stltld1rd Error• 5.83 St1nd1rd Error• 5.29 
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Tlble 22. Independent var11bles tdenttf1ed by regression 1r11lysts wtth 
accident rate 1s the dependent vartlble. 

Roldw1y Cl1ssfftc1tfon 

One-1111 Two-ll1y. TIIIO-LIIMI Multfl111e Dtvfded Nultfl1ne Undfvfded 

Ila. of Ut111ty Poles No. of Tr1ffic Sign F1ees llo. of Sign1ltzed No. of Utility Poles 
lntersecttDfls 

Average 01tly Traffic AYer1ge D1fly Tr1fffc Average 01fty Traffic No. of Sign1 ttzed 
Intersect fons 

L .. d Use No. of Utftfty Poles llo. of Tr1ffic Sign Fices Average D1ily Tr1fftc 

F • 10.99 F • 120.96 F • 36,ljJ F • 60.28 
R' ■ 0.05 R1• 0.09 ~'- 0.07 R'• 0.07 

Stand1rd Error• 11.27 Staidard Error• 10.40 St1nd1rd Error• 10.35 Stllldlrd Error• 10.44 



Tlble 23. Facton 111th • possible relattonshtp to accidents. 

Literature Macroscopic lrlflChlng Regression 
Roldway Feature Rtvitw Analysts Analysts Analysts 

Geallttr1c Factors 

Lant width • • llllllbtr of through 1 ants • • • Awerage shoulder width • Roadway classification • • • PIY-.nt surf ace • llldl • wt dtll • • • lllldl III type • • Curb type - right and left • • Percent guardrail • lhllber of signalized Intersections • • • • llllllbtr of nonslgnaltzed Intersections • I • lhllber of bus stops • • Type of bus stop • llllllbr of driveways • • Curb line usage • • Parking • • • Turn lanes at intersections • • Vertical altneaent • • Horizontal al ,,......t • lhllber of obst.:lu • • • lllllbtr of trees • • llllllbr of utll tty poles • • • Type of land use • • • • 
Envlroraental Factors 

Roldway lighting • • City size • I • Alllount of rainfall • I 
•unt of snowfall I 

!!!!rational Factors 

Awerage dally traffic • • • • RollhMy capacity • • Location factor • Ptlk hour factor • Vehicle lllx • Pll'klnt turll0¥_. rate • • llllllbtr of local buses per .... • Average cycle length • • Posted speed lt ■tt • • Operating speed • Nllllbtr of traffic sign facts I I • • 
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The fol lowing factors are tdenttfted throughout the analyses as 
having a significant relationship with accidents. 

• Type of 1 and use 
• Roadway classification 
1 City 
• Number of signalized intersections per segment 
• Average daily traffic 
• Number of traffic sign faces per segment 
• Nllllber of through lanes 

The following factors also appear to have an influence °'' irban 
arterial roadway accidents. 

• Nllllber of utility poles per segment 
I Median width 
• Number of nonsignalfzed intersections per segment 
• Curb lane usage 
• Parking 
• Nllftber of fixed-objects per segment 
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ANALYSIS OF VARIANCE AND COVARIANCE 

These tests were used to identify di ff er enc es in mean ace i dent rates 
and frequencies for various independent variable groupings. In ~dition. 
the analysis was used to account for influencing factors. i.e., traffic 
volume, land use, etc. Factors tested as influencing factors were selected 
fr011 the branching analysis re!ults 1 the literature review, and experience 
of the research tean. Whill:! an attempt was made to account for the 
influencing factors that can reasonably be expected to affect the accident 
rat, and frequency. 1t must be recognized that an almost infinite number 
of influencing factor combinations are possible. This analysis includes 
the results of only a small nllllber of combinations. but the data base 
developed in this study can be used for further research for any other 
combinations of variables and covariates. 

Analysis of Variance 

Analysis of variance fs a method for dividing the variation observed 
in experimental data into different parts with each part assignable to a 
known source, cause, or factor. It is then possible to assess the rela­
tive magnitude of variation resulting from different sources and ascertain 
whether a particular part of the variation is greater than expected under 
the null hypothesis. 

One-way analysis of variance is a statistical technique used to iden­
tify sources of variation in a dependent variable resulting from varia­
tions in the value of one independent variable. One-way analysis of 
variance was used to test for statistically significant differences be­
tween the mean accident rates and frequencies for categories of each 
independent variable. 

Where there is more than one independent variable (as is most often 
the case in accident studies), the analysis of variance test can be used 
to determine the relationship between accidents and any two (or more) 
independent variables. One-way and two-way analysis of variance tests 
were conducted to identify variables or combinations of variables that aid 
in explaining the difference in mean accident rates or frequencies. 

In the mathematical development of the analysis of variance a number 
of assumptions are made. One ass1111ption is that the distribution of the 
dependent variable in the population from which the samples are drawn is 
normal. For large sample~ the normality of the distribution may be tested 
using a goodness of fit test. The effect of a departure from normality 1s 
to make the results appear sc,mewhat more significant than they are. Con­
sequently, w.ere a fairly gross departure from normality occurs, a some­
what 111>re rigorous than usual level of confidence should be enployed. 
Another ass11nption in the app·11cation of analysis of variance is that the 
variances 1n the population fr011 which the samples are drawn are equal. A 
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thtrd 1ssU111ptton ts that the effects of various factors on the total vari­
ation are additive. 

The assU111ptions iatderlytng the analysis of variance are usually only 
roughly satisfied. Fortunately, however, reasonable departures fran the 
ass1.1111ptions of nonnality Md homogeneity may occur without seriously 
affecting the validity of the inferences drawn fran the data. 

The Statistical Package for the Social Sciences (SPSS) ONE-WAY sub­
progr• pen1its testing pairs of group means with several different test 
procedures. The posteriori test that was selected to canpare al 1 possible 
pairs of group means was the least significant difference (LSD) test. The 
LSD test 1s basically a student's t-test which is used to deten1ine the 
significance of the d;fference between group means. The level of signifi­
cance used was 0.01. 

In addition to analyzing the total number of accidents per segment, 
the difference in mean accident frequencies for each accident type i.e., 
head-on, rear-end, etc., was examined for all roadway segments. A s1.11111ary 
of the significant findings ts presented below for several of the major 
roadway variables. The one-way ana'lysis of variance tables for land use 
are given 1n Appendix H. 

Land Use 

Significant differences were found in the mean accident frequency, 
accident rate and the other accident types for commercial land use and the 
other land use categories '°""en all roadway segments in the data base were 
exanined. 

Significantly fewer head-on accidents occur on segments with residen­
tial land use than other types of land use. The mean accident frequency. 
accident rate, and the number of rear-end, angle, and sideswipe accidents 
are significantly higher for coonercial lf.nd use than for residential, 
other, and vacant land uses. 

In s1111111ry, mean accident rates and frequencies are significantly 
higher (approximately two times higher) on segments with conmercial devel­
Op!lent than on segnie!lts with other forms of land use. 

Drtveways 

On the roadway segments, a statistically significant decrease was 
found .tn the annual accident frequency and rate for segments with fewer 
than 3 driv'!Ways canpared to segments with mre than 3 driveways. There 
were no differences in accident frequencies for head-on and sideswipe type 

90 



accidents. The 111ean rear-end and angle accident frequency was significant­
ly higher --•n the nUllber of driveways was greater than 5 per segment. 

The number of driveways is an important variable in explaining dif­
ferences in the accident experience on each arterial highway type as ~11. 
Two- lane, two-way highway accident rates are significantly lower for seg-
11ents with less than 3 driveways. Rear-end and angle rates are signifi­
cantly lower for segments with less than 6 driveways. W'lile head-on and 
s ides,,,ipe accident frequencies are not significantly different for al 1 
driveway c~tegories. 

On undivided multil ane highways, the accident rate and the rear-end 
accident frequency for roadway segments with less than 3 driveways is 
significantly lower than segments with 3 or more driveways. The number of 
driveways does not explain differences in the head-on, angle, or sideswipe 
accident frequencies. Also, the mnber of driveways located on divided 
roadways does not appear to significantly affect the accident frequency or 
rate. 

In Sllllfflary, the accident frequency and rate on irban roadways appears 
to be influenced by the number of driveways. 

Utility Poles 

Street segments with more than 2 utility poles have a significantly 
higher :1ean accident frequency and rate than sections with 2 or fewer 
poles. However, no significant differences were found between the utility 
pole groups for head-on accidents. Segments with more than 2 utility poles 
have a s~gnif1cantly higher mean number of rear-end. angle, and sideswipe 
type accidents. 

Two-lane, two-way roadways with more than 2 utility poles per segment 
have a significantly higher accident rate than segments with 2 or fewer 
poles. The mean frequencies for rear-end. sideswipe, and angle collisions 
are also significantly higher on segments with mre than 2 utility poles. 

The mean accident rates for undivided roadway segments with 2 or 
fewer utility poles are significantly lower than for segments with more 
than 2 poles. Rear-end, sideswipe, and angle accident frequencies are 
also significantly lower for segments with 2 or fewer poles. 

A significant difference was found between the mean accident rate for 
segments with 1110re than 2 utility poles on divided segments. The rear-end, 
sideswipe, and angle collision frequency was not significantly different 
for the pole groups. Thus, on divided highways it does not appear that an 
increase in the number of utility poles on a segment will result 1n an 
increase tn accidents. 
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In s111aary, the nullber af accidents and accident rate on urban road­
ways appears to be influenced by the number of utility poles. Urban road­
ways with 2 or fewer utility poles per 0.1-mile (0.16 km) segment have 
significantly fewer accidents than seg111ents with roore than 2 poles. 

R19ulatory Sf9n Faces 

On arterial street segments the mean accident rate and frequency is 
s fgnfficantly lower on segments with fewer than 3 regulatory sign faces. 
The analysis also revealed that rear-e~, sideswipe, and ~le accidents 
are al so significantly lower on streets that had fewer thari 3 regulatory 
sign faces per 0.1-mile (0.16-km) segment. 

In s111111ary, accidents on urban roadway segments appear t,, be relate1 
to the number of regulatory sign faces on the segment. GenerJlly, segments 
with fewer than 3 regulatory signs per 0.1-mile (0.16-km) segment have 
significantly lower ~cci<ient rates than segments with 3 signs or more. 
The relationship between regulatory sign faces and accidents is the 111>st 
significant finding (statistically) of this series of tests and suggests 
that it may be possible to use sign faces as a surrogate to describe the 
safety character1 st 1c~ of urban streets. In fact, grouping irban arterials 
by number of regulatory sign faces may pr~vide a more statistically signi­
ficant classificatior, scheme for describing safety than any other variable 
ccnsidered, including land use, nllllber of driveways, average daily 
traffic. 

Analysis of Covariance 

Analysis of covariance was used to test for differences in means for 
several factors W'!ile the effects of other influencing variables were 
controlled. The study snpling strategy resulted in a sample with a wide 
range of values for characteristics W'!ich have been shown to affect high­
way safety. In testing the relationship between the accident rates for 
roadways with different numbers of signalized intersections, or numbers of 
traffic sign faces, for instance, it 1s desirable to control for the 
effect of average daily traffic. Thi~ is critical as segments of roadways 
wi th many sign a 11 zed 1 ntersect ions or a 1 arger number of sign faces may 
have high traffic volumes, and volume has been shown to be highly carre­
l ated with accidents. 

An important feature of analysis of covariance is the ability to test 
for the s1gnif icance of interactive effects anong variables. Analysis of 
covariance conducted using the SPSS subprogram ANOVA analyzes interactions 
among factors but does not analyze factor-covariate interactions. Subpro­
gran NEW REGRESSION, however, utilizes the multiple regression method to 
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conduct an analysis of covariance -"tich provides analysis of 
factor-covariate interactions. 

Table 24 s11111ari zes some of the variables exanined by analysis of 
variance testing and identifies the significant interactions that wre 
found. As can be observed in Table 24, average daily traffic has a 
significant interaction with nearly all of the factors tested. Given in 
Table 25 are the pairs of factors that had significant interactions "1en 
the effects of volll'lle wre removed from the analysis. Several ccnbina­
tions of variables were further exinined in order to gain a better under­
standing of these interactions. Six specific cases of significant 
findings are discussed below. The analysis of covariance tables for these 
tests are giver, in Appendix H. 

=izecl Intersections and Traffic Sign Faces on TIIIO-Lane, TIIIO-Way 
_ts 

The branching analysis of the two-lane, two-way roadway segments indicat­
ed that signalized intersections and the number of traffic sign faces con­
tributed significantly to the explained variance fn accidents. Based on 
other studies, ft was decided that the effects of average daily traffic 
should be controlled in testing the effects of these two variables on 
accidents. After removing the effects of volume, there are st111 signifi­
cant differences in the mean accident frequency for the various groups of 
number of signalized intersections and traffic sign faces. Using the 
F test, it was determined that the interaction effect between signalized 
intersections and traffic sign faces is significant. Thus, on two-way 
streets, the accident frequency wi 11 be affected by the number of traffic 
signals and the number of traffic sign faces on the segment, ~ these two 
factors tend to explain the same variance. 

Sllall Obstacles and Traffic Sign Faces On Two-Lane, TIIIO•Wa,Y Sepents 

The one-way analysis of variance test indicated that the accident 
frequency increases as the number of smal 1 obstacles on a segtNnt 
increases. A simi 1 ar trend was found for the number of traffic sign 
faces. After removing the effects of volume. the difference in mean acci­
dent frequency is stil 1 significant for the various groups of smal 1 
obstacles and for the different categories of traffic stgn faces. However, 
it was found that there is a significant interaction effect between smal 1 
obstacles and traffic sign faces, i .e, both variables tend to explain the 
s11e variance 1n the accident frequency. 

93 



Tlble 24, Ltst of stgn1ftcant tnter1et1ons by 
roadway classiftc1tton. 

Lev11l of 
Ro..,_, Classification Vertlbln St9ntttcuc1 

OH-way • Awerage datl y traffic 111d IUllber 
of through 1 anes 0.012 

• Nlllllber of tllro~II 1 ants 111d 
nlllber of s1gna tzld Inter-
sections 0.010 

• Average datly trafftc Ind nlllber 
of ut11 tty poles 0.050 

Tm-lane, two-way • Average datly traffic and nllllber 
of trafftc sign facts 0.000 

• Average daily traffic and nUlber 
of uttl ity poles 0.000 

• Average daily trafflct 111d nUlber 
of stgnAltzed intersections O.fliO 

• Nlllbr of traffic sign f.ces 111d 
nlllber of signalized lnte,sectlons 0.004 

• Nllllbr of traffic sign faces 111d 
IIUllber of drfvew115 0.020 

Nulttl- divided • AYerage daily trtfftc 111d nlllber 
of signalized tntersecttons 0.033 

Nu1tl1ane uncltwided • Avwage datly trefftc 111d nlllber 
of stgnaltzld tntersecttons 0.000 
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Tlble 25. List of stgntftunt tnteract1ons ustng average 
datly traffic u • covariate by roadway class1f1cat1on. 

One-Way ~nts 

Nlllber of through lanes and nunber of signalized 1 ntersect 1 ons 

Two-Lane. Two-Wav Samu!nts 

Nllllber of traffic sign faces and nllllber of signal I zed intersections 
Nllllber of traffic sign faces and number of drhewa_rs 
Nl.lllber of small obstacles and nunber of traffic Si!ln faces 

Mult11ane Divided Saaments 

Median type - curb and median width 

Nult11ane Undivided ~nts 

No significant interactions identified 

All SMa.nts 

Roadway class1ficat1on and city size 
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loadwg Class1ftcat1on 111d Land Use on 111 Urban Sepents 

Previous ana~ysis of the data indicated that significant differences 
tn the 111ean accident rate and frequency existed for various trban roadway 
classes, 1.e., one-way, two- lane, two-way, multi lane divided, and multi­
lane \lldivided, and for various land uses. It 1s reasonable to ass111e 
that these variables may also be affected by the traffic voltae using the 
facility. After removing the effects of average datly traffic, it was 
found that the 111ean accident frequencies and rates are significantly dif­
ferent for roadway classification and land use. The adjusted •ans 
revealed that two-lane roads had the lowest accident frequency (3.47 acci­
dents per segment ~r year), compared to one-way facilities watch had the 
highest frequency (4.02 accidents per ;-ear). Also, roadways in the ccaaer­
cial land use group experienced· the highest accident frequency 
(4.99 accidents per segment per year) and segments with vacant land use 
had the lowest accident frequency {2 .55 accidents per segment per year). 
Based on these data, the effects of land use on irban accidents is clearly 
evident. No significant interaction effect was found between land use and 
roadway classification. 

Roldwq Classiftcatton and City Size on all Urban Sepents 

One of the basic asslltlptions made prior to data co1 lect1on for this 
study was that roadway classification and city size were appropriate vari­
ables that could be used to classify trban arterial streets in ten1s of 
safety characteristics. The analysis of variance results suggested that 
the ass1111ption was correct as significant differences were found in the 
111ean accident frequency and rate for both variables. However, it has been 
d81110nstrated by several safety researchers that voltne also affects acci­
dents on urban roadways. After removing t•·~ effects of vohne, it was 
found that significant differences in the mec.,1 accident frequency and rate 
occur for the various roadway types and city sizes. Two-lane highways had 
the lowest accident rate {7.58 accidents per million vehicle miles} while 
one-way segments had the highest rate (9.42). Slllall cities had the lowest 
accident rate (5.71), waile medilMII cities had the highest rate (9.13). The 
interaction effect between roadway classification and city size was signi­
ficant. This analysis indicates that classifying urban sections for safety 
in ten1S of roadway type and dty size ts an appropriate practice, 1.e •• 
ther• appears to be real differences in safety between these variables. 
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Median Curb and Mldhn lf1dth on Mult11ane Divided Sepents 

On 111.1ltilane dhided highways, several safety researchers have found 
that medians with curbs and median width affect safety. However, other 
variables such as vol1111e may affect accidents on multilane divided facili­
ties. After removing the effects of volume, it was found that no signifi­
cant differences exist in the mean accident frequency for curbed and 
uncurbed median sections. Also, no significant differences -.ere found in 
the mean accident frequencies for the various median width groupings. The 
interaction effect between median type and width was significant. It can 
be concluded that lledian curbs and median widtn do not appear to influence 
accident frequency on multilane divided segme~ts. 

Lane Width and NUlllber of Driveways on Mult11ane Undivided Sepents 

Previous one-way analysis of variance results revealed that various 
classes by lane width and the number of driveways had significantly 
d 1 ffer<:nt mean ace 1 dent frequenc 1 es and rates. In urban areas, it is 
reasonable to ass1J1e that volume al so significantly affects the accident 
experience. To test this hypothesis, an analysis of covariance was con­
ducted. After the effects of volume were removed, it was found that 
significant differences existed in the accident frequencies and rates for 
the various lane width groupings, however, the differences in the driveway 
categories -.ere not significant. The interaction effect was not signifi­
cant. This analysis suggests that lane width may be an appropriate vari­
able to categorize safety characteristics for urban arterial highways. 
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PRINY ACCIDENT RELATIONSHIPS 

During the study the research team identified primary accident causal 
f&etors based upon the results of the various analyses. Several of the 
significant findings are presented below in two subsections. The first 
section deals with continuous variables and their identified relation­
ships, and the second with discrete situations such as accident experience 
for parking and no parking conditions. 

Continuous Variables 

One of the primary objectives of this study was to determine those 
factors that significantly affect accident frequency and rate on the IA"ban 
arterial street networki in particular, the objective was to detenntne 
factors that .ould result tn fewer accidents if r.ontrolled during design 
or by the traffic operations engineer. Using the results of the litera­
ture review and the previous analyses, the research te1111 prepared a 11st 
of significant factors shown in Table 26. The fol lowing discussions 
siaaarize the mre significant findings of this phase of the study. 

Traffic Vol1ae 

One general consensus expressed among traffic engineers is that 
traffic vol1111e has a significant influence on accident rates and frequen­
cies. Analysis of the urban arterial data set verified this influence. 
Traffic vol1111e, tn the fonn of an average daily traffic. was a significant 
factor in all analyses. In addition. average daily traffic 1s the only 
independent variable to appear in both rate and frequency regression 
equstions for all roadway classifications. 

Lane Width 

Lane width 1s a traditional matter of interest for traffic engineers, 
and the subject has been extensive 1 y stud 1 eel through the years . The 
s•ple of IA"ban arterial roadways for ~ich data werE· collected in tMs 
study include a wide range of lane widths, with the predominant lane width 
being 12 feet (3.6 m) as shown in Figure 24. Analysis of the distribution 
of accidents indicates that width alone does not seem to explain th~ 
variation in accident experience as there is no particular range of widtri 
for Wlich there 1s a significant overrepresentat1on of ~cidents. 
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Tlbl~ 26. Salary of roadway factors s1gn1ftcant1y affecting 
1ec1dent rates 111d frequencies on urb111 arterial segaents. 

Rold way Cl 1ss1 f1c1t1on 

Multihne Mult11ane 
Factors One-Way Two-W11. Two-Lane Divided Undivided 

lieolletr1t Factors 

Nlllber of through 1 anes • 
Nlllber af saall obstacles • 
Nlilllber of signalized 

1 ntersect tons • • • 
IUlber af ut 11 tty pa 1 es • • • • 
Nlllber of driveways • 

0Der1t1on1l Factors 

Al,erage datly t,afftc I • • I 

Nilllbr of traffic sign 
faces • I 
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Ftgure 24. D1str1but1on of roldway segaents Ind acctdents by lane width. 
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lhlllber of ThroU9h Lanes 

A potential response to congestion and safety proble111s on 1rban 
arterials is the addition of travel lanes to an existing facility. The 
relationship between the number of through lanes and accidents ts not 
clearly established with an analysis of this data base. Even ~en the 
effect of vol1ne ts controlled by anploying the analysis of covariance. 
the accident rate is only found to be significantly higher on three-lane 
roads. This probably reflects the odd geometric and traffic situations 
the laneage presents for two-way traffic. 

There is no substantial support for the practice of considering in­
creasing laneage as a first level soiution to accident problems. More 
cost-effective and less environmentally disruptive solutions should be 
considered first. 

Shoulder Width 

Shoulder width has also been studied extensively (although 111>st 
studies have been in rural areas), with the general consensus that the 
wider the shoulder the safer the facility. The study results tend to 
agree with those findings as shoulder width appears as a significant 
factor in explaining two-lane, two-way roadway aLcident frequency. When 
traffic volume is controlled for, accident rates are significantly lower 
with wider shoulders. 

Medi• Width 

A major issue during the design of any divided highway is the median 
width, as this is a major contributor to right-of-way requirements and 
directly affects tha operation of vehicles through median openings. Figure 
25 11 lustrates the fact that there is an overrepresentation of accidents 
on segments with medians less than 4 feet (1.2 mj wide. Analysis shows a 
stgnfftcantly higher accident frequency for medians less than 4 feet 
(1.2 m) wide as opposed to medians greater than 4 feet (1.2 •> wide. 

Land Use 

For many years land use has been considered a possible s1rrogate for 
side friction or driver burden. The results of this analysts support this 
conclusion, with both accident frequency and accident rate increasing with 
t ncreased land use intens tty ( i .e., vacant to resident 1 al to C0111111erci al). 
In addition, "'1en such factors as average daily traffic, posted speed 
1tm1t, and population are accounted for, the same signfficant relationship 
exists. In addition, land use fs a significant factor in both the two­
hne, two-way category and the multil ane divided category regression 
models. 
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Figure 25. Distribution of roadway segaents 
111d ICC1dents by Melian width. 
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Unfortunately. land use is not ~enerally a factor that can easily be 
110dtfied by the designer or through the efforts of the traffic operations 
engineer. 

Nulber of S19n111zed I,,tersections 

The analyses used in this study show a strong relationship between 
increasing the number of traffic signals and increasing «cident rate and 
frequency. Tables 27 and 28 present the final regression equations 
derived for each roadway classification for accident frequency and rate. 

The analysis findings agree with the generally held belief that the 
110re traffic signals on a roadway segment I the larger the accident prob-
1 em. Figure 26 shows the effect of increasing accidents with an increased 
number of signals. This relationship is roost pronounced in the large city 
category. Figure 27 shows tnat there is little effect of increasing non­
signalized intersections on accidents. 

Because of the rather short sample length used in this study 
(0.1 •ile or 0.16 km}, it is possible that the number of signalized inter­
sections simply reflects the influence of intersections. and t~us conclu­
sions drawn on the basis of these samples might be incorrect. Therefore, 
additional analyses were conducted utilizing a segment length of one-half 
mile (0.8 km}. This analysis confirms that the number of signalized 
intersections remains a significant factor regardless of the segment 
length. In addition, analysis of segments with and without traffic signals 
indicates that for all segment road types and accident types "1ere a sig­
nificant difference is noted, segments without signals have significantly 
lower accident rates than segments with signals. After controlling for 
traffic volume in the analysis of covariance, the sane relationship 
(increasing rate with increasing signalized intersections) was found. 

Obstacles 

Many studies found in the literature describe a strong relationship 
between roadside obstacle density and traffic accidents. Therefore, as 
part of this study Mt in-depth look was taken at a variety of roadside 
obstacles. O>stacles were first classified into the categories; large 
obstacles, small obstacles, trees. and utility poles. 

Large obstacles include such items as large sign supports, utility 
poles, and fire hydrants. The analysis showed a trend of increasing acci­
dent rate and frequency with an increased nu:nber of 1 arge obs tac 1 es. For 
both the accident rate and accident frequency there is a significant 
difference (increase) when four or more large obstacles.are present. 
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Tlble 27. Regress ton 111alysts SUIIIU'r for annual ICC1dent 
frequency by roldwQ clus1f1c1tton for O. -atle (0.16-kll) segaents. 

Yrllbln Coefficient Two•ll1z1 Two-Line Yar11bles Coefficient 

lwer-,. dilly tr1ff1c 0,00024 A,erege dilly traffic 0.00021 
No. of Ytllity poles 0.25491 No. of traffic sign fices 0.17766 
No. of thr::yh lanes 0.67070 No. of Yt111ty poles 0.16018 
No. of sign, lzed Const•t -1.18240 

intersections 0.58059 
ConstMt -1.72743 

The four nr11bles expl11n 22.40 I of the v1rhnce The three var11bles expl11n 19.021 of the v1rhnce 
f•51.89 f•210.50 
Mein ICC1dent frequency• 3.72 ICC./seg,,,ent/yr. Mein accident freq1111ncy • 2.50 1cc./Hgfll!nt/.,,.. 
Stllld1rd error • 4.51 Standard error • 3.58 

Nulttl111e Divided hrhbles Coefficient NYlttlane Undivided V.rtlbles Coefficient 

A.er-,. dally traffic 0.00015 Average dilly traffic 0.00017 
No. of traffic sign No. of slgn111zed 

fKes 0.20040 Intersect tons 1.41243 
No. of signalized No. of lltlllty poles 0.24177 

Intersections 1.36156 ConstMt -0.16226 
Const111t -0.15483 

The three ••tlbles exphln 12.141 of the variance The three v1rtlbles 1!11pl1ln 11.511 of the variance 
F•91.76 F•l08.05 
Mean accident frequency• 4.73 acc./seg,,,ent/yr. lllean accident frequency• 4.38 acc./se.,.ent/yr. 
Standard error• 5.83 Stllldard error • 5.29 
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Table 28. Regression m11ys1s s ... ary for accident rate by roadway 
cl1sstfic1tion for 0.1-aile (0.16-kll) segaents. 

Vartablts Coeff1C1llflt Two-W•t1 Two-Line Y•tlbles Coefftctent 

No. of utlltty poles 0.59153 No. of traffic sign feces 0.50055 
Aver• d1tly tr1fftc -O.OOOZ4 Aver1ge daily tr1ffic -0.00027 

Land use -1.55282 No. of utility poles 0.46159 
Constant 12.63213 Constlnt 5.33399 

The three v1rilbles expl1in 4.511 of the ,1rt111ce The three ,arilbles e-r.l1ln 9.511 of the ,1rl111ee 
F•l0.99 F•l20.96 
Ne111 1ecident rite • 10.03 ace ./NVM Ne111 1Ccldent rate• 8.06 1cc./NVN 
Stlnd1rd error • 11.27 Standard error • 10.40 

Multllane Divided Vlrtables Coefficient Multil1ne lJnj,vlded Yarhbles Caefftctent 

lo. of signal tzed No. of utl 1 lty poles l).!111325 
intersections 2.83003 No. of stgn1ll~ed 

Average d111y traffic -0.00015 Intersections 2.65908 
No. of traffic sign f1ees 0.27031 Average dally traffic -0.00020 

Constant 7.14023 Constut 7.38401 

The three varllbles expl1ln 6.611 of the ,1riance The tlree v1rllbles npl1tn 6.891 of the ,ar1111Ce 
F•36,63 F•60.28 
Mein ICC1dent rite • 7 .83 ICC ./NYM Mean accident rate• 8.63 1cc./MYN 
Shnd1rd error • 10.35 Standard error • 10.44 
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The nulllber of utility poles in general caused a significant change in 
accident rate. Segments with densities of 4 to 7 poles appeared to be the 
111ain cut-off point, with locations having 8 to 11 poles in particular have 
significantly higher accident frequencies. 

Nlllber of Traffic S1gn Faces 

This variable appears as a significant factor during analyses for al 1 
roadway classes. The analysis shows an increasing trend between accidents 
and the nulllber of traffic sign faces, in particular "'ere the sign count 
1s 10 or nore per segment. In addition to total sign faces, regulatory, 
and guide signs are also significant variables for selected road classes. 
As with the total sign count, regulatory and guide signs exhibit a posi­
tive relationship with accident statistics. Warning signs do not appear 
as a significant factor, probably because the use of warning signs is very 
limited in the urban environment. 

Discrete Variables 

In addition to investigating the effect of continuous variables on 
accident rates, a specific analysis was conducted on a few selected dis­
crete variables that are generally controllable by the operations engineer 
or designer. 

This analysis utilized the basic functional roadway classification as 
a starting point, and subdivided the file further by specific factors such 
as bus stop location, special lanes, and parking. Accident rates and 
frequencies were developed for each accident category and a student's 
t-test used to detemine if significant differences exist between cells. 

Bus Stop Location 

A nllllber of recurring questions occur in conjunction with the pre­
sence lltd/or location of bus stops on arterial roadways. Analysis reveals 
that the presence of a bus stop on a segment of arterial street results in 
a significantly higher accident rate for that segment. This relationship 
was found to be valid for all functional classes of roads. 

C011parison of segmer.ts containing bus stops with different locations 
indicates that segments with near-side or midblock stops have in general 
lower accident rates than those segments containing far-side stops. Also, 
segments containing near-side stops have significantly lower accident 
rates than those with 111idblock stops, except for one-way streets w..ere 
segments with 111idblock stops exhibit the lowest accident rate. 
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A comparison between curb bus stops and bus pullouts was also conduc­
ted and yielded mixed results. Segments with pullouts have significantly 
lower rear-end and angle accident frequencies than those with curbside 
stops. However, there are several cases, mainly on one-way and two-1 ane, 
two-way streets, w.ere other accident categories exhibit a lower accident 
frequency with curbside stops. 

Special Aux111 ary Lanes 

Several design alternatives can be used to facilitate turning vehi-
cles, including: 

• right-turn bays; 
• left-turn bays; 
• one direction, median left-t•1rn lanes; and 
• two direction, median left-turn lanes. 

In general, segments with one-direction, center, left-turn median 
lanes have significantly lower accident frequencies than segments with 
other types of left-turn facilities. Segments with two-direction, center, 
left-turn median lanes have significantly lower accident frequencies than 
segments with left-turn bays. Conversely, segments with left-turn bays 
have significantly higher accident frequencies than segments with no 
special turn facilities. 

Since the segments tested were 0.1 mile (0.16 km) in length, the 
presence of intersections might have a disproportionate influence on the 
accident frequency. Therefore, segments were 41Jgregated • to one-half mile 
(0.8 km} lengths and an analysis conducted of the relationship between 
accidents and the presence of a left-turn bay versus no special turn 
facilities. Segments with left-turn bays P~hibited a significantly higher 
accident frequency than seg111ents with no special turn facilities. 

Parking 

In general, segments with no parking have significantly lower acci­
dent frequencies than segments w1 th full or part-time parking. One 
notable exception is one-way streets where segments with parking have 
s fgnificantly lower total accident frequencies as well as lower rear-e:id 
and angle accident occurrences. 
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CAUSAL FACTORS 

Based upon the results of the various tests, conclusions were cft-'!ilff, 
concerning relationships between the independent variables and accident 
rates and frequencies. Independent variables with a previously defined 
relationship were specifically reviewed to determine if the data base 
supparts causal factor relationships with urban arterial accidents. 

It is important that the nature and purpose of the s1.11111aries and 
analyses described in this study be recognized. Any given traffic accident 
involves an interactive set of several geometric, envirorvnental. and 
operational circ1111stances. Therefore, it 1s difficult to describe the 
contribution of any single factor on any single accident, and even nore 
difficult to describe the contribution of a single factor on the total 
accident experience (even categorized by accident type) for a segment of 
roadway 0.1 mile (0.16 km) in length. However, ~ile the cause-effect 
relationship may be difficult to quantify, it is also clear that the 
accidents are influenced by certain geometric, environmental, and opera­
tional characteristics. The data base accumulated for this study will be 
useful in detennining the likely causes of certain types of accidents on 
roadway type, but odly 1f the influence of several other critical vari­
ables are identifie and controlled in the investigation. Knowledge of 
these causes will be useful in the selection of effective counter­
measures. 

In many instances, there will be factors -'tich cannot be addressed 
directly with a countermeasure available to the traffic engineer (e.g., a 
traffic signal at a high-volume intersection may be positively related to 
certain types of accidents, but removal of the signal is not a rea11stic 
countermeasure). 

The analyses in the previous chapters are helpful in identifying the 
critical variables -'tich should be controlled in the assessment of speci­
fic problems and potential countermeasures on l.l"'ban arterial roads and 
streets. The results of these analyses are not intended for use in deter­
mining accident causation factors nor assessing countermeasure effective­
ness directly. For example, the analysis indicates that the rear-end 
accident frequency for segments containing bus stops is nearly twice that 
for segments without bus stops. While this result indicates 1t might be 
advisable to control for the presence of bus stops in investigating rear­
end accident problems, 1t does not imply bus stops cause rear-end acci­
dents, nor that prohibition of bus stops wi 11 necessarily reduce the 
rear-end accident experience at a specific site. It may well be that the 
ntlllber of rear-end accidents is higher for these segments simply because 
these segments are usually 1ocated within intersect ions, and accidents 
related to the bus stop cannot be separated from other accidents 1n the 
segment. 

Similarly, nearly al 1 the analyses -'11ch i"vo, -,e accident experience 
and a single geometric, environmental, or operational factor are subject 
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to multiple interpretations. and can lead to several possible counter­
:neasures. Hence, conclusions regarding causal relatfo;1ships or counter­
measure effectiveness should not be based solely on these single factor 
analyses. The pri111ary value of the results reported in the preceding 
chapters is in identifying the particular variables that ,;hould be con­
trol led in multi-factor analyses. 

Since there are data available for a large number (If factors, as 
shown in Table l, the nll'llber of possible combinations 01 t111<.1 or mre 
factors 1s very large. There 1s no realistic way to •s111111ar,ze" the data 
base in a conventional report format. This report can only des.-:ri!le the 
data base and provide an indication of the types of analyses th<',t can be 
conducted. An example of the use of the data base in selecting ,:otenttal 
countenneasures is provided in the following chapters. 

On the other hand, some general statements regarding the il'lf1 uence of 
certain factors in characterizing the irban arterial street accidnt pic­
ture are warranted. For instance. a few factors anerge as sign\, ·•~ant·1y 
related to accident experience in a number of the characterization tests 
described in the preceding chapter and are listed below. 

• Turn lanes (at intersections and/or continuous) 
t Median presence 
t Intersection versus non-intersection segments 
t Signalized versus non-signalized intersection 
• Roadway classification 
• Presence of fixed-objects 
• Parking versus no parking 
• Lar.d use 
t Traffic volume 
• lane width 
t Ori veway density 
• Density of traffic sign faces 

These factors must be considered in causal factor and/or countenieas­
ure !!ffectiveness analyses. While it is essential that the critical con­
founding variable be identified and used for stratifying the data base if 
valid conclusions regarding the effectiveness of practical countenneasures 
are to be reached. it is also important that the nulllber of variables in­
cluded in the analysis be kept to a 11ini11111'!. Each time a stratification 
is made, a significant reduction in the data base results. 

Observations fr011 the Data Tabulations 

The following observations are products of the accident characteriza­
tion conducted within this study. As mentioned earlier in this chapter, 
cause-effect relationships should not be inferred. 
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• Segments with medians narrower than 4 feet (1.2 m) have higher 
accident frequencies (i.e., accidents per se,nent) than those with 
wider medians. • 

• Segments bounded by c011111erci al development have higher accident 
frequencies than those bounded by other types of land use. 

• Accident frequency increases as the number of large otstacles in 
the segment increases. Accident frequency seems to be independent 
of the number of small obstacles in the segment. 

• Accident frequencies are higher in segments w,ert: there are 3 or 
more utility poles. 

• Accident frequency increases as the m1nber of traffic sign faces 
increases. 

• Accident frequency, i.e., the annual m1nber of ace I dents per seg­
ment, increases with traffic volume (as would be expected) but 
accident rates, i.e., accidents per mil lion vehicle-miles, are 
lower on those segments with higher traffic volum1?S -- with the 
exception of one-way streets, W'tere t!'le rate ·, ncreases w1 th 
increasing volume. 

• Segments containing signalized intersections have higher accident 
frequencies and rates than segments without signalized intersec­
t ions. 

• Segr,ents "'1ere left-turn and/or right-turn bays are present have 
hi 9,,er accident rates than those w,ere there are no auxiliary 
i an~s. 

• Segments "'1ere parking is not al lowed have lower accioent frequen­
cies than those segments W"lere full or part-time parl<ing 1s per­
mitted. 

Most of these observations are consistent with "'1at might be expect­
ed. It is clear, however, that a number of confounding variables must be 
accounted for before cause-effect relationships can be inferred. The fact 
that the cited pseudo-relationships are readily observable ind:cates that 
these factors should be addressed when making use of the data base. 

Examples illustrating the use of the data base for future irban 
arterial accident studies are provided in a subsequent sectio11 of this 
report. 
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COUNTERMEASURES 

Potential countermeasures for reducing urban arterial accidents were 
selected based on the literature review and the results of the data analy­
sis. As discussed earlier. the literature review provided a comprehens1ve 
list of geometric .• environmental. and op~rational variables which have 
been previously found to be assoc1att!d with accidents on urban arterial 
streets. 

The second source of countermeasure development was the results of a 
series of branching analyses conducted for each of the four functional 
roadway classifications. For each of these roadway types• a separate 
branching analysis was made for rear-end accidents, angle accidents. side­
swipe accidents. and head-on accidents. These analyses were used t.o 
det.ermine which variables, or combination of variables were associated 
with a significantly larger number of accidents for a particular roadway 
type and accident type. 

The use of the branching analysis can be illustrated, as shown in 
Figure 28, for angle accidents on rnultilane 1.11divided streets. The over­
all accident mean is 4 .51 accidents per segment pe~ three-year period. 
The first split is made at a traffic volume of 20.000 iehicles per day. 
Segments with a volume of 20.000 or roore vehicles per day have an overal 1 
mean of 7 .54 accidents per three years. Withiri that subgroup, sections 
with one or more signalized intersections have a ccrnbined accident 
experience of 11.23 accidents per three years. For the volume group less 
than 20 0 000 vehicles per day, the higher accident experience al so occurs 
for sections with one or 11Dre signalized intersections (an overal I mean of 
5.10 accidents per segment). 

The above analysis prov ides evidence that certain combinations of 
high volume and the presence of signalized intersections are associated 
with a higher nt.nber of angle accidents on multihn! tlldivided roadways. 
Similar findings have been reported in the literatl1re. Based on this 
information. possible accident causes are listed below. 

• Absence of signal progression 
• Inadequate signal timing 
• Restricted sight distance to the signal or to cross street 

traffic 

For each of these possible accident causes. one or 11Dre candidate 
countermeasures was developed. For example, the countenneasures for 
inadequate signal timing are listed below. 

• Adjust the anber interval 
• Include all red phase 
• Retie the signals to meet current traffic demands on the major 

and minor streets 
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• Install signal actuation 
• Install a multidial controller 

Similar efforts were also used to develop other possible causes and 
countermeasures for each roadway classification. It should be noted that 
many of the countermeasures would be applicable to any or all of the road­
way types. Some countermeasures, however, wuld only apply to one of the 
roadway classifications. 

Using the literature results and the branching analyses described 
above, countermeasures were developed for each accident type as shown in 
Tables 29 th,ough 32. For each possible accident cause, an L denotes that 
the infomation was based on the literature results and an A denotes that 
analysis of the study data was used to detennine the possible accident 
cause. In many cases, the accident cause was based on input from both the 
literature review and the data analysis. 

Tables 29 through 32 can be used by safety engineers to select coun­
tenneasures for any of the four specific accident types for the four road­
way classifications. These are general countenneasures and are intended 
to be a guide for selection of the most appropriate countenneasure for a 
given accident problem on an urban arterial road or street. 
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Table 29. Counteraeasures for angle accidents. 

Possible Accident App11clb1t Roadway 
Cause Possible Courtte,..asLll"es Cllsstf1catton 

1. Lack of progrns1ve 1. Provide signal progression All classes 
•v-nt (L,A) 

2. Aestrictld sight dis- 1. Remove sight obstructions All classes 
tance to traffic on (p1rt1tularl y 
tntersec:t1ng streets or 2. Restrict parking near 1nterstcttons two-lane, two-way) 
signals (due to hort-
zontal 1lineatnt, road- 3. Install or taprove advance warning 
stde sight obstructions, stgns 
or parked vehtcles) (L,A) 

4. Instal 1 12 inch stgnal lenses 

3. Inedequatt signal 
ti•tng (L,A) 

1. ~just Mlber ti111e All classes 

2. Provide all-red clearan~e 

3. Rett• stgnals 

4. Install signal actuatton 

5. Add •ulttdial controller 

4. Inadequate gaps tn 1. Install traffic sl,n1ls (if All classes 
trafftc ( L ,A) warranted by IIITCD 

5. Excessive speed on 1. Reduce speed lt•tt 111d 1nithte Al 1 classes 
arterial (L) speed enforcaent 

6. Excessive COMercial 1. Conso 11 date drtvevays Nultthnt wi-
driveways cOllbined wtth divided, and 
traffic YOlUN of 10,000 2. Prohibit left-turns into and two-lane, two-way 
to 15,000 ( lncrtutd out of driveways 
level of ~rchl 
devtlopaent) (A,L) 

7. High intersection street 
traffic volUNS at un-

1. Consolidate COMercl1l driveways All classes 

signalized intersections 
(i.e., •inor cross 

2. Prohibit left-turns fr011 driveways 

streets, c~rchl 3. Install traffic signals (if .iarranted 
driveways, lftd lligh by IIITCD) 

I density residential 
drtyeways. 

Note: L denotes that the cause 1s based on the results of the ltterature review. 
A denotes that the cause ts based on tlle results of the data analysts, 
1 tncll • 2,5 C11 

116 



Tlble 30. Counteraasures for rear-end accidents. 

Possible Accident Applicable Roldway 
Cause Possible CountenaaasUl"eS C1asstftcatton 

1. Poor 1i9n11 vislb11ity l. Relocate or add additional slgn1l All cl asses 
or si9ht distance (L,A) helds 

2, Install 
signs 

or lllfl"ove advance warntnv 

3, Install 12 Inch signal lenses 

4. Reduce speed 1 i■lt on approaches and 
Initiated speed enforce■ent 

2. Slippery pa,e■ent l. Overlay pavment with skid rests- All cl ISHS 
surfKt (L) tant surface treataient 

2, l■prove drainage 

3. Reduce speed lt■tt 111d 1n1tiate 
speed enforc .. nt 

3. ln.Sequate storage 1. Construct separate left-turn and/ Two-lane, two-way 
area for veil le les or right-tum l1nes and 
turning Into drive- •ultilane undivided 
ways (L) 2. Install a continuous ■eclian left-

turn lane 

]. Increase turning rldll at cir fveways 
or intersections 

4. Inadequate slgt!al 
ti■ing (L,A) 

1. Adjust aber tl■e All classes 

2. Provide all-reel clearance 

]. Provide signal progression 

4. Retl■e signals 

5. Unnec:usry signals 1. Re■ove unwarranted signals (as per All classes 
(L,A) MCD) 

,. Restrictions to through 1. Restrict or prohibit on-strNt All classes 
traffic due to on-strftt parking 
parkt ng { cOlllbl 111d wt th 
IIOClerate to h1gll traffic 
YOllal} {L) 

2. Widen roadway 

IOte: L denotes that the cause ts based on the results al the ltterature review. 
A denotes that the cause ts based on the results of the data analysis. 
1 Inch • 2.5 c■ 

117 



Table 30. Counteraeasures for rear-end accidents (continued). 

Possible Accident App11clb1e lloldway 
raute Possible Counte1"111e1sures C1ass1ficat1on 

1. Coftttstecl traffic flow 1. Convert to one-way street netlllOf'k Two-1 ant. two-way, 
due to 1naoequate aultllane ancl ll'ldi-
roNWay capactty (L) vided 

8. Excesstve ~ctal 1. Consolidate driveways Two- lane, t.o-way 
dl"heways c• t Mtd 

llultilane und1v1decl with hits AIIT's 2. Prohibit left-turns into and 
(lballt 5,000 for out. of driveways and 11111lttlane divided 

1111lttl1ne rolds 
and 10,000 to 15,000 3. Provide continuous left-turn 
for tlllO• lint rolds) due INdilll lane 
to lnc:rHSecl ~r-
etal develOpllllt CL.A) 

llote: L denotes that the c:ause 1s ksecl on the results of the literature !'fllew. 
A ilenotas that the cause is based on the retults of the data 1111lysts. 

Tlble 31. Counter11easures for sideswipe accidents. 

Possible Acctdent -11clb1e Roldw1y 
Cause Possible Counteraeasures Classtftcatton 

l. Restricted Wtd/or con- 1. Convert to one-way street network All classes 
gestecl traffic flow 
due to Inadequate 2. Widen strfft 
roldWay capactty 
(ADT of <25,000 for 
-,1t111111 d1vtded, 
and AOT of >15.000 
for other rildway 
classes) (L,A) 

2 . Narrow 1 anes tJ/f' 1. Widen lines All classes 
surface width (L) 

2. Install channelization at Inter• 
sacttons 

3. Create a network of one-way streets 

4. Install llld1an dlvtcllr 

3. On-str"t parking 1, Restrict or r1110v1 on-strttt All classes 
.,.,., bus stops 
11 lo.d on c:urb 

parting 

lint (L,A) z. ll')dlf{ near-side bus stops to 
f1r-s dt 

4, ll11tr1c:ted 11Drizont1l 1. Rtconstruct 1tet1on to a,ct1 f1 All classes 
cun1tur1 (L,A) llorl1ont1l 111,._t 

Nott: L dtnotn tll1t tht CIUH ts ltlled on the multi of tlNI literature ,.,,, ... 
A dellotes that the CIUlt 11 baud on the rn,.tts of tM data 111&1,sts. 
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Table 32. Countermeasures for held-on 1ec1dents. 

Possible Accident App11clble Roadway 
Cause Possible Countef"lllC!asures C1an1f1c:atlon 

1. Narrow 1 anes or 1. Install 111111111 divider T1110-lane1 two-way 
surface width (L,A) 

2. Widen pav111e11t surface Mult11ane 
undivided 

3. Provt de 111111roved ro.cllfay del lnea-
tlon 

2 . Poor roldway des I gn 1. Reconstruct roadway to taprove Al 1 cl asses 
(offset 1 anes or 11tn1111er1t 
restrictive horizontal 
or vertical altneaent 2. Provide l■proved roadway dellnea-
(A,L) tton 

3. Inadequate tnfoN1t1on 1. I■prove location of ONE-WAY One-way streets 
regarding one-way street signs and/or Increase the nlllllber only 
designation or size of signs 

2. -:nannel tze lltd/ar stripe side 
street approaches to mre clearly 
Indicate a one-way street 

Note: L denotes that the cause ts based on the results of the literature review. 
A denotes that the cause ts based on the results of the data analysts. 
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RESEARCH RESULTS 

The data base collected for this study and the extensive testing con­
ducted on individual variables and combinations of variables have produced 
a valuable resource for design and traffic operations engineers. litlile ft 
1s not possible to display all possible combinations of dependent and 
indepenent variables, this section pre~ents several useful safety engi­
neering products for the operations engi:1eer. 

During the analysis of urb~n arterial accidents, various combinations 
of the roadway variables and accident variablE:s were examined. Several 
useful figures have been developed frc:rn these analyses, including branch­
ing diagrams. Figures 17 and 19 can be used to illustrate the rtlat1on­
ship between annual accident frequency and several independent varf ables 
that account for significant accident variation on two-way, two-lane and 
one-way streets. These diagrams can be used to compare the expected acci­
dent frequencies for a roadway segment ll'lder different operating policies. 
Thus, ft is feasible to estimate the possible effectiveness of different 
alternatives available to the traffic engineer. 

For example, suppose that a two-lane, two-way roadway segment had the 
characteristics listed below. 

• Length - 0.1 ~ile (0.16 km) 
• Average daily traffic - 8,000 vehicles per day 
• Lane width - 10 feet (3.0 m) 
• Nllllber of signalized intersections - 0 
• Nllnber of driveways - 5 
• Posted speed - 30 mph (48 km/hr) 
• Number of small obstacles - 2 
1 Total number of traffic sign faces - 7 

By tracing the path through the two-way, two-1 ane branch for these 
parameters, see Figure 17, we find an average accident frequency of 
1.16 accidents per year. If the street were changed to one-way operation, 
the trace through the branching diagram (Figure 19) for one-way streets 
using the same criteria -,uld be 2.15 accidents per )1ear. Thus, this 
change in the operation wuld result in an average increase of about one 
accident per year. Thus, the change from two-lane, two-way to one-way 
operation wuld not be desirable in this case. 

Utilizing the branching diagrams, a number of similar comparisons can 
be made. In the utilization of these diagrams, only those factors that 
contribute to a significant explanation of accident rate or frequency 
variation are used. Thus, llilile other factors may be available for a 
particular site, ft is necessary to use only the factors given in the 
diagram to estimate the mean accident experience·at a site. 
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Based on the data collected in this study, several diagrns relating 
vohae, accident rates, accident frequency, and other factors have been 
developed that provide an indication of the variability in accidents. For 
exanple, Figures 29 and 30 illustrate the effect of parking on sideswipe 
and angle accidents. In addition to these examples, numerous other rela­
tionships can be developed by proper partitioning of the data file. 

The scope and magnitude of the data files compiled in this project 
allows for a variety of safety related analyses. Examples of the types of 
analyses w.ich can be condur.ted with these data are described in the 
following sections. It should be noted that at least those critical fac­
tors (identified in this study) used to characterize the arterial segments 
be used in anay tyupe of future analysis. Other factors included 1n the 
data base can be added at the discretion of the analyst. 

Cclllparative Anal,YS1S 

The data base can be enployed to compare the accident experience in 
terms of frequency, rate, or accident type of a given segment, or segments 
of an urban arterial to the accident experience of like segments c~ntained 
in the data file. This comparison witch determines w.ether or not the 
segment 1.11der investigation has an abnormal accident experience, is useful 
in prioritizing arterial segments for safety im~·ove~ents. 

To illustrate this type of analysis, ass1.111e that a signalized inter­
section on a multilane divided arterial 1s suspected of having a higher 
than normal frequency of rear-end accidents. Control factors, identified 
by tr~e various analysis techniques and other factors considered to be 
important bvecause of the nature of the e,rpected problem, are taken from 
the list of variables sholft'I in Table 1. Not all factors identified as 
important earlier in the study must be inc 1 uded, as several , such as 
presence of fixed objects, shoulder width and type, etc., do not signifi­
cantly affect rear-end accidents at signalized intersections. 

Variable 

Nl.lllber of through lanes 
Medi an wt dth 
Land use 
Nllllber of signalized intersections per 

0.1 mile (0.16 km) 
Vertical alignment 
Average daily traffic 
Total nlllllber of traffic signs faces 

per 0.1 mile (0.16 km) 
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Field Data 

4 
15-feet ( 4.5~) 

Conmerci al 

1 
Level 

22,500 
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Park1ng conditions 
Surf ace type 
Special auxiliary lanes 
Operating speed 

Parking al lowed 
BitL1111nous 

None 
35 mph (56 kph) 

The data base is then employed to determ1 ne the aver age frequency of 
angle accidents on sim11ar segments. For some of the variable such as 
llltdian width, average daily traff1c, and total m,nber of traffic sign 
faces, a range w111 have to be specified to 1nsure an adequate smiple 
stze. For ex•ple, the following ranges may be specified. 

Variable 

I Medf an width 
1 Average dafly traffic 
1 Total number of traffic sign 

faces 
1 Operating speed 

Range 

15 to 20 feet (4.5 to 6.0 m} 
20,000 to 25,000 

10 to 15 
30 to 40 mph (48 to 64 kph) 

If the sample size 1s still too small ft may be necessary to elim­
inate one or more of the control variables. For this exa111ple surface type 
and/or vertical alinement may have to be eliminated. However, care must be 
taken to insure that the least important control variable is eliminated. 
In order to obtain a sample of a size suitable for testing, several of the 
original variables had to be eliminated. The following variables are left 
for further analysis. 

• Road classification 
• Nllllber of signalized intersections 
, Average daily traffic 
• Ntlllber of through lanes 
• Land use 
• Parking conditions 

The comparative examination between parking and no parking condftfons 
revealed significantly higher reai--end and sideswipe accident frequencies 
where parking exists. 

Evaluating Proposed Design and Operational Iaprovwnts 

For those segments identified as having abnormal accident experience, 
the dala can also be used to estimate the effect of proposed improvements. 
It should be noted that this type of analysts is limited to those improve­
■ents (variables) included in the data files. 
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For exaple, ass111e the frequency of rear-e•ld accidents in the i:re­
vtous situation 1s higher than expected, and thit some type of safety 
t11provaent ts warranted. The analyst can then c-:ter one or 110re vari­
ables (t•prove111ents) and estimate the effect of this change on rear-end 
accidents. For ex•ple, one possible i111provement 111ight be to el t■tnate 
on-street parking. For this type of analysis the ,iverage rear-end acci­
dent frequency for those segments \lltlich are similar to the existing 
seg11ent 1 but without on-street parking, is deterniin~-d from the data file. 
The difference in the two rear-end accident frequ,!ncies (segments with 
parking and segments without parking) indicates the expected effect of 
reaovtng on-street parking. 

Other i■proven1ents or combinations of improvements can be investi­
gated to deten1tne a "best" set of conditions. For example, the analyst 
■ay also want to investigate the effect on angle accidents of adding a 
left-turn bay (either with or without on-street parking). 

Evaluating Proposed Changes to an Arterial Street Syst• 

The data base can also be used to evaluate proposed design Md/or 
operational changes to a system of ..-ban arterial streets. For example, 
two para11e1 arterials can be compared to deten11ine .tlich street would be 
least affected (in terms of accidents) by a proposed bus route. For this 
analysis the acc1dent experience for each .-terial being investigated ts 
deten11ined from the data file, first without the bus route and then with 
the bus route using variables such as local buses per hour, number of bus 
stops per segment, etc. 

The ex•ples in this section represent only a fraction of the possi­
ble uses of the data base. The t■pact of changing roadside develoPlllf!nt 
(adding driveways, changing land use, etc.) or changes 1n traffic volume 
can also be projected and used to evaluate pol icy and/or design changes. 
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RECONENOED RESEARCH 

One of the objectives of this research was to develop a comprehensive 
urban ace i dent and roadway data base . In addition. an ana 1 ys is of these 
data was conducted utilizing the branching technique. analysis of variance 
and covariance. and regression as outlined in the methodology section of 
this report. However, detailed analyses were conducted only on the vari­
ables that 11axtmized the explained variance in the mean accident fre­
quency or rate. Fo:- example, tf the presence of roadway lighting did not 
explain a significant portion of the variance in the accident frequency or 
rate. no further analysis was conducted for lighting. 

· Even though a variable did not explain a significant part of the 
variance in the accident data set. it can not be concluded that the vari­
able has no 1nfl~ence on accidents or that there is no interactive effect 
between that variable and other variables. Where such interactions were 
considered likely, analysis of covariance tests were conducted to deter­
mine the extent of these interactions. However, only a limited nunoer of 
variable combinations are included in this study. The complete analysis 
of interactions, comparison of individual group differences, and future 
similar analyses ts left for other researchers. 

General Rec01111end1ttons 

It may also be hypothesized that much of the analysis, and especially 
the branching, 11ay simply be a comparison of intersections and segmel'lts 
without intersections. Prel imtnary analysis of intersection and non­
intersection segments indicates that this hypothesis is not entirely 
tenable but further study is encouraged. 

Another factor worth consideration is the effect of the segment 
length used for analysis. In the initial stages of the project, it .as 
detemined that data collection and analysis should be conducted based on 
0.l-1111le (0.16-km) roadway segments. Thus, al 1 accident and roadway data 
were collected and analyzed for O.l-mile (0.16-km) segments. One problem 
with using a short length for analysis is that the range of some variables 
(such as l1Ulllber of sig11a11zed intersections. driveways, etc.) is limited 
by tnese short lengths. For example, in a 0.1-mile (0.16-km) segment, the 
nUlllber of signalized intersections only ranged from O to 3. Other 
researcners have found that signal densities with a range from Oto 10 per 
111le are related to accidents. Although this trend was also found in this 
study, the limitations on number of signals per segment resulted in test­
ing relatively large discrete differences between 0,1,2, and 3 signals per 
segment. Using the variable number of signalized intersections per segment 
(and other simil1r variables) in a regression equation ~akes the explained 
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variance appear smaller and the standard error of the estimate appear much 
larger than it is for longer segment lengths or for less discrete data 
sets. 

Another problem with using 0.1-mile (0.16-km) segments is that in 
many cases ft is not possible to accurately locate accidents within 
0.1 mile (0.16 km). For this study, care was taken to place accidents in 
the nearest 0.1-mile (0.16-km) segment as indicated on the computer file. 
However, in such a short segment any difficulty in locating accidents 
accurately is magnified by the fact that the ratio of the end conditions 
to total segment length is high. To minimize this effect, analyses should 
be conducted on aggregated segment lengths. 

Pre11■1nary Analysis Using 0.5-M1le (0.8-knl) Sepent Lengths 

To examine the effects of segment length on the research results, an 
analysis was conducted using 0.5-mile (0.8-km) segments of irban arterial 
roadway by linking five continuous 0.1-mile (0.16-km) segments to~ether. 
A continuous 0.5-mile (0.8-km) section was defined •Jsing t!1ree variables; 
( 1) city, {2) roadway type, and (3) street identification. A computer 
program was developed to search for five 0.1-mile (0.16-km) segments along 
a street of the same roadway type. In this process several roadway seg­
ments of the data base were eliminated. For example, if data were col­
lected for 2.4 miles (3.84 km) of a roadway, at least 0.4 miles (0.64 km) 
of the street would be el imfnated making four 0.5-m11e (0.8-km) segments. 
In addition if the roadway type changad, additional portions of the road­
way would be eliminated. As a result, 1,313 half-mile (0.8-km) segments 
were created from the 0.1-mile (0.16-km) data base totaling 656.5 miles 
(1,050.4 km) of urban arterial roadway. 

In processing the data for the 0.5-mile (0.8-km) segments, raost of 
the data items were additive such as the number of accidents, obstacles, 
ut11 tty poles, driveways, intersect ions, etc. Vari ables such as vo hme, 
~edian width, and shoulder width were averaged together although 1t is not 
expected that these would not vary to any great extent along a 0.5-mile 
(0.8-km) segment of roadway. Variables such as land use, and number of 
1 anes were selected by finding a match in at least three of the five 
0.1 mile (0.16-km) segments "'1ich make up the 0.5-mfle (0.8-k:n) segment. 
Since roadway type was a controlling factor, major changes in these vari­
ables were not expected within a 0.5-mfle (0.8-k11) segment. Variables 
such as vertical and horizontal al inement were specified by identifying 
the lll]St severe (greatest percent of grade or largest degree of curvature) 
O.l-111fle (0.16-km) segment within the 0.5-mile (0.8-km) segment. 

After the data were aggregated into 0.5-mile (0.8-km) segments, 
branching analyses were conducted for al 1 roadway segments as wel 1 as for 
the segments contdined in each of the four functional roadway classes. 
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For fllustratfve purposes, the branching diagrams for the annual nullber of 
accidents per mile for al 1 C'.5-m11e (0.8-km) roadway segments and for the 
two-lane, two-way 0.5-mfle (0.8-km) segments are given in Figures 31 and 
32. 

The effects of segment length on the analyses results can be examined 
by comparing the branching results for 0.1-mile (0.16-km) segments with 
the 0.5-mile (0.8-km) segments. For example, as shown in Figure 15, the 
explained variance for 0.1-mile (0.16-km) segments ts 22.5 percent. As 
shown. in Figure 31, the explained variance increased to 46.4 percent _.,en 
0.5-mi le (0.8-km) segment lengths were used. It is important to note that 
the same independent var i ab 1 es, f. e. , city, vol 1111e, 1 and use, etc . were 
selected by the program in both cases. This finding sug9ests that the 
significant variables identified in the 0.1 mile (0.16 km) analyses are 
valid and not greatly affected by segment length. For the two-lane, two­
way segments the explained variance increased from 30.4 percent for 
0.1-mile (0.16-km) segment lengths to 51.1 percent for 0.5-mile (0.8-km) 
segment lengths as shown in Figure 32. 

~ultiple regression analyses were conducted for the 0.5-mile (0.8-km) 
segments usfng annual accident frequency per llile and accident rate as 
dependent variables. Separate analyses were conducted for each of the 
four functional roadway classes. A s111111ary of the findings fs presented 
in Tables 33 and 34. These data were compared to the results obtained for 
the analysis of 0.1-mile (0.16-km) segment lengths _.,ich was s111111arized in 
Tables 27 and 28. A comparison of the independent variables that were 
identified for annual accident frequency for the two segment lengths is 
presented in Table 35. 

A review of Table 35 reveals that most of the independent variables 
selected for 0.1-mile (0.16-km) segments were also identified _.,en the 
data were analyzed for 0.5-mile (0.8-km) segments. However, the influence 
of section length on the regression statistics is evident by comparing the 
data in Tables 27 and 28 with the data in Tables 33 and 34. For example, 
using annual accident frequency as a dependent variable, and selecting the 
two-way, two-lane roadway segments, the regression equation developed for 
0.1-mile (0.16-km) segments yields an overall F value of 270.50, and 
RZ (explained variance) value of 0.19, and a standard error of 3.58. 
The mean number of accidents per year was 2.50. Due to the smal 1 explained 
variance and the large standard error, the regression equation clearly 
would produce poor results if it were used for predictive purposes. For 
0.5-mile (0.8-km) segments, the F value is 106.64. the explained variance 
is 0.37, and the standard error is 24.12. ho.ever, the aean annual acci­
dent frequency 1s 25.37. Thus by aggregating the data in 0.5-m11e 
( 0.8-km) segments, the explained var1 ance is increased and the standard 
error 1s greatly decreased in c011parison to the 11ean. Details of the 
preliminary analysis of the 0.5-mfle (0.8-km) segments is provided in 
Appendix I. • 
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Table 33. Regression 111alys1s s ... ary for •nual 1ec1dent frequency 
by roldway clustftcat1on for 0.5~tle (0.8-ICII) seg111111ts. 

Vrhbles Coefficient Two-Wa11 Two-Ltne V.-hbles Coefflcl111t 

Alrer1ge dilly traffic 0.00301 No. of trlfftc sign f1ees 0.59351 
No. of signalized A\lertge dally traffic 0.00187 

Intersections 6.13068 No. of s lgna 11 zed 
Const•t -5.81179 Intersections 3.28222 

Canst1nt -13.19390 

The t• nrhbles uphln 39.011 of the nrhnce The three nrlibles uplaln 37.211 of the vlt"IIIICe 
F•34.22 F•l06.64 
Neill ICCldent frequency• 41.67 KC,/■lle/yr . Nean 1ecldent frequency • 25.37 KC ,/■ tle/yr. 
Stllldard error • 33.4 Stlndard error • 24.12 

Nultlltne Divided Vrhbles Coefficient Multll1111 Uncllvlded Vlrhbles Coefficient 

No. of traffic sign f1ees 0.81129 Avenge dilly tnfflc 0.00140 
Arerage d1tly tnfflc 0.00139 No. of utt 1 tty poles 0.72974 

No. of signalized No. of signs 0.28324 
t ntersect I ans -2.00CJI& No. of nonslgnal tzed 

Land use -4.69775 Intersect Ions -1.83079 
Const111t 6.72988 Const1nt -2.06672 

The three ••llltles explain 33.581 of the varl111Ce The four vrllltles explain 21.511 of the varhnce 
F•l6.14 F•2J.77 
Ne1n accident frequency• 47.46 1ec./■lle/yr. Mein ICCldent frequency• 44.85 ICC,/■11e/yr. 
Stllld1rd error• 34.89 Standard error • 34.55 
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Table 34. Regresston analysts s1a1ary for .:c1dent rate lay roadway 
clustftcat1on for o.s .. 11e (0.8-kll} segaents. 

Vrhbles Coefficient Tm-Nila Tm-LIM Variables. Coefftcient 

llo. of tnfftc stgn f1ees 0.06800 No. of tr1fftc stgn f1ees 0.16159 
Const-Int 7.20640 Average d1tly tr1fftc 

No. of sign11hed 
-0.00340 

1 ntersect ioM 0.94999 
Const111t 5.02577 

The urllble explains 6.381 of the varhnce The urt1ble exphin 25.311 of the uri111te 
F•7.36 F•61.014 
Me111 ICC1dent rite • 10.77 ICC./NVN Me111 ICCident rite• 8.17 ICC,/NVM 
Stllld1rd error • 7. 56 Stllld1rd error • 6.71 

llulttlane Divided V1rtlbles Coefficient Multil1ne Undivided V1rilbles Coefficient 

No. of tr1fftc sign f1ees 0.09234 No. of uttltty poles 0.16221 
Aver1ge d1ily tr1fftc -0.00156 Aver1ge dilly tnfftc -0.00209 

No. of s1gn111zed No. of tr1ff1c sign feces 0.04541 
tntersecttons D.46097 Cons.lint 4.86729 
Cons.lint 5.82070 

The thr• vartlbles expl1tn 14,941 of the v1rt111ee The three nrtlbles expl11n 13.631 of the ¥1rt111ee 
F•16.81 F•l8.32 
Me• accident rite • 7 .61 ICC ./NVN Me111 «:cident rite• 8.63 1cc./MVM 
Stllldlrd error • 5.94 Stllld1nt error • 6. 79 



Tlble 35. Collpar1soo iJf sfgntftcant independent varflbles using 
accident frequency for 0.1-aile (0.16-lall) and 0.5-atle (0.8-u) 

segaent lengths. 

RNdWl,Y o.1-1111e (0.16-u) 0.5-a11e (0.8-kll) 
Chss1f1c1t1on S--ts S.-.ts 

Ont-way • Aver1ge datly trafftc • Average daily traffic 
• lhlllber of utility poles • NUllber of s1gnal 1zed 
• NUlber of through lanes intersections 
• Nllllber of st gna 11 zed 

1ntersect1ons 

Two-lane, two-way • Aver1ge d1ily traffic • NUlllber of trafftc sign 
• Nulllber of traffic s1 gn fices 

fices • Aver1ge daily traffic 
• Nulllber of ut 111 ty po 1 es • Nulllber of s1gnaltzed 

Intersections 

"-iltil111e divided • Average dally traffic • Nulber of tr1fftc sign 
• NUlllber of traffic sign faces 

faces • Average d111y tr1ff1c 
• NUlllber of signalized • Nllllber of signalized 

1ntersect1ons 1ntersect1ontt 
• Lind use 

Nult111ne undivided • Aver1ge .-.1111 traffic • Average d111y traffic 
• NUlllber Jf signalized • Nlllllber of ut 111 ty po 1 es 

1nt.rsect1ons • llllllber of traffic stgn 
• Nllllber of ut 11 tty poles flCeS 

• lllllllber of nonslgna11zed 
1ntersecttons 
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A general improvement in the regression statistics 1111ere noted for the 
other roadway classifications. This example provides evidence that segment 
lengths greater than 0.1 mile (0.16 km} ~hould be used for data collection 
and analyse~ 1n future 1.rban arterial accident studies. 

S1a11ary 

It is appropriate to note that future study into the 1.rban arterial 
accident problem can util tze these results as a springboard for mre in­
depth controlled analyses. Controlled experiments using such techniques 
as before and after accident studies can be designed utilizing these 
results to define critical variables. The results of such experiments can 
aid in the furth"!r definition of accident causal factors and their corre­
sponding countemeasures. 
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FEDERAU. Y COORDINATED PROGRAM tFCPI Of HIGHT A Y 
RESEARCH AND DEVELOPME."ii"T 

TIie Off"tee1 or 1 ... 1rch ucl l>ffelopme■t (R&D) or 
lhe Federal Hipway Adainiltration (FHWA) are 
retpODliblt for I broad propaa or 1tafr and contract 
,-al'\'h ud 41eYelopment u41 1 Federal-aid 
prol'am, coaducted by or throqh the State hipway 
tranaportatit>n qenciea, that iacludt1 the Highway 
Plan11ia1 ud lleaearch (HP&R) prol'a111 aad the 
National Cooperatiff Hichway Raearcb Propam 
(NCHRP) managed by the Traa1poM1tion Reaearch 
Board. The FCP ii a careruUy 1elected croup o( proj, 
tell that u,ea retearch and development raourct1 to 
obtain timely 10lutio■1 to ur1ent aatioaal hichway 
e■gine,ring problem,.' 

The diagonal do1&ble 111'ipe oa the coYer of lhil report 
represent• a hichway and it oolor-coded to identify 
the FCP category th■t the repon falb under. A red 
■tripe i1 uaed for c11e1ory I, dark blue for category 2, 
licht blue for category S, brown for c1tt1ory 4, sr•Y 
for catt1ory 5, sreen (or cate1orifl 6 and 7, ■ad an 
oranae 1tripe identifies catepry 0. 

FCP Ctr...,,. Dacriptio,u 
I. lmpro•ed Hipwa1 Deaip UICI Operation 

for Safety 

Suety R&D addfflltt problem IIIOCi■ted with 
the reapon■ibilitie■ of the FHWA under the 
Hi1hway Safety Act and includt1 ian11i1atioa of 
appropriate dnip 1t1adard1, road1ide hardware, 
1ipiag, aad ph71ical an4I ■cieatifac data for .he 
(onaulatioa or impl'OM wety replation,. 

2. Redlldloa of Traffle Caqeetloa, -d 
.......... Opendoul Effideaey 

Traffic RAD is coacerne41 with iaereuia1 the 
operational efraciency of ai8tia1 bipway1 by 
adnnciq teehaoJoo, lly improviac dnica• for 
taittiq u well u new facililiet. and by balanc:in1 
the tleaa■d-capacity relatioullip throqb traffac 
■uqement lleha..- 111da u bu, au carpool 
pn1.,..1iaJ tnatmnt, ■otoriat IDf-atioa, aad 
rerouti■c ol traff'ic. 

•. 1a ........... r....w.r.dau la ........ ,. 
...... LH■IIN, C..111 lldloa, ... 0,-.· .. 
Ea¥inlll ... ta1 l&D ii 6ectecl toward icleatify• 
lat aacl nlhi•ti■c laipway ••••ta tllat affect 

■ n. ................ _ .... rc, ........ ,_. 
.. ,...._. Tlllllllnl ........_ lffllll,..,....._., Ya. ■Ill ...... ....... , . ........, ........................ ,_....,_ 
._.,. .......... ■-.._.D 1b1 ■ lhll.f ..... .,.._, 
tt I ........... D.C .... 

the quality of the human environment, The goal, 
are reduction of adverH hi1hw1y and traffic 
impacu. and protection and enhancement of the 
environment. 

4. lmproYed Materialt UUU&atloa aacl 
DunbWty 
Maaeriab ll&D ii concerned with t1pandin1 the 
knowled1e and technolol)' of materials propertie■, 

u1in1 av1i11ble natural materials, improvin11true­
tural foundation mattriala, recyclin1 hi1hw1y 
m11eri1la, conver1in1 ind111trial w11tea into useful 
hi1hway producu, dnelopin1 extender or 
1ub1tit11te materials for thoH in short •uFply, and 
df\lelopin1 more rapid and reliable testing 
procedures. The 1011• are lower hi&h••~· con• 
11r11ction cosu and extended maintenance-free 
operation. 

S. lmpro•ed Deaip to Reduce Co.ta, Extend 
Ufe Eicpeclancy, uad laaure Slructunl 
Safety 
Structural R&D ii concerned with £urtherin1 the 
latest technolo&ical advancet in 11ructural and 
hydraulic design■, £abric11ion proce11e1, and 
con1uuction techniquea t~ provide 11fe, efficient 
bi1hw1y1 at reaaonable com. 

6. lmproYed Techaolo11 for Hishway 
Coa11nactlon 
Thi• cate1ory it concerned with the research, 
development, and implementation of highway 
construction teehnolor. to increue producth·ity, 
reduce enerr. consumption, conaerve dwindlin1 
re■o11rce1, and reduce cott1 while i111proviq the 
quality and methocb of con1tr11ction. 

7. lmpro•ecl Techaolo1y for Rishway 
Mun1e11aace 
Thia cate1ory 1ddmae1 problems ill preHrvia1 
the Nation'• hi1hw1y1 aad includn activitiea in 
phy1ical maintenance, traffic aervice-. ■u•1•· 
■ent, and equipment. The pal ii to muimi1e 
operational tfraciency and 1&fe1y to the travelin1 
public while coaH"in1 rnourcn . 

t. Olher New SluclJea 

,.,, 

Thll eatepry, aol included in the 11evtn.,,ol11me 
off'acial 1111emeat of die FCP, i1 cvacemed with 
H P&R and NCH RP 1111dles aot 1pecifically related 
ao FCP project■. Theae 11udin iawolwt R& D 
•pport ol olhar FH1''A prol'aa offi:e NNarcb, 




