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FOREWORD 

The purpose of this study 'NaS to examine the specific characteristics 
of urban arterial traffic accidents, and to identify general causal ele­
ments and related countermeasures that can be used to reduce the rate and 
severity of these accidents. The report will be of interest to state and 
local highway officials involved in safety and traffic operations on urban 
roadways. 

The results of the study provide further evidence that geometric, 
traffic control, volume. and environmental conditions influence the acci­
dent frequency and rate on urban roadways. Gui de 1 i nes that can be used to 
identify accident related problems and to select appropriate counter­
measures are provided in the report. One important product of this 
research was the development of a comprehensive computerized accident and 
roadway data base trat can be used by highway officials and researchers to 
explore in detail specific urban arterial accident problems and possible 
solutions. Examples illustrating the use of the data base are given in 
the Appendixes. 

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

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

NOTICE 

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

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

The contents of this report reflect the views of the authors -.o are 
res pons i b 1 e for the facts and the accuracy of the data presented herein. 
The contents do not necessarily reflect the official policy of the Depart­
ment of Transportation. 

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

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

Introduct 1 on 

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

t establish a relationship between accidents and specific roadway, 
enviromiental, and operational features and human factors, and to 

-
• identify countermeasures and evaluate the effect of various coun-

termeasures on accident type and severity. 

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

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

Another probler,' encountered in identifying relevant urban arterial 
materials deals with the definition of the phrase "relationship between 
accidents and roadway elements." In a statistical context, a relationship 
is defined as a mathematical· degree of association between two or 111Jre 
variables. A less rigid definition of a relationship encompasses an 
apparent or logical association between two or more factors. For the 
purpose of this study, the 1 atter definition was used as a guide 1 i ne for 
identifying related research documents. Because proven mathematical 
relationships have been developed for only a few variables,' use of the 

1 



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

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

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

• Overview of the Urban Arterial Research 
• Geometric Factors 
• Environmental Factors 
• Operational Factors 
• Human Factors 
• Countermeasures 
• Surmiary of Findings 
• Results 

Overview of Urban Arterial Safety Research 

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

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

* The number in the bracket identifies the publication on the reference 
1 ist provided at the end of this appendix. 

2 
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Tlble 1. Suaary of urbu arterial accident studies (continued). 
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Azzeh, et al., 1975 [4] on access control techniques. Other studies cited 
pertain to establishing benchmarks for determining the hazardousness of 
urban roadways. Ricci, 1979 [59] has developed urban crash statistics 
based on roadway type, time of day, road condition, and other factors. 
Zegeer, 1975 [74] has established critica1 accident frequencies for street 
sect ions and intersect ions for various city populations. 

The three basic methods \lilich havt ~P.en used to examine relationships 
between accidents and urban roadway ~ •~tures are (1) correlation analysis, 
(2) regression techniques, and (3) c.;c,mpa,,ative analysis. Correlation and 
regression techniques were often used o~uuse they permit the researcher 
to quantify the relationship between variables and to derive a functional 
expression of the relationship. The comparathe analysis techniques pri­
marily consisted of methods \lilich ex.wined differences between two or m:,re 
variables. An example of this technique is the study conducted by Frick, 
1968 [32] in which the accident rate of a raised median roadway sectfon 
was compared to the accident rate of an urban section with a continuous 
two-way, left-turn med;an lane. A before and after study is another ana­
lysis technique used by a number of investigators. 

A major problem with much of the research conducted to-date on lrban 
arterial roadways is that there are numerous deficiencies in the experi­
mental design employed, the sample size, and the analysis techniques used. 
Specific problem areas with each publication are noted in the annotated 
bibliography, however, as a general rule, most of the studies contain one 
or m:,re deficiencies. Inadequacies and the inherent problems of obtaining 
and analyzing accident and exposure data are primary factors responsible 
for inconsistencies and perhaps erroneous results given in the state-of­
t he-art. Due to the problems of using accident data to evaluate the 
effects of roadway features, the results of studies conducted to-date 
should be interpreted as tentative (75]*. Thus, the reader 1s cautioned to 
interpret the findings reported in this literature review as a preliminary 
indication of the existence or nonexistence of a relationship between 
acct dents and certain roadway features. Further verification of these and 
other relationships or the absence of a relationship is provided with the 
urban arterial roadway data collected and analyzed during this study. 

In the following sections, a brief sU11111ary of the relationship be­
tween traffic accidents and each roadway feature identified in the litera­
ture is given. Specific details of each study cited are given in the 
annotated bibliography presented in Appendix B. 

&ecmetric Factors 

The roadway geometry .consists of all physical elements within and 
along the highway. Typical geometric factors include medians, 1ntersec-

* An excel lent discussion of the problems of using_ accident data for 
safety evaluations fs provided by Council, et al., [75]. 
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tions, pavement width, and horizontal alignment. A sunmary of the geome-
tric factors identified in the literature is given below. - •• 

Pavement Width 

The effects of pavement width on accidents on urban 4t'oadways have 
been examined by five investigators. 

In a study of the effect of geometric design characteristics 011 acci­
dent rates for two-lane, two-way roads in Connecticut, Gupta and Jain, 
1973 (35] categorized highways by rural and urban types and by average 
daily traffic. The results of a multiple linear regression analysis indi­
cate that on two-lane urban streets with less than 12,000 vehicles per 
day, the roadway width is not significantly related to the accident rate. 

Mulinazzi and Michael, 1967 [53] analyzed data from 100 urban arteri­
al highway sections in Indiana. Thirty-two of the sections had a traffic 
vol1.1ne ranging from 7,000 to 32,000 vehicles per day. Volt.me data for the 
remaining 68 sections were not included in the report. Multiple linear 
regression techniques failed to show any relationship between street width 
and accident rate. In fact, regression equations developed for estimating 
accident rate were not given in the report because the independent vari­
ables (i.e., street width, volume, etc.) explained less than 50 percent of 
the variability in accident rate. Because the correlation was not signi­
ficant, street width was not included as an independent variable in any of 
the equations developed to estimate annual number of accidents per mile on 
a highway section. 

In a study of urban two- and four-1 ane State highways in Oregon, 
Head, 1959 (37] reported that although pavement width exhibited a positive 
relationship with accidents, the degree of association varied considerably 
and was usually fairly low. Pavement width was a variable used in the 
regression equation that was developed to predict accident rates. 

Bo~, 1972 [13] exanined the effects of pavement width on the ratio of 
night to day accident ,·ate on 105 miles (168 km) of major arterial streets 
1 n Syracuse, New York. The results of the study revealed that pavement 
width had little effect on accident ratio. 

Fisher and Camou, 1977 [30], however, conducted a before and after 
study on 40 sections of arterial streets in Los Angeles and found that 
street widening had a significant effect on accident frequency. The 
results of the study indicated that the number of accidents and 1njur1es1 
as wel 1 as intersection and midblock crashes, were reduced as a result OT 
the widening, 
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The effect of pavement width on travel time has been examined by two 
researchers. As discussed in the operational factors section of this 
appendix, a significant relationship has been found between travel time 
and accidents on Jrban roadways. Coleman, 1961 [23] investigated the 
effect of street width on travel time on 15 urban roadways in 5 
Pennsylvania cities and found that pavement width had a minor effect on 
travel time. Torres, 1967 (69] collected data on 158 streets in 7 U.S. 
cities and found that lane width affects travel time but to a much lesser 
extent than signal density. 

Slllaary 

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

Turn Lanes 

The effects of providing separate turning l~nes to accommodate left­
turn movements have been reported in five studies. 

In a synthesis of accident studies at intersections conducted prior 
to 1970, Box, 1970 [16] noted that studies completed in Oregon, 
California, and Texas on rural and urban roadways indicated that installa­
tion of left-turn lanes significantly reduced rear-end and left-turn type 
colHsions. 

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

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

Following an analysis of accident and roadway features data on 
92 rural and urban multilane highway sections in North Carolina, Cribbins, 
et al., 1967 [25] found that the presence of a turn lane has a significant 
effect on accidents at signal tzed and 1.11signal fzed 1ntersect1ons. It was 
also concluded that fe~r rear-end collisions occurred at median openings 
w1th storage lanes than at locations without storage lanes. 
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A study conducted by David and Norman, 1975 (26] of 558 rural and 
urban intersections in California revealed that intersections with storage 
lanes had significantly higher accident frequencies than intersections 
without storage lanes. This result contradicts the conclusions obtained by 
the other investigators. Not enough information is given in the study 
report to determine "1ether the finding is influenced by the presence or 
absence of other factors at the study sites. The authors attributed the 
finding to an increase in the number of nonturning accidents at inte~sec­
t ions with storage lanes. 

Su111a.ry 

Considerable evidence presented in the literature suggests that 
a significant relationship exists between accidents and the presence 
of a left-turn storage lane at an intersection. The cmdition of a 
1 eft-turn lane appears to significantly reduce accidents and injuries 
at an intersection. 

Median Presence 

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

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

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

Leong, 1970 (45] analyzed 3400 accident reports collected on 21 urban 
highway sections in Sydney and the City of Newcastle, Australia. Data 
were collected for the periods before, inmediately after, and for ten 
years after the installation of a curbed concrete median strip. During 
the study period the only geometric change at the sites was the fnstal la­
tion of the median stri.>s. The presence of a 3-foot (0.9-m} concrete 
median influenced a change in accident type (head-on collisions decreased 
while fixed-object and sideswipe accidents increased) at midblock loca­
t fons and head-on collisions decreased "1ile rear-end, failure to yield 
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right-of-way, and sideswipe accidents increased at minor intersections. 
The data indicate that a narrow median may affect the type of collision on 
~-" arterial roadway but the median does not appear to af feet the short• 
tenn or long-term accident rate. 

Accident and operational data were collected by Babcock and Foyle, 
)978 [5] on 15 urban highway sections in North Carolina. Analysis of the 
:)ata revealed that four- and six-lane undivided sections had higher acci­
dent rates than were found on divided highway sections. 

,• irlcer, 1979 [56] collected accident and roadway features data for 
50 ro~(way sections in 31 urban areas in Virginia. The sections included 
four-l~ne roadways with raised medians, continuous two-way, left-turn 
median lanes, and undivided highways. Analysis of the data revealed that 
there were no statistically significant differences in accident rates 
betweer1 any of the median treatments examined, however 9 the accident 
severity rate on undivided sections was significantly higher than the 
severity rates on the divided sections. A similar result was reported by 
Tel ford, 1 c53 (66]. 

S1nan 

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

Median Width 

The relationship b~tween median width and accident frequency has been 
the subject of four studies. 

Billion and Parsons, 1962 [8] investigated the influence of roadway 
features on accidents on 34 urban sections located in Long Island, New 
York. No correlation was found between the width of median and accident 
rates on roadways excluding intersections for deterring-type medians (A 
deterring median is a flush or raised median l!ihich discourages but does 
not physically prevent vehicles from crossing the median). Narrow medians 
less that 10 feet {3.1 m) wide had high accident rates but low ,njury 
accident rates. 
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A study of 21 urban highway sect ions was conducted by Leong, 1970 
(45] in Australia. It was found that wide medians (10 to 16 feet (3.0 to 
4.9 m) in width) had no effect on accident rates at midblocks or at major 
and minor intersections. This conclusion was based on data collected at 
two sites. 

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

S1.111.ary 

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

Median Openings 

Three studies have been conduc-ted to examine the effect of median 
openings on accidents. 

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

• the n1111ber of total and injury ac :idents per mile (per km) is 
significantly related to the number of signalized median openings 
without storage lanes. As the number of openings increases the 
accident rates increase, and 

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

Regression equations that can be used to predict the accident rate on 
divided highways were developed during the study. The flUIN>er of median 
openings was used as a variable in the equation. Although the number of 
median openings per mile (per km) was determined to have a significant 
effect on the accident rate, several of the regress;on cpefficients were 
negative, indicating that for the accident type being investigated. acci­
dent rates decreased as the nllllber of median openings increased. 
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A study of 50 urban roadway sections located in 31 Virginia cities 
was conducted by Parker, 1979 (56]. Multiple linear regression analysis 
of the data revealed that the number of median openings was not signifi­
cantly related to accident frequency, however, the number of median 
openings was a significant factor in predicting the midblock left-turn 
vehicle delay on divided highways. 

S111111ary 

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

Access Control 

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

May, 1955 [47] ~ollected accident, rjasoline consllllption, and travel 
time data for 12 sites on two- and four-lane divided highways in rural and 
urban areas in 9 states. Accident rates developed during the study along 
with data obtained for two other studies are shown in Table 2 for irban 
and rural faci 1 ities with vanous access control types. Generally it was 
found that urban roadways with no control of access had the highest acci­
dent rates. 

In another study conducted by t~ay, 1959 [46] accident and roadway 
features data were collected on 41 sections of straight, level, high 
volume, multilane urban roadways located in Detroit and Lansing, Michigan. 
The roadway features were expressed in tems of internal, medial, margi­
nal, and intersectional friction. Internal friction was expressed in 
terms of traffic volumes, volume/capacity ,.~tios, and density. Medial 
friction was c.lassified as sections with ill'ld without medians. Marginal 
friction was classified as none, moderate, and heavy depending upon the 
type of roadside development and the nount of on-street parking. Inter­
sectional friction was subdivided into four groups depending upon the 
number of intersections and traffic signals w1thfn the sectfon. Analysis 
of the study data indfcated that the accident rate increased as the 
medial, marginal, and intersection friction increased. 
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Table 2. R~lationship between accident rate and access control. 

Accident Rate* 
Tvt>e of Access Cofltrol Urban Rural 

Full Access Control 
Twelve Case Studies 247 49 
Connecticut Study 261 221 
Bureau of Public Road Study 146 210 

Partial Access Control 
Twelve Case Studies --- 200 
Connecticut Study 180 250 
Bureau of Public Roads Study 790 227 

No Access Control 
Twelve Case St•Jdies 443 236 
Connecticut St~dy 725 313 
Bureau of Public Roads Study 966 407 

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

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

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

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

Head, 1959 [37] collected accident and roadway features data on 
426 sections of two- and four-lane trban highway in Oregon. Anctlysis of 
the data revealed that the number of conmerci al 111its is significantly 
related to accident frequency, i.e., as the number of commercial ll"lits 
increases, the accident frequency increases. 
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Employing the results of research findings developed by others, 
Azzeh, et al., 1975 [4] developed cost-effective techniques that enhance 
traffic operations and safety by controlling access on urban arterial 
highways. Due to the absence of comprehensive accident data, several 
assumptions regarding accident relationships were made to develop a 
methodology for selecting and evaluating various access control techniques 
based on site specific conditions. There is a need to verify these rela­
tionships utilizing a large data base. 

S1111Dary 

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

Driveways 

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

Head, 1959 [37] collected accident and roadway features data on 
·426 -Gections of urban highways loc-3.ted in Oregon. Statistical analysis of 
the data revealed that the number of commercial driveways and residential 
driveways did not appear to be related to accident frequency. 01 two-lane 
roadways carrying 10,000 vehicles per day or more the number of canmercial 
driveways per mile (per km) was found to be significantly related to 
accident rate. 

Box, 1970 [15] prepared a synthesis of the state-of-the-art prior to 
1970 concerning the safety effects of driveways. Driveway accidents were 
reported to range from 6. 5 percent in Los Angel es County to 11.2 percent 
of total accidents in Skokie, Illinois. A study conducted on a suburban 
route in Lafayette, Indiana revealed that accidents increased as the total 
number of driveways increased. 

A detailed examination of the driveway accident data collected in 
Skokie, 11 linois revealed that 70 percent of the driveway accidents 
involved vehicles making left-turns. Nearly 42 percent of all driveway 
accidents were rear-end crashes. The largest sfngle group of accidents 
was rear-end crashes involving vehicles making a left-turn into a drive­
way, 

Suggested countermeasures to reduce driveway rel atecl accidents 
'-include constructing a median stQrage lane to decrease rear-end crashes 
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involving vehicles making a left-turn into a driveway, installation of 
t~o-way, left-turn median lanes, limiting the width of driveway openings, 
increasing sight distance at driveways, reducing speed differentials 
between through vehicles and those using driveways, providing sufficient 
spacing between driveways to avoid interference with traffic, and prohib­
iting on-street parking. A few of these suggested countermeasures have 
been evaluated under actual field conditions. 

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

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

• Driveway accidents accounted for 13.95 percent of al 1 reported 
accidents on the study sections. 

• Of all driveway accidents, 71.62 percent occurred at commercial 
entrances and 85.56 percent resulted in property damage only. 

• Factors found to be significantly related to driveway accidents 
were commercial driveways per kilometer, number of through lanes, 
average daily traffic, and the total nt.111ber of intersections per 
kilometer. 

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

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

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

A similar finding was revealed by Parker (56] who examined accident 
data and driveway frequencies on 50 urban highways in 31 Virginia cities. 
Analysis of the data indicated that as the nllllber of driveways increased, 
the accident frequency increased on undivided roadways, however, on 
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divided highways the number of driveways was not significantly related to 
accidents. 

S11111ary 

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

Traffic Signals 

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

There is considerable evidence that the number of traffic signals on 
an urban hf ghway directly influences the accident frequency on the faci 1-
i ty. Studies conducted by fi\Jlinazzi and Michael, 1967 (53], Head, 1959 
(37], Cribb1ns, et al., 1967 (24,25], Azzeh et al., 1975 (4], Parker, 1979 
[56], and Walton and Machemehl, 1979 (70] revealed that as the number of 
traffic signals increases, the accident rate increases. Statistically 
significant relationships were obtained in each study. Regression equa­
tions, predicting accident rates in terns of traffic signals and other 
roadway features were developed by each investigator. 

SIIE\ary 

A synopsis of current 1 iterature related to traffic signals and 
accidents provides substantial evidence that as the numbPr ~f signal­
ized intersections on a roadway increases, the accident frequency and 
rate increases. 

Intersection Design 

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

In a synthesis of intersection accident studies conducted prior to 
1970, Box, 1970 [16] 1 reported that investigations at intersections in Los 
Angeles and Richmond, California revealed that cross-type intersections 
had significantly higher accident frequencies than tee-type intersec­
tions. 

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

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

Accident Rate** 

Tee-Type Cross-Type 

ADT Stop Signal Stop Signal 

< 5000 1.3 (0.3) --* 1.3 (0.3} --
5,000 to 10,000 1.6 (0.4) -- 1.9 (0.4) 4.9 (1.1) 

10,000 to 20,000 2.7 (0.7) -- 3.0 (0.7) 6. 7 (1.7) 

20,000 + 4.2 ( 1.2) 6.8 (1.8) 8.0 (1.1) 15.9 (3.7} 

* Insuffic;ent Data 

** Accidents per intersection 

Source: David and Nor'lllan, 1975 [26], pg. 71 Table 2. 
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SL111Rary 

The results of studies conducted to date indicate that cross­
type intersections have higher accident rates than tee-type intersec­
tions. 

Intersections 

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

Chapman, 1978 [19] examined over 1,000 personal injury ?£cidents on 
urban arterial roads in four towns in southern England. His results indi­
cate that accidents along the main traffic routes of a town tend to clus­
ter along relatively short sections of road passing through suburban 
shopping areas and at a few busy road junctions. Analysis of the data 
showed that 42 percent of the accidents occurred at these locations, 
whereas, the sections comprised only 18 percent of the arterial road net­
work studied. 

Studies conducted by Head, 1959 [37], Parker, 1979 [56], ttilinazzi 
and Michael, 1967 [53], and Gribbins, et al., 1967 [24,25], revealed that 
as the number of intersect ions per mile (per 1cm) increases, the accident 
frequency increases. The number of intersections was one of the variables 
that was used by each of the investigators in the regression equations 
they developed to predict accidents on urban roadways. 

Berg and Anderson, 1973 [6] conducted a study on four-lane tr1divided 
roadways in Madison, Wisconsin and found that the number of intersections 
per mile (per km) significantly affected travel time on the roadways. 
Research conducted by May, 1959 [46] on 41 sections of mult11ane irban 
roadways in Detroit and Lansing, Michigan indicated that intersectional 
friction, i.e., the number of intersections and number of traffic signals 
had a greater effect on accident rates and travel time than the other 
forms of roadway friction. 

S1.11111ary 

There is substantial evidence that the number of intersections 
on urban roadways significantly affects the accident frequency. 
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Traversable ~9ian Lanes 

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

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

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

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

• The number of head-on accidents in the median lane was negl ig­
i ble. 

• At one site accidents decreased from 66.75 per year to 49.5 per 
year, a reduction of 25.8 percent. Most of the decrease was in 
rear-end accidents. 

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

• Rear-end type accidents decreased by 52 percent at locations W'lich 
previously had no left-turn lanes. 

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

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

Frick, 1968 [32] conducted a comparative analysis of accident data 
obtained for a raised median roadway and a section with a continuous left­
turn median lane located in Springfield, Illinois. The study results re­
vealed that the accident rate on the section with the curbed median was 
434 accidents per 100 million vehicle miles (160 million vehicle km) of 
travel -tlile the section with the two-way, left-turn median lane had a 
rate of 1143. Frick concluded that curbed medians and intersection 
channelization should be used for urban arterial street improvements, 
however, there were a variety of factors including differences in the 
number of traffic signals, driveways, roadside development. etc. that may 
explain the difference in the accident rates on the study sections. 

20 



Hoffman, 1974 [39] analyzed accid'!!nt data collected for a one-year 
before a11d after period at four sites in Michigan. At each of the study 
sites the existing four-lane undivided roadway was widened to permit a 
continuous left-turn median lane. Analysis of data revealed the following 
results. 

• Total accidents decreased by 33 percent. 

• Injury accidents decreased by 41 percent. 

• Rear-end ace i dents decreased 62 percent, and head-on left-turn 
crashes were reduced by 45 percent. 

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

• Total accidents were reduced by 35,9 percent. 

• Rear-end accidents declined by 45.4 percent. 

• Left-turn accidents decreased by 20.4 percent. 

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

• A benefit-cost ratio of 8.6 was reported. 

Nemeth, 1976 [54] conducted before and after studies at three sites 
in Ohio to examine the effectiveness of continuous two-way, left-turn 
lanes. Travel speeds, volumes, and traffic conflict data were collected 
before and after improvements ~re made at each site. Accident data were 
not obtained for this study, At the site \11,ere four through lanes were 
restriped to allow two through lanes and a left-turn median lane, the 
change resulted in increased travel times, increased weaving. and fewer 
traffic conflicts. The restriping of a two-lane roadway to provide two 
through lanes and a median left-turn lane resulted 1n reduced travel times 
and delays with some increase in average running speed. Traffic conflicts 
were reduced by 37 percent in spite of the fact that mainline vol 1111es 
increased by 2.5 percent; cross traffic vol1111es increased by 25.0 percent; 
and left-t,rns increased by 16 percent. The restr1p1ng of a four-lane 
undivided roadway to al low for four through lanes and a left-turn median 
lane resulted in a slight increase in running speeds, however, the 
increase was not statistically significant. Traffic conflicts were 
reduced. 

Although the study did not include an accident analysis, it is one of 
the few published reports that addresses the operational effectiveness and 

21 



hazard potential reduction of implementing two-way, left-turn median lanes 
on urban roadways. The report also provides a comprehensive review of the 
1 iterature pertaining to median turn lanes, including accident studies, 
and offers guidelines for traffic engineers to use INhen they are consider­
ing the installation of a median turn lane. 

Accident and oeerational data were collected and analyzed by Babcock 
and Foyle, 1978 [SJ on 14 urban highway sections totalling 32.4 miles 
(52.1 km) in two North Carolina cities. The roadway sections included 
four-lane undivided highways, four- and six-lane divided roadways, and 
five- and seven-lane sections with traversab1e median lanes. Due to the 
small sample size, statistical analyses of the data were not perfonned. A 
slJllfflary of the study results support the following conclusions. 

• Ace i dent rates on five- and seven-lane roadways with tr ave rs ab le 
medians are similar to rates on four- and six-lane divided high­
ways. 

• No head-on collisions were reported on the sections with travers­
able median lanes. 

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

Azzeh, et al., 1975 [4], developed an excel lent methodology for 
selecting and evaluating alternative access control techniques for arteri­
al highways, including continuous two-way, left-turn median lanes. One 
major problem with the methodology was the lack of comprehensive updated 
accident data. 

Caylor, 1977 [18] conducted a literature survey and developed genera1 
guidelines for using two-way, left-turn median lanes. Very few quantita­
tive criteria were provided to aid in the selection of a median type based 
on site-specific conditions. 

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

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

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

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

• Factors affecting accident frequency on urban roadways with tr a­
vers ab le medians are the number of traffic signals, the number of 
cross streets per mile (per km) and the average daily traffic. 

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

, Midblock left-turn delay was found to be significantly affected by 
the number of traffic signals per mile (per km) 1 the area popula­
t ion 1 the mainline hourly volume 1 and the number of driveways and 
streets oer mile (per km). 

• The midt.1c~k left-turn delay was not significantly related to the 
accident frequency for any median treatment. 

Regression equations were developed to predict the expected accident 
frequency for each median treatment. i.e., raised 1 traversable 1 and four-
1 ane undivided sections. The equation developed for predicting accidents 
per mile (per km) for traversable sections was compared to the equation 
developed by Walton and Machemehl, 1979 [70] using Texas data and the 
equations appeared to yield similar results. Further verification of 
these equations should be made to test their validity in other ll"ban 
areas. 

S1.1111ary 

Installation of a traversable median on an undivided highway to 
provide storage space for left-turning vehicles appears to signifi­
cantly reduce accident frequency, Factors -,ich significantly affect 
accidents on traversable median lanes are traffic volume and the 
n11T1ber of driveways, intersections, and traffic signals. 
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Raised Medi ans 

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

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

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

Billion and Parsons, 1962 [8] examined the effect of median design on 
accidents. Data were collected on 34 urban roadway sections, which did 
not have access control. Median types included the flush grass type, 
raised grass medians with concrete curbs, and raised concrete medians with 
concrete curbs. The number of intersections varied from three to seven 
per mile (5 to 11 per km). A s1.111111ary of the findings is given below. 

• For deterring type medians, grass flush medians had the lowest 
accident rate for roadway sect ions between intersect ions and the 
curbed median had the highest rate. 

• Medi ans with double bean rails had the lowest total accident and 
injury rates wiile medians with concrete posts had the highest 
rates. 

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

• A sllllllary of accidents involving the median revealed that deter­
ring medians had the lowest cross median accident rate (1.8) when 
compared to roadways with nontraversable medians (4.0). Curbed 
median sections had the lowest ratio of median accident involve-· 
ments (1 to 45) compared to earth medians (1 to 24) probably 
because drivers use the earth median to avoid an accident. On 
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curbed median sections it was speculated that 111>torists are more 
confined to the pavement. consequently reducing median related 
involvements but not total accident involvei1ient. 

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

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

S11111ary 

The installation of a rahed median on an i,idivided highway 
s igni fi cantl y reduces accidents. Factors -,ich significantly affect 
ace i dent frequency on roadways with raised medians are the number of 
traffic signals and the traffic volume. 

Horizontal Alinement 

The effects of horizontal curvature on accidents for 1.rban arterial 
roads have been examined by three investigators. 

A study of the effects of geometric design characteristics on acci­
dent rates on two-lane, two-way roads in Connecticut by Gupta and Jain, 
1973 [35] concluded that accident rates on two-lane 1.rban highways carry­
ing 3,000 to 7,900 vehicles per day increased as the degree of curve 
increases. Although the horizontal curvature rating had I higher correla­
tion with accidents than other variables tested, none of the relationships 
were statistically significant. 

25 



Wright and Mak, 1976 (73] analyzed accident d1ta to detennine rela­
tionships between single-vehicle, off-road, fixed-object accidents, and 
traffic, roadway design, and socio-economic variables for urban two-lane 
roadways. The study utilized data obtained on 45 one-mile (0.6-km) sec­
tions of two-lane urban arterial and col~ector streets in Atlanta, 
Georgia. Results of the analysis indicate that off-road accident rates 
were mst closely related to average daily traffic, horizontal a11nanent, 
and population density. Correlation and factor analysis, simple linear 
regression, and stepwise multiple linear regression analysis "'l!re used to 
establish relationships between roadway and traffic characteristics, 
socio-economic factors, and accident rates. No statistically significant 
relationships were developed as the correlation coefficients for the 
accident rates and other factors were less than 0.45. 

In a study of the relationship between accident involvement and traf­
fic vol1.111es at signalized intersections, Webb, 1955 [71] reported that 
intersections w; th curved approaches had higher accident rates than those 
with straight approaches. In his analysis, Webb stratified data according 
to s•i-urban and rural conditions. Analysis of the data at intersections 
with curved approaches showed three intersections (two semi-urban and one 
rural) to have on the average 30 percent more accidents than the 
97 straight legged intersections. 

SlllRary 

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

Vertical Alinement 

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

Hanna. et al., 1976 [36] reviewed accident data at 232 intersections 
i~ rural municipalities in the State of Virginia. The typical rural IIU'li­
cipality had an average population of approximately 15s000 persons. Com­
parative analysis of two years of accident data at intersections that pro­
vided poor driver sight distance on at least one traffic approach or that 
had an ll'lusually steep grade (greater than 5 percent) as compared with all 
other intersections provided the following results. 
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• The accident rate for intersections with severe grades (0.97 per 
mil 1 ion entering vehicles) was unusually low "'1en compared to the 
accident rate of 1.13 for all intersections. 

• Intersections with extremely severe grades, such as mmy of those 
in the small municipalities, experienced unusually low accident 
rates. 

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

Gupta and Jain, 1973 [35] examined the relationships between geome­
tric features and accident rates on rural and urban two-1 ane highways ill 
Connecticut and established a vertical clearance rating. They however 
found that the vertical clearance rating was not significantly related to 
accident rate. The authors hypothesized that the vertical clearance rat­
; ng was directly proportional to vertical al inement features of a road­
way. 

S111111ary 

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

Sight Distance 

Five studies have been :onducted on urban arterial streets to examine 
the effects of sight distance on accidents. 

Gupta and Jain, 1973 [35] studied the effects of restricted sight 
di stance on accident rates on two-1 ane, two-way urban roads 1n 
Connecticut. Although no statistically significant relationship was dis­
covered, restricted sight distance appeared to be associated with high 
accident sections, and in particular, with single-vehicle accidents. 

Analysis of accident data conducted by Hanna, et al., 1976 (36] at 
232 intersections in rural municipalities in Vir9.inia (cities and towns 
with a population of approximately 15,000 persons} indicated that inter-
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secti'.>nS with poor sight distance on at least one approach had a higher 
accide,1t rate (1.33 accidents per mil lion entering vehicles) when compared 
to the mean accident rate of 1. 13 for all intersect ions. A high percent­
age of the accidents were angle collisions in which the driver was 111able 
to properly view an approaching vehicle on the cross street. 

In a study of 558 highway intersections in California, David and 
Norman, 1975 [26] found that an increase in sight racHus resulted in a 
decrease in total accident rates, right-angle rates, and right-of-way 
violation accident i--1tes. Intersections with a traffic volume greater 
than 15,000 and with oo::tructions within 20 feet (6.1 m) of t:,e pavement 
had 5.3 more accidents per year than did intersections with 111obstructed 
distances. 

Moore and Humphreys, 1975 [51] e;<amined sight di stance obstructions 
at urban intersect ions. They reported tht:: "esul ts of a before and after 
study conducted in Concord, California where accidents decreased by 
67 percent (from 39 to 13) at five intersections w,ere sight distance 
obstructions were removed. 

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

S111111ary 

There is some evidence that sight distance obstructions contri­
bute to increasing the accident rate at intersections and on irban 
roadway sections, however, specific relationships have not been 
developed. 

Fixed-Objects 

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

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

SW111ary 

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

Parking 

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

In an Indiana study of 100 sections of urban roadways, 1-\Jlinazzi and 
Michael, 1967 [53] found that permitting on-street parking significantly 
increased the accident frequency on roadways carrying between 1,200 and 
S,800 vehicles per day. 

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

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

The most comprehensive study undertaken to date concerning the 
effects of parking on accidents was conducted by H1Jnphreys, et al., 1979 
(41]. The purpose of the study was to examine the relationships between 
accidents reported on urban streets, parkf ng configurations, land use, 
street width, and street classification. Roadway and accident data were 
collected for 170 mil es (273. 5 km) of urban roadway located in 10 U.S. 
cities. 
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A summary of the analysis is provided below. 

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

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

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

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

• Parking configuration, i.e., parallel, angle, etc. did not have an 
effect on ace i dent rate. 

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

S111111ary 

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

Utility Poles 

A study of urban utility pole accidents was recently conducted by 
Jones and Baum, 1978 (43]. In a sample of 6,124 accidents, utility ix>les 
were found to be the most frequent ( 21. 1 percent) type of fixed object 
struck in single-vehicle, run-off-the-road accidents. Approximately 
2 .2 percent of all cK:cidents in urban areas involved impacts with utility 
poles and utility pole accidents had the highest percentage (50.5 percent) 
of injury accidents of all fixed-object crashes. The data suggest that as 
vehicle speeds increase, the percentage of utility pole accidents 
increases. Also, the number of utility pole accidents was found to be a 
function of the relathe density of utility ix>les in an area. As ix>le 
spacing increased, the frequency of utility pole accidents was found to 
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decrease. Utility pole accidents were also found to be a function of the 
distance the pole is located from the roadway. The proportion of utilH,y 
pole accidents is high at low offsets, i.e., less than 5.5 feet (1.7 m) 
from the roadway, however, beyond 5.5 feet (1.7 m) the frequency of acci­
dents appears to remain constant (approximately 0.2 utility pole accidents 
per single-vehicle accident). 

S1m111ary 

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

One-Way Streets 

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

81 ssel 1, 1965 [9] conducted a study to examine changes in traffic 
flow characteristics as a result of converting two-way streets to a one­
way operation. The results of the analysis revealed that the street 
improvements reduced travel time by 11.5 percent and reduced vehicle stops 
by 33 percent. The improvements produced significantly less driver ten­
s ions on the one-way streets. Driver tension and the travel parameters 
remained oochanged on the two-way street. 

S1a11ry 

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

31 



.,-el ationshi ps between speci fie one-way street geometrics and traffic 
conditions on accidents. 

Environmental Factors 

For the purpose of this study, environne,tal factors are defined as 
measures which are external to the physical features of the roadway. 
Examples of these measures are climatic conditions, lighting, and :--oadside 
development. A sumnary of the envirormental factors identified during the 
literature review is given below. 

Skid Ninber 

Data from numerous studies indicate that a general decrease in acci­
dent rate occurs as the coefficient of pavement friction increases on al 1 
highway facility types. 

Accident statistics, skid number, and related data were collected by 
Blackburn, et al., 1978 [10] for a one-year before and a one-year period 
after resurfacing was performed on 428 roadway sections located in 
16 states. Eighteen of these sections were urban two-lane roadways and 
18 sections were urban multilane facilities with 111controlled access. The 
results of the analysis revealed that highway type, average daily traffic, 
and skid number have a significant effect on wt pavement accident rate. 
The correlation coefficients for the analyses ranged from 0.26 to 
0.42 which indicates that the majority of the variance in the wet-pavement 
accident rate is not explained by the variables examined. 

Although the sample size for urban roadways was smal 1 (less than 
50 sites), the results indicate weak rel at1onsh1ps exist between roadway 
type, traffic vol t111e level, and skid number and wet pavement accident 
rates on urban highways. 

Holbrook, 1976 (40] conducted a study to develop a model to estimate 
wet surface accidents at intersections based on skid number, .et time, and 
seasonal weather effects. Accident, skid number, and weather data wre 
collected frcm 2,000 rural and urban 1ntersecttons on State highways tn 
Michigan. The results of the analysis are Sllftllltrized below. 

• Surface wet time and skid rumer are important factors in wet 
accident involvement. 

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

• Skid numbers alone will not lead to development of a plan ~ich 
would optimally reduce wet surface accidents. 

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

S1.11111ary 

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

I111.1111nat1on Level 

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

A study was conducted by Christie, 1966 [20] to examine the effects 
of lighting improvements on traffic accidents on urban streets. Before 
and after data were collected at 64 locations in England. The measure of 
effectiveness used to determine the effect of the lighting was the r ratio 
defined as fo 11 ows: 

r = 

Darkness Acci~ents After Improvement 
Darkness Accidents Before Improvement 

----------------
0 a y 11 g ht Accidents After Improvement 
Daylight Accidents Before Improvement 

When r = 1, the lighting has no effect 

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

The following r ratios were obtained at the study locations. 
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Accident Type 

Fatal 
Serious injury 
Slight injury 

Total 

r Ratio 

0.50 
0.67 
0.73 

0.90 

With the exception of fatal accidents, the ratios were statistically 
s 1gnificant at the a= 0.05 1 evel. 

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

An investigation was conducted by Box, 1976 [14] to determine the 
effect of illumination on accident frequency. One-year before and one­
year after accident data were collected on a 2.5-mile (4.0-km) urban 
street located in Clearwater, Florida. The study section consist~ of a 
six-lane divided facility with a median barrier carrying between 
33,000 and 45,000 vehicles per day. In November 1974, alternate luninaires 
were turned off. This change reduced the level of il h111ination from 
1.8 to 0.9 horizontal foot-candles (19.4 to 9.7 • l1111en/sq. m} which was 
below the recommended level of 1.4 horizontal foot-candles (15.1 lunen/sq. 
m). The effect of lighting reduction on accidents and accident severity 
revealed that overall night accidents increased 39.5 percent and night 
injury accidents inl•'I? sed 33 percent. 

Box, 1972 (13] also investigated the effects of illumination on high­
way accidents in the City of Syracuse, New York. Accident data for the 
year 1967 were analyzed for 105 miles (169 km} of major arterial and 
collector routes located in the city. The independent variables that were 
examined included road type, pavement width, 111\lllination level, and 
abutting land characteristics. The dependent variables were the ratio of 
night accidents to day accidents and the night-day ratio of accident 
costs. 

The results of the study are sU111t1arized below. 

• Streets with little or no 111um1nat1on had higher night-day acci­
dent ratios and costs than the average street in their category. 

• Streets with extremely high 1111,nination levels had higher night­
day accident ratios and costs than the average street in their 
category. 
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• The roost favorable illumination level ranged from 0.8 to 1.8 hori­
zontal foot-candles (8.6 to 19.4 lumen/sq. m). 

S\1111\ary 

The results of studies conducted to-date suggest that there is a 
relationship between roadway illumination level and accidents on 
urban streets. Sections with a low level (or no lighting) and a high 
level of 11 lumination appear to have higher accident rates than sec­
tions with illumination levels between 0.8 and 1.8 foot-candles 
(8.6 to 19.4 lumen/sq. m). Although ~ditional data are needed to 
identify the reasons streets with high illumination levels were found 
to have high accident ratios, one hypothesis is that these sites pre­
viously had high accident ratios oefore the level of illumination was 
increased and increasing the lighting level did not result in a 
further reduction in accidents. 

Conmercial Floor Area 

Berg and Anderson, 1973 [6] conducted a study to examine the rela­
tionships between traffic service and level of land access on four- lane 
undivided urban arterial highways in Madison, Wisconsin. Average travel 
time, roadway and land use charactei-istics were recorded for 0.2-mile 
( O .32-km) sect ions for each direction of travel. Data were collected on 
three roadways carrying between 9,680 and 20,170 vehicles per day. The 
results of the analysis reveal that the commercial floor area per mile 
(per km) and the number of intersections per mile (per km) significantly 
affect the travel time on arterial roadways. Consequently, commercial 
floor area is suggested as a measure of the level of land access on an 
urban facility. 

Although the authors did not examine the relationship between acci­
di!nts and roadside development, they did establish a link between the 
quality of flow, 1.e., travel time, and independent variables such as in­
tersections per mile (per km) which have been shown to be related to acci­
dent frequency. 

S11111ary 

There 1s no evidence that the anount of conmercial floor area 
adjacent to urban roadways 1s related to accident occurrence, how-
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ever, an increase in commercial floor area has been shown to signifi­
cantly increase travel time on major urban roadways. 

Pavement Wet Time 

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

The results of the study indicated that: 

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

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

The study findings suggest that wet pavement accidents are greatly 
influenced by the anount of time the pavement is "11!t and the skid number. 

S11111ary 

There is some evidence to suggest that the length of time the 
pa#ement is wet has a significant effect on "11!t pavement accidents. 

,!rea Population 

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

Wright and Mak, 1976 [73] col'lected accident, geometric features, and 
socio-economic data including population density (persons per square mile 



or per square km) for 45 sect ions of two-1 ane roadways in Atlanta, 
Georgia. The results of the study indicate that single-vehicle, fixed­
object accidents are significantly related to average daily traffic, hori­
zontal curvature, and population densit~. However, the equations developed 
do not account for a majority of the variance in accidents. 

Walton and Machemehl, 1979 [70] al so included area population as an 
fodependent varhble in their study of continuous left-turn median lanes 
in urban areas in Teus. Analysts of the data revealed that the nunt>er of 
accidents per mile (per km) on ~:'.•--lane roadways with two-way, left-turn 
median lanes was significantly attected by the population of an area, 
i.e., as population increased, the number of accidents increased. 

In a study of four-1 ane urban roadways with raised medians and two­
way, left-turn median lanes, Parker, 1979 [56] also examined the effects 
of area population on traffic accidents. Analysis of data collected at 
50 sites in Virginia revealed that area population was not significantly 
related to accident frequency, however, midblock left-turn delay was 
significantly affected by area population. 

S11111ary 

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

Roadside Development 

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

In a study of 426 urban roadway sections, Head, 1959 (37] defined 
roadside development in terms of th~ number of residential and commercial 
units on a section. Analysis of the data revealed that the number of 
residential and commercial 1.11its are not related to accident frequency. 

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

Humphreys, et.al., 197S [41] analyzed accident data· collected on 
170 miles (273.5 km) of urban roadway and found that accident rates gener-
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ally increased with changes in roadside development. Roadside development 
was classified as residential. office. and retail land use. 

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

S1.11111ary 

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

Operational Factors 

Operational factors include measures of the perfonnance of the traf­
fic strea11 and traffic controls ~ich influence traffic flow. A Sl.lllllary 
of these measures is given below. 

Speed Limit 

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

Although the sample size was smal 1 Avery, 1960 [3] examined the 
effects of raising speed limits from 30 to 35 miles per oour (48 to 
56 kph) on 11 sections of highway in St. Paul, Minnesota. A review of the 
speed data revealed that the changes in the posted speed limit did not 
affect vehicle speeds and the accident frequency within the study sections 
was not significantly affected by the change. 

Head, 1959 [37] also included speed limit as an independent variable 
in his study of urban roadways in Oregon. Generally for the study sec­
t;ons it was found that roadways with higher posted speeds had lower acci­
dent frequencies. 
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S11m1ary 

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

Acceleration Noise 

Heimbach and Vick. 1968 [38] investigated the relationship between 
acceleration noise (change of speed per 1.11it time) and accident rates at 
six sites. While no statistfca~ analysis was enployed 1 sites with high 
acceleration noise levels had high accident rates. 

S111111ary 

Acceleration noise may be significantly related to accident 
rates, however, additional research is needed to verify this hypothe­
sis. 

Traffic Vol1111e 

Numerous authors have concluded that traffic vol 1111es are more close­
ly related to accident experience than any other nonaccident factor or 
combination of nonaccfdent factors. Further. most studies nonnally util­
ize ranges of volume in explaining the effects of other elements on acci­
dent experience. Although numerous relationships have been reported, the 
conclusions have not always been consistent. The absence of a consistent 
relationship between accidents and traffic volllDe may be cue to the effect 
other variables have on accidents. 

The effects of traffic volumes on intersection accidents have been 
reported by David and Norman, 1975 (26]. Analysis of data collected at 
558 intersections in California revealed that accident rates increased 
with increases in traffic volumes. Fatal and inJury rates al so followed a 
similar pattern. 

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

• delay caused by left-turning vehicles was significantly related t.o 
total hourly vol1111e and the number of left-turn vehicles per hour, 
and 
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• traffic volumes significantly affect accident rates at intersec­
tions. 

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

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

S111111ary 

There is considerable evidence that increases in the traffic 
volumes wi 11 lead to increases in accidents on urban roadways. 

Travel Time 

Based on the results of a study conducted by May, 1959 [46] on 
41 sections of multilane highway in Detroit and Lansing, Michigan, a sta­
tistically significant relationship was found between accident rates and 
travel time. 

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

• Vol1.111e/capacity ratio can be used to estimate travel time on trban 
highways. 

• Traffic volume :md signal timing nave major effects on travel 
time. 

• Street width, percentage of heavy ccmmerc1 al vehicles, direction 
of flow, and area type have minor affects on travel ttme. 

, Travel time along an irban highway section 1s directly proportion­
al to the average nunber of traffic signals per mile (per km) on 
the section. 
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Torres, 1967 [69] collected 
cities and concluded that signal 
tical) effect on travel time. 
parking al so effect travel time 
density. 

S1.11111ary 

data on 158 street sections in seven U.S. 
density has a highly significant (statis­
Lane width, percent of green time, and 
but to a much lesser extent than signal 

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

Signal Improvements 

Fielding and Young, 1955 [29] conducted a study to evaluate the 
effects of traffic signal modifications on accident frequency, traffic 
volume, capacity, delay, and speeds on a 3.85 mile (6.16 km) section of 
four-lane urban arterial highway in Cincinnati. As a result of traffic 
signal modifications including the installation of a new signal, increas­
ing the eye le length, synchronizing the controls, and other changes such 
as restriping, installing parking signs, etc., the total number of acci­
dents on the section decreased 3.5 percent (from 749 accidents in 1952 to 
723 accidents in 1953). Accidents at signalized intersections decreased 
21 percent, however, accidents at locations other than at traffic signals 
increased 22.6 percent. During the study period traffic vol1111es increased 
from 10 to 15 percent, however, average trip times decreased 7 .5 percent 
and speed increases ranged from 0.4 to 2.1 miles per hour (0.64 to 
3.36 kph) i.e., 19.5 to 21.1 miles per hour (31.20 to 33.76 kph). This is 
one of the few studies -.here accident and aperatfonal data were collected 
at the same time fol lowing physical changes on an urban roadway. Unfor­
tunately no correlations or statistical inferences can be made from data 
collected at one site but the analysis indicates that reducing delay at 
signalized intersections can reduce intersection crashes. 

S111111ary 

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

Based on a synthesis of the l;terature prepared by Box, 1970 (16] 1 

yield sign controls have been found to be effective in reducing accidents 
at low volume, previously uncontrolled urban intersections. Accident 
reduct ions ranged from 23 to 52 percent. 

S111111ry 

The use of yield signs erected in compliance with MCD, 1978 
(27] warrants have been found to be effective in reducing accidents 
at intersections ~ich previously had no control. 

Two-Way Stop Control 

A synthesis of completed studies on two-way stop control intersec­
tions conducted by Box, 1970 (16]. Analysis of accident data at 
400 cross-type intersections, 'lilere cross street volumes ranged up to 
4,000 vehicles per day and through street vol1111es up to 32,000 vehicles 
per day, showed that for two-way stop control: 

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

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

Suaary 

":'here is some evidence that accident frequency at two-way stop 
controls is related to the cross-street traffic vol1111e. 

Four-Way Stop Control 

Based on a synthesis of comeleted studies concerning the impacts of 
four-way stop control, Box, 1970 [16] concluded that: 

"Generally four-way stop controls have been found to be effective 1n 
reducing accidents provided that traffic signal warrants •re not •t 
and the vol1.111es on the intersection approaches -.re reasonably 
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ba 1 anced. An al ys is of before and after ace ident rates at 38 inter­
sect ions in St. Paul, Minnesota with vol1111e ranging from 3,500 to 
18 1 900 revealed a 56 percent reduction in accidents as a r~sult of 
implementing four-way stop instead of two-way stops. A 20 percent 
increase in rear-end accident rates was reported, however, there was 
a 75 percent reduction in rightrangle crashes. a 67 percent reduction 
in head-on accidents, and a 50 percent reduction in fixed-object 
crashes." 

Simnary 

There is some evidence that accidents can be reduced with the use 
of four-way stops if traffic volumes on the approaches are nearly 
balanced and traffic signal w;orrants are not met at the intersec­
t ions. 

Traff1c Signal Control 

The results of a synthesis conducted by Box. 1970 [16] relative to 
the effects of traffic signals on accidents is s1.11111arized below. 

• A study of the effect of signalization on accidents at 599 inter­
sections in 24 cities revealed that traffic signals reduced acc1• 
dents an average of 20 percent. however, accidents increased at 
one-third of the intersections. There was an increase in rear­
end accidents. a decrease in right-angle crashes. and increases 
in accidents at intersect ions waere the accident frequency was 
three or fewer accidents before signalization. 

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

• Another study of 52 urban and suburban tntersecttons in Michigan 
showed an increase 1n accidents of 33 percent. The data revealed 
that rear-end accidents increased by 98 percent and left-turn 
accidents increased by 66 percent -'tile right-angle accidents 
decreased by 45 percent. 
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• Factors which appear favorable to reducing accidents through 
traffic signalization are high traffic volumes, high accident 
frequency, and complex intersection layouts. 

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

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

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

SLn1ary 

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

Steering Wheel Reversals 

In a study conducted on arterial streets in Raleigh, North Carolina, 
Clark and Cribbins, 1968 (21] found that a combination of steering ,tieel 
reversals and brake applications can be used to estimate traffic vol 1111es 
on thP. facility. Although no direct correlation was made between acci­
dtnts and steering wheel reversals, there may be some relationship because 
volumes have been found to have a significant relationship with acci­
dents. 

s .... ary 

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

Brake Applications 

Based on the results of data collected on urban roadways in Raleigh, 
North Carolina, Clark and Cribbins, 1968 [21] concluded that steering 
wheel reversals and brake app11cattons can be used to predict traffic 
volumes on the roadway. May, 1955 [47] also collected data on roadways in 
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nine states and found the duration of brake application per mile (per km) 
of travel (expressed in seconds) was 5.74 seconds on urban routes without 
access control compared with zero seconds on urban roads with full control 
of access. Brake application duration averaged 0.21 seconds on rural 
highways with ace es s contra l . 

S11111ary 

Because traffic vo 1 umes and access contra l measures have been 
reported to have a direct relationship with accidents, brake -,plica­
t ions may al so be related to accidents. 

Traffic Conflicts 

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

S11aary 

There is some evidence that a relationship between traffic con­
flicts and accidents exist. however, additional studies are needed to 
establish this relationship. 

VolU11e/Capacfty Ratio 

Coleman, 1961 (23] collected operational and roadway features data in 
five cities in eastern Pennsylvania and concluded that volume/capacity 
ratio can be used to estimate travel time on 1.rban streets. Further 
studies reportfn~ relationships between vol1111e/capacity ratio and other 
measures ~re not found in the literature. 

S lllllllr 1 

There fs some evidence that vohne/capacf ty ratio is related to 
travel time, however, there 1s no information suggesting that ft is 
related to traffic accidents. 
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Signal T1m1ng 

Coleman, 1961 [23] analyzed operational and roadway data in five 
cities in eastern Pennsylvania and concluded that signal timing has a 
major effect on travel time. Further studies regarding relationships 
between signal timing and other me~sures were not identified during the 
literature review. 

S111111ary 

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

Level of Service 

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

S11111ary 

There is some evidence that level of service, defined as the 
travel time divided by the segment length is related to accident 
frequency. 

Street Signs 

David and Norman, 1975 [26] analyzed roadway and accident data at 
558 urban and rural intersections in California and found that high voluae 
intersections with street signs with wii te letters on I dirk background 
have an average of 5.1 more accidents per year than at tntersecttons 
having dark lettering on a wifte backg~ound. 
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S111111ary 

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

Vehicle Mix 

While a number of researchers have examined the effects-of large 
vehicles on the traffic stream, no studies 111ere found that examined the 
effects of large vehicles on accidents on urban arterial streets. In 
their study of 558 intersections in California. David and Nonnan, 
1975 [76] found that high volume intersections along bus routes have sig­
nificantly higher accident rates than intersections without bus routes. 

Sia11ary 

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

Fuel Cons111ption 

Some evidence of a relationship between fuel consunption. travel 
time. and accident rate is provided in studies conducted by May, 1959 and 
1955 [46,47] who found that the number of intersections and traffic 
signals along a roadway appear to have a greater influence on accident 
rates. travel time, and fuel consumption than any other fonns of roadway 
friction. It was al so found that gasoline cons1111ption was higher on trban 
sections with no access control due to greater roadside friction lllhen 
compared to urban roads with ful 1 access control. 

s .... ary 

There ts some evidence that fuel consU11ptton 1s influenced by 
roadside frtctton lllhtch has a significant effect on accident rates. 
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Rtght-Turn-On-Red 

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

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

H111an Factors 

For the purpose of this study, h1111an factors are defined as measures 
of driver performance. Typical illustrations of human factors measures 
are eye movements, reaction times, infonnation processing ability, and 
problem recognition. Most h1111an factors measurements have been made under 
1 aboratory conditions. The literature revealed only a few cases lllhere 
mention 1s made of any hunan factors measure in rel at ion to accidents on 
urban arterial streets. These measures are discussed below. 

Sex of Driver 

During 1955 Bill ion, 1958 [7] conducted a study of 810 drivers in 
Schenectady, New York. The drivers .ere interviewed to obtain their per­
sonal, social, health and driving characteristics. Accident records for 
these drivers .ere also obtained for the period January 1953 through June 
1955. In addition, 428 male and 122 female drivers .ere followed "'111e 
driving in the city and rated relative to their speed, headway, passing, 
traffic signals, stop st gns, turning 1110ventents, yielding and attentiveness 
characteristics. The results of the analysts indicated that; 1) 11Dre male 
drivers are involved tn irban accidents than female drivers, 2) there was 
no stgntftcant difference between frequency of accidents and type of acci­
dent, and 3) there was no significant difference between the driving dtar­
actertsttcs of drivers w,o .ere involved 1n accidents and drivers MIio •re 
not involved in accidents. 
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SU1111ary 

Although 100re male drivers are involved in accidents than female 
drivers there is some evidence that there is no relationship between 
sex of driver, driving characteristics, and accident frequency. 

Galvanic Skin Response 

Bissell, 1965 (9] used galvanic skin response measurements to exanine 
differences 1n driver tension as a result of converting a two-way street 
to one-way operation. • The tests were conducted on several streets in 
Washington, D.C. Analysis of the data revealed that after the roadway 
improvements there was significantly less driver tension. Operational 
conditions, 1.e., travel times, number of stops, etc. were also improved 
i n the after period. 

s ... ary 

No direct evidence of a relationship between driver tensions and 
accidents was found, however, there is somE: evidence that driver 
tensions are related to travel times, delay, and other operational 
measures wiich have been found to influence accident frequencies on 
urban roadways. 

Driver Age 

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

s ... ary 

There 1s SOiie evidence that .)'Ounger drivers are involved in a 
high proportion of accidents on urban roadways than other age 
groups. 
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Countermeasures 

The literature review revealed that numerous stud;es have been con­
ducted to evaluate the effectjveness of roadway and traffic control 
devices to reduce acc;dents and accident severity. While a discussion of 
the warrants and effectiveness of each countermeasure is beyond the scope 
of this report~ a sunnary of the countermeasures identified during the 
review of studies conducted in urban areas is given in Tablf' 1. Some of 
the most frequently used countermeasures in urban areas are listed below. 

• Install median to separate opposing traffic streans 
• Convert from two-way to one-way operation 
• Prohibit on-street parking 
• Improve intersection sight distance 
• Limit number of driveways through access control policies 
• Construct continuous two-way, left-turn median lane • 
• Construct raised median 
• Resurface to improve skid resistance 
• Provide illumination 
• Install left- and right-turn lanes 
• Widen pavement or provide additional lanes 
• Provide delineation 
• Relocate bus stops 

S111111ary of Findings 

The purpose of the literature review was to identify studies winich 
exanined the relationships between accidents and urban roadway features. 
Although a number of investigators have identified accident relationships 
for 1.rban arterial roadways. each study was conducted to accomplish speci­
fic objectives and differed in scope, method, and purpose. Due to the 
differences in study techniques, it is not possible to quantify specific 
relationships between roadway features and accidents. Nevertheless, the 
l 1terature can be used to identify elements ,.t,ich appear to be related to 
accidents on irban roadways. Each of the roadway elenients identified in 
the literature was placed in one of the following categories. 

Definite Relationship 

A roadway feature was placed in this category ,.t,en a large nl.lllber of 
studies revealed that a statistically significant relationship existed 
between the variable and accidents. Further ex•ination of this relation­
ship would probably not produce new results. 



Probable Relationship 

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

Possible Relat1onsh1p 

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

Results 

Based on these definitions, each variable was subjectively rated and 
placed Into the appropriate category. A sl.Dlary of the results is given 
in Table 4. It should be noted that the significance of the relationship 
noted in Table 4 is based on a subjective evaluation of the literature 
results. In many cases not enough data were available to conclusively 
determine if there were statistically significant differences and/or 
relationships between the variables and accidents. 
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Table 4. S11m11ry of accident relationships on irban arterial streets. 

Roadway Features Type of Relationship 

Definite Probable 

Geometric Factors 

Pavement width 
Turn 1 anes 
Medi an presence 
Medi an width 
Median openings 
Access control 
Driveways 
Traffic signals 
Intersection design 
Intersections 
Traversable median lanes 
Raised medians 
Horizontal alinanent 
Vertical alinement 
Sight distance 
Fixed-objects 
Parking 
Uttl ity poles 
One-Way streets 

Envirornental Factors 

Sk 1 d nunt1er 
Illumination level 
C011111ercfal floor area 
Pavement wet time 
Area population 
Roadside development 

Legend 

S • Significant relattonshtp 
NS• Not significant 
X • Relationship Unknown 

NS 
s 

s 
NS 
NS 

s 
s 

s 
s 
s 

s 
s 

s 
s 
s 
s 

s 
s 

s 

s 
s 

s 
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X 
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NS 



Table 4. S11111ary of ~ccident relationships on arban arterial streets (continued). 

Roadway Features Type of Relationship 

Definite Probable 

oeerational Factors 

Speed limit 
Acceleration noise 
Traffic vol1111e 
Travel time 
Signal improvements 
Yield signs 
Two-Way stop control 
Four-Way stop control 
Traffic signal control 
Steering wheel reversals 
Brake applications 
Traffic conflicts 
Volume/capacity ratio 
Signal timing 
Level of service 
Street signs 
Vehicle mix 
Fuel consunptfon 
Right-Turn-On-Red 

Hunan Factors 

Sex of driver 
Galvanic skin response 
Driver• s age 

Legend 

S • Significant relationship 
NS• Not significant 
X • Relationship Unknown 

NS 

s 

s 
s 
s 

NS 

NS 
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X 
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X 
X 

NS 
X 
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APPENDIX B - ANNOTATED BIBLIOGRAPHY 

Introduction 

An extensive review was conducted of past and current literature in 
which relationships between accident experience and roadway, environment­
al. human, and traffic operational features were reported for nonl imited 
access urban arterial highways. The survey al so encompassed documents 
identifying the effects of a:cident countermeasures implemented on irban 
roadways. 

Reports which are of greatest appl icabi 1 ity to the current research 
effort are Hsted below. The annotations are in alphabetical order by 
author or agency. Each annotation begins with a brief statelftent of the 
purpose and scope of the study followed by a synopsis of the results. In 
some cases, data whicn support findings directly applicable to the objec­
tives of the current study are reported in detail. The conclusion of each 
annotation includes a critical review of the report and its applicability 
to the current research effort, 

Annotations 

1. American Association of State Highway Officials, •A Policy on 
Design of Urban Highways and Arterial Streets,• Washington, D.C. 1 

1973. 

This policy presents a synthesis of current knowledge and 
practice regarding the design of urban arterial roadways. Speci­
fic design features are based on the state-of-the-art practices 
and are felt applicable for national use. The authors rec011111end 
satisfying mfnim1111 design criteria and applying a generous factor 
of safety in determining all geometric features. • 

Although the MSHO design policy represents a consensus of 
the current knowledge on urban roadway design, the relationships 
between many geometric features and accidents have not been quan­
tified. Further research identifying relationships between spe­
cific geometric features. operatfog conditions, behavioral 
characteristics, environmental impacts, and 1ecidents ts needed. 
This information wuld greatly add to current knowledge and could 
be used to formulate future urban highway design palicies, 
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z. Autoaot1ve Safety Foundation, •Traffic Control & Roadway 
El.ents - Their Relationship to Highway Safety,• prepared tn 
cooperation with the U.S. Bureau of Public Roads, Washington. 
o.c. I 1963. 

This report provides a comprehensive surt111ary of studies 
conducted prior to 1962 to examine the relationships between 
traffic accidents and roadway design features and traffic control 
devices. The synthesis includes studies conducted fo rural, 
suburban, and urban areas. A complete revision of the report was 
undertaken by the Highway Users Federation for Safety and Mobil­
; ty in 1970 and related studies conducted in urban areas are 
discussed in other sections of this bibliography. 

3. Avery, Eugene v .• •Effect of Raising Speed Li■tts on Urban 
Arterial Streets,• Highwa~ Research Bulletin 244,. Highway 
Research Board, Washington, .c., 1960. 

This study was conducted to examine the effects of raising 
the speed limits from 30 to 35 miles per hour (48 to 56 kph) on 
11 sections of arterial highway in St. Paul, Minnesota. Before 
and after spot speed data were collected on the sections wiich 
carried from 4,000 to 26,000 vehicles per day. Analysis of the 
speed data indicated that small changes in the posted speed limit 
did not effect changes in vehicle speeds. A review of the annual 
n1111ber of accidents reported within the study sections did not 
reveal any change in the accident frequency. 

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

4. Azzeh, J.A., B.A. Thorson. J.J. Valenta. J.C. Glennon, and C.J. 
Wilton, •Evaluation of Techniques for the Control of Direct 
Access to Arterial Highways,• Final Report. FHWA-RD-76-85 pre­
pared for Federal Highway Adal1n1str1tion 1 Washington, D.C., 
August 1975. 

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

Although the authors provide an excel lent ;nethodology for 
s e 1 ect i ng and evaluating al tern at i ve access contra l techniques 
for arterial highways, one major problem encountered during the 
study was the lack of accident data needed to evaluate the effec­
ti~eness of the countenneasure. To overcome this deficiency for 
arterial roadway sections the authors utilized accident predict­
ive equations based on data collected on urban arterials in 
Indiana during the mid 1960's. The equations were roodified to 
fit specific countermeasures based on certain assumptions and 
findings offered by other investigators. To improve the evalua­
tion process a large data base consisting of up-to-date accident 
data collected on a nationwide basis should be used in lieu of 
the current base. This task would be an important step toward 
evaluating a variety of countermeasures for reducing accidents on 
urban arterial highways. 

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

Accident and operational data were collected and analyzed on 
15 urban highway sections totalling 32.4 miles (52.1 km) in two 
North Carolina cities. The roadway sections included four-lane 
undivided highways, four- and six-lane divided roadways, and 
five- and seven-lane sections with traversable median lanes. 
Accident data were collected for the years 1975 and 1976. Due to 
the small sample size, statistical analyses of the data were not 
performed. A su11111ary of the study results is outlined below. 

• Accident rates on five and seven lane roadways with 
traversable medians are similar to rates on four- and 
six-lane divided highways. 

• No head-on collisions were reported on the sections with 
traversable median lanes. 

• In al 1 cases the median lane of the five- and seven-lane 
f acfl itfe:; appeared to handle traffic efficiently, 
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1 Four- and six-lane undivided roadways had higher accident 
rates than sections with medians. 

Although the sample size is smal 1. comparison of the acci­
dent rates between sections with divided roadways and sections 
with a continuous two-way. left-turn median lane appears to 
indicate that median type does not influence accident rates. The 
data also lend support to the hypothesis that two-way, left-turn 
lanes do not create iituations which contribute to head-on colli­
sions. 

6. Berg. W.O. and J.C. ~derson. •Analysis of the Trade-Off Between 
level of Land Access and Quality of Traffic Service Along Urban 
Arterials.• Hi~hwaf Research Record 453, Highway Research Board, 
Washington. b ... 973. 

This study was conducted to examine the relationships 
between traffic service and level of land access on four-lane 
undivided urban arterial highways in Madison, Wisconsin. Average 
travel time, roadway and land use characteristics were recorded 
for 0.2-mile (0.32-km) sections for each direction of travel. 
0ata were collected on three roadways carrying betwe£::n 9,680 and 
20,170 vehicles per day. Multiple Hnear stepwise regression 
analysis was used to examine the relationship between travel 
time, the dependent variable. and the independent variables. The 
results of the analysis reveal that the c011111ercial floor area per 
mne (per km) and the number of intersections per mile (per km) 
significantly affect the travel time on arterhl roadways. Con­
sequently, c00111ercial floor area is suggested as a measure of the 
level of land access on an urban facility. 

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

7. Billion, C.E., •ccaunity Study of the Characteristics of Drivers 
and Driver Behavior Related to Accident Experience,• Ht9hw1y 
Research Bulletin 172, Highway Research Board, W1shtngton,.t., 
1958. 

During 1955, a study of 810 drivers was conducted in 
Schenectady, New York. The drivers wre interviewed to obtain 
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their personal. social. health. and driving characteristics. 
Accident records for these drivers were al so obtained for the 
period January 1953 through June 1955. In addition. 428 male and 
122 female drivers were followed while driving in the city and 
rated relative to their speed, headway, passing, traffic signals, 
stop signs, turning movements, yielding, and attentiveness 
characteristics. The results of the analysis indicated that; a) 
more male drivers are involved in urban accidents than female 
drivers,~) there was no significant difference between frequency 
of accidents and type of accident, and c) there were no 
significant differences between the driving characteristics of 
ddvers who were involved in accidents and drivers who were not 
involved in accidents. Also, the percentage of drivers involved 
in unsafe actions was found to be highest at stop signs, 1.e., 
67 percent of the drivers committed unsafe actions at stop signs. 
Other specific driver behavior and unsafe action percentages are 
given in Tab~e 5. 

7ne results of the study did not identify specific relation­
ships between urban street geometrics and human factors, however, 
the findings are beneficial in adding to the knowledge of 1rban 
accident experience by describing characteristics of drivers 
utilizing urban roadways. 

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

Driver Action 

Stop Sign 

Yielding 

Turning Movement 

Passing 

Speed 

Attentiveness 

Lane Markings 

Headway 

Percent Of 
Unsafe Drivers 

67 

36 

35 

19 

17 

13 

8 

6 

Source: HRB 172, pg. 57. 
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8. B11Hon. C.E. and N.C. Parsons. •Median Accident Study - long 
Island, New York,• H1ghwaf Research Bulletin 308, Highway 
Research Board, Washington, .c., l96Z. 

This investigation was conducted to examine the effect of 
median design on accident rates for urban divided highways. The 
study encompassed the collection of 8,180 accident reports for 
the years 1955 through 1959 on 34 urban sect ions without access 
control. The sections ranged from 0.5 to 9.3 miles (0.8 to 
14.9 km) in length and a total of 82 miles (131.9 km) of irban 
roadway was inc 1 uded in the study. The roadways consisted of 
four- and six-lane divided highways. Median types included flush 
grass, raised grass wHh concrete ,:urbs, and raised paved w1 th 
concrete curbs. The number of intersections varied from 3 to 
7 per mile (5 to 11 per km}. A summary of the data obtained for 
the study sites is given in Table 6. 

The results of the study are outlined below. 

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

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

• Medians with double be~ rails had the lowest total 
ace i dent and i nj ur y rates wh i1 e medians with concrete 
posts had the highest rates. 

• On roadway sections P.xcluding intersections, curbed 
medians had approximately 2 :ind 1/2 times the accident 
ratio of the flush median sections. 

• A summary of accidents involving a median (shown 1n Table 
7) revealed that deterring medians had the lowest cross 
median accident rate (1.8) when compared to the sections 
with nontraversable medians (4.0). Curbed median sections 
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Table 6. Su.airy of accident data by aedian type. 
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Figure 1. Effect of aedian width on accident occurrence. 

Table 7. Siaury of .c:t1an related accidents. 
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had the lowest ratio of median accident involvements 
(1 to 45) compared to earth medians (1 to 24) probably 
because drivers use an earth median to avoid an accident. 
On curbed median sections it was speculated that motor­
ists are more confined to the pavement, consequently re­
ducing median related involvements but not total accident 
involvement. 

The results of the study indicate that median characteris­
tics influence accident types and rates in urban areas. Perhaps 
the most significant finding is that roadways wi-1:h raised curbed 
medians have higher accident rates than do road:"ays with flush 
grass medians. This finding should be further explored using a 
1 arger accident data base. The results of the study could have a 
significant impact upon future urban design standards. 

9. Bissell, Howard H., •Analysis of a Three-Street Traffic System,• 
Hitwat Research Record 72, Highway Research Board, Washington, 
D . . , 16S. 

During 1961 and 1962 this study was conducted to examine 
changes in traffic flow characteristics created where three 
parallel streets in Washington, D.C. were changed from three two­
way streets to a one-way street system on each side of a curbed 
two-1 ane roadway. In addition to the conversion from two-way to 
one-way operation, some on-street parking changes and signal co­
ordination measures were made at the study sites. Data collected 
before and after the changes included volumes, travel times, num­
ber of vehicle stops, speed changes per mile (per km), and the 
driver's galvanic skin response. The results of the analysis 
revealed that the street improvements reduced travel time by 
11.5 percent and reduced vehicle stops by 33 percent. The 
improvements produced significantly less driver tensions on the 
one-way streets. Drivers tensions and the travel parameters 
remained unchanged on the two-way street. There was a smal 1 
change in traffic volumes following the street improvements. 

Although the research did not include a before and after 
accident analysis, it was one of the few studies \lllere human 
factors (galvanic skfo response) data were taken in an urban area 
along with traffic flow data. The study results indicate that 
converting from two-way to one-way operations may reduce travel 
time, increase speeds, and reduce driver tensions. 
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10. Blackburn, R.R., D.W. Harwood, A.O. St. John, and M.C. Sharp, 
•Effectiveness of Alternative Skid Reduction Measures, Volume 1, 
Evaluati,,n of Accident Rate - Skid N1.111ber Relationships,• Rewrt 
No. FHWA- RD-79-22, prepared for the Federal Highway Admin1s ra­
tion, Washington, D.C., November 1978. 

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

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

11. Bochner, Brian S., •Regulation of Driveway Access To Arterial 
Streets,• Compendium of Technical Papers, 48th Annual Meeting of 
Institute of iransportat1on Engineers, Atlanta, Georgia, August 
1978. 

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

The po 1 i c i es presented contain some general guidelines for 
contro 111 ng driveway acce~ s to arter1 al streets, however, the 
effects of specific countenneasures are not presented. 
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Figure 2. Relationship between wet-paveaent accident 
rate and skid nUllber for urban highways. 
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12. Box, Paul C., •Access Control and Accident Reductions,• 
Municipal Signal Engineer, May-June 1965. 

The objective of this article was to describe the effects on 
accidents of converting a 56-foot (17 .1-m) wide undivided urban 
highway into a divided roadwa-,. In addition to the median 
barrier, RIGHT TURN ONLY signs were installed and three lanes 
were provided for each direction of travel. The improvements 
resulted in a 50 percent decrease in the midblock accident rate. 

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

13. Box, Paul C., •comparison of Accidents and I111111inati~· Highway 
Research Record 416, Highway Research Board, Washinyton, .t., 
1972. -

The purpose of this study was to investigate the effects of 
i 11 umination on highway accidents in the City of Syracuse, New 
York. Accident data for the year 1967 were analyzed for 105 miles 
(169 km) of major arterial and collector routes located in the 
City of Syracuse. The independent variables that were examined 
included road type, pavement width, illumination 1~vel, and 
abutting land characteristics. The dependent variables were the 
ratio of night accidents to day accidents and the night-day ratio 
of accident costs. 

The results of the study are sunmarized below. 

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

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

• The most favorable i11L111ination level (based on minimiz­
ing accidents and costs) ranged from 0.8 to 1.8 hori­
zontal foot-candles (8.6 to 19.4 lumen/sq. m). 

The study data tend to suggest that either a low or high 
level of il1L111ination led to higher accident ratios on irban 
arterial streets. Because t!'le accident data were based only on 
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one year of information and the study was limited to one city, 
the investigation should be repeated in other cities using a 
larger data collection period. Although the data could not be 
ex~ined, it is possible that the sites with high illumination 
levels also had high accident ratios prior to increasing the 
1 evel of illumination, and increasing the il 1 umination level did 
not result in a further redu~tion in accidents. 

14. Box, Paul c., •Effect of Lighting Reduction on an Urban Major 
Route,• No. 10, Vol. 46, Traffic Engineeri~! Institute of Trans-
portation Engineers, Arlington, Virginia, ober 1976. 

This investigation was conducted to det1;:, .aine the effect of 
illumination on accident frequency. One-year before and one-year 
after accident data were collected on a 2 .5-mile (4.0-km) urban 
street located in Clearwater, Florida. The study section con­
sisted of a six-1 ane divided facility with a median barrier 
carrying between 33,000 and 45,000 vehicles per day. In November 
1974 alternate luminaires were turned off. This change reduced 
level of illumination from 1.8 to 0.9 horizontal foot-candles 
(19.4 to 9.7 lumen/sq. m) which was below the reconmended level 
of 1.4 horizontal foot-candles (1.51 lumen/sq. m). The effect of 
the lighting reduction on accidents and accident severity is 
shown in Table 8 arid 9. Overall night accidents increased 
39.5 percent and night injury accidents increased 33 percent. 

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

15. Box, Paul C. and Associates, •Driveways,• Chapter 5, Traffic 
Contro 1 & Roadway Elements, Highway Users Feder at 1 on for Safety 
and Mo6111ty, Washington, D.c., 1970. 

The purpose of this document was to synthesize the current 
state-of-the-art concerning the safety effects of driveways. 
Driveway accidents were reported to range from 6.5 percent of the 
accidents in Los Angel es County to 11.2 percent of the total 
accidents in Skokie, Illinois. A study conducted on a suburban 
route in Lafayette, Indiana revealed that accidents increased as 
the total n1111ber of driveways increased. 

A detailed examination of the driveway accident data 
collected in Skokie, Illinois revealed that 70 percent of the 
driveway accidents involved vehicles making left-turns. Nectrly 
42 percent of all driveway accidents were rear-end crashes. The 
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Table 8. Accident c0111par1son by 1ntersect1on/m1dblock. 

,.ma,., or Accidn11 

o., '.'\i1h1 Total 

Bc:f,m: t 1973 l 
ln1c:rsc:c1ion 1117 44 231 
~lidhlud. Ill :.i 105 

26K 6i! rn, 
Artc:rt 1975 J 

ln1c:rsc:c1ion 111.2 52 234 
M1dhlud. 96 43 IJ9 

27M 95 373 

'-.:t Ch.ingc: 
ln1.:r~c:c1ion - 5 ... K + 3 
:'\11dhlock + 15 -19 +34 

+10 ... 27 +37 
Chanpc: + 3.7'. + 39_5r, + 11r; 

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

Table 9. Accident COlll)arison by severity. 

'•atbrr or Accidftlh 

D•~ 'iahr 

Before: (I 97: J 
Propc:rt) Damasc: 192 47 
lnjur) 76 21 

2614 <,K 

M1c:r(l97SI 
Prupc:rt) Damatie 209 67 
I njur) 69 211 

2711 9~ 

l"hanpc 
Prnpc:rt) Damape + 9"i +42'; 
I nJur) - 91; +33,; 

Source: Box 1976, [14]. Table 2, pg. 27. 
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239 
97 

326 
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97 
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largest single group of accidents were rear-end crashes involving 
vehicles making a left-turn into a driveway. 

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

While the synthesis reveals that the number of driveways in 
an urban area has an inf l uence upon the ace i dent frequency. ade­
quate documentation is not available to relate specific driveway 
designs to particular accident types or driver maneuvers. These 
data would be benefici ai in optimizing driveway width, turning 
radii I and spacing to reduce accidents and increase operational 
efficiency. 

16. Box, Paul C. and Associates, •Intersections,• Chapter 4, Traffic 
Control & Roadway Elements, Highway Users Federation for Safety 
and Mo6i1fty, Wasnington, 0.C., 1970. 

This report provides a comprehensive Sl11111ar y of the studies 
conducted to examine the effects of intersection design and 
traffic control devices on accidents in rural and urban areas. 
Because intersection accidents in urban areas constitute approxi­
mately 41 percent of the total accidents and 39 percent of the 
fatal crashes, special attention was given to examining the 
effects of intersect ions on urban roadway accidents. A s111111ary 
of accident relationships for specific geometric and traffic 
control features for intersections is given below. 

Intersection Design 

Studies conducted at intersections in Los 
Richmond, Cal fforni a revealed that cross-type 
had significantly higher accident frequencies 
intersect ions. 

Left-Turn Lanes 

Angeles and 
intersections 
than tee-type 

Stu<'· ~s conducted in Oregon, Cal iforn1 a, and Texas on rural 
and urban locations indicated that fnstal lat1on of left-turn 
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lanes significantly reduced rear-end and left-turn type 
collisions. 

Yield Signs 

Generally, yield sign control has been found to be effective 
in reducing accidents at low volume, previously 1.1\Controlled 
urban intersections. Accident reductions ranged from 23 to 
52 percent. 

Two-Way Stop Control 

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

• acc1dent rate increased as cross street volume in­
creased, and 

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

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

Four-Way Stop Control 

Generally four-way stop controls have been found to be effec­
tive in reducing accidents provided that traffic signal 
warrants were not met and the volumes on the intersection 
approaches were reasonably balanced. Analysis of before and 
after accident rates at 38 intersections in St. Paul, 
Minnesota with volumes ranging from 3,500 to 18,900 revealed 
a 56 percent reduction in accidents as a result of implement 
i ng four-way stops 1 ns tead of two-way stops. A 20 percent 
increase in the rear-end accident rates were reported, how­
ever, there was a 75 percent reductio~ in right-angle 
crashes, and a 67 percent reduction 1n fix 1~d-object crashes. 
Accident reductions were found to be greater at intersections 
with unrestricted sight distances. 

T;•affic Signals 

• A study of the effect of signalization on accidents 
at 599 intersections in 24 cities revealed that traf­
fic signals reduce~ accidents an average of 20 per­
cent, however, accidents increased at one-third of 
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the intersections. There was an increase in rear-end 
accidents, a decrease in right-angle crashes, and 
increases in accidents at intersections "'1ere the 
accident frequency was 3 or fewer accidents before 
signalization. 

• A study of 39 urban and rural intersections in 
Michigan indicated that accidents increased 23 per­
cent but injuries and fatal accidents decreased by 
20 and 50 percent, respectively. After the signals 
were ins ta 11 ed rear-end accidents increased 200 per­
cent, head-on ace idents increased 157 percent, and 
sideswipe crashes increased 74 percent. Angle acci­
dents decreased by 51 percent. It was further con­
cluded I that signalization tends to increase accident 
rates at simple intersect ion designs, but decreases 
rates at complex locations. 

• Another study of 52 urban and suburban intersections 
in Michigan showed an increase in accidents of 
33 percent after signalization. The data revealed 
that rear-end accidents increased by 98 percent and 
1 eft-turn accidents increased by 66 percent "'1 fl e 
right-angle accidents decreased by 45 percent. 

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

17. Burritt, Benjamin E., and Eugene E. Coppola, •Accident Reductions 
Associated With Continuous Two-Way Left-Turn Channelization,• 
Arizona Department of Transportation, Phoenix, Arizona. July 31, 
1978. 

This investigation was conducted to examine the effect of 
two-way, left-turn median lanes on accidents. Seven projects 
ranging in length from 0.46 to 2.93 miles (0.74 to 4.71 km) were 
selected for study. Traffic volumes on the three- and five-lane 
sect ions varied between 8,::100 and 23,000 vehicles per day. The 
study sections were located in urban areas tn Arizona. An ana­
lysts of two-year before and two-year after accident data is 
s111111arized below. 

• Total accidents were reduced by~S.9 percent. 

• Rear-end accidents declined by 45.4 percent. 

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

• A benefit-cost ratio of 8.6 was reported. 

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

18. Caylor, l•ar N.C., •Two-Way, Left-Turn Lanes Versus Medians 
Study,• Office of Materials and Research, Georgia Department of 
Transportation, Atlanta, Georgia, July 1977. 

The objectives of this study were to develop criteria for 
sele<..cing between a two-way, left-turn median lane and a nontra­
versable median and to determine the appropridte width of a two­
way, 1 eft-turn median 1 ane. The study findings were based on a 
literature survey and input from traffic engineers. 

Guidelines developed for this report are substantiated by an 
analysis of data, including accident data, conducted by other 
researchers. The guidelines appear to be practical but rely upon 
the knowledge and experience of the user. Few quantitative cri­
teria are given; consequently, considerable latitude exists in 
interpret ,ng the criteria for any site speci fie situation. At 
1 east one guide 1 i ne is in confl i ct with findings reported by 
others. The maxim1.111 width of a two-way, left-turn median lane 
should not be 16 feet (4.9 m) as suggested in the report. Median 
lanes wider than 14 feet (4.3 m) tend to encourage 111safe driving 
acts as 100torists use the single lane as two lanes. Also the 
guidelines do not address specific geometric design features and 
their relationship to accidents. 

19. Chapman, R.6., •Accidents on Urban Arterial Road~•, TRRL 
Laboratory Report 838, Transport and Road Research Lal•oratory, 
Crowthorne, Berkshire, United Ktngd011, 1978. 

The relationships between roadway and environmental features 
and acct dent rates were exami ncd on urban arterial road\'!ays in 
four towns tn southern England. The study tncl1.1ded an examina­
tion of 1,015 personal injurY. accider.ts that were reported during 
1972 on 101.8 km (63.3 miles) of two-lane and four- and six-lane 
dual roadways. The network was d;vided into 160 sections ranging 
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in length from 200 to 1,000 meters (0.12 to 0.62 miles). Roadway 
features and traffic flow conditions were constant on each sec­
t ion. Traffic volumes ranged from 6,000 to 54,000 vehicles per 
day. The results of the study are sunmarized below. 

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

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

• Roadway sections in shopping areas had the highest acci­
dent rate (2.90 accidents/vehicle-km = 1.80 accidents/ 
vehicle-mile). 

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

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

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

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

20. Christie, A.W., •street Lighting and Road Safety•, Traffic 
En9ineer1z & Control, Vol. 8, No.4, Printerhall Limited, Loncion, 
Engiind, gust, 1966, 

"'he p1.1rpose of this study was to examine the effects of 
ligh~ing improvements on urban streets on traffic accidents. 
Before and after data were col lectecl at 64 1 ocations in England. 
The measure of effectiveness used to determine the effect of the 
lighting was the r ratio defined as shown below. 
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darkness accidents after improvement 
darkness accidents before 1mprovement 

r = 
daylight accidents after improvement 
dayl1ght acc1dents bet0re improvement 

When r = 1, the lighting has no effect 
If r < 1, darkness accidents have dec~eased 
If r > 1, darkness accidents have increased 

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

Accident Type 

Fatal 
Serious injuries 
Slight injuries 

Total 

r Ratio 

0.50 
0.67 
0.73 

0.70 

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

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

21. Clark, J.E. and P.O. Cr1bbins, •Traffic Yoluaie Measureaents Using 
Drivometer Events,• H1ghwa§ Research Record 230, Highway Research 
Board, Washington, D.c., l 68. 

The purpose of the study was to determine if correlations 
exist between traffic events and volumes on 1rban arterial 
streets in Raleigh, North Carolina. The traffic events were 
measured every 0.1 ~ile (0.16 km) using a drivometer. The events 
recorded included travel time, change 1n speed, running time, 
steering wheel reversals, brake applications, accelerator appli­
cations, and direction of travel. Regression analysis was used 
to examine the relationship of these events to the traffic 
volume. The results of the study revealed the following points. 
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• The frequency of traffic events increased with increases 
in traffic volume. 

• The combination of steering "1eel reversals and brake 
applications can be used to estimate traffic volumes on 
an urban facility. 

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

22. Clayton, Mike E. and Robert C. Deen, •Evaluation of Urban Inter­
sections Using Traffic Conflicts Measures,• Division of Research, 
Kentucky Department of Transportation, Lexington, Kentucky, 
August, 1977. 

This study was conducted to analyze traffic hazards at two 
urban intersections using traffic conflicts and erratic maneuvers 
data. Conflicts and traffic volume data were collected for 
11 hour periods at two intersections in Lexington, Kentucky. 
Analysis of the conflict data revealed that improvements 
1 ncl udi ng install at ion of left-turn lanes, three phase signals, 
and signs were necessary to reduce conflicts and improve traffic 
safety. 

The authors provide an exce 11 ent overv 1 ew of the procedure 
for using traffic conflicts to identify hazards at urban inter­
sections. Unfortunately, the relationships between accidents and 
conflicts have not been developed. thus, it is not possible at 
the present time to use trafflc conflicts to identify relation­
ships between roadway features and accidents. 

23, Col•an, Robert R., •A Study of Urban Travel Tt•s 1n 
Pennsylvania Cities,• Highwa~ Research Bulletin 303, Highway 
Research Board, Washington, b .. , 1Y61. 

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

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

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

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

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

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

24. Cribbins, P.D., J.M. Arey, and J.K. Donaldson, •Effects of 
Selected Roadway and Operational Characteristics on Accidents on 
Mu 1 t 11 ane Highways,• Hi ghwa~ Research Record 188, Highway 
Research Board, Washington, b . .• 1961. 

This study was conducted to determine the relationships 
between accidents and roadway features on rural and urban divided 
hignways. Accident data covering the period January 1, 1963 to 
September 30. 1964 were co 11 ected on 92 sections consisting of 
388 miles (624.3 km) of roadway in North Carolina. Sites with 
lengths less than one-half mile (0.80 km) were excluded from the 
study. The independent variables selected for the study are 
listed below. 

• Access-point index 
• Intersection openings per mile (per km) 
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\ Signalized openings per mile (per km) 
• Median··op.enings per mile (per km) 
• Medhn width 
• Speed limit 
• Volume 
• Level of service 

The access-point index was defined as the total estimated 
traffic volume at corm,ercial and industrial sites. The level of 
service was defined as the travel time for a site di vid~d by the 
site length, The dependent variables included total accidents 
and injury accidents. Multiple linear· regre5sion was used to 
examine the relationships between accident frequency and the site 
variables. 

The major findings of the study are outlined below . .. 
• A statistii;;al ly -significant correlation between total 

accidents and injury accidents was established. 

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

a. ~access-point index, Xl 
b. signalized openings per mile, X3 
c. speed limit, X6 
d. vol1J11e, X7 
e. level of service, XS 

The regression equation developed is shown below. 

Y= -28.34 + O.OOOll(Xl) + 3.28(X3) + 0.34(X6) + 0.0005(X7) 
+ 7.35(X8) 

The R2 (explained variance) value was 0.685. 

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

a. access-point index, 
b, the number of intersections 
c. the number of signalized i11tersections 
d. the. number of medhn openings 

• Medi an width and speed limit had the least effect on 
median opening accident rate. 
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25. 

• It was estimated that 37 percent of the accidents were 
median related. 

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

Cr1bbins 1 P.O .• J.W. Horn, F.V. Beeson, and R.D. Taylor, •Median 
Openings on Divided Highways: Their Effect on Accident Rates and 
Level of Service,• Hiehwa~ Research Record 1881 Highway Research 
Board, Washington, D . .• 967. 

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

The fol lowing regression equation was developed to predict 
th~ number of accidents per mile (per km} on divided highways. 

Yt = -0.479 + 0.006(X2} + 0.0099(X3} + 0.054(X4) + 
0.166(XS} + 0.236(X6} + 0.027(X8} + 0.0688(X9} + 
0 .07l(Xl0} 

.Where Y t = log 10 of total accidents per mile (per km) 

Xz • width of median, in feet (m) 

X3 • posted speed limit, mph (kph) 

X4 = average daily traffic, in l00O's 

X5 = nunber of signalized intersections with left-turn 
storage facilities per mile (per km) 

x6 = nunber of signalized intersect ions w1 thout left-turn 
storage facilities per mile (per km) 

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

X1D = number of intersections without storage facilities 
per mile (per km) 

The R2 (explained variance) value was 0.68 indicating that 
the independent variables explain 68 percent of the variance in 
the dependent variable, i.e., the number of accidents per mile 
(per km). The general findings indicate that traffic vol1JAe, 
roadside access, and frequency of median openings can be used to 
predict accident frequency. 

Other significant findings of the study are outlined below. 

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

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

• As traffic volumes increase, median accidents increase. 

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

26. David, N.A., and J.R. Norman, •Motor Vehicle Accidents 1n Rela­
tion to Geometric and Traffic Features of Highway Intersections: 
Voll.Ille I - Executive S1.11111ary and Vohne II - Research Report,• 
prepared for Federal Highway Adltinistration and the National 
Highway Traffic Safety Adm1n1stra.tion, Washington, D.C., June, 
1975. 

The purpose of this investigation was to exanine relation­
ships between accidents and geometric intersection features and 
to identify countermeasures to reduce accidents or their severi­
ty. Accident data were collected at 558 urban and rural inter­
sect ions in California for the three _)'ear period, January 1972 to 
1974. The dependent variables investigated were the nunmer of 
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accidents and number of fatal and injury accidents per year per 
i~tersection. Intersections were grouped by s;milar geometry for 
analysis. The differences between mean accide~c rates for groups 
with and without certain design features were tested for signifi­
cance. The results of the analyses are s1J1111arized below. 

< 

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

• A sunmary of the study results is given in Table 11. 

ADT 

5,000 

Significant relationships between accidents and the 
following variables were found. 

a. turn lanes 
b. sight obstructions and alinement 
c. signlization 
d. street name signs 
e. delineation 
f. buses 

Table 10. Average yearly accident rates. 

Accident Rate** 
lee-lype Cross-Type 

Stop Signal Stop Signal 

1.3 (0.3) --* 1.3 (0.3) --
5,000 to 10,000 1.6 (0.4) -- 1.9 (0.4) 4.9 (1.1) 

10,000 to 20,000 2.7 (0. 7) -- 3.0 (0.7) 6.7 (1.7) 

20,000 + 4.2 (1.2) 6.8 (1.8) 8.0 (1.1) 15.9 (3.7) 

* Insufficient data. 
** Accidents per intersection. 

Source: Davtd and Non11an 1 1975 [26], Table 2, pg.7. 
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Table 11. Relattonshtp between accidentt and geometric 
1ntersectton features and traffic control. 

Ho Statistically Insufficient 
Conclusive Significant Sample for 

Stud,, El..ent Results Results Analvsh 

lnter■ec:tlon Geoaetry 

'l'braapwidth 
'tarain& lane■ X 
Shoulden X 
Divider■ amt curb■ X 
Ob■taactlon■ and aligiaent X 
Huard■ 

Fixed obJect1 X 
AcceHe■ X I late·. ~-•ctioa Traffic Control■ 

j Sipallsatlon X 
I ripe and aarkiq■ 

I Street ..... al1n• X 
Stop alp■ ad paveaeat -rtdngs X 
Pede■trlan ••an• X 

Dellnution X 
Parkin& 

Parkins Ht-back X 
Peak-hour prohibition X 

Int•rNctiaa Traffic ...... JC 
aoatH 
Loadlq .... 

Trueb X 

BicJdea X 

Source: Davtd and Noraan. 1975 [26). Table 3, pg. 9. 

Inconclusive 
Results 
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• As illustrated in Table 12. the significant study find­
ings are sunmari zed below. 

a. Intersections with a traffic volume level greater than 
15,000 and with obstructions within 20 feet (6.1 m) of 
the stop line have 5.3 more accidents per _year than do 
intersections with 1.11obstructed distances. 

b. Hf gh vo 1 ioe intersections with street s 1 gns w1 th wii te 
letters on a dark background have an average of 
5.1 more accidents per year than intersections having 
dark lettering on a \1lhite background. 

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

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

e. High volume intersect fans without loading zone stops 
have lower accident rates than intersections with 
those stops. 

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

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

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

The study provides evidence of relationships between acci­
dents and specific geometric factors. However. not all of the 
findings appear to be explained by the data and additional study 
should be undertaken in some cases. For example, the color 
arrangement of the street sign does not appear in a practical 
sense to be a critical factor influencing the accident frequency. 
Also, using wiite letters on a dark background fs not sanctioned 
by the Manual on Uniform Traffic Control Devices. Another exam­
ple is the finding that intersections without left-turn storage 
1 anes have lower accident rates than do intersections with left­
turn lanes. This difference may be caused by a heavier left-turn 
vol1J11e and should not be interpreted to imply that removal of 
left-turn lanes will improve the accident frequency. 
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lllltHlftl .... ........ 

Table 12. Analysis results of relationships between accidents 
and 1ntersectton features and traffic control. 

A'ffran teerh Accl .. ate/Intenectlon 
Statlttlcal 
ConUffnce 

Al7r 0ltetructea Clear Difference ('ll IHll of .Aaalfllt 

~zo rt l,S 1,) 0.2 " All typH of ltudJ Jnter1,,ctlon1 
<5,000 2., 1.9 1.0 
5,000 to 10,000 4. l :,.2 o.• 
10,l>OO co u,ooo 11., 6,Z 5,) 
>U,000 1,4 l, ,e 0.02 

00 ft 2.2 ,., 0,3 
<5,000 4.J 2.9 1,4 
5,000 to 10,000 1.2 6,0 z.z 
10,000 to 15,000 
>15,000 ... l.J o., 

t.100 It 2.1 1,9 0.2 
<5,000 4.0 z.e 1.2 
51 000 to 10,000 1,7 4.8 3,9 
10,000 to 15,00CI 
>151 000 D■rk 

llhtte Letterln1 
Lettet'ln1 Oft Vhlte 
oa Dark leclr.11"ound 

lacllal'ound (Mon-
lleflectorlsed) reflectorl&eO 

<s,ooo l.3 1.• <0,l> 99 All ~rpe• or ■ tudy lnCer•ectlonl 
5;000 to 10,000 2.3 1,7 o., 
101 000 to 20,00II 4,0 ,., o., 
>20,000 10., 5,) ,., 

Source: David and Nor111n 1 1975 [26], Table 4, pg. 10. 



IO ... 

Stad'I ll ... -

l■tenecUClll 
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C•rac 
-ner■ aad 

retrareflecton 
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nut .. 
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Table 12. Analysis results of relationships between accidents 
and tntersectton features and traffic control (continued). 

Accld•nta/Inter•ectlon/YL\.:lr 
With W~tllout Stathtlcal 

Storap Stora&• Confidence 
AOT Lanea Lene• Difference ('t) Baals of Analv•l• 

10.000 to 1s,ooo S.9 l.5 2.4 99 Cross, two-phased slansll&ed or 
lS,000 to Z0,000 7.1 S.4 2.4 atop-controlled lntersactiona vlth 
;>20,000 16.2 10.l 6.1 one storage lane in each directian . on one atreet 

~ 

With Without ~ 
I • 

S,000 tu 10,000 2.1 2.3 0.2 9S ' Cro■■ -type (signalized or stop-
101000 to 20,000 3.6 S.7 2.1 controll~d} interaectiona u■lng 

• •~ fun■ of lane delineation . 
With Without 

< S,000 1.4 1.4 0 95 Croa• and Tee C•l&nallaed or 1tup• 
S,000 to 10,000 2.4 2.0 0.4 controlled) intersection on de111-
101000 to lS,000 4,4 3.S 0,9 nated haa rout•• 
151 000 to 25,000 a.3 4.3 4.0 

Alona lua No lul 
loutea Route 

• < 5,000 1.4 1.3 o. 1 95 All type■ of atudy interaections 
5,000 to 10,000 2.4 1.9 o.s 
101 000 to 15,000 4,3 2.7 1.6 
151 000 to 25,000 1.C 3.8 3.2 

Vitt. Without 

<U,000 0.3 1.1 0.8 90 Cro.,s- and Tee-type alpali&ed 
>U,°'-0 1.a 3.0 1.2 lnteraectiona 

flpre1 nl4t• to fatal lajury acclNat1 only. 

Source: David and Non111n, 1975 [26), Table 4, pg. 11. 



Table 13. Effectiveness of accident countenweasures 
at intersections. 

Potential Ac:c:ident Savin•• 

Accident■ 

ADT Reduced/ Confidence 
Measure AoDlication llanae Year ('U 

Sight distance All study- 0.2 
clear for: intersection <:S,000 0 99,: 

radiua, 20 ft types 0.1 
radius, 50 ft 

1.0 radiu1 1 100 ft 
51 000 to 101 000 O.J 99 

0.2 

0.9 
101 000 to 15,000 l.4 99 

1.2 

5.3 
>15,000 2.2 99 

3.9 

Street-name sign All atudy• <S,000 0.1 
(wi te lettera intersection 5,000 to 10,000 0.6 

99 on dark type■ 101 000 to 20,000 0.9 
background) :::,,20,000 S.l 

Left•turn-only Cro11-•two-phase 101 000 to 15,000 2.4 
storage lane signal or stop 151 000 to 20,000 2.4 99 

aign >20,000 6.1 

Ceraaic markers Cro11--signal 5,000 to 10,000 0.2 
95 and retro• or stop sign 101 000 to 20,000 2.1 

reflectors 

Bua 1top1 Cro11 and Tee-- < 5,000 o.o 
(relocate) aianal or stop 5,000 to 10,000 0,4 

95 aian, at near 10,000 to 151 000 0,9 
(approach) 151000 to 251 000 4.0 
corner location 

lua routea All atudy- < s,ooo 0,1 
(abandon or intarHction 5,000 to 10,000 0.5 

" relocata) type• 10,000 to 15,000 1.6 
15,000 to 251 000 3,2 

Phaae additiont •• Cro11 and 1:•••• < 1.5,000 0.8 90 clear left tum CWO•phaaa li&n&l1 > u,ooo 1.2 
actuated or fixed 
tiM 

Source: Davtd lftd Nor11an, 1975 [26], Table 34, pg. 190. 
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AM11al* 
Savings 

in Injury 
Severitv· 

$ 700 

--
400 

J,700 
1,100 

700 

3,300 
5,100 
4,400 

19,400 
8,100 

14,300 

--
2,200 
3,300 

18,700 

8,800 
8,800 

22,400 

700 
7,800 

--
1,500 
3,300 

14,700 

400 
1,100 
5,900 

11,700 

12,600 
Ul,900 



27. Federal Highway Administration, •Manual on Uniform Traffic Con­
trol Devices For Streets and Highways,• prepared 1n coop~rat1on 
with the National Advisory Conaittee on Uniform Traffic Control 
Devices, U.S. Government Printing Office, Washington, D.C., 
1978. 

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

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

28. Federal Highway Administration, •Design of Urbdn Streets,• Tech­
nolop Sharint Rejort 80-204, prepared by JHK Ii As•,.,3c1ates, 
Wash ngton, D .. , anuary, 1980. 

The purpose of the textbook is to present a comprehensive 
review of urban street design. A large number of arterial street 
design features are discussed including intersection design, 
traffic signal~, illumination, traffic signs and markings, and 
pedestrian facilities. Design criteria and some of the advan­
tages and disadvantages of specific design elements are identi­
fied. One major objective of the course is to review ~dsting 
facilities and to determine impacts on design standards and 
pr act ices. 

The textbook provides a clear concise r~view of current 
urban street design features, and suggests methods for evaluating 
the effectiveness of alternative desi9,s. l!se of the stan,iards 
may be expected to improve operations and enhance safety. 

29. Fielding, Roy H. and Thomas E. Young, •Analysis of Flow oo 111 
Urban Thoroughfare•, Highway Research Bulletin 107, Highway 
Research Board, Washington, D:C., 1955. 

The purpose of this study was to evaluate the effect~ of 
traffic signal modifications on accident frequency, traffic 
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volume, capacity, delay, and speeds on a 3.85-mile (6.19-km) 
section of four-lane urban arterial highway in Cincinnati. The 
study covered the period 1952 to 1954. As a result of traffic 
signal roodifications including the installation of a new signal, 
increasing the cycle length, synchronizing the controls, and 
other changes such as restriping, installing parking signs, etc., 
the total number of accidents on the section decreased 3 .5 per­
cent (from 749 in 1952 to 723 in 1953). Accidents at signalized 
intersections decreased 21 percent, however, accidents at loca­
tions other than at traffic signals increased 22.6 percent. Dur­
During the study period, traffic volumes increased from 10 to 
15 percent, however, average trip times decreased 7.5 percent and 
speed increases ranged from 0.4 to 2.1 miles per hour (0.64 to 
3 .38 kph) i.e., average speeds increased from 19.5 to 21.1 miles 
per hour (31.3 to 34.0 kph}. 

This is one of the few studies ~ere accident and operat 1 on­
al data were collected at the same time following physical 
changes on an urban roadway. Unfortunately, no correlations or 
statistical inferences can be made from data collected at one 
site but the analysis indicates that reducing delay at signalized 
intersections can reduce accidents at the intersection. However, 
perhaps due to an increase in overal 1 traffic speeds, accidents 
between intersections increased. Further testing is needed to 
examine this hypothesis. 

30. Fisher, John E. and Robert E. Caniou, •The Safety Benefit of 
Arterial Street Widening,• No. 10, Vol. 47, Tran~rtation 
Engineerin&; Institute of Transpartation Engineers,lngton, 
Virginia, tober 1977. 

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

• Street widening has a significant affect on acddent 
frequency. The number of accidents as well as the number 
of injury accidents stratified by crash type was re .. duced 
an average of 21 percent following widening. Intersection 
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Table 14. s ... ary of arterial widening projects. 

Total R•ported Accidents Stadsdcaly 
Scnlllk-•liotl Calepry After Percent 5ia11lllca .. 

Mort Adual Adjusted Chanp 1 

A. Accident Location 

I. Si1nalized 11S l.020 906 807 -21 Yes 
2. Unsi1nulized 1/S 269 238 21!5 -:?0 Yes 
3. Midblock 149 1,3 66!5 -22 Yes 

Total 2.138 1.897 1,687 -:?I Yes 

8. Accident Type 

I. Ri1ht-An1le $13 482 433 -16 Yes 
2. Left-Tum ..i.i.s 432 382 -?I Yes 
J. Rear-End !503 387 341 -32 Yea 
4. Filled-Object 67 46 42 -37 Yea 
,. Vehicle-Pedestrian 77 .so 4!5 -42 Yes 
6. Sideswipe 146 123 109 -?5 Yes 
7. Head-On 44 24 22 -j() Yes 
8. Ran-Off-Road 10::? 70 64 -37 Yes 
9. Parked- Vehicle 145 150 132 -09 No 

10. Other 96 133 117 +22 Yes 

Total 2,138 1,897 1.687 -21 Yes 

C. Injury Accidents 

I. Percent ( Injury & Fatal) 60 '9 
2. Rare lhtj.Acc.1MVMI 3.08 2.41 -22 Yes 

D. ADT Aver.ase l7.9!5u 2'>.I.SO +12 

Source: Fisher and Caou, 1977 [30], Table 1, pg. 25. 
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Table 15. Results of arterial street widening projects. 

Rrportfd A«idm&s• 
(lnjur') Atc:id,nt Rate) SU tistlcaJl7 

Pn,J,ct C.1ep17 After Percent Sicnlncaal 
•rore Adual Adjusted Cha111e ? 

Major Sueet 44 397 367 -24 Yes 
(ilr80 reeo (2.27) (1.7') (-23) (Yes) 

Divided Major Street JOO 2.511 217 -211 Yes 
(ilrlO rec!> (2.67) (1.99) (-:?5) (Yes) 

Secondary Sun:t 2j6 200 171 -]O Yn 
<66 reco (4.04) (2.60) (-36) (Yesl 

Secondary Slrffl-
Subs1andard Width 206 24.5 244 +II Yes 

(<66 reeo (3.111) (4.4.5) (+17) (No) 

Jut-Our 192 797 611 -24 Yes 
Elimination C).41) (2 . .591 (-24) (Yes) 

Tocal :?.Ill J,1197 1.617 -21 Ye1 
(3.08) (2.41) (-22) CYesl 

•Upper numbers rerer to 101al repontd ac:cid,nts. Paren1hesis,d lo\l.·er numbers 
rder 10 the lnjur)' Acc:iclent Rate liruury plus fatal accidents per miUion 
vehiclc-milea). 

Source: Fisher and Caou, 1977 (30], Table 2, pg. 26. 
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and midblock accidents were also reduced as a result of 
the widening. 

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

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

31. ~oley, J.L., Jr., •Major Route Improvements•, Special Report 93, 
Highway Research Board, Washington. D.C., 1967. 

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

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

32. Frick, Warren A., •The Effect of Major Physical I■proveaents on 
Capacity and Safety•, Traffic EB!1neer1nf, Institute of Traffic 
Engineers, Arlington, Virginia, ceiiiber ~68. 

This article documents the results of a comparative evalua­
tion of two urban arterial projects implemented in the City of 

97 



Table 16. Street improvement for Druid Park Lake Drive. 

Item Before After 

Width* 40 ft. Two 32-ft. (9.9 m) roadways 
plus 4-ft. (1.2 m) median 

Average daily 
traffic 28,900 28,200 

Injury accidents 11 9 
Total accidents 39 30 

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

Source: Foley, 1967 [31], Table 1, pg. 166. 

Table 17. Street improvement for Skokie Boulevard. 

Item Before After 

width* 56 ft. (17 .4 km) Two 36-ft. (9.9 m) 
roadways plus median 

Total accidents 151 98 
Injury accidents 62 38 
Intersection 

accidents 59 75 
Midblock 

accidents 92 23 

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

Source: Foley, 1967 [31] 1 Table 51 pg. 168. 
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Change (S) 

--

-2 
-18 
-23 

ChanQe (S) 

--
-35 
-39 

+27 

-75 



Springfield, Illinois. In one case, a 1.9-mile (3.06 km) section 
of a two-1 ane roadway was widened to provide for four through 
lanes separated by a raised curbed median. In the other case, a 
1.5-mile (2.41 km) section of two-lane highway was widened to 
provide for four through lanes separated by a continuous two-way, 
left-turn median lane. Accident data for the years 1966 and 1967 
were co 11 ected and ana 1 yzed for the two sections. The study 
results revealed that the accident rate on the section with the 
curbed median was 434 accidents per 100 million vehicle-miles 
(per 160 million vehicle-km) of travel --.ile the section with the 
two-way, left-turn median lane,had a rate of 1,143. The author 
concluded that curbed medians and intersection channelization 
should be used for urban arterial street improvements. 

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

33. Glauz, William D. and Donald J. Migletz, •Application of Traffic 
Conflict Analysis at Intersections•, National Coogerative Hahway 
Research Program Report 219, Transportation esearch ard, 
Washington, b.c., February. 1980. 

The objective of this study was to develop a standard proce­
dure for collecting traffic conflicts data at intersections. The 
scope of the study included a canprehensive state-of-the-art re­
view, field testing at rural and urban intersections, and the 
development of a user's manual. The traffic conflict technique 
was recommended as a tool for diagnosing safety problems at in­
tersections and for evaluating the effectiveness of countennea­
sures. A suggested 1 i st of countermeasures for reducing con­
flicts at intersections is given in Tables 18, 19 and 20. 

There is some evidence given in the report and in the liter­
ature review, that a relationship exists between traffic con­
flicts and accidents. While the effects of specific urban road­
way features on conflicts have been examined, it is not possible 
to relate specific roadway features to accidents using conflicts 
because the confl fct-accident relationship has not been fully 
developed. 
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Table 18. Suggested improvements to reduce conflicts 
for signalized, 4-leg, 4-lane intersections . 
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Table 19. Suggested t■provements to reduce conflicts 
uns1gnalized, 4-leg, 2-lane intersections. for 
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Table 20. Suggested improvements to reduce conflicts 
for uns1gnalized, 3-leg, 2-lane intersections . 

.... etr-cll• . ,.,. Gil 
lle••·!ml 

,_ 
'"" 

~ ~ 
CNN c.-

Inl.!JJ. h!!.!.ll 
• "J .. i i ! . - . ~2: ; • i 111: ........ "' 
!!Ji ! ! ..... - -

-- •1,-1 a I I I 
IU.aht•T•n a., • """ '"" ....... , • I ..... , 
,...era• lerr&eH I 
Ml'-9 •• • Pana .. a .. u,eu- I I 
,.,,_ c._, 111111 I I I ..... _ . . _.._ II I • I .._ .. ,., .. - I I I I 

111111 IUU•• 1• 
TraU11 C..rel 

Mw- IUMI .._ II .. II I ..,.,_, I I 
- leecra■u- I ., "- h• ••• au-, .. urv - ra,i.,-,..,. -••• 

Source: NCHRP 219. Table 12. pg. 18. 

101 



34. Glennon, John C. and Cathy J. Wilton, •Roadside Encroachlllent 
Parameters for Non-Freeway Facilities•, Transportation Research 
Record 601, Transportation Research Board, Washington, D.C., 
1976. 

The purpose of this study was to er. arge the dpplicability 
of the roadside hazard model developed in NCHRP Report 148 to 
enable the model to predict the effectiveness of roadside safety 
improvements on all classes of highway including 'Jr!:>an arterial 
streets. Roadside hazards considered in the study consisted of 
the following obstacles; utility pole~. trees, sign posts, light 
poles, traffic signal poles, railroad signal poles, curbs, guard­
rails, roadside slopes, ditches, culverts, drainage inlets, 
bridge abutments, piers, bridge rails, retaining walls, fences, 
and fireplugs. Speed 1 imits on the streets ranged from 48 to 
72 kph (30 to 45 mph). Accident data obtained from eight cities 
were used to develop the following equation for predicting the 
roadside accident rate for urban arterial streets. 

Y = 0.474 + 0.000254 (ADT} 

For these data, the correlation coefficient r, was 0.608 and 
the standard error of the estimate was 2.570. Application of the 
developed roadside encroachment parameters in the hazard 11Ddel 
revealed that little improvement can be expected by implementing 
roadside safety improvements on urban arterial streets. 

Al though the study findings suggest that roadside obstacles 
contribute to accident rates on urbari Mghwa:·:;, the sample size 
was smal 1 and the data were not developed to ·.dentify site speci­
fic situations, e.g., highway curves, sect·ons with low skid 
resistance, etc. Further research is needec! to develop hazard 
models for urban roadways that are sensitive to site specific 
parameters. 

35. Gupta, R.C. and R. Jain, •Effect of Certain GeoP.tric Design 
Characteristics of Highways on Accident Rate~ •or T1110-Lane1 

Two-Way Roads 1n Connecticut•, University of Connecticut, Storrs, 
Connecticut, August, 1973. 

This study was conducted to examine the relationships 
between geometric features and accident rates on rural and urban 
highways in Connecticut. Relationships were identified between 
accident rates and sufficiency rating variables wi1ch were con­
sidered proportional to roadway features. Multiple linear 
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regression analysis was used to analyze the data. The analyses 
revealed the following results. 

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

t The vertical clearacce rating is not significantly re­
lated to acciden: • «I es. 

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

t Two-lane urban roads with restricted sight distances were 
found to have higher accident rates than sections with no 
sight distance deficiencies. 

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

36. Hanna, John T., Thomas E. Flynn, and Webb L. Tyler, •characteris­
tics of Intersection Accidents in Rural Mun1c1pal it1es•, Trans­
Fartation Research Record 601, Transportation Research loircr, 
ashington, b.c., 1976. 

Accident and geometric data were collected and analyzed for 
300 intersections in 42 towns in Virginia w,ich had an average 
population of 15,000 persons. Accident data were collected at 
each site for a 24-month period during the study years 1969 
through 1973. The following pertinent results were obtained from 
the analysis. 

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

• Intersections with poor driver sight distance had a 
h1~her than normal accident rate, particularly with 
regard to angle collisions as noted ,n Table 22. 
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Table 21. S1a11ary of accidents by intersection geometrics. 

lnt•r .. cllon RnrEMI Anll• Sid•nrtpa Ollwr 

Type' Number Number Perc•nt Number Pncent Number Perc.nt Number Pere.nt Tatal 

Four--••>· 
51CnallHd 5Z 379 40 384 '° 105 II 79 • M7 
STOP or YIELD 

•ten control ..!!. ill. 22 lli 59 ..!! 10 .J! • ..!:!!!. 
Tatal 111 504 33 724 ti 160 II 129 I 1517 
T-type 

Sicllalizad 12 II 58 30 25 u II 7 I 118 
STOP or YIELD 

•icn control ..!! .1! 28 ~ 43 ~ 12 ..J! 11 ..!!!. 
Tatal IO 140 31 139 n u II 51 14 J'D 
01, .. , 

Slcnallzad 3 4Z 0 0 a 21 a 2t 7 
STOP or YIELD 

•'Sn control __! ...!! 34 .!! 30 __! u ..l! 23 ....!! 
Taul 12 It 35 14 2f I 15 13 24 14 
Y•tyJW 

Stcnallzed 10 42 7 H a 15 4 14 
STOP or YIELD 

•ten control .!! ...!! .. ...!! 23 ....! 4 -2 7 ~ 
T:xal IS 71 .. 31 15 10 • I • dT 

•~11 .... _., ........ ,"'-..: .... ..... _...,_ .. _ _,,..._ ...... ___ 
Source: TRR 601, Table 2. pg. 80. 

Table 22. S1a11ary of accidents at intersections with severe 
grades and poor sight distance. 

llllerMCUm, Illar End Anlle ........ Olllar 

C:,nlillm Nv-r Na-r hrC9nt •mbtr Percent Number hrcent NmnNr hrcant Tata! 

'"9NlnllN " IOI 39 104 31 14 • n 14 171 
Pooralllll 
di- u '13 211 117 .. ,. • 14 II .. 

.__. .............. -
Source: TRR 801, Table 51 pg. 81. 
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• The frequency of night accidents did not appear to be a 
function of traffic contr-01 or intersection geometrics. 

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

The study data revealed that the type of intersection 
control and poor sight distante affect accident rates at inter­
sect ions located on urban highways in small cHies. The re­
searchers, however, did not attempt to quantif.1 these relation­
ships so that the results could be used to estimate the effec­
tiveness of specific countermeasures. 

37. Head. J.A .• •Predicting Traffic Accidents fr0111 Roadway Elements 
on Urban Extensions of State Highways•. Highway Research B~lletin 
208 1 Highway Research Board, Washington, D.C.,~59. 

The purpose of the study was to develop equations that c.culd 
be used to predict accidents on urban highways usin9, as indepen­
dent variables, site specific data such as average aaily traffic, 
number of driveways, intersections, signalized intersections, 
posted speed limit, pavement width and number of lanes. Accident 
and roadway features data were collected on two- and four-lane 
urban highways in Oregon. Accident data for the years 1954 and 
1955 were used in the analysis. Data were collact@d for lf26 sec­
tions; a total of 186.4 miles (299.9 km} of highway. Section 
lengths ranged from 0.1 mile to 2.1 miles (0.16 km to 3.38 km} 
with an average •1ength of 0.4 mile (0.64 km}. The following 
variables were collected during the field investigations. 

• Commercial units (CU} 
• Commercial driveways (CDW} 
t Residential units (RU) 
• Residential driveways (ROW} 
• Intersections (INT} 
• Traffic signals (SIG) 
• Channelized intersections (CI) 
• Indicated speed (SP) 
• Pavement width (PA} 
t Shoulder width (SH} 
• Number of lanes 
t 'Medi an width 
• Effective lane width (ELA) 

The study sections, aggregated by average daily traffic range. 
area type, and number of lanes are s1111narized in Table 23. 
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Table 23. Dfstr1but1on of study sections by nlllber of lanes. 
average daily traffic ranges and culture type. 

Total Annp 
Number Le,,.U, ol Le.,.U, of 

al Sectlona Sectiou 
ADT Aance Area of C•llure Sectlou 1ml) lauJ 

2 LallH 

Under 5,000 Urban 130 45. 2 o. s 
Suburban S5 17. I 0 5 
Corporate H 21. e 0. l 
BllaiMH 30 
Realdentlal 48 
Mixed 54 

5,000 • 9,999 Urban 140 54.8 0. 4 
Suburban ~.I 188 0.8 
Corporate 107 38.0 o.s 
BualneH 52 
RealdenUal 33 
Mixed 55 

10~000 a.nd over Urban 241 11 .• 0. 7 
Suburban : I.I o. 5 
Corporata 24 17. 5 0. 7 
BualMH II 
Realdential 5 
Mixed 10 

All Corporate Portland 22 15. 8 o. 7 
Corporata Non-Portland 204 4141.0 o. s 

4 Lane• 

Under 9,000 Urban 54 II. 4 o. ! 
Suburban ' 3. 7 o. 4 
Corporate 45 12.7 0; S 
Buatne•• 35 
Realdential 8 
MIMd II 

9,000 • 17,999 Urllan 50 31.2 o. I 
5ubul1lall 17 12. 2 0. 7 
Corporate 33 11.0 0.1 
Bualneu 2t 
Residential 3 
Mixed 11 

11,000 and Oftr Urban H 20.0 0 .• 
Suburban 5 2.1 0.1 
Corporate 21 IT. I 0.1 
Bualneu 20 
Residential s 
1111-S 3 

All Corporate Portland H II.I 0.1 
Corporate Moa-Portlaad IT a., 0.1 

Source: HRB 208, Table 1. pg. 48. 
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Correlation coefficients, computed for the accident rates 
for each of the independent variables are given in Table 24. 

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

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

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

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

• Two-Lane, 52000 - 9,999 ADT 

A• -7.54 + 0.09 AOT + 0.12 CU+ 0.36 INT+ 0.94 SIG+ 0.06 SP 
- 0.01 PA 

• Two-Lane, 101000 or over ADT 

A= -18.21 + 0.09 ADT + 0.25 CU+ 0.07 CDW+ 0.41 INT 
+ 3.87 SIG - 0.16 SF 

• Four-Lane, Under 9,000 ADT 

A• 4.60 + 0.07 CU+ 6.78 SIG 

• Four-Lane, 9,000 - 17,999 ADT 

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

• Four-Lane, 181000 or over ADT 

A• 1.79 + 0,18 ADT + 0.04 CU+ 0.23 INT+ 0.80 SIG - 0.70 SP 
- 0.09 PA 

The following symbols were used in the equations. 

A • Accidents per million vehicle miles (per million vehicle 
km).· 
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Table 24. Zero order correlations between accident 
rates and roadway elements. 

--- • • ,_c_ ...,_,. ADT CV CDW au - arr - .. .... -11-, _,_ .. 
Alff 
u- 0.OI O. IC I.II -1.0I -1.14 I.M .... . .... 1.11 ... - 0.OI ... It ..... •O. II ..... ..... . .HI I. II ... 
c-- G.OI L» o.• ..... •0.11 0.01 O.M Y! .... .... , ... ·G.OI ... , ... -0.ft .o.a ..... -1.0I ..... I.ti I.ft ·- 0.OI .... .... u ..... .... 0.OI -I.II ua ... -- 0.llf .1.11 -0.0I ..... ·•- •· 0.1, •-• e.11 I.II ... 

11-. , .... 
...... AD'!' - ~ ~ ... -0.11 ..... 0.41 t..4! -1.:.11! ... .. . -· c.....- 0.:11 0. Tt O.:N I.ti .... ~ ~ I.II 
a I.Ml, lO,OOI 
--.ADT 
u.- Ml tl' 0.44 -0.4" -0.11 UI U! ·!:.!! 1.11 .... -· c-- ILJf U1 !,jf hl! Y! ·!:.!! 1.11 .... 

IL.Me,·•-
--ADT - O.lt 0.11 Hi I.OI •-• ti -1.0I I. II tff - Hi HI .. ., O.OI Ht -1:1 HI - -o.• HI 0.11 ..... - ~ 0.11 0.11 !:.!! 0.11 .... ~ ... 
aa.-. AIIADT■ -- ~ ••• !a.!! I.II I.IT -!,_~ ••• • .. 1, 
c..,...._ - U.JO U] 0.11 -0.0I ..... 0.11 I.ff .... U! ... 
ti-,-., ... 
ADT - 0.11 ut 1.• .0.11 O.OI 0.11 '!a2! 0 1.11 ... .. ... -· c--- .... H o.a •I. IT .... 0.11 . ... . .... .... -1,"1 - o.os 0.11 0.11 o. ■ I.II m .... ... .... -·-- 0.O'I -I.II 0.01 .... ... . .. ,,. 0.51 ... ... .... 
ti-., .... 
.,,.Alrr 

Drlllo o.rr u o.aro O.OI ..... ·It.a u ·I.JI u , ... -· - .... !.!! 1.11 1.1, Lll ~ ... I.II 
• i-11.•• ---Orlllo !:!! !.!! ... 1.11 0.11 !;!! !al! -!al! U! ... -· c-- ~ 1.11 I. ■ t.JI I.Tl -!......: !JI ... . .._, ..... 
-ADT - If H .... 1.11 -I.ID Ht NI :HI ti .... -·- ,. It .. ., I.It ... 
4 .,_., AU A.Dr■ - . ._ .. ... O.OI yr I.II ti t!I :l;I LIi ... , 
c-- ~ WI ... . u I.M 
c---- I. It ...u 0.11 ... 1, ..... I.It !-.11 ... ., .... .... 

..... : ......, ....... ~-- , .................. .,. ....... u.... ·----------. _______ ... __ ., ____ ------·~-----------.....-. 
Source: ~B 208, Table 2, pg. 49. 
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Table 25. Zero order correlations between accident rates and 
roadway elements nomal1zed to account for segment length variations. 

An.._.- ........ a.....c.,...._. -- AIIT cu CDW IIU .UIW 1ft aa .. "" ILA 

Ii-■.-••-
Alff - U.01 .o.ao -0.11 ,0,N -o. It •0.'1 •••• 0.tl .... 
c..,..... -0. It 0.11 0.11 'T"" . 0.M 0.04 -F.111 o.n F.11 
Ii..■• l,OIO • 
,.-All'!' 
c..,..... !!:..!.! !:..!! U! ~ 0.11 ·!:J! ~ ,.11 
11.M■ ....... 
..... All'!' 
c..._.... !..!! !:..!! !:.!! !:.!! !:.!! ·!:.!! !a.!! .... 

I L._., s.000 • 
-•All'!' - ~-• ••• !:..!! O.OI .... !..!! !:J! -0.11'1 I.II !:..!! 
11.M■, AU A11'1"1 e..__,.._ !:..!! !:;!! !;.!! !,!! !:..!! ..... !.!! .... 
r.or,oraw Noa-- ... ~ a.a O.:N ••• ••. :N ... .. .. 
•s.-.-•.-
AD'I' 
c--- 0,111 .... ••• -0.11 .... 0.11 !:.1! ·.!:.!! ·O. II ·!:..!! 41-, ...... 

IT,tNAll'I' 
c..,..... !:J! !:.!! ••• !& !:.!! ·LI! I.II .. .. 

...... &1.ooe• 

.. .,AIIT 
c--- !:.!! !:..!! !:.!! !a.!! .. ,. 

-~ !:.!! ... 
4Llall,AU~• - ·•·· O.IT 0.11'1 0;11 o.u o ... .... ...... '·" ••• c_ .. _ 

!!:..!! !:!! !:.!! ,- CR !!! .f:11 !l! ... 
c----- ·!:J! !:.!!. 0.11 .... !:J! ..... ... , . ·!.!! 

-.: ...... ,....._.~._r.,...._.....,._.,..__....., 
11Mllflcl_...,.._ffaflllll: lt. .... COl'I' ....... , 
• ~aa& __.. .. ..., fw ~ af rel&ula rlllff'alla ........_ 

____ AIIT_, 

Source: HRB 208. Table 3. pg. so. 
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Table 26. Multiple correlations between roadway elements 
and accident rates. 

' 1-, v ... , .... Al>T 
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!:~· 1£!:!.1, ccDWJ, mm, '!!!'• 

ADI,£![,~-~•!!,_,~ 

rA011, rcu,. 'CD'N>. men. lllGI, 
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ADT. CIJ, INT, SIG, SP, PA 
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•-• .... 
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I.II 
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••• .... 
S.:IS 

, ... 
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.... 
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4. , • 

S.lt 

'·" .... 
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Source: HRB 208, Table 4, pg. 51. 
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ADT = The average daily traffic divided by 100. 
CU= The number of convnercial units per mile (per km). 

CDW= The number of conwnercial driveways per mile (per km). 
INT= The number of intersections per mile (per km). 
SIG= The number of traffic signals per mile (per km). 
SP= The indicated speed in mph (kph). 
PA= The pavement width in feet (m). 

The n1.111ber of commercial units and the number of traffic 
signals were found to be significantly related to accident rate. 
Also, the following factors were related to accident rates: num­
ber of intersections, the indicated speed, average daily traffic, 
and pavement width. 

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

Accident rates were found to increase ~en: 

• The number of commercial units increase. 
• The number of traffic signals increase. 
• The number of intersections increase. 
• Indicated speed decreases. 
• Average daily traffic increases. 
• Pavement width increases. 

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

38. Heimbach. Clinton, L., and Harold o. Vick, •Relating Change of 
Highway Speed Per Unit of Time to Motor Vehicle Accident Rates•, 
Hi@hwaf Research Record 225, Highway Research Board, Washington, 
D . . Io8. 

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

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

39. Hoffman, Max R., •Two-Way, Left-Turn Lanes Work!•, Traffic Engi­
neerin~, Vol. 44, No. 11, Institute of Traffic Engineers, 
Ar11ng on, Virginia, August 1974. 

This study was conducted to determine the effectiveness of 
two-way, left-turn median lanes. A one-year before and one-year 
after analysis of accident data collected at four projects in 
Michigan was conducted. At each of the study sites, the existing 
four-lane undivided roadways were widened to permit a center lane 
for left-turns. The total length of the four projects was 
6.58 miles (10.59 km). Traffic vo1L111es on the sections ranged 
from 15,000 to 30,000 vehicles per day. Analysis of the accident 
data lead to the following results. 

• Total accidents decreased by 33 percent. 

• Injury accidents decreased by 41 percent. 

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

Although the ~uthor examined the overall effect of two-way, 
left-turn median lanes on accidents, injuries, and collision 
type, the st'iJdy period was limited to a one-year before and after 
study and other factors such as driveways, traffic s;gnals, etc. 
were not considered in the analysis. The data, however, suggest 
that two-way median lanes may have a beneficial effect on 
reducing accidents on urban arterial roadways. 
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Table 27. Comparison of acceleration noise vs. mean 
absolute change of speed by highway facility . 

............. Ac, ... ,_ ......... lpN,IC ...... -· --- -lrllcllllf lllllJ ... ..., .. . .... 
Tr- n/_. - ... o... ...... cu.s-

i I -·-__. .. u.- 11.N II.II 11,11 II.ti l,M 

·-•"- 1,,. '-" IO,IT 14.14 14.N I.II 

IICM ··- .... U,N .... 14.N 0.11 .. ,. 11,GN 1.41 t.11 4.11 10.11 ••• 
•1• l,IOO I.IO .... .... 10.10 ••• 
lllltUaa 10,- o.n I.II I.N .... o.n 

Source: HRR 225. Table 12. pg. 56. 



40. Holbrook, L.F., •Prediction of Wet Surface Intersection Accidents 
From Weather and Skid Test Data•, Transportation Research Record 
623, Transportation Research Board, Washington, O.c., 1916. 

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

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

• Below a skid value of 3(1, wet pavement accident involve­
ments increase as the p~vement friction decreases. 

• The anount of· time tne pavement is wet during the roonth 
has a significant eff~ct on •~et pavement accident occur­
rence. 

• Skid numbers alone will not lead to development of a pl an 
which would optimally reduce wet surface accidents. 

The stuct v data indicate that wet pavement accidents are 
greatly infl u~ '.::ed by the amount of time the pavement is wet and 
the skid number. Although the data were collected for rural and 
urban intersections, no distinction was made in the analysis 
between the effects of rural '-lersus urban conditions. Conse­
quently, it has not been determined ~ether the results apply to 
urban locations. 

41. Ht111phreys, Jack B., Donald J. Wheeler, Paul C. Box, and T. Darcy 
Sullivan, •Safety Considerations tn the Use of On-Street Park­
ing•, Trans,ortation Research Record 722, Transportation Research 
Board, Wash ngton, D.C., 1979. 

The purpose of this study was to examine the relationships 
between accidents reported on urban streets and parking confi­
gurations, land use, street width, and street classification. 
Roadway and accident data were collected for 170 miles (273.S km) 
of urban roadways located in 10 U.S. Cities. The accident data 
covered ~ period of two years. The analysis of varf ance statis­
tical technique was used to examine differences 1n mean accident 
rates based on the independent variables selected for testing. 
The findings of the study are listed below. 
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• Parking use (turnover) has the greatest effect on acci­
dent rate. i.e., as the parking use increases, the acd­
dent rate increases up to approximately 1.0 million space 
hours per kilometer per year as shown in Figure 3. 

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

• The prohibition of on-street parking where the space use 
is approximately 300,000 hours per knometer per hour 
could reduce midblock accident rates by 19 percent. ~ere 
space usage is 600.000 hours per kilometer pc.r 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. 

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

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

• Parking related accidents at midblock locations accounted 
for 49 percent of al 1 accidents on major urban streets, 
68 percent on collector streets, and 72 percent on local 
streets. 

This study presents the results of the most comprehensive 
investigation of accidents and parking characteristics llldertaken 
to-date. Parking turnover and land use have a significant effect 
on urban roadway accidents W1i1e parking configuration did not 
affect accident experience. Based on turnover rates. i.e., space 
hours of use, accident reduction factors that can be used to 
estimate the impact of removing parking on arterial streets have 
i:>een developed and should receive widespread use by traffic and 
safety officials. 

42. ITE Technical Council Ccanittee 5-S, •sutde11nes For Urban Major 
Street Design: Tentative Reccaiended Practice - A S1.111111ry• 1 ITE 
Journal, Vol. 48, No. 9, Institute of Transportation Engineers," 
Ariington, Y1rg1n1a, September, 1979. 

The guidelines were prepared to supplement design standards 
given 1n the 1973 AASHO Policy on Design of Urban Highways and 

115 



no 

10. 2 

E • 0 

" .. 
:;: . , . 2 I. 

i 1.0 . ., 
t 
C .. 4. I 
• 
i 3. 0 

C 

l.t • 
1.0 

••• 1.3 I.I I.I l.2 I.I 
llllliona of ...... Noun ,er ICl.,_er per Y-

Source: TRR 722, Figure 3, pg. 32. 

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

The guidelines appear to present a practical state-of-the­
art synthesis of design criteria for major arterial streets, 
however, many of the di mens ions suggested are based on little or 
partial research findings. Further research identifying rela­
tionships between accidents and specific geometric design fea­
tures is needed to supplement or modify the guidelines for future 
use. 

43. Jones, Ian S. and A. Stephen 811111, •Analysis of the Problem of 
Urban Utility-Pole Accidents,• Trans~rtation Research Record 
681, Transportation Research Board, Was ington, D.c., 1918. 

A study of urban utility pole accidents was undertaken using 
1975 accident data on roadways in 20 urban areas. In a s~ple of 
6 1 124 accidents, utility poles were found to be the IOOSt frequent 
(21.1 percent) type of fixed object struck in single-vehicle. 
run-off-the-road accidents. Approximately 2.2 percent of all ac­
cidents in urban areas involved impacts with utility poles and 
utility pole accidents had the highest percentage (50.5 percent) 
of injury accidents of all fixed object crashes. The data suggest 
that as vehicle speeds increase, the percentage of utility pole 
accidents increases. Al so the number of utility pole accidents 
were also found to be a function of the relative density of util­
ity poles in an area. As pole spacing increased. the frequency 
of utility pole accidents was found to decrease. Utility pole ac­
cidents were also found to be a function of the distance the pole 
is located from the roadway. The proportion of utility pole acci­
dents is high at low offsets, i.e., less than 5.5 feet (1.68 m) 
from the roadway. however, beyond 5.5 feet (l.68 m) the frequency 
of accidents appears to remain constant (approximately 0.2 utili­
ty pole accidents per single-vehicle accident). The distribution 
of run-off-the-road accidents by type of fixed object for total 
accidents and injury accidents is given in Tables 28 and 29. The 
relationships involving utility pole accidents and pole spacing 
and offset are given in Figures 4 and 5. 
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Table 28. Distribution of run-off-the-road accidents 
by type of fixed-object. 

Nun,bar ,.,_ ... 
Fine Obj11et Slnldt of Accidlna of Toul 

Utility pale 1291 21.1 
,_,_ .,.,..ii 125 13.5 
s;.,, meilbo•. perkint meter, .,Y wire 721 11.1 
CulVltt, ditcfl, emblnkffllftt 714 11.7 
TIN 112 1 ,.1 
Ll9"t. tignal pole .. 7.1 
Fite llydtent 223 3.1 
lu1ldin1 215 3.5 
Ground (gene,1lly roll-I 117 3.1 
Wall 175 2.1 
Sll"'bblry 120 2.0 
ltidcJa 1111 1.1 
None 711 1.3 
Otllet 303 4.1 

Toe.I 1124 100.0 

Source: TRR 681. pg. 89. 

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

ll'ercen1191 

1n1urv Accidentt 
of Total 

Toul Injury 

~ ~ ~ ~ Accoden11 

Utilily DOit 111111 5111 50.5 31.4 
F-•• ,uardr1il 740 171 23.1 I.I 
Sogn. pa,kin9 NI 133 11.1 7.1 
met..-, meil-
boK, guy Wi111 

Cuh,.,t. ditch, -· 174 300 44.5 110 
IMnkffllllt r,.,. 5111 257 43.0 13.7 

L,l)ht, lipl pole 315 17 21.1 4.1 
Fire hydrant 171 32 17.1 1.7 
lulldint 113 33 21.2 1.1 
Ground c..,..,111y 171 12 12.1 4.1 
roll-I 

W,111 .. , 53 31.1 2.1 
Shrublwry 100 7 J.O 0.4 .,,. 111 47 41).t u 

Source: TRR 681. pg. 89. 
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Figure 4. Proportion of single-vehicle accidents involving 
utility poles vs. pole spacing. 
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Ftgure 5. Proportton of single-vehicle accidents involving 
utility poles vs. ftnal rest posttton of pole. 

119 



The study data provide evidence that utility pole density 
and offset from the roadway significantly contribute to the pro­
portion of utility pole accidents per single-vehicle, run-off­
the-road accident. The data also suggest that utility pole 
accidents are also related to a high percentage of injury acci­
dents. The relationship between utility pole accidents and total 
accidents cannot be developed from the available data. The 
authors suggest that utility pole accidents may be a small per­
centage {2.2 percent) of the total urban roadway accident exper­
ience. The effectiveness of ace i dent countermt!asures such as 
increasing the pole spacing or increasing the po 1 e off set for 
existing utility poles is illustrated in Figures 4 and 5. 
Because utility pole accidents are a small part of the total 
accident frequency, it is probable that some utility pole 
countermeasures would not be cost-effective. Further data to 
verify the study results plus an examination of the cost­
effectiveness of utility pole accident countermeasures would 
greatly enhance the existing knowledge of urban roadway accident 
experience. 

44. King, G.F. and R.B. Goldblatt, •Relationship of Accident Patterns 
to Type of Intersection Control•, Trans~ortation Research Record 
540, Transportation Research Board, Wash ngton, b.c, 1 1975. 

An evaluation of the distribution of accidents by type and 
severity was made for various intersection control techniques. 
Data were collected at 300 intersections located in trban and 
rural areas throughout the United States. Values of the measures 
of accident effectiveness for the urban intersection data are 
given in Table 30. The results of the study are summarized 
below. 

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

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

• Right-angle ratio (the ratio of right-angle collisions to 
total accidents) appears to be a good indicator of 
detecting im:,rovements in accidents as a result of sig­
nal izatio;i. 

• Statistically significant correlations were found between 
accidents and sight distance and grade for most of the 
conditions studied. 
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Table 30. Sw.ary of accident statistics for 
signal and stop sign control . 

...., .. _. 
el Differ· 

llcul Caolrol' •op•l:Ap c-.ro1• -· 
.... rt ol Effectl'HNN i I ii• i I i11 i •• 
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a.u-..-nuo O.UI 0.111 I.I D.UI I.IH I.I - 0.01 
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An assessment of the study data indicates that traffic 
signals installed at urban inters~ct ions may have higher 
accident rates than nonsignalized intersections. Also signaliza­
tion may reduce right-angle collis'ois but rear-end crashes will 
most li'<ely increase. The data do not permit examination of the 
specific geometric, volume, environmeni·al, and human factor ele­
ments that al so tend to influence accident frequency. 

45. Leong, H.J.W., •Effect of Ker~ea ~edian Strips on Accident Rates 
on Urban Roads•, Proceedin1s of ti.~ Fifth Conference. Vol1ne s. 
Part 3, Australian Roadesearch Board, Victor1 a, Austral 11, 
1970. 

This study consisted of analyzing 3,400 accident reports 
collected on 21 urban highway sections in Sydney and the City of 
Newcastle. Data were collected for the pedods before, i11111edi­
ately after. and four to ten years after the installation of a 
curbed concrete median strip. The results of the analysis are 
summarized below. 

• Wide Medians - 10 to 16 Feet (3.0 to 4.9 m) 

It was found that wide medians had no effect on accident 
rates at midblocks or at major or minor intersections. How­
ever, this conclusion is only based on data collected at two 
sites. 

• Narrow Medians - 3 Feet (0.9 m) 

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

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

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

d. In genera 1 , there was no difference between the inmed i­
ate short-term and permanent long-term effects of narrow 
medians on accident rates on urban arterial roads. 
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During the study period, the only geometric change at the 
sites was the installation of the 1111~dian strips. The presence of 
a 3-foot (0. 9-m) concrete median effected a change in accident 
type (nead-on collisions decreased ~ile fixed-object and side­
swipe accidents increased) at midblock locations and head-on 
collisions decreased ~ile rear-end, failure to yield right-of­
way, and sideswipe accidents increased at minor intersections. 
The data indicate that a narrow median may affect the type of 
collision on an arterial roadway but the median does not influ­
ence a difference between the ~hort-term and long-term accident 
rates. 

46. May, Adolf D., Jr., •A Friction Concept of Traffic Flow•, Vol. 38 
Proceedings, 38th Annual Meeting, Highway Research Board, 
Washington, D.C., 1959. 

The purpose of this investigation was to determine the rela­
tionships between roadway features, operating characteristics, 
and accident experience. Data were collected on 41 sections of 
straight, level, high volume, multilane urban roadways located in 
Detroit and Lansing, Michigan. The length of the test sections 
ranged from 0.75 to 1.25 miles (1.20 and 2.00 km). Accident data 
for the test sections were collected for the years 1956 and 1957. 
The operating characteristics were obtained by driving a spe­
cially equipped research vehicle over the test sections. These 
characteristics included average and running speeds, travel time, 
spot speeds, fuel economy. number of brake applications, and 
brake time. The roadway features were expressed 1n terms of 
internal. medial, marginal, and intersectional friction. Internal 
friction was expressed in terms of traffic volumes, volume/capa­
city ratios, and density. Medial friction was classified as 
sections with and without medians. Marginal friction was classi­
fied as none, moderate, and heavy depending upon the type of 
roadside development and the c111ount of on-street parking. Inter­
sectional friction was subdivided into four groups depending upon 
the number of intersections and traffic signals within the sec­
t ion. 

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

123 



F W&Yl 
'" 

' 

I 

I 

A 

••• 

I 
1 J-----J,...-~-----+-----MI 

t J .... ------.,--------.-"'<t-r----+---·-----+-----1----1" 
I ~ I 

✓ LEVEL z , t 
; ✓~ ,, • 

f ...... --~--1--.,,,,,.;___, ................ ---=;_--+-------.1------+---1'• e 

= .. 
• 

T 1111:l'IICSCNTS UIIMN .. 
i 

rw--~---+.------h-------'i.-----....i,,2,-----~-~•~ 
.,. .... MTHIAL.S I 

,. 

- TOTAL TaAwt:L n• ·- IIC• •u I 11N ¥All- - --· 

Source: HRB Proceedings, Figure 12, pg. 508. 

Figure 6. Accident rates related to average total 
travel t1•e for various urban arterials. 
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where: 

2.25 
A = 1.52 (T t) 

A = accident rate, expressed as the number of accidents per 
million vehicle miles (per 1.6 million vehicle km). 

T = average travel time, ~pressed in minutes per mile (per 
km). 

The 1 imits of the data for travel time ranged from 1.2 to 
3.0 minutes per mile (1.93 to 4.83 Jinutes per km). A st11111ary of 
the interrelationships of the varhbles studied, as shown in 
Table 31, indicates that each of the variables are related to 
roadway characteristics. 

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

47. May, A.D., Jr., •Economics of Operation on Lfm1ted-Access High­
ways•, Highwal Research Bulletin 107, Highway Research Board, 
Washington, D . . , l955. 

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

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

• Average speeds -..,ere lower on urban study sites w;th no 
control of access (26.4 mph or 42.5 kph) when compared to 
average vehicle speeds on controlled access roads 
(47.2 mph or 76.0 kph). 
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Table 31. Sta11ary of 1nterrelat1onsh1ps of urban 
~ arterial and 9Perlting character1sttcs. 

Charaetffiollc 
u .. .,..11aoc1 I 111c,oaltaed 

r'"'"',.. ,-Arterlale lntnm.. Ara I l>v•~!uwn ArP.a 

Traftl 11-. •"S· (ml■/•I) u 1.6 t,I 1.0 1.0 fl.0 

tt:•,:•~<::',"~,s. (•In/Ml) 
50 ,o 10 1G 15 10 
I.I 1.6 1.9 , .• I.I ••• 51,1111 orttJ. ~ ... (-.oh) 611 10 I! ta IP 18 

time, •••· (min/ml) o.o 0.0 0.1 0.1 0,9 2.1 
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11•.W ., .. ' 80 I 0 0 n 
..... •l'h u 0 0 0 D 0 

11'.,.I ...,._,, IYC, (n1I/Mal) 18 20 18 It It 10 
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• Gasoline consumption was higher on urban sections with no 
access control (17.2 miles per gallon or 7.3 km per 1) 
due to greater roadside friction and congestion _..en 
compared to consumption rates on urban roads with full 
access control (18.8 miles per gallon or 8.0 km per 1). 

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

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

The results of the study suggest that differences in acci­
dent rates can be associated with degree of access control in 
urban areas. More importantly, because accident and operational 
data were collected and analyzed for the same roadway sections, 
the data suggest a link between accidents and average speed, 
gasoline consumption, and brake application duration (a human 
factors measure). 

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

This report presents an excel lent sL11111ary of studies con­
ducted to examine the safety effects of converting two-way 
streets into one-way streets. Generally, the research studies 
indicate that accidents can be reduced from 10 to 50 percent if 
one-way streets are converted with adequate publicity, signing, 
and enforcement. Initial operation al and safety prob 1 ems with 
the conversion are usually resolved within the first six months 
following implementation. It was also found that accident sever­
ity is generally reduced along with rear-end, sideswipe, turning, 
parking, and pedestrian accidents. Research findings showing the 
effects of one-way street conversion on accidents in New York 
City, Washington, D.C., Oregon, and Michigan are given in Tables 
33 through 36. 

One-way street systems have generally been shown to improve 
traffic operations and reduce accidents on urban streets, conse-
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Table 32. Collpar1son of accident rates as related 
to access control. 

Imol~C- Uni■ .... 
""11-C-rol 

t..lMC.__ . ., 41 c __ ..., 

•• n1 ..... .,_ ... ..., 111 110 

.. 111&1 Ac- C-IOI 
t..mc .. - . .. 
c-_...., •• .. 
....... Pallc ... ..., 'Ill nr 

lit Acna COlllrol 
t.tllftC..- 4fl DI 
c-..., ,. 111 _.,_ ... ..., - -

Source: HRB 107. Table 13. pg. 60. 
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Table 33. The effects of one-way street conversion 
on accidents 1n New York City. 

Street aH ltllltll 
1 .. M,1fAcc*lts 11111 .... , .... ., Plrilil .... ltar&il T■l'lill Dtlltr Plllestriaa lccillt■ls 

Madison Avenue Before 23 49 53 67 5C 246 
23rd St. lo After 23 34 24 45 32 158 135th St. 
5.7 milts Percent Chanee 0., -31% -49% -33% -41% -36% ,o 

Fifth Avenue Before 40 65 68 84 63 326 
W1shin1ton SQ. After 38 53 52 13 45 261 • to 38th Street 
6.5 miles Percent Chanre - 5% -18'- -23% -13% -29% -18% 

Before 63 114 121 151 117 572 
lolll Streets After 61 87 76 118 17 419 

Percent Chln1e -3% -24% -37% -22% -34% -27% 

'Accidents per million vehicle milts 

Illa! AccNIII .. , .. ..... 
167 16.7. 
101 9.3 

-40% -44% 

190 20.4 
156 13.7 

-18% i-32% 

357 18.6 
257 11.6 
-M --38% 

SOURCE DATA FROM: '"0.•Wayllajor Anerlal .._,. • J ... A.·-._ Hilb•IJ a.-cll .... ~ 
...... J.1117 (I>. 

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

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

, ... ,.. .. ........ 
lllllhrllf 

ffanl .. ,., 11111 ..,., , .. 
Two-Way 2 64 212 10 70 

One-Way 2 50 175 12 70 

Percent different from tWCHray -22% - 17% +20% 0 

IOURC&: "'Tilr ~...,..cy ... "'"""., Tt ... ~ Ill w~ D.C.• - c. ,.._.. Va v ...... 
Die. ....._. of H._wa,- .. Tr.ac. 1117, .,._.. a, Cl) , 

Source: Mayer, 1971 [48], Tables. pg. 4. 
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Table 35. The effects of one-way street conversion °" accidents 1n s1x Oregon c1t1es. 

TilllPmM ..... , .. lcdNIII ..... 
(Yun) Accldtllts 11111' IIMtiell11ate 

lllt1rsecti1ul 
Before One-Way 3 969 18.36 
After One-Way 3 1024 13.52 26.4 

No■;lntersectlu 
Before One-Way 3 1069 20.27 
After One-Way 3 833 11.64 42.5 

' Accidents ptr million vehicle miles 
SOURCE: "A Sc~or Ollt-WIJ su-, lloutiltp oe Urllall Hi ....... ,. ill Or..-,"' Or..- ....... , 0.,.,-. 

'"'· p. (10). 

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

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

lallill ....... 
hcaliHlf Tn-W.?a Street II T••WarStrttl Twt-Wa, Street 11 Two-War llrtlt 
Accl., ... ... a,Strtet N1Cu1111 Dtlt-wa, Street NICUIII 

Sienalized lnte: -.. c: wis 
Before ___ .. 69 55 147 56 
After 46 61 125 51 
% Chanae - 33.3 + 10.9 - 15.0 + 3.6 

Non-Sianalized Intersections 
Before 36 22 19 2 
After 38 30 21 0 
% Chan,e + 5.6 +36.4 + 10.5 NS' 

Mid-Block 
Befort 65 44 llO 24 
After 32 43 111 22 
% Chlnp - SO.I - 2.3 - 3IJ -U 

TDIIIAccldlnts' 
Before 173 121 157 12 
After 133 134 217 ., 
% Chant• - 23.1 + 10.7 - 25.2 -2.4 

'lllcltlCln~lllllrllllllU..llllulltlll.,llcltioll. 
I "" lipilcall, 

IOUaca DATA l'IIOM: ... .., ., .. °"' ...... ~., o.-w., ... T_w., .......... _,,.....--. 
Mlcllljaa Dl"'1■ 111 ef..., N..,._.,._ INt (7), 

Source: Mayer, 1971 [48], Table 7, pg. 6. 
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quently, this type of change may be regarded as an effective 
countermeasure. However, additional research is needed to deter­
mine the relationships between specific one-way street geometrics 
and traffic conditions on accidents. This research would be 
useful in identifying factors which enhance safety on these sys­
tems. 

49. McGee. H.W., W.A. Stimpson, J. Cohen, &.F. King, and R.F. Morris, 
•Right-Turn-On-Red: Vol1111e I: Final Technical Report•, prepared 
for the Federal Highway Administration, Washington, O.C., Nay, 
1976. 

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

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

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

• Delay is significantly reduced by permitting right-turn­
on-red maneuvers. 

Analysis of the acc~dent data indicate agreement with other 
researchers who concluded that right-turn-on-red does not in­
crease the accident frequency at signalized intersections. 

SO. Mc&uirk, William W. and Gilbert T. Satterly, Jr., •Evaluation of 
Factors Influencing Driveway Accidents•, Transi;rtat1on Research 
Record 601, Transportation Research Board, ash1ngton, b.c., 
1976. 

8ecause driveway related accid~nts were found to account for 
almost 12 percent of the total arterial highway accidents, this 
study was conducted to identify some of the characterhtfcs of 
driveway accidents and their relationship to physical, envi­
ronmental and traffic features of the roadway. Data were collect­
ed on 10 urban roadway sections in each of 10 Indiana cities 
(100 sites) whose population exceeded 30,000 persons. Site speci­
fic r.oadway features data were collected 1n the field and acc1-
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dent reports were obtained for the period January 1, 1968 to 
December 31, 1971 (4 years). The total study length was 96.85 km 
(60.18 miles) consisting of sections on one-way streets and 
two-way roadways with two to four lanes without median dividers. 
Stepwise multiple regression analysis was used to develop equa­
tions to predict driveway accidents for site specific conditions. 
The data revealed the following conclusions. 

• Driveway accidents accounted for 13. 95 percent of al 1 
reported accidents on the study sections. 

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

• Factors found to be significantly related to driveway 
accidents were commercial driveways per mile (per km), 
n1111ber of through lanes, average daily traffic, and the 
total number of intersections per mile (per km). 

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

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

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

Driveway accidents for one-way streets 

Y = -l.592+8.996(X2)+0.179(X1a>-o.006(X19) 

+0.970(X24)+1.096(X2)(X19) 

-32 .035 ( X2 )( x24 ) 

R2 • 0.86 
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. 
Y = +21.45+0.04l(X1)-ll.070(X6)+0.216(Xg)-0.378(Xl3) 

+0.043(X16)-0.04l(X17) 

-0.053(X21)+0.060(X5)(X15) 

-0.022(X1)(X15)+0.019(X9)(X21)+2.475(X6) 

(X2)+0.ll9(X9)(X13)+0.029(X9)(X15) 

p2 = 0.94 

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

Although the study data were limited to one state, the re-
3ults indicate that site related geometric characteristics, i.e., 
number of lanes, traffic signals per mile (per km), intersections 
per J!ile (per km), -!nd parking contribute to accident occurrences 
on urban arterial streets. Also, environmental features, i.e., 
area population, commercial versus residential driveways and 
traffic factors, i.e., average daily traffic significantly influ­
ence driveway accidents on urban streets. 

51. Moore, William L., Jr., and Jack B. Hunphreys, •s19ht Distance 
Obstructions on Private Property at Urban Intersections•, Trans-
8ortat1on Researc"t Record 541, Transportation Research loard, 

ashingtion, D.C., 1975. 

The -purpose of tl~is paper was to examine problems encounter­
ed in removing siyht obstructions on private property and to 
develop a rrodel ordinance for improving sight distances at urban 
intersections. A synthesis of ace i dent problems encountered due 
to sight distance obstructions on private property is ghen in 
the repo-rt. A before and after study conducted in Concord, 
California revealed that accidents at five intersect ions 
decrease.d by 67 percent (from 39 to 13) after sight distance 
obstructions were removed. 

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

llllln llffcrlptl011 

Y Drn•wa, ■ccNlent■ per mile per ,_,. 
XI tt'N> urtiaa area poputauoa 1n lllaadrldl Ulouanda 
X. INt awerac• dally traWc \'Olume ln _,... -..1111, 
X, 1UNt type: X1 ,. 0 for otW-wa, ■tnlU; X, ■ 1 fa, two-wa•: ltt"MU 
x.. Raadway NCbOfl lpNd limit (mphl 
X. C:Urb•to-curb atl'ftt Wldth 1111 
X. Nwnber of lhrOU1h•trafflc l&Ma 
x,. LaM marlunl■; X, • 0 for 110 lane marldnsa; X, ■ l for lane mark• 

ial• vt■ibl• 
x, N11mbtr of ■tap •len• an:I red flaalu• t.raflir aacna11 per mU. 
x. Number of traffic ■11nal■ p1r mill 
X.. N11mba'" of yie kl •il'M and yellow Gaah.1111 traffic ••.c•la per aule 
X II Nllmblr of J -way int•r .. ct1oea per mile 
X" Nwnber ol 4-ny lnlerMc:tlcma per mil■ 
x" Nwnber o1 total iat■raecucma per .u■ 
XM Nlunl»r ol alleys par mil• 
X • ""mber or r••ldffltJa.J dri.•.,..ye per 1111111 
X • Numbtr of COIIUM'rctal drtYeW&J■ per mil• 
x,. Nwnber of I-rial drt-ya per "'11■ 
X,. lllamber of atbor drt..,,.,JI per aile 
X.,. Nwnber of total drt-JI ,-, mile 
X.o Number ol lrtni011 pola&a por "'11■ 
X., AftJ'IIO apaCIJII -• adjac- dl'I-JI 1111 
X.. A••rac• ••1111 - dl'lffftJI anll adjacent lnterMctJon 

Jes■ (Ill 
X.,, X., C:Urb .-,111 .. rHtl'lcUona 
X.., X. C:Urb CondlUon 

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

Table 38 • Range of significant variables. 

...... 1. Variable - -... --- ..... 
a NCtlona Drl-J aceldema por kll_,.r per,,_.. y 11.0 0 n.o 

UrllU INa ,.....1au011 100 OOOIX,l 744124 II 4113 TUPI 
ADT 100 OOO(X,) uou 1113 H Ill 
l'hamber of 11'1111• •- X. ' I J 
Lane -rllilll• X, I 0 I 
Traffic •ICM!• per tll-eter X. T.J 0 u 
T-.1 IM■rNCU..,. por 1111-r x .. H.T l.T u.o 
Allr,a per 1111-• x .. II.I 0 II.I 
c-rctal drt .... ,a p■r ldlmDeter x. ,u 0 45.5 
lanatl'lal dr1-,■ per -•• x., 11.7 0 11.7 
OU.r drl'NftYI per 1111-... r x .. U.I 0 U.I 
T-1 drt•-1• per -r x. TU II.I 11.0 
l'rtetlon polll&a per ldl-r x.. 11.0 11.0 H 
Drt-7◄rt-, apacq (-HI X., ... T.7 n., ...... x.. I 0 I 

14 two--, ... u ... Drt•-J ••-per 1111-r per,,_.. y n.o 0 n.o 
Vnu a,_ ,..UOII 100 OID(X,J 744124 II 4113 TU Ill 
-•al-•-· X. 4 I I 
Tnlllc atc,,a1a per ldl-r X. I 0 5 
T•J ...__ ,_, 1111_,_ x .. u., l,T II.I 
c--•c1a1 •rt-,• per ~• x. 41.S 0 .. .. 
-.crta1 dl'I-,- - ldl-• x ... 11., 0 N,7 
0r1 ..... , ... ,1_,.,.. ,_ ... , X., 40.1 .., JU 

..... lka•Q.G"911t;IM•121fl. 

Source: TRR 601. Tables. pg. 70. 
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52. Mueller, Edward A., and Woodrow W. Rankin. •Pedestrians•, Chapter 
8 - Traffic Control & Roadway Elements, Highway Users Federation 
for Safety and Mobility, Washington, D.C., 1970. 

T:ih study is a sunrnary of research studies conducted on 
pedestr, an safety. In 1965, more than 65 percent of the pedes­
tr1 an deaths occurred on urban roads in the United States. Fac­
tors _..1ch have been shown to affect pedestrian accidents include 
alcohol content, roadway illumination, wet weather, and age of 
the pedestrian. Countermeasures to improve pedestrhn safety 
include using one-way street systems, installation of traffic 
signals and pedestrian signals, pedestrian grade separation, 
11lu:nination, increasing pedestrian visibility, and strict en­
forcement of pedestrian regulations. 

The report identifies several general factors "1ich affect 
pedestrian accidents and describes possible countermeasures to 
reduce these accidents. Additional research data are needed, 
however, to identify pedestrian problems and the effectiveness of 
countermeasures at site specific features of urban arterial road­
ways. 

53. Mulinazzi, T.E. and H.L. Michael, •correlation of Design Charac­
teristics and Operational Controls with Accident Rates on Urban 
Arterials•, Joint Highway Research Project, Purdue University, 
Lafayette, Indiana, December, 1967. 

This study was conducted to examine the relationships be­
tween design and operational controls on traffic accidents on ur­
ban arterial highways. Accident, volume, anci geometric data were 
collected for 100 sections of urban arterial roadways r:.ir,~ing in 
length from 0.254 mile to 4.167 miles (0.41 km to 6.70 ic:m). k­
cident data were collected for the three year period 1963 through 
1965. Traffic volumes on the sections rar:i:Jed from 1,200 to 
32,000 vehicles per day. Sixty-eight of the s1:ictions were two­
lane urban roadways. A list of the 26 independent variables for 
which data were collected is given in Table J9. Multiple linear 
regression analysis was used to develop equations to predict the 
accident rate (number of accidents per 100 mill ion vehicle miles 
or 160 mil lion vehicles km) and the annual number of accidents 
per mile (per km}. Accident rate, as a dependent variable, was 
eliminated because the independent variables explained less than 
50 percent of the var1ab111ty fn the rate (R2<0.50). The 
eauatfons for estimating the number of accidents per mile had 
RZ values greater than 0.50 and are reported below for four 
specific urban situations. 
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Table 39. List of independent variables used to exam1r.e 
relationships between design and operational controls on accidents. 

Number Variable Description 

1 
2 
3 

4 

5 
6 
7 
8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 

Average daily traffic on the arterial in thousands of vehicles 
Nl.lTlber of intersections per mile (per km) 
Number of heavy v~lume intersections per mile or km (intersections 

with arterial streets) 
Number of medium volume intersections per mile or km (all cross 

streets except arteria1s and low volume Local) 
Number of traffic signals per mile {per km) 
Number of driveways per mile (per km} 
Number of conmercial driveways per mile (per km} 
Number of medium and heavy vol1J11e conmercial driveways per mile or 

km (rated on basis of commercial activity) 
Number of light vollllle conmercial and residential driveways per 

mile (per km) 
Number of frictior. points rr iTiile (per km) 
Street width (in feet or m 
Number of moving lanes 
Posted speed limit 
Quality of signing (0,1,2) (poor, fair, good) 
Quality of street markings (0,1,2) (poor, fair, good) 
Parking allowed on one side only (0,1) (none or an one side) 
Parking allowed on two sides (O,l) (none or on t'i«> sides) 
Intersectional street lighting only (0,1} (none or intersec-

tional) 
Continuous street lighting (0,1) (none or continuous) 
Quality of street lighting (0,1,2) (poor, fair, good) 
Number of four-way intersections per mile (per km) 
One-way street operation (1,0) (one-way, two-way) 
Number of three-way intersections per mile (per km) 
Urban design of pavement cross-section (0,1) (curbed, uncurbed) 
Number of yellow flashers per mile (per km) 
Ratio of commercial driveways per mile (per km} to total nllllber of 

driveways per mile (per km) 

Source: ~~11nazz1 and Michael, 1967 (53], Table 2, pg. 11. 
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• Using data from all 100 study sections 

Y = -0.261 + 1.256(X1) + 3.909{X3) + 6.086(X5) 

Where: 

Y = Number of accidents per mile (per km) per yr 

x1 = Average daily traffic on the section in thousands 
of vehicles 

X3 = Number of heavy volume intersections per mile (per 
km) 

X5 • Number of traffic signals per mile (per km) 

R2 = 0.74 

low volume sections AOT between 

Y = 3.789 + 0.252(Xa) + 10.032(X16) 

Where: 

x8 = Number of iieavy and medium volume commercial 
driveways per mile (per km) 

X15 = Parking allowed 

R2 = 0.52 

• Using data from the 32 high vol1111e sections in 
Indianapolis 

Y = 1.630 + 7.222(Xz) + 4.510(X21) 

Where: 

X3 = Number of heavy volume intersections per mile (per 
km} 

X21 • Nwnber of 4-way intersections per mfle (per km) 

R2 • 0.62 

• Using data from the 68 two-lane sections .. 

Y • 0.894 - l.754(X1) + 5.990(X5) 
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Where: 

Xi = A>Jerage daily traffic on the section in thousands 
of vehicles 

X5 = Number of traffic signals per mile (per km} 

R2 = 0.62. 

The results of the analysis indicate that the following factors 
have a significant effect on accident frequencies on urban 
roadways. 

• On-street parking 
• Traffic signals per mile (per km) 
• High volume intersections per mile (per km) 
• Average daily traffic 
• Number of heavily used driveways per mile (per km} 
t Number of intersections and driveways per mile {per km} 
• Quality of signing and pavement markings 

Although the data were collected in only one state, the 
results of the study indicate that accidents on 1rban roadway 
sections can be predicted with a reasonable degree of accuracy 
from site specific geometric, operational, and environmental 
features. The applicability of equations developed should be 
verified using current accident data and roadway features. 

54. Nemeth. Zoltan A., •Development of Guidelines for the Application 
of Continuous Two-Way, Left-Turn Median Lanes•, Engineering 
Experiment Station, Ohio State University, Colllllbus, Ohio, July, 
1976. 

Before and after studies were conducted to evaluate the 
effectiveness of continuous two-way, left-turn median lanes. 
Three urban arterial routes in Ohio were selected for study. 
Average daily traffic on the routes ranged from 12,940 to 17,610 
vehicles per day. The improvements consisted of restriping a 
two-lane roadway (which operated as four lanes) to accomodate two 
through lanes and a two-way median lane; restriping a two-lane 
highway to provide for two lanes with a left-turn median lane, 
and remarking a four lane road to al low for foUI"' through lanes 
and a left-turn median lane. Travel speeds, volumes, and traffic 
conflicts data were collected before and after the improvements 
were made at each site. Accident data were not obtained for this 
study. At the site ""ere four through lanes ~re restriped to 
allow two through lanes and a left-turn median lane, the results 
were increased travel times, increased weaving, and fewer traffic 
conflicts. The restriping of a two-lane roadway to provide two 
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through lanes and a median left-turn lane resulted in reduced 
travel times and delays with sorne increase in average running 
speed. Traffic conflicts were reduced by 37 percent in spite of 
the fact that mainline volumes increased by 2.5 percent, cross 
traffic volumes increased by 25.8 percent, and left-turns in­
creased by 16 percent. The restriping of a four-lane undivided 
roadway to al low for four through lanes and a left-turn median 
1 ane resulted in a slight increase in running speeds, however, 
the increase was not statistically significant. Traffic con­
flicts were red:Jced. 

Although the study did not include an accident analysis, it 
was one of the few published reports that addressed operational 
effectiveness and hazard potential reduction of implementing two­
way, left-turn median lanes on urban roadways. The report also 
provides a comprehensive review of the literature pertaining to 
median turn lanes, inc,uding accident studies, and offers guide-
1 ines for traffic engineers to use when considering the installa­
tion of a median turn lane. While the study data at three sites 
are not sufficient to permit a statistical inference, the results 
suggest that a two-way, left-turn median lane can improve travel 
time and reduce conflicts created by left-turning vehicles. 

55. Olson, R.M., G.D. Weaver, H.E. Ross, Jr., and E.R. Post, •Effect 
of Curb Geollletry and Location on Vehicle Behavior•, NCHRP Report 
150, Transportation Research Board, Washington, D.C., 1974. 

This investigation was undertaken to examine the effects of 
vehicle behavior on 4- and 6-inch (10.2- and 15.2-cm) concrete 
curbs and a special 13-inch (33.0-cm) curb. The 6-inch (15.2-cm) 
curbs are commonly used on divided arterial routes in the U.S. 
Eighteen full scale crash tests were conducted and simulation 
impacts were made using the Highway Vehicle Object Simulation 
Model. The major finding was that concrete curbs 6-inches 
( 15.2-cm) high or less do not redirect vehicles at speeds above 
45 miles per hour (72 kph} and encroachment angles greater than 
5 degrees. 

The results of the crash tests suggest that 6-inch (15.2-cm) 
concrete curbs canmonly used on urban streets should not be used 
if speeds are expected to exceed 45 mph (72 kph). An analysis of 
crash data on irban sections with and without concrete curbs for 
roadways exceeding 45 miles per hour (72 kph) would help estab-
1 i sh the magnitude and severity of the problem suggested by the 
results of the crash tests. Comparative data for roadways with 
vehicle sp~eds of less than 45 miles per hour (72 kph) would also 
be useful to confirm the hypothesis that raised curbs do not pose 
safety problems on these roadways. 

139 



56. Parker, Martin R., Jr., •Guidelines For Selecting Mediln Treat­
ments for Urban Areas• 1 Comtendi 1111 of Technical Papers, 49th 
Annual Meeting of Institute o Transportation Engineers. Toronto. 
Canada, September. 1979. 

The purpose of-t:he study was to develop a process for evalu­
ating the impacts of alternathe median design treatments for 
site specific conditions to enable selection of the safest and 
most operationally efficient design. Accident data were collect­
ed for 50 urban roadway sections in 31 urban areas in Virgin1 a 
for the years 19751 1976, and 1977. Geometric and operational 
data were also collected for each study site. Median treatments 
included in the investigation were raised medians with six-inch 
(15.2-cm) concrete curbs, traversable median left-turn lanes, and 
undivided roadways as shown in Table 40. All of the study sites 
had four through lanes. Multiple linear stepwise regression 
analysis was used to develop equations to estimate the impacts of 
alternative desi~ns on accidents and left-turn vehicle delay. 
Dependent variables examined included annual number of accidents 
per mile (per km), accident rate, accident severity rate, and the 
delay in seconds per left-turn vehicle. The list of independent 
variables is shown in Table 41 and the range of the independent 
variables is shown in Tao le 42. The regression equations are 
shown in Table 43. 

Table 40. Median treatments studied 1n Y1rg1n1a. 

No. of Length, 
Median Treatment Locations Miles 

Raised (6-in. or 15.2-cm curbs) 19 28.22 
Travers ab 1 e 

Two-way left-turn lane 13 12.24 
Alternating left-turn lanes 3 2.06 
Continuous left-turn lanes 1 0.87 

Undivided 14 16.59 
"ffi -w.w 

Note: 1 mile• 1.6 km 

Source: Parker. 1979 [56]. 
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Table 41. Independent variables included in 
the regression analysis. 

• Average daily traffic 

• Main line vol1111e, in vehicles per hour, recorded during the 
field studies 

• Average number of left-turns per hour 

• Number of signalized intersections per mile (per km) 

• Number of public streets per mile or per km (A four-way 
intersection would be counted as two streets W1ereas a tee 
intersection has on 1 y one street approach. The nunmer of 
approach legs at signalized intersections should also be 
included.) 

• Number of driveways per mile or per km (including all 
intersections except public streets) 

• Number of intersections per mile (per km) 

• Median opening•, per mile or per km (applies only to raised 
median projects) 

• Area population 

Table 42 . Range of independent yar11bles. 

Yariallle .Im!! 11an,. 

N1tl1- llaa1!!!!1 

lf.pala per aUe 111 o.oo 6.H 
A•eraae da1lr traffic ADT 5,460 Jl,Sto 
Deal&n hourly YOl- 1111\' lll 1,>67 

DriYev111• par •11• Dr. 12.,2 116.)6 
Area populaUoa ,., 1,111 2M,6M 
Street• per all• St 2.61 JZ.59 
NNlaa ..-lal• per all• Opea 5.Zl 16.65 

Source: Parker. 1979 [56]. Table 79 pg. 7&. 
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labed 

Tra.,.rseble 

UlldlvtdeJ 

Table 43. Regression equations for predicting annual 
accidents per ■ile and ■idblock left-turn delay. 

legresalon !guatlona 

4t • 1.040 511 + 0.00155 ADT - 0.0221 DI' - 0.00000926 Pop - 12.711 

D1 • -1.362 511 + 0.0114 DHV - 0.205 0,111- O,OOOO]J2 Pop+ 2.937 

0Ay • 5.432 511 + 0.00173 ADT + 2.157 Sc - 0.f)000051 Pop - 21.797 

DT • -0.525 511 + 0.0191 DHV - 00.0676 Dr - 0.0000214 Pop+ 0.920 

Au• J.055 s11 + 0.00212 AD? - 0.26~ St+ 0.557 Dr - ]6.507 

Du• -l.~7J s11 + n.0142 DHV + O.J67 St - 0.0000203 Pop - J.177 

Source: Parker, 1979 (56], Table 6, pg. 75. 

The results of the analysis are s1.11111arized below. 

a2 

0.73 

'0.11 

0. 71 

0.75 

0.79 

0.57 

St.1nd;ird Error 

10, 19 .acc/ ■11• 

J. 17 aecond• 

20. 77 acc/■il• 

2.7.:. aecond• 

13. ,n .1cc:l■U1 

J.01 aecon.1• 

• Mean accident rates are not significantly different for 
raised, traversable, and undivided median sections. How­
ever, accident severity ts significantly higher on undi­
vided roadways . 

• The type of median treatment influences the type of 
collision based on the data provided in Table 44. 

1 Factors "1ich significantly affect the accident frequency 
on urban roadways with raised medians are the number of 
traffic signals per mile (per km) and the average daily 
traffic. 

• Factors affect t ng accident frequency on &rban roadways 
with traversable medians are the nllllber of traffic sig­
nals and streets per 111le (per km) and the average daily 
traffic. 
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Table 44. Percent of co111s1on type for each type 
of aed1an treatllent. 

Percenc of Collisions H1nlficaat 
Differeacu, 

Cate1or,· !!wt Traversable Undivided Cl • 0.0S 

lcar-end 37.48 35.69 34.67 ... 
An&le 31.70 U.63 39.98 Trav. 1reatu 

SldewSpe 1.62 11.90 11.U ld•ed 1-r 

Rea4-oa 1.05 0.98 1.97 U11411Y. aruur 

Pedestd.an 0.94 1.65 1.61 .... 
ISc:,cle l.00 0.10 0.48 IIOlle 

Fixed-object 10.45 5.12 1.53 lat•• aruter 

NS.ceU•n-• 1.71 1.25 1.01 IIOlle 

U-turn acctdeata 1.27 0.15 0.36 lai■ed P'Mter 

Soruce: Parker. 1979. (56]. Tables. pg. 74. 
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• Factors affecting accident frequency on four-lane l.lldi­
vided urban roadways include the number of traffic sig­
nals. streets, and driveways per mile (per km) and the 
average daily traffic. 

• Mi db lock left-turn delay was found to be affected signi­
ficantly by the number of traffic signals per mile (per 
km), the area population. the mainline hourly vol1111e, and 
the number of driveways and streets per mile (per km). 

• The mfdblock left-turn delay was not significantly 
related to the accident frequency for any med1an treat­
ment. 

Further verification of equations should be made to test 
th,~ir validity in other trban areas. The equation developed for 
predicting accidents per mile (per km) for traversable sections 
was CQlllpared to the equation developed by Walton and Machemehl 
using Texas data and the results appear to yield similar values. 

57. Parker, Martin R., Jr., Robert F. Jordan. Jr., Jeffrey A. 
Spencer, Melvin D. Beale, Md Larry N. Goodall, •Rfght-Turn-on­
Red•, Yirg1ni a Highway I Transportation Research Council, 
Charlottesville, Virginia, Septelllber, 1975. 

The purpose of the study was to determine the energy and 
accident effects of implementing the general permissive right­
turn-on-red rule at signalized intersections in Virginia. The 
study included collect fon of delay and traffic conflict data and 
accident data at 20 locations before and after right-turns-on-red 
were permitted. Whfl e a statistically significant reduction in 
delay time was found after right-turns-on-red were permitted, no 
significant differences were detected in the accident frequency, 
accident rate, or number of traffic conflicts. The data were 
collected at rural and urban signalized intersections in 
Virginia. As a result of the findings, the General Assembly 
adopted the general permissive rule on January 1, 1977. 

The study results concur with the findings of other investi­
gators llilo found that implementation of right-turn-on-red maneu­
vers does not increase accident frequency at signalized intersec­
tions. 
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58. Post. Theodore, J .• Robinson. H. Douglas. and Price. Harold E •• 
•A User's Guide to Positive Guidance•, report prepared for the 
Federal Highway Adnltnistration, Office of Traffic Operations, 
Washington, D.C., June, 1977. 

Positive guidance is the combination of traffic engineering 
and hlMTlan factors to develop a system of driver information about 
a hazard so that accidents can be avoided. The concept is based 
on the premise that information can be provided to the driver 
when he needs it, and in a form he can use to enable him to avoid 
an accident. This report is a user's guide giving step-by-step 
instructions for applying the concept of positive guidance in 
rural and urban highway situations. A case study of an urban 
signalized intersection is presented to illustrate the procedures 
involved in applying positive guidance to specific sites. 

The user's guide presents a systematic method of integrating 
hL111an factors and traffic engineering to reduce accidents and 
improve the operational efficiency of a location. The extent to 
which the procedure is being used to identify safety deficiencies 
and develop countermeasures in U.S. urban areas is 111known but 
there have been some reported applications of the tecnnique. 

59. Ricci, Leda, •National Crash Severity Study Statistics•, DOT-HS-
805-227, prepared by Highway Safety Research Institute for the 
National Highway Traffic Safety Adlltn1strat1on, Washington, D.C., 
October, 1979. 

This report presents tabulations of crash data collected be­
tween January 1977 and March 1978 in seven urban areas of the 
U.S. The data were collected by investigators trained by the 
National Highway Traffic Safety Administration. The report con­
tains only crashes for passenger cars and occupants W1ich were 
severe enough to require that the vehicles be towed from the 
scene of the accident. N1.111erous tables and figures are given of 
crash statistics including crash and injury distributions by 
location, degree of urbanization, roadway type, time of day, road 
condition, speed limit, and accident type. Also vehicle, occu­
pant, and severity tables are presented. 

The statistics presented in the report .ere not 
establish relationships between accidents and roadway 
but the data can be used to compare crash reports by 
type. roadway type, etc. with accident data collected 
urban areas. 
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60. Roy Jorgensen Associates, •cost and Safety Effectiveness of High­
way Design Elements•, National Cooperative H1ghwai Research 
Program Report 197, Transportation Research loard,ashington, o.c .. 1ua. 

The purpose of this report was to develop a method of 
assessing the cost and safety relationships for various design 
elements. The report contains an extensive sunmary of accident 
and design relationships for a variety of highway conditions 
including urban arterials. lbwever, only cost and accident rela­
tionships were developed for lane width, shoulder width, and 
shoulder type for rural two-lane roads. Specific safety rela­
tionships noted in the report wiich pertain to urban arterial 
highways are discussed in other sections of this bibliography. 

61. Sawhill, Roy 8. and Dennis R. Neuzil, •Accidents and Operational 
Characteristics on Arterial Streets with Two-Way Median left-Turn 
Lanes•, Highway Research Record 31, Highway Research Board, 
Washington, b.c., 1963. 

The purpose of this investigation was to examine the safety 
and operational effects of using continuous two-way, left-t1:rn 
median lanes on arterial roadways located in convnerchl and 
industrial areas of Seattle, Washington. Before and after acci­
dent data collected at three sites WPr·~ examined. The study sec­
tions ranged in length from 0.46 to 1.49 miles (0.74 to 2.40 km} 
and traffic volumes ranged from 15,800 to 27,500 vehicles per 
day. Trends in accidents, accident rates, type of collision, and 
accident severity were examined at the study sites. 

An analysis of the accident data fs provided below. 

• Only 9.4 percent of the total accidents were re­
l ated to the use of the med i an 1 anes . 

• The median related accidents were less severe than 
norwnedian accidents. 

• The number of head-on accidents in the median lane 
was negligible. 

• At one site accidents decreased from 66.75 per .)lear 
to 49.5 per .)lear, a reduction of 25.8 percent. Most 
of the decrease was in rear-end accidents. 

Analysis of the operational data revealed the following 
results. 
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• Motorists using the two-way, left-turn lane ranged 
from 3 to 23 percent of the traffic. 

, The beneficial effects of the median lane includ­
ed the fo 11 owing i terns . 

a.• The lane provided a refuge area for pedestri­
ans, 

b. Einergency vehicle movements were enhanced, 
especially during peak hours, 

c. The lane permits space for detouring traffic 
during utility -,:,rk and street maintenance. 

d. Few drivers used the median lane for passing 
other vehicles. 

This report is one of the ,irst efforts to doc1111ent the 
effectiveness of constructing a continuous two-way, left-turn 
median lane on arterial streets. The limited number of sites 
examined does not permit general inferences, however, the data 
indicates that safety and operational factors were enhanced at 
the study locations after the median lanes were installed. 

62. Shaw, Robert B. and Harold L. Michael, •Evaluation of Delays 111d 
Accidents at Intersections to Warrant Construction of a Median 
Lane•, H19hwa~ Research Record 257 9 Highway Research Board, 
Washington, b .. , 1968, 

The purpose of this study was to examine the effects of a 
1 eft-turn median lane on delay time and accident rates. Delay 
time and accident data were collected at 11 intersections located 
in rural and suburban areas in Indiana. Traffic vol11nes at the 
intersections ranged from 7,100 to 27,500 vehicles per day. 
Intersections were classified as suburban wien the approach speed 
was less than 45 miles per hour (72 kph). Accident data .ere 
collected for a five )tear period from January 1961 through August 
1965. The acr.1aent and delay data were analyzed by 111.1ltiple 
11n€.i;A regression anal,1s1s. The results of the analysts are 
s1J11Rarfzed below. 

1 Delay caJsE:ci by left-turning vehicles was folA'ld to be 
stgnificantl y related to the total hourly vol une and the 
n'-lftber of left-turn vehicles per hour. 
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• Shown in Table 45 are the independent variables examined 
for predicting the accident rates at the rural and sub­
urban intersections. 

• The equation developed for predicting the accident rate 
caused by left-turning vehicles is given below. 

YAs = 3.6203 - l.1407(X7} + l.2446(X12) 

- 0.7723(X13) +0.037l(X14) 

The multiple correlation coefficient is 0.74.
2 

The vari­
ables explain approximately 55 percent (R ) of the 
variation in the number of accidents per mil lion vehi­
cles caused by left-turning vehicles on a suburban 
intersection approach. The significant variables 
related to accidents are approach and opposing average 
daily traffic, the number of approach lanes, the weekday 
approach average daily traffic and the total intersec­
t ion average daily traffic. 

• The instal 1 at ion of a median lane to provide storage 
space for left-turning vehicles significantly reduces 
delay time to through vehicles and reduces the accident 
frequency. 

The study results indicate that median left-turn lanes are 
effective in reducing left-turning accidents and delay at subur­
ban intersections. Significant relationships were found between 
accident rates, and the number of approach lanes and the average 
daily traffic. The applicability of the results to 1.rban arter­
ial streets is plausible because the locations used to develop 
the findings for suburban intersections were located near metro­
po 11 tan areas. 

63. Snyder, Jaes C., •Env1ronaenta1 Detena1nants of Traffic Acci­
dents: An Alternate Model•, Transnrtat1on Research Record 486, 
Transportation Research Board, Wu ngton, D.t., 1914. 

The purpose of this study was to identify envirorwnental 
factors related to traffic accidents. Accident and environmental 
data were collected on 135 two-mile (3.2-km) segments in Oakland 
County, Michigan. The county encompasses urban, suburban, and 
rural environments. The accident data covered the )ears 1968 
through 1970. Dependent variables analyzed were accident fre­
quency and accident rate per million vehicle 1111les (per 1.6 11111-
lion vehicles km) of travel. The independent variables were road 
type, nunber of lanes, percent of population ages, popula-
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Table 45. Independent variables ex•1ned for predicting 
suburban and rural accident rates. 

Source: lllR 257. Table 6, pg. 27. 
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ti on density, percent of commerc i a 1 frontage, percent of deve 1-
oped frontage, and value of homes. Multiple classification 
analysis and regression techniques were enployed to analyze the 
data. The results of the analysis are su11111arized below. 

• Accident frequency can be predicted from traffic volumes 
and accident rates. 

• Accident rates are best predicted from type of road, 
intensity of road frontage development, and percentage of 
the population between 16 and 24 years old. 

The relationships developed in the study are of interest but 
do not provide results that can be used by highway engineers to 
influence traffic accident reduction. For example, the percent­
age of population between 16 and 24 years old may be related to 
accidents, but this variable is clearly not controlled by the 
traffic engineer. The other variables have also been identified 
as accident related by several investigators. 

64. Stark~ Richard E., •studies of Traffic Safety Benefits of Roadway 
Lighting•, Highway Research Record 440, Highway Research Board, 
Washington, D.C., 1973. 

The purpose of this study was to examine some of the inves­
tigations 1.11dertaken to detennine the relationship between illu­
mination level and accidents on urban streets and freeways. The 
following discussion pertains only to the studies related to 
urban streets. 

A study of 97 miles (156.1 km) of street relighting in 
Kansas City, Missouri revealed that property damage accidents 
were reduced by 4 percent, injury accid~nts by 18 percent and 
fatal crashes by 28 percent. The study data are given in Tables 
46 and 47. Based on the study findings, it has been suggested 
that a serious night accident problem exists 'ltlen the ratio of 
night-day accidents is more than 1.5 times the average ratio for 
similar locations or sections on the same system of roads and 
streets. Also, it was found that approximately 25 percent of the 
travel in urban areas occurs at night. 

The stud:, data tend to support the hypothes 1s that low 
il11J11ination levels are associated with high accident occurrenc­
es. Additional studies, however, should be undertaken to deter­
mine the specific effects of various ill1J11ination levels on acci­
dents, including the cost-effectiveness of each ill1.1ninat1on 
1 evel. 
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tion density, percent of commercial frontage, percent of devel­
oped frontage, and value of homes. ..,ultiple classification 
analysis and regression techniques were employed to analyze the 
data. The results of the analysis are summarized below. 

• Accident frequency can be predicted from traffic volumes 
and accident rates. 

• Accident rates are best predicted from type of road, 
intensity of road frontage development. and percentage of 
the population between 16 and 24 years old. 

The relationships developed in ~he study are of interest but 
do not provide results that can be used by highway engineers to 
influence traffic accident reduction. For example, the percent­
age of population between 16 and 24 years old may be related to 
accidents, but this variable is clearly not control led by the 
traffic engineer. The other variables have also been identified 
as accident related by several investigators. 

64. Stark, Richard E., •studies of Traffic Safety Benefits of Roadway 
Lighting• 1 Highway Research Record 440, Highway Research Board, 
Washington, b:C. 1 1973. 

The purpose of this study was to exa.11ine some of the inves­
tigations undertaken to determine the relationship between 11 lu­
mi nation level and accidents on urban streets and freeways. The 
following discussion pertainr; only to the studies related to 
urban streets. 

A study of 97 miles (156.l km) of street relighting in 
Kansas City, Missouri revealed that property damage accidents 
were reduced by 4 percent, injury accidents by 18 percent and 
fatal crashes by 28 percent. The study data are given in Tables 
46 and 47. Based on the study findings, it has been suggested 
that a serious night accident problem exists ...tien the ratio of 
night-day accidents is roore than 1.5 times the average ratio for 
similar locations or sections on the same system of roads and 
streets. Also, it was found that approximately 25 percent of the 
travel in urban areas occurs at night. 

The study data tend to sui::port the hypothesis that low 
ill1111ination levels are associated with high accident occurrenc­
es. Additional studies, however, should be 1.11dertaken to deter­
mine the specific effects of various illumination levels on acci­
dents, including the cost-effectiveness of each iJl1111ination 
1 evel. 
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Table 46. Change in proportion of accidents at night on 
relighted streets in Kansas Ctty. 

a.core After 

Yllllclea Nllbl Nip& 
per 

Tnfflc: Hour Ac:c:ld-Type Day Number Perc:eat o., Nluaber Perc:al 

Llpt 150 to (1(11) Proper,y dulase 324 201 40 HI 200 H 
Injury 47 t5 ti ,, 34 ., 
Fatality 3 3 50 2 I n 

Medium 500 to 1,200 Propeny da11111c• 1,,11 a, ., 1,413 711 n 
lnjUry 1,2 210 15 112 135 n 
Fllallty 10 17 u • 5 '5 ... ,,, 1,aoo to 2,tOO Property dam as• 547 313 a, 8'12 MO 34 
lnjUry 15 H H Ill 51 .. 
Fllallty 3 • 73 I 4 87 

Total Pr-ny damac• 2,282 1,352 37 2,480 1,3ft 35 
lnl'lry 294 351 54 Ha 220 45 
Fllallty 16 H 14 10 10 50 

Source: HRR 440. Table 2. pg. 23. 

Table 47. Fatal and injury accidents after ■ajor route 
relighting in Kansas City. 

Mlpl Ac:cideau 

1..1,1,11111 Day Ac:c:ldenta Before After Cllanl• 
!Afll Roule 
(J!FC) IIUH 8elor• After Number Percent Number Pen:- Humber Pere:• 

0.2 to 0.:lt 31.7 '° " 67 .. .. 46 +19 +28 
o., to o.s• 40.1 126 " 173 51 a 45 -•1 .51 
o., to 0.79 7.2 45 23 43 .. 13 50 -20 -n 
IUto0 .• 5.1 SI H 72 TO II .. ... ·II 

Source: lltR 44\l, Table 3, pg. 23. 
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65. Stover, Verg11 6., 111111am &. Adkins. and John C. Goodknight, 
•&u1de11nes For Medial and Marginal Access Control on Major 
Roadways•, rt 
93, Highway 

The objective of this investigation was to develop guide-
1 ines for selecting the degree and type of access control for a 
site specific roadway situation. The scope of the study was 
1 imHed to a survey of the literature and state-of-the-art prac­
tices used in the states. The guidelines suggested for control­
ling access on roadways 1 n urban areas consisted of the fo 11 ow­
; ng elements. 

• Minimllll spacing requirements should be developed for sig­
nalized intersections f.e., 1,600 to 2.000 foot (488 to 
610 m) spacing on primary arterial highways. 

• Reduction or elimination of residential driveways. On 
secondary arterial roadways, minimum driveway spacing 
should be one driveway per 200 foot (61 m) of frontage. 

• A median width of 16 feet or 4.9 m (14 foot or 4.3 m 
absolute minimllll). 

• A minimllll spacing for median openings of 500 feet 
(152 .4 m). 

1 Prevision of left-turn storage lanes at median openings. 

• Use of a barrier curb to prevent crossing of the median. 

t The use of a two-way, left-turn continuous median lane 
was not recommended for arterial roads on a new location. 
but they have applications on existing arterial high­
ways. 

The guidelines developed by the researchers apply to the 
control of access on urban arterials and if followed, may lead to 
a reduction in accidents. However, the guidelines are vague in 
specifying the choice of median type and other design features 
based on s1te specific conditions. Also, the recommendation 
concerning continuous two-way, left-turn median lanes does not 
appear to be based on the results of research data. 
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' 66. Telford, Edwar~ T. and Rudolph J. Israel, •Mecf1an Study 
(California)•, Highwaf:Research Board Proceedings, Thirty-Second 
Annual Meeting, Vo1. z, Washington, b.c., 1953. 

\ 

The ~bjective of this report was to examine the influence of 
various median treatments on accident frequency. Accident data 
were collected for a two ye.ar period (1947-48) on suburban and 
rural highways in California. Only the results of the study 
pertaining to suburban roadways are discussed below. 

A total of 90 miles (145 km) of suburban roadways ~re 
included in the study. The median types consisted of undivided 
roadways I paved traversable, curbed, and barrier type medians. 
All intersection accidents ~re eliminated frcm the accident data 
base. The results of the investigation are s1J11T1arized below. 

• Narrow deterring medians, including medians with curbs 
had lower accident rates than other median treatments. 

1 The accident rates on undivided roadways did not differ 
substantially from the accident rates on divided roadways 
for the volume conditions studied. 

The sample size on suburban roadways was too small to deter­
mine if there was a statistically significant difference in mean 
accident rates for the median types focl uded in the investiga­
tion. 

67. Terry, D.S., and Arthur L. Kassan, •Effects of Paint Channeliza­
tion on Accidents•, Traffic En:Jleerin,, Institute of Traffic 
Engineers, Washington, b.c., bee er, 1 68. 

This study was conducted to determine the effectiveness of 
paint channelization (left-turn lanes and medians) on an irban 
arterial roadway in Los Angeles. A 1.14-mile (l.83-km) roadway 
was evaluated using an 18-month before and after period of study. 
Also, two ~jacent streets ~re selected as experimental control 
sections. After the left-turn lanes and median ~re painted on 
the study section, total accidents decreased frcm 129 to 85; an 
annual reduction of 31 percent lilllich was statisti,:ally signifi­
cant. Also significant "'8re reductions in left-turn accidents 
(42 percent) and rear-end accidents (50 percent). Injury acci­
dents decreased by 40 percent from 95 before the improvement to 
57 after the change. The authors concluded that painted channel­
ization was effective in reducing accident and injury crashes on 
urban arterial streets. 
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The authors are one of a very limited number of traffic 
safety investigators \litlo used control sections to determine the 
effect heness of a traffic control feature on irban roadways. 
The results appear to confirm the findings also reported by other 
investigators, however, because only one site was studied it was 
not possible to examine the effects of other variables, i.e., 
number of streets, signals, driveways, etc. on accidents. 

68. Thomas, Richard C. •continuous Left-Turn Channelization and Acci­
dents•, Traffic Enfineering, Vol. 37, lo. 3, Institute of Traffic 
Engineers, Washing on, b.c., December, 1966. 

The objective of this study was to examine the relationship 
between accidents and continuous directional left-turn 1 anes on 
urban arterial streets in Denver. The study scope was limited to 
a one-year before (1961) and one-year after (1963) accident ana­
lysis on a 4-mfle (6.4-km) urban street carrying four lanes of 
traffic. The results of the investigation are given below. 

• Rear-end type ace i dents decreased by 52 percent at loca­
tions which previously had no left-turn lanes. 

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

• Total accidents for the entire prl)ject 111ere '"educed by 
20 percent (462 accidents in the before period and 368 in 
the after period). 

B;,sed on the study findings, the installation of painted 
channelized left-turn lanes on major arterial streets appears to 
reduce total accidents and injury crashes. The sample size is 
too smal 1 to permit the identification of other variables, i.e., 
driveways, average daily traffic, etc. WJich may also have a 
significant effect on accidents. 

69. Torres, J.F. •The Effects of Street Geolletrics n Stgnaltzation 
on Travel Time and Their Relationships to Traffic Operations 
Evaluation•, Highwaf Research Record 211 1 Highway Research Board, 
Washington, o.C. 1 17i/. 

The purpose of thf s study was to examine the relationships 
between travel time on urban arterial streets and specific street 
characteristics such as geometrics and sfgnalfzatfon. The objec­
t f ve of the research was to deve 1 op a methodo 1 ogy that could be 
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used to evaluate the effects of roadway improvements on traffic 
operations based on simple measurements of roadway features. 
Geometric and operational data were collected on 158 street 
sections in 7 U.S. cities. Variables collected included volume, 
pavement width, signal densHy, speed zoning, and travel time. 

The results of the analyses indicated that signal density 
has a highly significant (statistical) effect on travel time. 
Lane width, percent of green time, and parking al so affect travel 
time but to a much lesser extent that signal density. A metho­
dology is suggested which can be used to estimate the effects of 
pavement width, signal density, and volume on travel time. 

While accident data were not used in the study, the rela­
tionships found between travel time and signal density help pro­
vide a link to understanding relationsMps found between acci­
dents and signal density on urban streets. Thus, hypotheses 
1 inking geometric roadway features to operational and accident 
measures can be formulated. Although the methodology for predict­
ing travel time based on easily obtained geometric features is a 
desirable product, the use of the procedure given in the paper 
does not appear to have received widespread use as an evaluation 
tool. Further research combining the expected values of accident 
and operational measures based on site specific geometric and 
environmental characteristics would be an extremely valuable tool 
for evaluating the effects of alternative countermeasures. 

70. Walton, C. Michael and Randy B. Machemehl, •continuous Two-Way 
Left-Turn Median Lanes: An Effective TSM Option•, Compend1111 of 
Technical Papers, 49th Annual Meeting, Institute of Transporta­
tion Engineers, Toronto, Canada, September, 1979. 

The purpose of this study was to identify relationships and 
characteristics of accidents associated with left-turn lanes and 
to develop guidelines for selecting median treatments. Regres­
sion techniques were used to examine relationships between acci­
dents and site characteristics. Study sites were aggregated into 
sections of 0.4 miles (0.64 km) in length to provide homogeneous 
sections. All data were collected on urban roadways in the State 
of Texas. The fol lowing equation was developed to predict the 
annual number of accidents per mile for site specific conditions 
on four-lane highways with continuous two-way, left-turn median 
1 anes. 

Accidents/mile= -43.5 + 0.00203(ADT)+0.000175(City Population) 

+0.49l{Number of Driveways/mile or km) 

+9.20(Number of Signals/mile or km) 
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The standard error of the estimate is.. 33 accidents/mile (or km), 
the F value is 34 and the value of R2 = 0. 75. Estimates of the 
number of accidents per mile (per km) for four-lane irban sites 
with two-way, left-turn median lanes and various site character­
istics are given in Table 48. 

The results of this investigation indicate that urban arter­
ial accident rates are significantly affected by the nunmer of 
traffic signals per mile (per km}, the number of driveways per 
mile (per km), the city population, and average daily traffic. 
Data were also collected for raised median sections, however, the 
data were limited and did not pennit the development of canpar­
able regression equations. Operational data, (i.e., lateral 
placement and maneuvering distance data) were collected and the 
analyses of these factors indicated that two-way left-turn median 
lanes 11 and 12 feet (3.4 and 3.7 m) in width had no significant 
adverse effect on traffic operations, however, lane widths of 
15 feet {4.6 m) and more created some driver confusion. 

The guidelines for estimating accident frequencies for con­
tinuous two-way, left-turn median projects will assist designers 
and traffic engineers in detennining the benefits of using this 
design feature, however, the user is cautioned to use data within 
the range of the variables used to develop the regression equa­
tions. Unfortunately, these values are not given in the report. 
Also, other sources must be consulted to estimate benefits of 
using alternate designs such as raised grass medians with 6-inch 
concrete curbs. 

71. Webb, G.M. •The Relation Between Accidents and Traffic Vol1111es at 
Signalized Intersections•, Proceedings, Institute of Traffic 
Engineers, Washington, D.C., 1955. 

This study was conducted at 97 signalized intersections in 
rural, suburban, and urban locations in California to examine the 
relationships between accidents and traffic volumes. The results 
of the analysis are sun1narized below. 

• Three-way intersections have fewer accidents with lower 
posted speeds and more accidents with higher posted speed 
limits. 
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Table 48. Esti■ated accidents per ■1le on two-111ay, 
left-turn lledian sections. 

, ............. ....... u ....... n.Ollt-M,OflOA9T ..... ie.--

-~ s,,-, • (ll.,.O) u, ... , (lA,MI) 

....... heel• ... - ,,. .... -.- ... - ao.• -·- ... - ..... .... ~- • 0.44 •II" .... -· -· -· -· -· -· .... .... __ .. ... ,,., lO,,J IJJ., ... , 111.4 '"·· .... n,., Ill.I -·· (I,.,, 
·--- ... n., ... , 111,l .... 111.t lit-I 11.J 111.J ,.,., 

c .. , 
u.,n _, .. ... .. .. "·· .... ..., "·' u,., ..., ,.,_, 111., 

(11,7) 

_, .. ... , 11.1 .... , ... , tr.I Ul.a .... ..... .,, .. ... . . . - ... , ... , .... ., .• "·' .... ,0,1 II.I lit.I - ... 
u.o, -... ... lt.Z H.J 11 .• .., .,_, , •. , ... , ... , Its.I -... 

"· 7 
... , ... 0.1 "·' .., .. .... ,,_ . lit.I -- II. J ... , ,,., "·· .... . .. "·' , ... , .. , - ... ....... 

I.I JI.I ,.,. 11., .. .. n.1 •. , ll.l 11,J ... 
.IM' • ......., ., .. ., ... hUp Tr•fflc 

() ........... _ .... ,_ ............... 
-- ....... , .. le -.... ......,., .... 

Source: Walton and Machaaehl, 1979 (70], Table 6, pg. 176. 
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• Skewed intersections had fewer accidents than cross-type 
intersections. Seven of the eight semi-urban skewed 
approaches had 43 percent fewer accidents than the 
straight leg9ed approaches. 

• Intersection approaches on curves had more accidents than 
approaches with straight sections. Three of the inter­
sections (two semi-urban and one rural) with curved 
approaches had 30 percent more accidents than the 
straight legged approaches. 

While the results may delineate general re lat ionsh i ps, the 
sample size is too small to permit establishment of statistically 
valid conclusions. 

72. Wootan, c.v., H.G. Meuth, N.J. Rowan, and T.6. W1111•s, •A 
Medi an Study 1n Pleasanton-Baytown-San Antonio, Texas•, Texas 
Transportation Institute, Texas MM University, College Station, 
Texas, August, 1964. 

This study was conducted to examine the effect of installing 
a raised curbed median on traffic operations, safety, and the 
economic activity of local businesses. Three urban sites located 
in a large, medium, and smal 1 town were selected for investiga­
tion. Before and after traffic and accident data were collected 
and analyzed. The data indicated that after the median was 
installed, there was a significant reduction in rear-end colli­
sions involving vehicles making left-turns. There was an in­
crease in accidents involving drivers making improper lane 
changes and an increase was reported in fixed-object crashes. In 
the San Antonio study, total accidents were reduced from 234 to 
72 (69 percent) in a one-year before and one-year after period. 
Personal injury accidents decreased from 40 to 14 (65 percent). 
The overall effect of the raised median at the study sites was a 
reduction in traffic accidents. 

The study reports provide a comprehensive review of economic 
and operational effects that are influen,.ed by installing a 
raised median on an irban arterial street. While there was a 
significant reduction in accidents due to the installation of the 
median, the data and n11nber of sttes studied are too limited to 
identify the specific effects of other variables, 1.e., s1gna1s, 
driveways, etc. on accident experience. 
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73. Nrfght, Paul H. and King K. Mak, •statistical Analysis of Single 
Vehicle Accident Relationships•, Traffic Engineering, Yol. 46, 
No. 1, Institute of Transportation Engineers, Arlington, 
Virginia, January, 1976. 

The objective of this study was to identify relationships 
between single-vehicle, fixed-object accidents and roadway 
features on two-lane urban roadways. Accident and geometric data 
were collected on 45 sections of two-lane roadway in Atlanta, 
Georgia. Each section was approximately one mile (1.6 km) in 
length. The accident data were obtained for a three year period. 
The dependent variables investigated were single-vehicle, 
fixedobject accident rate per mile {per km) per year and the 
singlevehicle, fixed-object accident rate per million vehicle 
miles (per 1.6 mil lion vehicles km). The roadway and traffic 
variables and socio-economic variables are shown in Table 49. 

Correlation and factor analysis and stepwise multiple linear 
regression analysis was used to examine relationships between the 
variables. The correlation coefficients for the roadway and 
socio-economic variables are given in Tables 50 and 51. Develop­
ment of a regression equation to predict the off-road accident 
rate per million vehicle miles (per 1.6 million vehicle km} 
revealed that average daily traffic, number of curves greater 
than 4 degrees. and the population density explain 45 percent of 
the variation in the accident rate. Details of the model are 
shown in Table 52. 

The results of the study indicate that single-vehicle, 
fixedobject accidents are significantly related to average daily 
traffic, horizontal curvature, and population density. However, 
the equations developed do not account for a majority of the 
variance in accidents and should not be used to predict accident 
rates on two-lane urban roads. Also, the relation between 
accidents and population density is of little value as an 
independent variable because it cannot be controlled through 
roadway design or traffic regulations. 

74. Zegeer, Charles V., •1dentific1tfon of Hazardous Locations on 
City Streets,• Research Report 436, Bureau of Highways, Division 
of Research, Lexington, Kentucky, Novenlber, 1975. 

The purpose of the study was to develop a method for identi­
fying hazardous locations in cities with a population exceeding 
2,500 persons. Accident data for 1974 were supplied by 
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' Table 49. Road•ay, traffic Ind socio econ011ic variables 
used to identify relationships between single vehicle, 

fixed~object accidents and roadway features. 

Roadway and Traffic Variables 

X1 • Average daily traffic (ADT) 

X2 • Total pavement width 

X3 = Speed limit (mph or Kph) 

• Number of intersections per mile (per km} 

• = Number of driveways per mile (per km) 

= Horizontal alinement (No. of curves >4•) 
' 

X7 = Horizontal alinement (Avg. degree of curve for curves >4•) 

Xa = Vertical alinement (percent of roarlway with gradient >4 percent) 

Xg = Vertical curvature (percent per station) 

X10 = Number of discrete objects 0-5 ft. (0-1.6 m) from 
pavement edge 

Xll • Continuous objects 0-10 ft. (0-3.1 m) from pavement 
edge 

Socio-Economic Variables 

S1 = Population density (persons per square mile or square km) 

S2 = Driving population (percent of persons 16 years and older) 

S3 = Percent of Negro population 

S4 = Number of housing units per square mile (per square km) 

S5 • Annual median incorne per housing 111it 

S6 • Median number of automobiles per housing 1.111t 

S7 • Median number of years of education 

Ss • Percent of anployment 

S9 • Percent driving to -,erk 

Source: Traffic Engineering, Vol. 46, No.1 
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Table 50. Correlation coefficient aatrix for roadway 
and traffic variables. 

••!:lll!l• l a 3 4 ~ I l I I IQ ,U 

1 1.00 0.33 0,48 0.14 0.21 -0.26 -o.25 -0.21 -0.26 -0.01 -o.n 
or 
2 1.00 0.31 -0.0.5 o.06 -o.n -0.22 -0.11 -o.06 0.23 -0.0.5 
Pav-.nt vtdtla 

, 1.00 -0.21 -o.u -0.2, -0.30 -0.15 -0.0, -0.41 0.21 
Speed Uait 

4 1.00 0,30 -o.o, -0.22 -0.07 -0.01 0.35 -0.06 
llumber of Interaectiona 

5 1.00 -0.22 -0.11 0,06 0.1S g.ss• -o.,o 
llu•b•r of Driveway• 

• 1.00 0.56 0.10 0.12 o.oa -0.01 
•uaber of cnvu > 4• 

7 1.00 0.22 0.12 0,21 o.os 
Dearee of cune for cunea > 4• 

• 1.00 o.61 o.n 0,31 
I roadva:, with aradient > 4• 

' 1.00 O,H 0.11 
Vertical curvature 

10 1.00 -0,30 
Discrete object■, 0-5' 

11 1.00 
Coatinuol&S obj•cta, 0-ld 

Source: Wright and Mak. 1976 [73]. Table 1. pg. 13. 
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Table 51. Correlation coefficient 111tr1x for 
soc10-econ011ic variables. 

farialll■ 1 2 3 4 6 1 I 

1 1.00 -0.01 0.36 0.94 -0.59 -o.73 -0.52 0.11 
Population d■naitJ 

2 1.00 -0.59 0.28 0.34 0.37 0.47 0.05 
Drivin1 i,opulation 

3 1.00 O.lS -0.48 -0.55 -o.o 0.30 
•1ro populat.on 

4 1.00 -0.49 ±!! -0.31 0.11 
Bouain& d-dtJ 

5 1.00 0.15 0.11 -o.so 
Annual iai:o- per faailJ 

6 l..00 !:.!! -0.12 
MUllber of auto110bil•• per f-ily 

1 1.00 -0.24 
Tear■ of edui:ation 

• 1.00 
I -plo:,MDt 

' I driYiD& to vorlr. 

Source: Wright and Mak. 1976 (73], Table 5, pg. 20. 
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-0.74 

0.44 

-0.66 

-o.sa 

i£1! 

0.95 

.!:1! 

-o.oo 
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Table 52. The relationship between off-road accidents per MVM 
and roadway, traffic and socio-economic characteristics. 

T2 • -0,000097 :Ii+ 0,1.5 z6 + 0,0001 s1 + 1,75 

Variable■ in !quat1o~ 

Variable Coeff1c1nt ~•rd Error 

Zi • AM' -0.000097 0.000024 

x6, Number of curves > 4 ° 0.1.5 0.0.53 

s1, Population dens1ty 0.0001 0.000061 

F btio • 10, 93 I. • 0.67 

Nlal~iple Corralation Coefficient .,2 - 0.4.5 

Standard Error of !stiution • 0,73 

--------------------------------
Source: Wright and Mak, 1976 (73], Table 9, pg. 26. 
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69 Kentucky cities for analysis as snown in Table 53. The average 
number of accidents and the critical number of accidents for 
arterial street mi db locks and intersect ions was determined for 
six population groups and the results are shown in Table 54. 

The study provides an effectiv@ method of identifying 
hazardous midblock and intersection locations on urban arterial 
highways. The average and critical numbers shown in Table 54 are 
useful for purposes of comparing frequencies obtained in other 
urban areas, however, these values should only be used as a 
guideline as the data were obtained only in Kentucky. While the 
method can be used to identify hazardous locations, it cannot be 
used to identify specific accident problems or geometric, opera­
tional, environmental, and human factor elements that may have 
contr·it>uted to the hazard. 

Table 53. Population groups of cities. 

POPULATION 
CROUP 

I 
l 
3 
4 
5 
6 

POPULATION 

Owr 200,000 
50,000 to 200,000 
20,000 to 50,000 
10,000 to 20,000 
S,000 to 10,000 
2,500 to- S,000 

NUMBER OF 
aTIES 

1 
3 
7 

15 
21 
43 

Source: Zegeer, 1975 [74], Table 1, pg. 4 
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Table 54. Average and crftfcal accidents on 
arterial collector streets . 

ANNUAL ACCIDENTS CRITICAL ACCIDENTS 
PER LOCATION PER LOCATION• 

MIDBLOCKS INl'ERSECTIONS MJDBLOCKS INTERSECTIONS 

s.o 10.2 II 19 
4.1 6.6 10 14 
2.7 4.S 7 10 
1.S 2.4 s 7 
1.0 1.9 4 6 
0.8 1.2 4 .. 

-Computed from Ac • Aa + 2.S76JA;' + 1/2 

Source: Zegeer, 1975 [74], Table 5, pg. 7. 



APPENDIX C - SAMPLING PLAN AND DATA COLLECTION PROCEDURE 

Introduction 

The major efforts of this research included the selection of study 
sites representative of the population of urban arterial roadwa,Y.s. the 
collection of detailed roadway elements and ,v·cident data. and extensive 
analyses of these data. To accomplish the stud/ objectives, a comprehen­
sive systematic process was proposed. The process included a sampling 
plan which outlined the criteria that was used to select the study sites; 
a data collection plan which identified the variables that were collected 
and procedure that was followed during the data collection activities; and 
an analysis plan which described the mathematical techniques that were 
used to analyze the data. The detai 1 s of each of the sampling pl an nd 
data collection procedure are discussed in the following sections of this 
appendix to provide guidance to highway officials and future researchers 
who are interested in the processes used to develop the study results or 
to those who wish to conduct other analyses using the computerized data 
base. • 

Classification of Urban Arterial Roads and Streets 

Prior to the devlopment of a sampling plan it was necessary to define the 
basic characteristics of an urban arterial roadway. While roadways are 
often classified both functionally and administratively in urban areas, 
there is no widely accepted standard for differentiating between an urban 
arterial highwly and another type of urban street. Based upon guidelines 
used in other studies. the following general criteria were used in this 
research to identify urban arterial streets (1,2,3,]*. 

• The roadway must be a signalized surface street or part of a net­
work of signalized surface streets which operate as a system. as 
opposed to a series of isolated signalized intersections. 

• The roadway must provide service for major portions of through 
traffic. 

• The roadway must s~rve the major activity centers of a metropoli­
tan area, be a high volume travel corridor and give priority 
service to long d;stance urban trip desires. 

* The numbers in bracket identifies the ;,ublicattons provided on the 
reference list in th1s appendix. 
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• The roadway must carry a high proportion of total urban area vehf­
cul ar travel. 

• The roadway must serve a major portion of the vehicle trips either 
entering or leaving the urban area, central business district, or 
trips within the urban area or between major urban centers, and or 
intersect major rural roads at the metropolitan boundary. 

• Urban freeways, expressways, and other limited access highways are 
excluded for the purposes of the study. 

The selection of urban arterial highways within the context of the 
study must provide a set of roadways from which a sample suitable for data 
collection and analysis can be drawn, and provide a basis for the explana­
tion of a portion of the accident variance occurring on urban arterials. 

Because there is a wide range of arterial highway faciliHes classi­
fied as arterial, the criteria must be structured in a manner such that 
identification of urban arterials can occur without difficulty and result 
in an adequate number of mi 1 es of roadway to ensure that all vari ab 1 es 
that describe the safety characteristics are respresented. 

rhe classification of arterials was based upon the following charac-
teristics. 

1. City Population 
2. Facility Type 
3. Land Use 

These characteristics were stratified in the following manner. 

1. City Population 

• Large - population over 250,000 persons 
• Medium - population between 50,000 an 250,000 persons 
• Small - population between 2,500 and 50,000 persons 

2. Facility Type 

• One-Way 
• Two-Lane/Two-Way 
• Multilane Divided 
I Multilane Undivided 

3. Land Use 

• ·Industrial and Commercial 
• Residential 
• Vacant 
• Other Land Use 
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The advantages of this scheme include the following items. 

• The three-level scheme describing the characteristics of urban 
arterial streets does not contain a burdensome r,umber of ce 11 s. 

• The characteristics represent discrete rather than continuous 
values. The discrete chara-teristics minimiie the arbitrary 
setting of boundaries within the classification scheme. 

• The classification scheme will facilitate identification of 
arterials within each class, enhancing the probability that every 
class will contain a sufficient sample. 

• By defining a preliminary hypothesis that there will be statisti­
cal differences in ~he acciuent characteristics between the 
classes, the scheme provides a basis for beginning an analysis of 
accident experience for urban arterial roads. 

The characteristics selected in the classification scher were chosen 
because of their reported relationships with accidents. The relationships 
between accidents and city population, and accidents and type of facility, 
and access control are shown in Tables 55 and 56, and in Figure 7. These 
data also imply that some accidt!nt variance can be explained by the stra­
tifications within these roadway characteristics. 

Sampling Plan 

The purpose of sampling is to collect a manageable c111ount of data 
which is representative of the population. To perform an unbiased and 
reliable analysis of the population of national urban arterial roadway 
accident experience, it is necessary that a sample data set satisfy 
several constraints including the following: 

1. It must represent a cross section of the United States in tenns 
of various regional, climatological, and terrain conditions. 

2. It must have an adequate number of data points for each of se­
veral logical categories to be derived from urban area popula­
tion, type of land use, location within the urbanized area, and 
type of facility, 

3. The error of estimate should be within acceptable limits. 

4, It should also meet the target values of fatal accidents, injury 
acc1de'lts and property damage accidents as specified in the 
Contrr.ct. 
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0\ 

'° 

Citv Pooulatton 

Total 

Urban 
Over 1,000,000 
250,000-1,000.000 
100.000-250,000 
50,000-100,000 
10,000-50,000 
Under 10,000 

Table 55. lllotor vehicle accidents. deaths, 
and injuries by city population, 1974 • 

Property 
Fatal Injury Damage 

Accidents Accidents Accidents Injuries 

40,200 1,200,000 14,400,000 1,800,000 

15,000 770,000 10,400,000 1,050,000 
1.800 150,000 2.000.000 200.000 
2,800 150,000 2,300,000 200,000 
2,100 110,000 1,600,000 150,000 
1,900 110,000 1,400,000 150,000 
3,700 150,000 2,050,000 200,000 
2,700 100,000 1,o:;0,000 150,000 

**Deaths per 100,000 population 

Source: Accident Facts~l975, National Safety Council, Chicago, 11 lf nois 

Deaths 

No. Rate** 

46,200 21.9 

16,01)0 11.4 
1,900 10.2 
3,000 12.3 
2,200 14.5 
2,000 11.3 
4,000 9.6 
2,900 13.1 



Table 56. Relationship between city population 
and traffic fatalities. 

Deaths/100,000 Deaths/10,~uO 
City Population Population Registered Vehicles 

Over 1,000,000 10.1 2.8 

750,000-1.000,000 11.4 2.5 

501,000-750,000 12.8 2.5 

350,000-500,000 14.0 2.4 

200,000-350,000 13.3 2.1 

100,000-200,000 11.9 2.0 

50,000-100,000 9.7 1.6 

25,000-50,000 9.3 1.5 

10,000-25,000 10.9 1.6 

Over 200,000 11.73 

so,000-200,000 10.68 

2.soo-so,000 9.94 

Source: Accident Facts-1975 National Safety Council [l] 
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Multiwhlcl■ ICCideftts. - -
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"- four-lane roedl No ___ , 

P■nial - contrOI 
Full acc.. mnlrol 

----

a,__ __ ,.._ __ ,.____....._..._..._ __ ......_ __ ....__....___.__, 
!ICIO 1.000 5.000 10.000 II0,000 

Source: J.K. Kihlberg and K.J. Tharp, Accident Rates as Related to Design 
Elements of Rural Highways, Report 48 (Washington. O.C,: Highway 
Research Board, 1968, p. 23. [2]. 

figure 7. Predicted accident rates for various roadway 
types and access conditions. 
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To meet thP. above criteria, the first decision should have involved 
the random selection of the study cities. However, the study cities were 
tentatively selected by the Federal Highway Administration. Representa­
tives of 25 candidate urban areas volunteered for thh study, and ;t was 
decided, based upon practical reasons, to include each of these areas in 
the study. Preliminary review of the data availability and other factors 
resulted in the selection of the fol lowing urban areas Boston, 
Charlottesville, Detroit, Toledo, Lansing, Kalamazoo, Saginaw, Big Rapids, 
Fort Wayne, Zanesville, Milwaukee, Rochester, Minneapolis, Topeka, New 
Orleans, San Antonio, Seattle, Santa Fe, Longmont, san Francisco, 
Milpitas, Coronado, La Mesa, Los Gatos, and Lafayette. 

The following are the regional classifications of the candidate urban 
areas: 

Northeast - Boston 

Southeast - Charlottesville 

North Central - Detroit, Toledo, Lansing, Kalamazoo, Saginaw, Big 
Rapids, Fort Wayne, Zanesville, Milwaukee. Rochester, 
Minneapolis, Topeka 

South Central - New Orleans, San Antonio 

Northwest - Seattle 

Southwest - Santa Fe, Lon~nt, San Francisco, Milpitas, Coronado, La 
Mesa, Los Gatos, Lafayette 

The following are climatological classifications: 

Northern - Boston, Charlottesville, Detroit, Toledo, Lansing, 
Kalamazoo, Saginaw, Big Rapids, Fort Wayne, Zanesville, 
Milwaukee, Rochester, Minneapolis, Topeka, Longmont 

Temperate - New Orleans, San Antonio, Seattle, Sante Fe, San 
Francisco, Milpitas, Coronado, La Mesa. Los Gatos. 
Lafayette 

The following are terrain classifications: 

Generally Flat - Boston, Detroit, Toledo, Lansing, Kalamazoo, 
Saginaw, Big Rapids, Fort Wayne, Milwaukee, 
Roch 1~ster 1 Minneapolis, Topeka, New Orleans, San 
Antonio, Santa Fe, Coronado, Lafayette 

Generally H111y - Charlottesville, Zanesville, Seattle, San 
Francisco, Milpitas, Longmont, Los Gatos 
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The sites were preselected based on the willingness of the city 
representatives to participate, and while the sample of urban areas se­
lected for the study may not statistically unbiased, it does include a 
wide variation of city types, city sizes, regional classifications, clima­
tological conditions, and terrain classifications. This bias should not 
affect the study results, since it is anticipated that accident relation­
ships will be more dependent on traffic, geometric, environmental, and 
other factors than on geographic locatio~. 

A roadway length of 0.1 mile was selected as the unit base for data 
collection and analysis. Data on the characteristics of every 0.1 mile 
roadway section in the study sites wil 1 be collected in the field or 
extracted from data files, maps, or other sources. The accident data was 
also recorded for each 0.1 mile of the roadway under study. The variables 
may then be e:-:pressed in terrns of accidents per unit, such as accidents 
per mile or per 0.1 mile segment. 

All cities used in this study were required to have at least 3 years 
of accident records available. The Contract specified that the sample for 
this study should include at least 1,000 fatal accidents, since fatal 
accidents are the rarest type of accident. If this requirement is satis­
fied, it is expected that the total data set will contain the required 
number of injury and property damage accidents. Based on the unit sample 
concept presented in the technical proposal, a minimum of 2,002 miles of 
arterial roadway would be needed to obtain the required 1,000 fatal acci­
dent sample for a three-year period. The distribution of these samples 
are shown in Table 57 for various city sizes. 

Table 57. Required ■iles of arterial roadway. 

City Population 

50,000 to 2,500 to • 
over 250,000 250,000 5,000 Total 

Total Miles 702 676 624 2,002 

A review of the candidate cities was conducted to determine the aver­
age number of miles of arterial street per city within each city size 
category. The review process consisted of map examinations, discussions 
with city traffic engineers, and site visits. All major streets, county 
primary roads, State highways, and Federal routes, {except freeways or 
expressways). were considered to be urban arterial roadways. The a,erage 
miles of urban arterials per city were 350 miles (large cities), 55 miles 
(medium cities), and 10 miles (small cities). • 
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Based on average mileage data, an estimate was made of the nuni>er of 
cities which would be required to meet the minimum mileage requirements 
(2,002 miles), as determined by the ll'lit sample approach. The minimum 
mileaye requirement (based on 3 years of accident data from Tabie 57) was 
divided by the average number of arterial miles for each city size cate­
gory. The required number of cities is shown in Table 58. 

Table 58. Required nllllber of cities. 

Number of Years of Accident Data 

City Size 1 Yr. k.c. Data 3 Yr. Acc. Data 

Large 6 2 
Medium 36 12 
Small 186 62 . 

Only 25 urban areas were avail able to the research team for data 
collection based ()n the requirement of a computerized accident reporting 
system and the interest of the cities in participating in the ;tudy. These 
25 included 10 large cities, 5 medium cities, and 10 small cities. The 
number of required small (62) and medium (12) size cities is larger than 
the number available (10 small and 5 medium cities). Thus, the use of the 
originally proposed sampling plan would not result in a fatal accident 
sample of adequate size if data collection was constrained by the total of 
25 c01T111uni ti es. 

As an alternative, a sampling strategy based solely on arterial mile­
age was developed for this study. The research team believes that a mile­
age based sample should be used instead of an accident based sample, since 
the use of an accident based sample could lead to biased results. The use 
of an accident based sample could lead to the selection of those sites 
exhibiting unusually high levels of accidents, in order to meet the sample 
requirements. Selection of an inordinate number of high accident loca­
tions would lead to inaccuracies in conclusions made as a ·esult of the 
analysis. The objective of this mi 1 eage l>ased sampling pl an h to assure 
that the number of accidents within each arterial classification cell will 
be adequate to achieve a predetermined level of confidenc~. This is 
accomplished using the standard sampling algorithm for samples randomly 
selected from a normal distribution. It is the assumption tho.t the fre­
quency of occurrence of accidents is normally distributed across the 0.1 
mile sample sections, as shown in Figure 8. 

The number of units to be selected can then be determined from the 
following equation: 
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Mean 

Number of Fatal Acc./Segment/Year 

Figure 8. Assl.llled distribution of accident frequency. 
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n = K2 o 2 
e2 

Where: 

n • sample size, which is the minimum number of lllits (a 0.1-mile 
highway segment) required in the sample (with the average nunt>er 
of fatal accidents per unit being normalized a_r,d set equal to 
1)' 

K = the number of standard deviations about the mean, which corre­
sponds to the desired confidence level, 

a= the standard deviation of the number of fatal accidents per 
mile, 

e = the limits of the tolerable error. 

The use of the above algorithm requires that certain parameters be 
prespecified. A level of confidence of 95 percent has been chosen for this 
application, \\tlich corresponds to a K value of 1.96 for the above equa­
tion. Also, the relationship between cr (the standard deviation), and e 
(the limits of tolerable error) is critical. For this analysis, e is set 
at the level of 0.5 times CJ. Setting e at this level means that the 
total tolerance is equal to one half the standard deviation, which is a 
conservative estimate. Substituting the ahove values yields: 

n* "' '3.84) X 
( .5 )2 

CJ 2 = 15 .4 

Using 0.1667* fatal accidents per mile, the m1n1mllll nunt>er of 0.1 mile 
roadway segments necessary for each classification eel 1 is 15/0.1667•90 
segments {0.1 mile each) or 9 miles. 

Therefore, a sample which contains 15 fatal accidents for each 
classification cell is required. However, the use of the sampling plan 
would result in a total sample of only 810 fatal accidents, where 810 is 
the product of 15 fatal accidents per cell multiplied by 54 classification 
cells. Based on an annual fatal accident rate of 0.1667 fatal accidents 
per mile*, this sample will require data from 4859 mile-years of arterial 
roadway, 

To obtain a sample with a minimum of 1,000 fatal accidents, it .iould 
be necessary to utilize (1,000/810) or 1.23 times the m1n1m1.111 nunmer of 
sample units. 

* Source: National Safety Council, "Accident Facts", 1977. 
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That is, 4,859 miles x 1.23 = 5,998 mile-years of roadway must be 
sampled. 

Therefore, the ~otal number of road miles required to meet both the 
minimum sample size requirement for a 95 percent confidence level, and a 
1,000 fatal accident minimlJII is 5,998 miles for a single year of ~cident 

• data, or 1,999 miles using 3 years of accident data. 

Based on the estimate of arterial road mileage and the number of 
candidate cities, the total number of arterial road miles from which to 
sample is 3,875 miles, distributed as follows. 

10 small cities at 10 miles each = 100 miles 
5 medium cities at ~5 miles each= 275 miles 

10 large cities at 350 miles each= 3,500 miles 

Total Miles= 3,875 miles 

A comparison of the total number of miles available and the required 
sample indicates that there are enough miles of total arterial roadway to 
sample, but the mileage is not distributed uniformly ~ross city size 
groupings. 

To maintain the best possible distribution by city size for the 1,999 
miles of sample roadway, the 10 small cities and the 5 medium cities 
should be sampled at the 100 percent level. This will contribute 375 miles 
of roadway to the sample. The remaining 1,624 miles will be sampled from 
the large cities. With 3,500 total arterial miles in large cities, only 
46 percent of available mileage for large cities will be necessary: 

(1,624 miles/3,500 miles) x 100 • 46 percent 

Based on this distirbution of sample miles. the miles per city are 
given by city size group in Table 59. 

Table 59. Sample ■1les per city. 

Estimated Avg. 
City Number Of Available Total Miles Percent Miles 
Size Cities Avg. Miles Arterial To Be Of Miles • Per 
Group Available Per City Miles Sampled Sampled Chy 

Large 10 350 3500 1624 46 162 
Medium 5 55 275 275 100 55 
Smal 1 10 10 100 100 100 10 

Total 25 - 3875 1999 52 -
177 



Using a fatal accident rate of 0.5 accidents per mile per 3 years and 
a sample of 1,999 arterial road miles, 1,000 fatal accidents can be 
expected from the sample. Assuming a ratio of fatal to injury accidents 
of 1 to 30 and fatal to property damage of 1 to 360, as taken from 
National Safety Council Accident Facts, it is anticipated that ii.lout 
30,000 injury accidents and about 360,000 property damage accidents will 
be fn the sample data set collected. 

As part of the analysis of the street networks for available cities, 
an estimate of the distribution of the arterial road miles within the 
classification plan was made. The results of this analysis are presented 
in Table 60, which gives the expected distribution of mileages basf'd on 
the average mileage for each city size. The total number of miles b~1 cell 
that will be sampled in this project is given in Table 61. 

The selection of candidate arterial roadway segments from the large 
cities will be made using random number tables. This process included: 

• Establishing a roadway segment selection rule. For ex~mple, all 
candidate roadway segments can be sequentially arranged and tested 
against a random number generated or selected from a statistical 
table. If, for example, the random number is odd the roadway seg­
ment will be selected. If the number is even the roadway segment 
wi 11 be rejected . The process wi 11 be continued or each city 
unt i1 the required number of roadway samples have been obtained. 

As the sampling of road miles reaches a conclusion, each r.ell within 
Uie classification plan will be reviewed and a check will be made as to 
the sample size within each. At that time, the confidence level for each 
cell will be determined. 

There is still some uncertainty as to the total number of fatal acci­
dents that will be included in the sample, since the sampling plan was 
based on certain assumptions. For example, the ass1111ption was made that 
the rate of 0.1667 fatal accidents per mile was appl fcable across al 1 city 
sizes and al 1 arterial classifications. If the ass1111ption is not val id, 
the sample will not contain the prescribed 1,000 fatal accidents. 

In calculation of the number of sample 111its required, the ass1111ption 
was made that each year of a three year accident history on a 111it segment 
of roadway constituted an independent sample point. Thus, wilen determining 
the sample size to be used, the ass1.111ption was made that the same 'of the 
three years of data would be condensed for this analysis. It is antici­
pated that these minor assumptions will not result in a biased sample. In 
fact, they are of much lesser significance than the lack of an ~equate 
number of sample miles from smal 1 and medium size cities - a factor wilich 
was not within the control of the research team. 
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Table 60. Estimated number of ■iles available from 
25 candidate cities*. 

10 Large City . 

Industrial & Comercial 

CBD 
FR 
OL 

Residential & Vacant 

CBD 
FR 
0L 

5 Medium City 

Industrial & Corrrnerci a 1 

CBD 
FR 
0L 

Residential & Vacant 

CBD 
FR 
0L 

10 Sma 11 City 

Industrial & Comercial 

CBD 
FR 
0L 

Resident, al & Vacant 

CBD 
FR 
0L 

* Derived from the current candidate cities. 
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1 Way 2 Ln 
& Div. 2 Way 

140 140 
84 84 
56 56 

e4 84 
105 105 
231 231 

16.5 16.5 
7.0 7.0 
4.1 4.1 

4.0 4.0 
7.0 7.0 

16.5 16.5 

9.0 9.0 
1.8 1.8 
I. 2 1.2 

1.2 1.2 
2.0 2.0 
4.8 4.8 

Multi Ln 
2 ~:ay 

420 
252 
1se 

252 
315 
693 

49.5 
20.5 
12.s 

12.5 
20.5 
49.5 

27.0 
s.o 
4.0 

4.0 
6.0 

14.0 



Taule 61. N1mber of miles from candidate citi~s 
using three years accident data. 

l \\ay 2 Ln 
& Div. 2 !,lay 

-
Larg~ City 

Industrial !: Cor:ir.;ercial 

CBD 64. 4 64. 4 
FR 3E-.6 3€.6 
OL 25.8 25.8 

. . 
Residential }.Vaca]lt~ 

--

CBD 38.6 3L6 

- FR 4e.3 4e.3 
OL 106.3 106.3 

-
•• 

Medium City 

Industrial & Commerci a 1 

CBD 16.5 16.5 
FR 7.0 7.0 
OL 4.1 4.1 

Residential & Vacant 

CBD 4.0 4.0 
FR 7.0 7.0 
OL 16.5 16.5 

Small City 

Industrial & Cor.merc fa 1 
C 

CBD 9.0 9.0 
FR 1. 8 1.8 
OL 1.2 1.2 

Residential & Vacant 

CBD 
. 

1.2 1.2 
FR 2.0 2.0 
n, 4.8 4.8 
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Multi Ln 
2 ~ay 

193. 2 
115. 9 
77.3 

115. 9 
144.9 
318.8 

49.5 
20.5 
12.5 

12.s 
20.5 
49.5 

27.0 
5. 0 
4.0 

4.0 
6.0 

14.0 



Accident Data Sources 

The data analysis performed in this study requires the accumulation 
of accident data from a number of candidate city locations. This accumu-
1 at ion necessitates a procedure whereby accident data from variables 
sources is reformatted into a standard form. In addition to the accident 
information. the final data record wil 1 contain the associated roadway and 
environmental characteristics pertaining to the particular 0.1 mile 
segment. 

The existence of a computerized accident inventory system greatly 
enhances the task of data collection. If accidents are located by a node 
and/or mile point convention, it is rather easy to select the accidents 
for a particular section of arterial roadway. Generally, accident data is 
entered into a computerized inventory system through the fol lowing proce­
dure as shown in Figure 9. 

Source Doc1111ent 

The source document, accident report, is prepared by the officer 
investigating the accident. Generally, the location of the accident 
is identified by specifying the county, city, or township and the 
distance and direction from some reference point. 

Data Review 

Accident reports are collected at a centralized location and 
reviewed. This review process assures that the form is complete as 
prepared by the officer and in some cases, allows for the addition of 
supplemental information. This additional information may incl.Ade 
such data as street type, node designations, link designatfans, 
roadway defects, etc. 

Data Entry 

Upon completion of the review, the accident reports are transferred 
to computer media, either punched card!i or magnetic tape and sub­
mitted for processing. 

Processing 

Based on the design of the inventory system, a variety of processing 
may be performed on the accident reports at this time. Systens that 
utilize a geographic location file will access that file and generate 
the corresponding location appendix for each acc;dent. Generally, 
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STEP A. 

STEP B. • 

STEP C. 

STEP D. 

Accident 
Report 

Keyp:..:nch 

Location 
Processing 

Report 
Processing 

(Source Document) 

(Data Entry) 

"Master 
Accident 

File" 

Reports 

Figure 9. Computerized accident inventory procedure. 
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some reformating and data expansion is also accomplished during this 
task. The last step of this procedure provides for the merging of 
each accepted and located accident to the Master Accident File. 

Reports 

After the Master Accident File is formed, there are a variety of 
reports which may be generated from the data base. Many times these 
reports make use of supplemental information such as; volume files, 
road~ay configurations, traffic characteristics, and driver files. 

The data analysis for this study required roadway segments of 0.1 
mile. The data records come from the Master Accident File of c. computer­
ized system (Step D above). Additionally, the records -,uld contain a 
unique roadway identity and some form of mileage point indication. Avail­
ability of data records containing the above information would require the 
least illlOunt of additional processing. Initially, all that would be 
required is one program to reformat the records into a single standard 
record format. 

Accident records available only from Step C (Data Entry), requires 
extensive time and manual processing. Each record had to be altered to 
include the infomation necessary to ass1g1 the accident to a particular 
0.1 mile roadway segment. In addition to Jeveloping progril'IIS to alter the 
data, man-hours were expended determining the correct street identity and 
location di stance. These records were processed through a program to 
reformat the data into a single standard record format. 

In the worst case, accident data were obtainable only from Step A 
(Source Document) or Step B (Data Review). Extreme effort had to be 
expended verifying the source document and supplying additional informa­
tion such a standardized location information (both street names and 
distances). In both cases, the source document must be key pt.:nched and 
verified prior to the processes explained for Step C. 

Clearly, with the volume of data anticipated (some 100,000 accidents) 
it is desirable to obtain all accident records from a computerized Master 
Accident File. The data available from each of the candidate cities was 
reviewed and classified to it's acceptance in terms of the above steps. 
To this end, a preliminary form was developed to document and classify the 
accident data available from each candidate city. A sample form is 
included as Figure 10. Further, refinement and procedural steps were 
needed for those cities where data fs available only form Steps A, B or C. 
A sU111nary of the accident data availabinty for the cities contacted in 
this study 1s provided on the fol lowing accident data classification 
forms. 
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ACCIDENT DATA CLASSIFICATION 

City: ____________ _ Date: ______ _ 

1. How maey years of accident data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? {Describe} 

5. Is there a unique code (node number of link#) relating 
to the accident location? 

6. Is a distance from a reference point (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
:.. Source Document 
B. Data Review 
c. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 

Figure 10. Accident data classfffr.atton. 
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ACCIDENT DATA CLASSIFICATION 

C1ty: l<~oi>J ttl~u-( Date: S-7-if. 

1. How many years of accident data exist? 

2. Is a record description (format) available? 

3. Does GIG have a copy of the record description (format)? 

4. How is the location of the accident defined? (Describe) 

t,1A1-t 

5. Is there a unique code (node number of link#) relating 
to the accident location? 

6. Is a distance f~om a reference point (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
c. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

. City: L,,. -, Date: .r-?-) 1-
-----..a.----

l. How many years of accident data exist? 

z. Is a record description (format) available? v,s 
,I 

3. Does G&G have a copy of the record description (format)? y,.s 
4. How is the location of the accident defined? {Describe) 

d]A(I 

s. Is there a unique code (node number of link#) relating 
to the accident location? '"" ~ 

6. Is a distance frcxn a reference point (node) available? :y~t 
7. Is the file available on magnetic tape (1600 bpi)? ve. s 

I 
8. Indicate Step data is available from: 

A. Source Document 
B. Data Review 
C. Date Entry 

t> O. Past Location Processing 

9. Is further fnvesttgatfon of manual processing warranted? AO 
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ACCIDENT DATA CLASSIFICATION 

City: ,,.,/ Cb /c J 17L l Date: .J, ..... "?-?9 
1. How many years·of accident data exist? 

2. Is a record descri_ption (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of t~e accident defined? (Describe) 

1iiMt. ~-, 

5. Is there a unique code (node number of link#) relating 
to the accident· location? . 

6. Is a distance from a reference point (node} available? 

7. Is the file available on magnetic tape (1'600 bpi)? 

8. Indicate Step data is available from: 
A. Sou~ce Document 
8. Data Review 
C. Date Entry 
D. Past ~ocation Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

City: 5--c (t:IAwJ ~ 'Cll{ Date: LG- z- 7,I 
0 -----~------_ 

1. How many years of accident data exist? ...7 -=---

2. Is a record description (format) available? ~_f__ 

3. Does G&G have a copy of the record description (format)? 7"'3'-·-'-' 
4. How is the location of the accident defined? (Describe) 

M1tt-r 

5. Is there a unique code (node number of link I) relating 
to the accident location? ~ , 

6. Is i distance from a reference point (node) available? vc:: s. 
) 

7. Is the file available on magnetic tape (1600 bpi)? ~ ~ , 

8. Indicate Step data 1s available from: 
A. Source Document 
B. Data Review 
c. Date Entry 
D. Past Location Processing D 

9. Is further investigation of manual processing warranted? ,.0 
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ACCIDENT DATA CLASSIFICATION 

Date: __ £ ........... ""'"2::---"-'...;..'---

1. How many years of accident data exist? 

2. Is a record description (forll!at) available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? (Describe) 

'b1r4'=C 

5. Is there a un;que code (node number of link#) relating 
to the accident location? 

• 6. Is a distance fran a reference point (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data 1s available from: 
A. Source Document 
e. Data Review 
c. Date Entry 
D. Past Location Processing 

9. Is further investigatio.; of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

City: 'BO" 'RaiJ~ @red Date: _s-~").--17. 

' 1. How many years of accident data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

• 4. How is the location of the accident defined? (Describe) 
A,/. I .-r-· ,. /,1/i/- . _,,·: 

5. Is there a unique code {node number of link#) relating 
to the accident location? 

6. Is I distance from a reference point (node) available? 

7. Is the file available on magnetic tape {1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 

c2 
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ACCIDENT DATA CLA~SIFICATION 

City: 6ieo, ;, ; !,-- f;f/'J;ct{ Oate: I'- ")-1? 
(/ ---------

1. How man~ years of accident data exist? 

2. ls a record description (format) available? 

3. Does G&G have a copy of the record Jescription (format)? 

4. How is the location of the accident defined? (Describe) 

A'/r4t,,.-

5. ls there a unique code (node number of link#) relatfng 
to the accident location? 

6. Is a distance from a reference point (node) ava11able? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. ~~urce Document 
a. Data Review 
c. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

City: ,C,...,,...;"' L t?fl rt+! Date: 5:, 2-- '1 ! 
V 

1. How many years of acci~ent data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? (Describe) 

/JJf.,: . -r 

5. Is there a unique code (node number of link#) relating 
to the accident locatiJn? 

6. Is a distance from a reference point (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

City: /;,,.:,.01-. :rr +1,· //s 111,cJ.. Date: J7 7~ , f 
1. How many years of accident data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? {Describe) 

Mitt: 

5. Is there a unique code (node number of link I) relating 
to the accident location? 

6. Is a distance from a reference point (nodel available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past location Processing 

9. Is fJrther investigation of manual processing warranted? M 
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ACCIDENT.-OM"A CLASSIFICATlON 

City: ?,hc..1../ Date: _., ___ .-_-__._?_-___ l_f __ _ 

1. How many years of accident data exist? 

2. Is a record description (format) available.1 

3. Does G&G have a copy of the record description (format)? 

4. How is the location ,of the accident defined? (Describe) 

5. Is there a unique code (node number of link#) relating 
to the accident location? 

6. Is a distance from a reference point (node) availoJ>le? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate·Step data is available from: 
A. Source Document 
B. Data Review 
c. Date Entry 
D. Past location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

Date: :f""-'?-77 ------------
1. How many year~ of accident data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How fs the location of the accident defined? (Describe) 

1'}?/tl r 

5. Is there a unique code (node number of link#). relating 
to the accident location? 

6. Is a distance fran a reference point (node) available? • 

7. Is the file available on magnetic tape (1600 bpi)? . 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past Location Processing 

9. Is further investigation of 111nual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

~1ty: ~--)-'--2>1-----'-R ..... • ..... I:/ ___ _ Date: _..c..f':_,...:.~-? __ ! __ _ 

1. How many >:ears of accident data exist? 

2. Is a record description (format) ava'ilable? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? _(Describe) 

fJl!lL-'l; 

5. Is there a unique code (node number of link#) relating 
to the accident location? 

6. Is a distance from a reference point (node) available? 

7. Is the file available on·magnettc tape (1600 bp1)J 

8. Indicate Step data ts available from: 
A. Source Document 
e. Data Review 
C. Date Entry 
D. Past location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

City:· 'J!l;,,1.it:-,..A:-,_,t~ 1i1;Jt,1 Date: _ __;-:--;;:_•.::;h_-....;7_'/ __ 

1. How many ye~rs of accident data exist? '-/ /Jj 
2. Is a record description {format) available? 

3. Does G&G have a copy of the record description {format)? 

4.· How is the location of the accident defined? {Describe) 
• . . ~· / 

"•I:.&, .. ,.:,_.-, .-V.1..----C' 'i----

5. Is there a unique code (node number of link I) relating 
to the accident location? 

6. Is a distance from a reference point {node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data 1s available from: 
A. Source Document 
B. Data Review 
c. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 

Reproduced from 
best available copy. 



ACCIDENT DATA CLASSIFICATION 

City: Cl!r-1 l~±l.vt~lk I ;r--- Date: 

1. How many years of accident data e~fst? t/ 
2. Is a record description (format) r• 7ilable? 

3. Does G&G have a copy of the record description {format)? '1 C 

4. How is the location of the acdderit defined? {Describe) 
·, ,, 

!, 1,J: ,j ,, c rL 

5. Is there a unique code (node number of link I) relating 
to the accident location? 

6. Is a distance from a reference point {node) available? 

7. Is the file available on magnetic tape {1600 bpi}? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 11..; 
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,-/ ACCIDENT DATA CLASSIFICATION 

City: t")/f!-?l:!J?7i.,..-y.f {.:_, Date: ~--iS - 7~ 
1/ 

1. How many years of accident data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How fs the location of the accident defined? (Describe) 
j • ' 

,l .... ~~<f-r:c:{~__, !); )z1 .. t..:_ /. _ 

5. Is there a unique code (node number of link#) relating 
to the accf dent location? ·..'~.,, -

6. ·rs a distance frooi a reference point (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

Date: _f":L,-_-....::;.J_-~7_f __ 
1. How many years of accident data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? {Describe) 

•,),~ •• ~ /' r;r- Y.:.. 4:,_ J;__. 
1/ 

5. Is there a unique code {node number of link#) relating 
to the accident location? 

6. Is a distance from a reference point (node) ava1iable? 

7. Is the file available on magnetic tape {1600 br,i )? 

8. Indicate Step data is available from: 
A. Source Document 
8. Data Review 
C. Date Entry • 
D. Past location Processing 

9. ls further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

Date: ___ £. ..... ~""""7'-'-,_._,..;..9 __ _ 

1. How ma~y years of ac~ident data exist? 

2. Is a record description (format) ·available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? (Describe) 

-f _f),'1 /4, 

5. Is there a unique code {node number of link #) relating 
to the accident location? 

6. Is a distance from a reference point (node) available? 

7. Is th~ file ava;lable on magnetic tape {1600 bpf)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry • 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 

201 

LO 
,,c _.--·_ 

//J:; 

,,,,:; 
7 '? .,, 

7 



ACCIDENT DATA CLASSIFICATION 

Date: 5"-?-19 

1. How.many years of accident data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? (Describe) 

_/_ ~- -

5. Is there a unique code (node number of link#) relating 
to the accident location? 

6. Is a distance from a refer.ence point (node) available? 

7. Is the file available on magnetic tape (16QO bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past Location Prucessing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

City: :;J'J W?-,-..e,.. -:;.,._ ,A Date: S::- ?-- ? f 

1. How many years of accident data exist? 

2. Is a record description (format) available? 

3. L~es G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? (Describe) 

,.~le. 

5. Is there a unique code (node number of link#) relating 
to t;e accident location? 

6. Is a distance from a reference point (node) available? 

7. • Is the f'ile available on mag'.~etic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date· Entry 
D. Past Location Processing 

9. ls further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

-:2 fl o ,-.o.. -, --. .. 9 City: :r,,.., ._,...___01~ I- Date: --""-'------

1. How many years of accident data exist? 

2. Is a record descriptfon (format} avaf 1ab1e? 

3. Does G&G have a copy of the record description (format}? 

4. How is the location of the accident defined? (Describe) 

5. Is there a unique code (node number of link#) relating 
to the accident location? 

6. Is a distance frOOJ a reference point (node)·available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

,.n~ • ·oate: ~-'-<-7! If!.,,. ...... , 

1. How many years of accident data ~xist~ 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description {format)? ,, :. 

4. How is the location of the accident defined? (Describe) 

5. Is there a unique code (node number of link I) relating 
to the accident location? ,.·.- -.:.. 

I ·.' 
6. Is a distance fr001 a referer,ce point {node) available? . 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
C. Date Entry 
D. Past location Processing ('.,..... 

9. Is further investigation of manual processing warranted? 
,_I 
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ACCIDENT DATA CLASSIFICATION 

City: ---'-'b,_"._,_,_;.,_f_c .... ..,.. _____ --J..1J.:...;-=-:__:..--..;..-____ _ 

1. How many years of accident data exist? 

2. Is a record description (format) available? 

3. Does G&G have a copy of the record description (format)? 

4. How is the location of the accident defined? (Describe) 

5. Is there a unique code (node number of link I) relating 
to the accident location? 

6. Is a distance fran a reference point (node) avaflabl~? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
c. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

City: )._...., l,c., l'hec'A c ... _. Date: ?--.'('-7f 

1. How many years of accident data exist? 

2. Is a record description (format) available? 
I .. 

3. Does G&G have a copy of the record description (format)? _L_, __ 

4. How 1s the location of the accident defined? (Describe} 

rJ. 1.::. ,.Cl/. _ ___,....,_-'--"-;..;;;;;..---',;.,;:;.....11.------------------ ----

5. Is there a unique code (node number of link I} relating 
to the accident location? • 

6: Is a distance from a reference point (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
B. Data Review 
c. Date Entry 
D. Past Location Processing 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 

City: l~'!- Date: t;--.\- 71 
1. How many y~ars of acciden+ data exist? 

2. Is a record descrfptfon (format) available? 

3. Does G&G have a copy of the record description (format)? .. ,,. 

4. How is the location of the accident defined? (Describe) 

f, ,._!~ .. ! {IL 

... 

5. Is there a unique code ~node number of link#) relating 
to the accident location? -~~ 

6. Is a distance fran a re;~rence ~~int (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? --:'t;__ .. 
8. Indicate Step data is available from: 

A. Source Document 
B. Data Review 
C. Date Entr;, 
D. Past location Processing ( 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 
_,,,. , .. 

City: --'-~ ..... ....;c=••·""'..;.•., __ ... _.,, ___ F,.._'..,_,..._z:a:,•~ .... ,"""_.::;,_ __ _ Date: -~- · >-. • ':) -----'-----. / 

1. How many years of accident data exist? 3 
2. Is a record description (format) available? 

3. Does G&G have a copy of the record description {format)? /, A 

4. How is the location of the accident defined? (Describe) 

.J-:,) r+- /'.. ~l:._ 

5. Is there a unique code (node number of link#) relating 
to the accident location? 

6. Is a distance from a reference point (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
'J • A. Source Document 

B. Data Review 
C. Date Entry 
D. Past Location Processing L. 

9. Is further investigation of manual processing warranted? 
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ACCIDENT DATA CLASSIFICATION 
1, G . a 

,d ~ • ,,- t✓,--) 7 City: ~1u I.: C·( .... "-";!--· Date: ___,/:..:._1---1)_.:,c_~---
/ 

1. How many years of accident data exist? 

2. Is a record descrfptfon (format) available? 

3. Does GIG have I copy of the record description (format)? 

4. How is the loca'tion of the accident defined? (Describe) 
I , .... ,., c:. 

5. Is there a unique code (node number of link I) relating 
to the accident location? 

6. ls a distance from a reference point (node) available? 

7. Is the file available on magnetic tape (1600 bpi)? 

8. Indicate Step data is available from: 
A. Source Document 
8. Data Review 
c. Date Entry 
D. Past location Processing 

9. Is further investfgatton of manual processing warranted? 
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Selection of Data Variables 

As a major activity in the development of the data collection plan, 
variables involved or associated with the urban arterial and the urban 
arterial accident were identified and reviewed. The identification process 
was intitiated by a literature search for variables that have been to some 
degree previously identified with the urban arterial or urban arterial 
accidents and possibly have had some relationship developed. However, the 
process also involves the practical and research experience of the 
research tean members. The vari ab 1 es identified by these sources are 
compiled and then reviewed for their suitability to be included in the 
final list of variables. Review of the variables involves the considera­
tion of at least the fo 11 owing Hems: previous detenni ned rel at i onsh i ps 
that have related the variable to the urban arterial or the urban arterial 
accident; availability of such variables in existing data files or for 
collection in the field; and the anount of processing necessary to place 
the variable in ::he proper fonn for analysis. The review process evalu­
ates the practicality of each candidate variable for use in describing 
more completely the urban arterial accident and the factors that may 
characterize urban arterial accidents. 

Four major categories of variables were considered, physical. traf­
fic, control, and environmental. The variables may also be described in 
tenns of descriptive, exposure breakdowns and locational factors. The 
following variables were included in the analysis: 

• Locational Average Daily Traffic 

• Locational Speed Limit 

• Locational Average Operating Speed 

• Locational N1111ber of Lanes/Lane Width 

• Locational Type of Condition of Pavement 

• Locational Horizontal Curvature 

• Locational Vertical Curvature 
• Locational Type of Object Struck 

• Locational Extent of Illllrtination 

• Locational Traffic Control Devices 

• Exposure Driveways Per Mile 

• Exposure Intersections Per Mile 

• Exposure Utility Poles Per Mile 

• Exposure No. of Fixed Objects Per Mile 

• Exposure Bus Stops Per Mile 

• Locational Locations of Accidents 

• Locational Driver Information Load 
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~ach of the variables listed above require further definition as to 
the stratification and detail to be obtained. The designation as a sec­
tion or spot descriptor relates to the applicability of the variable to 
eithe:-- spot locations (inte1·sections) or sections of the arterial road­
way. 

In additinn, variables to describe such items as weather conditions, 
winter maintenance proc?dures, location within the urban area and levels 
of oolice enforcement may be included. Such variables include the follow­
i n,;; 

Section Spot 
Descriptors Descriptors 

• Pounds of Salt Application per Mile X 
• Wind Direction and Intensity X X 
• Barometric Pressure X X 
• Dire~tion of Major Street X X 

• Hiles from CBD X 
• Bus Headways X 

• Number of Citations per Day X 

• Patrol Hours per Day X 

• Vehicle Miles of Police Patrols per Day X 

The identification and review procedure is a pre-requisite to the 
data collection plan and analysis approach. The analysis plan will define 
the analysis techniques that will be utilized and the o:-der in .tiich they 
will be used. The techniques may require the preparation of data in spe­
cific forms in order that the analysis can take place. The sampling plan 
will define the c1T1ount of data to be collected in order that the objective 
level of significance can be maintained. Therefore, the variables were 
reviewed for their consistency with the analysis techniques and the levels 
of significance in order that each selected variable can contribute the 
utmost to the analysis. 

For each of the variables listed previously, a number of associated 
(secondary) variables were defined. The following list illustrates these 
variables. 

Primary Variable 

• Average Daily Traffic 
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Secondary Variable 

Highe5t hourly volume count, percent 
highest hourly count to average 
daily traffic, length of peak 
period, vehicle mh, peak hour 
factors, hourly traffic at the time 
of the accident, VIC 



Primary Variable 

• Speed Limit 

• Average Operating Speed 

t Number of Lanes/Lane Width 

t Type and Condition of Pavement 

t Horizontal Curvature 

• Vertical Curvature 

• Type of Object Structure 

• Extent of Illumination 

• Traffic Control Devices 

t Driveways Per Mile 

Secondary Variable 

Speed limit changes per mile, gen­
eral vs. speed zone. 

Off peak speed, peak period speeds, 
differences iri speeds by direction, 
speed at the time of the accident. 

Crown rate, curbs/shoulders, median 
width. 

Surface type, type of skid treat­
ment, joint spacing. 

Sight di stance-degree of curvature, 
amount of superelevation, superele­
vation run off, MJount of cross­
slope, location of point of rota­
tion, pavement widenings, curve 
radius, design speed, ratio of curve 
design speed to tangent design 
speed. 

Sight distance, average grade, rate 
of vertical curvature. 

Type of anchorage, distance from 
edge of road, slope to object con­
tinuous vs. single objects, location 
of object (on curve vs. tangent 
section). 

Average intensity, luminaire spac­
ing, luminaire height, color of 
light, uniformity. 

Number traffic signals per mile, 
number of signs per mile, existence 
of pavement markings, types of pave­
ment markings, sizes of signal 
lenses, types of device roountings. 

Types of driveways per mile, traffic 
controls at driveways, radius of 
curvature at entrances and exists, 
driveway volumes. 
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Primary Variable 

• Intersection5 Per Mile 

1 Utility Poles Per Mile 

• Number of Fixed Objects Per Mile 

• Bus Stops Per Mile 

• Locations of Accidents 

• Driver Information Load 

Secondary Variable 

Geometrics, type of traffic control, 
left turn prohibitions, left turn 
f ac i1 i ti es . 

Type· of materials, type of founda­
tion, distance from edge of curb, 
luminaire mounting. 

Di stance from edge of curb, type of 
object, location on curve vs. tan­
gent sect ion. 

Nearside/farside location, headways, 
bus turnouts. 

Intersection/midblock/driveway. 

Bicycle path, distance of buildings 
from roadway, type of roadside 
development, rail highway crossings, 
pedestrian volumes, left and right 
turn volumes, signalized vs. non­
signalized, number of signs per 
mile. 

Based upon the literature review, and other sources previously 
discussed, the list shown in Tables 62 and 63 were defined. The variables 
are separated into two major categories, intersections and road sections. 

Using this shopping list of variables, a review of each was conducted 
to eliminate redundant and related items from the list. As a result of 
this review, a reduced variable was defined, as was a list of redundant 
and related items. 

For each of the two major classifications intersections and road 
sections a reduced variable list is given in Tables 64 and 65. Following 
each is a list of proposed variables to be eliminated. The list of redun­
dant and related items contains the reasoning behind the elimination of 
each item. 
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Table 62. Intersections - reduced variable list. 

Approach Width - Associated with intersection capacity. is a measure of 

intersection complexity. 

Distance to 1st. Parked Vehicle - Measure of intersection complexity, also 

associatied with intersection capacity. 

Type of Parked Vehicle - A~ociated with intersection capacity. relates to 

intersection complexity. 

Parking Turnover Rate - Associated with intersection complexity and side 

friction, related to intensity and type of land use. 

Angle vs. Parallel Parking - Associated with intersection capacity and side 

friction. related to intensity and type of land use as well as turnover 

and trip type. 

' Lane Control, (Divided vs. Undivided) - Associated with intersection.capac-

ity and quality of flow. 

Signal Spacing - Associated with the quality of flow as it approaches a 

particular intersection, also affects capacity and approach speeds as 

well as pedestrian crossings. 
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Table 62. Intersections - reduced variable list (continued). 

Bus Stop Location - Associated with the qual fty of flow and intersection 

capacity, also a factor in the amount of side friction when considere~ 

with parking. 

Type of Bus Stop - Associated with intersections capacity and side fric­

tion, also quality of flow. 

Ptinted Crosswalk - Associated with pedestrian activity and side friction. 

Lane Width - Associated with intersection capacity and quality of flow. 

Number of Lane Approaches - Associated with intersection capacity and turn­

ing provisions, also a measure of facility type. 

Approach Grades - Associated with quality of flow as well as contributor to 

intersection complexity. 

Approach Alignment - Associated with intersection complexity and capacity. 

Sight Distance - Associated with intersection complexity as well as quality 

of flow on both major aoo minor streets. 

Right-Turn Lane - An indicator of the quality of flow as well as of inter­

section coq,lexity. Also associated with capacity. 
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Table 62. Intersections - reduced Yariab1e list (continued). 

Left-Turn Lane - Associated with intersection complexity as well as with 

quality of flow and complexity. Also affects timing and special phas­

ing. 

Pavement Composition - Associated with oJality of flow. 

Pa·,ement Maintenance Condition - Associc.t•'!d with quality of flow. 

Obstacles Per Mile - Associated with quality of flow and side friction as 

well as complexity. 

Peak Hour Factor - Associated with capacity and quality of flow. 

Discharge Headways - Associated with capacity and qual1ty of flow. 

Bus Dwell Time - Associated with capacity, and quality of flow as well as 

intersection complexity. 

Distribution of Trip Purpose - Associated with quality of flow as ft re­

lates to turning movements and travel speeds. 

Non-Motorized Vehicles - Associated with qual 1ty of flow and intersection 

coq>lexity as well as side friction. 

Construction Work - Associated with quality of flow, intersection complex­

ity as well as capacity. 

217 



Table 62. Intersections - reduced variable list (continued}. 

Intersection ADT (total} - Associated with quality of flow. 

Approach ADT - Associated with quality of flow. 

Intersection Capacity - Affects quality of flow. 

Pedestrian Crossing Volumes - Associated with intersection complexity and 

intersection capacity. 

Vehicle Mix - Associated with quality of flow and intersection capacity. 

Bus Stops/Mile - Associated with quality of flow, capacity, and side fric­

tion. as well as intersection capacity. 

V/C - Measure of quality of flow. 

Parking Regulations - Associated with quality of flow and side friction. as 

well as capacity. 

Right-Turn On Red - Associated with capacity, intersection complexity, as 

well as quality of flow. 

Type of Signal Control - Associated with capacity and intersection complex­

ity. 

Total Amount of Green/Approach - Associated with capacity. 
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Table 62. Intersec~ions - reduced variable list {continued). 

Number of Times Approach Records Green - Associated with capacity. 

Scramble Phase - Associated with intersection capacity as well as side 

friction. 

Type of Approach Control - Associated with capacity and intersection com­

p lex.i ty. 

Pedestrian Signalized Approach - Associated with intersection complexity. 

Lane Marking Type - Associated with capacity, quality of flow and complex­

ity. 

Approach Signing - Associated with quality of flow and complexity, 

Posted Speed Approaching Intersection - Associated with quality of flow, 

Turn Restrictions - Associated with quality of flow, intersection complex­

ity and capacity. 

SMSA Population - Associated with intersection complexity and capacity. 

Urbanized Area Population - Associated with intersection complexity and ca­

pacity. 

City Population - Associated with intersection complexity and capacity. 
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Table 62. Intersections - reduced variable list (continued). 

Dens Hy of Land Use - Associated with intersection complexity and side 

friction, as well as quality of flow. 

Highway Lighting - Associated with intersection complexity as well as qual­

ity of flow. 

Land Use Type - Associated with intersection complexity and quality of flow 

as well as side friction. 

Number of Curb Cuts Within 200' - Associated with intersection complexity 

and quality of flow as well as side friction. 

Seasonal Rainfall - Associated with quality of flow. 

Seasonal Snowfall - Associated with quality of flow. 

Directional Orientation of Intersection - Associated with quality of flow 

as well as complexity. 

Area Type (Urban, Rural, CBD) - Associated with quality of flow as well as 

capacity. 

Location Within City - Associated with intersection capacity. 
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Table 63. Road segment - reduced variable list. 

Type of parked vehicle - AssJc;ated with road section capacity, relates to 

complexity. 

Parking Turnover rate - Associated with complexity and side friction, re­

lated to intensity and type of land use. 

Bus stop location - Associated with the quality of flow and road section 

capacity, also a factor in the amount of side friction when considered 

with parking. 

Type of bus stop - Associated with capacity and side friction, also quality 

of flow. 

Pavement composition - Associated with quality of flow. 

Pavement maintenance condition - Associated with quality of flow. 

Non-motorized vehicles - Associated with quality of flow and complexity as 

well as side friction. 

Construction work - Assoc fated with (Jlality of flow, capacity, and side 

friction. 

V/C - Measure of quality of flow. 
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Table 63. Road segment - reduced variable 11st (continued). 

Parking regulations - Associated with ~ality of flow and side friction. as 

well as capacity. 

Lane marking type - Associated wHh capacity, quality of flow and complex­

ity. 

SMSA population - Associated with cumplexity and capacity. 

Urbanized area population - Associated with complexity and capacity. 

City population - Associated with complexity and capacity. 

Density of land use - Associated with complexity and side friction, as well 

as quality of fl ow. 

Highway lighting - Associated with complexity as well as quality of flow. 

Land use type - Associated with complexity and quality of flow as well as 

side friction. 

Seasonal rainfall - Associated with quality of flow. 

Seasonal snowfall - Associated with quality of flow. 

Directfcnal orientation of intersection - Associated with quality of flow 

as well as complexity. 
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Table 63. Road segment - reduced variable list (continued). 

Area type (urban, rural, CBD) - Associated with quality of flow as well as 

capacity. 

Location within City - Associated with capacity. 

Curb/shoulder presence - Associated wfth capacity, and complexity of the 

road· section. 

Driveways per mile - Associated with complexity and quality of flow. 

Length of parking - Associated with complexity and quality of flow. 

Number of lanes - Associated with capacity and complexity of the road 

section. 

Shoulder width - Associated with capacity and complexity as well as side 

friction along the section. 

Shoulder composition - Associated with complexity. 

Guard rail type - Associated with capacity and complexity as well as side 

friction. 

Verticle Alignment - Associated with capacity, quality of flow, and the 

complexity of the road section. 
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Table 63. Road segment - reduced variable list (continued). 

Horizontal Alignment - Associated with quality of flow and section complex­

ity as well as side friction. 

Superelevatfon - Associated with quality of flow. 

Truck climbing lane - Associated with quality of flow. 

Facility type - Associated with capacity, and quality of flow. In addition 

affects the complexity of the road section. 

Number of roadside fixed objects - Associated with side friction of section 

and overall complexity. 

Roadside slope - Associated with quality of flow side friction and overall 

complexity. 

Lane width - Associated with capacity and quality of flow. 

Intersections per mile - Associated with (1.lality of flow and complexity of 

the road section. 

Peak hour factor - Associated with capacity and quality of flow. 

Midblock demand - Associated with quality of flow and complexity. 
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Table 63. Road segment - reduced variable list (continued). 

Truck classification - Associated with road section capacity and (JJality of 

flow. 

Local buses per hour - Associated with road section capacity and <JJality of 

flow. 

Bus dwell time- Associated with quality of flow. 

Corridor AOT - Associated with quality of flow. 

Distribution of trip purpose - Associated with quality of flow. 

Major traffic generators - Associated with quality of flow, complexity and 

side friction. 

No passing zone control - Associated with quality of flow and complexity. 

Major pedestrian generators - Associated with road section complexity and 

side friction. 

Delineators - Associated with road section complexity. 

Traffic control devices - Associated with road section complexity and qual­

ity of flow as well as road section capacity. 
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1able 63. Road segment - reduced variable list (continued). 

Number of driveways per mile - Associated with road section complexity ~nd 

quality of flow. 

Minor intersection control type - Associated with road section complexity. 

Vehicle classification - Associated with quality of flow ar.d capacity. 
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Table 64. Eliminated intersection variables. 

Configuration - Measure of the complexity of an intersection - described by 

approach width, number of approach lanes, approach alignment. 

Parking condition - Measure of complexity of an intersection, roadside 

friction - described by distance to first parked vehicle, type of parked 

vehicle, turnover rate. angle vs. parallel parking, also a factor of 

approach width. 

Intersections per mile - Not applicable to intersections. 

Wet skid resistance - Measure of pavement quality - described by pavement 

composition, pavement maintenance condition, posted speed limit. 

Demand by movement - Measure of qua 1 ity of service of the intersection -

described by intersection AOT (total) and approach ADT. 

Gap acceptance character - Measure of qua1ity of flow and level of service 

- described by intersection AOT. approach ADT, intersection capacity, 

V/C ratio and discharge headways. 

Side street demand - Measure of (Jlal ity of flow - described by approach 

ADT. 

Truck classf ffcatf on - Measure of quality of flow and complexity of inter­

section, as well as locational characteristics - de~crfbed by Bus fre-



Table 64. Eliminated intersection variables {continued). 

quency/headway, vehicle mix, discharge headway, land use type, area 

type. location within city. 

Local buses per hour - Measure of quality of flow - described by bus stop 

location, type of bus stop, bus dwell time, bus frequency/headway, vehi­

cle mix, bus stops/mile. 

Types of buses - Measure of quality of flow - described by vehicle mh, bus 

stops/mile. 

Approach speeds - Measure of quality of flow - described by posted speed 

limit. 

Bus stops - Measure of intersection complexity, and quality of flow - des­

cribed by bus stops per mi 1 e:, bus dwell time, vehicle mix, bus stop 

location, type of bus stop, and bus frequency/headway. 

Distance from parking zone {Bus Stop) - Measure of intersections complexity 

- described by bus stop location, type of bus stop, distance to list 

parked vehicle. 

Percent truck and buses - Described by vehicle mix. 

Center marking type - Measure of intersection complexity - described by 

lane control, number of approach lanes, ~xclusive turn lanes, lane 111rk­

tng type. 
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Table 64. Eliminated intersection variables (continued}. 

\ 

Surface condition (Roadway) - Measure of facility quality - described by 

pavement composition. 

Ambient light condition - Described by highway lighting. 

Background noise - Measure of land use and deve1 opment (intensity) - des­

cribed b) land use type 1 SMSA population. urbanized area population. 

city population, density of land use. 
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Table 65. Eliminated road ~egment variables. 

Median treatment - Measure of the comp1exity of a road section - described 

by type of facility and curb/shoulder presence. 

Guard rail - Measure of the complexity of the road section as wen as the 

side· friction - described by guardrail type. 

Pavement type - Described by pavement composition. 

Wet skfd resistance - Measure of intersection complexity, and quality of 

flow - described by pavement composition and pn·ament maintenance condi­

tion. 

Curbed - Described by curb/shoulder presenr.e. 

Curbed height - Described by curb/shoulder presence. 

Degree of curvature - Described by horizontal alignment. 

Facility type - Measure of complexity and capacity - described by nuni>er of 

lanes, lane wfdth. 

Grade - Described by verticle alignment. 
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Table 65. Eliminated road segment variables (continued). 

Types of buses - Measure of (J.lal ity of fl0111 and capacity - described by 

local buses per hour. 

Lane blockage - Measure of <J,1alfty of flow - described by construction 

work. 

Capacity - Described by V/C ratio. 

i trucks and buses - Measure of quality of flow and capacity - described by 

vehicle classification. 

On-street parking - Measure of quality of flow, road section complexity and 

capacity - described by parking regulations. 

length of parking - Measure of read section complexity - described by park­

ing regu1atfons, turnover. 

Edgelfning - Described by lane mar~ing. 

Center marking - Described by lane marking. 

Visibility of marking - Described by pavement 111intenance condition. 

Speed limit - Measure of quality of flow - described by posted speed 

limit. 
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Training of Data Collectors 

To collect the data in the cities, two teams of data collectors were 
trained. One team consisted of enployees of Goodel 1-Grivas, Inc. Yilich 
will handle cities in the south, east, and in the midwest. The second 
data collection team was composed of graduate students from the Univeristy 
of Notre Dame, llllo handled the cities primarily in the west, with some in 
the midwest. 

Training sessions were conducted in two parts including (1) classroom 
lecture and discussion, and (2) field training. The Goodell-Grivas, Inc. 
team was first trained through extensive trial runs in the Detroit area. 
Several stages of roodifications in data collection forms and procedures 
was made to insure maximum data accuracy with minimum wasted effort. After 
the data collection procedure was finalized, additional training was cooi­
p1eted through open discussions between the project engineer and the data 
collection team during and after further data collection. All specific 
procedures related to data collection were listed and included in the 
field training manual. 

The second data collection team from Notre Dame University was 
trained by the principal investigator and the Goodel 1-Grivas, Inc. study 
team. The training included a total of about 6 to 8 hours of classroom 
lecture, discussion, and field training. At least one member of the 
Goodell-Grivas, Inc. team accorr.?anied the Notre Dame team on initial data 
collection runs. 

Field Data Collection 

The data were taken from three sources wiich included (1) field data 
collection by the data collection team, (2) data provided by cities, and 
(3} reduction of data from other sources (such as maps). The source of 
data collection for each variable is shown in Table 66. The data collec­
tion discussed herein refers only to the field data collection and the 
procedures that were used for obtaining the infonnation. 

Data collection was made using trained data collectors wio rode in a 
test vehicle. The vehicle was driven at approximately 10 to 20 mph in the 
right-hand lane or sometimes on the roadway shoulder. Occasional stops 
were necessary to record data wien the section was particularly crowded 
with signs, road~fde obstacles, or driveways. Emergency flashers were 
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Table 66. Data collection source. 

Variable Office Field 
Collection Collection 
Forms Fonns 

X 
X 
X 

X 
es X 

X 
X 

X 

X 

X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 

233 



activated during data collection, and a portable flashing light was 
mounted on top of the test vehicle to reduce the chance for a rear-end 
collision. Collection of data consisted of one driver and t.-o other data 
collectors. Work duties were alternated to even out work loads and 
relieve boredom. 

The data collection begin at a defined point in the road \lilich was 
defined as point 0.0. Al~ data were recorded in 0.1 mile increments on 
the data sheets. The driver operated the ootor vehicle and keep track of 
the O .1 mile highway sect ions. At the end of each O .1 mile, the driver 
alterted the others so data could be recorded on the next set of hori­
zontal columns on their data forms. After the hihgway section was inven­
toried., the vehicle was turned around, and data collection began in the 
other direction starting at the exact endpoint. The length of the section 
should come out the same for bot:. directions of travel and was checked. 
Problems in data collection was minimal, however, inventory duplication 
was necessary in some cases. 

The data that were collected is sl61111arized fn six forms as shown in 
Table 67. Data collection on each section consisted of three complete 
runs in each direction (total of six runs). The two data collectors used 
three of the six data sheets to collect the necessary data. The six data 
sheets (Data Fom A through F) are attached as Figures 11 through 16 along 
with the guidelines that were used for data collection. 

Data Form A 

These variables include an inventory of signs and trees, \lilich are 
further classified by their location on the median or on the right side of 
the road. All signs should be counted which are visible to the driver and 
pertain to the driver's direction of travel, regardless of their di stance 
to the road. In many cases several signs will be roounted on the sane post 
and each sign face should be counted separately. Figure 17, 18, and 19 
which illustrates many of the various regulatory, warning, and guide 
signs. The data collectors should be famil 1ar w1th the type of each sign 
to reduce confusion and error "1ile counting and classifying signs. 

Trees should also be counted on Data Form A and classified as median 
or right side of road. Where a vertical curb exists on the road edge, 
only trees within 5 feet of the road should be counted. Where a 111>untable 
curb or no curb exists, trees within 12 fet of the road edge should be 
counted. 

This criteria should be used for al 1 obstacles near the road except 
the numbers of sign faces as mentioned previously. Also trees behind a 
guardrail should not be counted, since a vehicle could not hit the tree 
without first hitting the guardrail. Trees less than 3 inches in diameter 
should not be counted. 
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Table 67. Sunnary of field data variables collected. 

Data Form A - Signing and Trees 

Regulatory Signs (Median and Right) 

Warning Signs (Median and Right) 

Guide Signs (Median and Right) 

Trees (Median and Right) 

Data Form B - Supports and Obstacles 

Thin Supports (Median and Right) 

Heavy Supports (Median and Right) 

Utility and Light Poles (Median and Right) 

Mail Boxes and Others ((Light) Median and Right) 

Hydrants and Others ((Heavy) Median and Right) 

Data Form C - Lane Usage and Turns 

Number of Through Lanes 

Continuous Left Turn Lane (One Direction or Two Direction) 

Continuous Right Turn Lane 

Parking Lane (Continuous or Partial) 

Number of Right Turn Lanes (Intersection) 

Number of Left Turn Lanes (Intersection) 

Number of Right Turn Lanes (Midblock) 

Data Form D - Median. Curb and Shoulder 

Median Width 

Median Type {Curb or No Curb; Paved or Unpaved) 

Curb Type (Mountable or Vertical) 

Shoulder Type {Paved or Unpaved) 

Shoulder Wfdth 

Percent of Guardrail 
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Table 67. S111111ar~ of field data variables collected (Continued). 

Data Form E - Alignment, Intersections, and Driveways 

Vertical Alignment (Level, Mild, or Steep) 

Horizontal Alignment (Strai~ht or Curves) 

Number of Intersections (Signalized or Non-signalized) 

. Number of Driveways {Single Family or Co11111ercial) 

Number of Lanes on Cross Street 

Data Form F - Roadway Environment 

Posted Speed Limit 

Lighting (Yes, or No) 

Surface Type (Bituminous or Concrete) 

Land Use {Residential, Cormiercial, Industrial, Recreational, 

Educational, or Vacant) 

Bus Stop Location {Near, Far, or Midblock) 

Bus Stop Type (Curbside or Pullout) 
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DATA F~N A - SIGNS AHO IRHS 

CITY ______ _ ROU1£ Ill. ------- ROU1£ HNI: ______ _ 

DATE ______ _ mlSE'o1VER ________ _ DIR£CTION _______ _ 

R-..1,toev s1- Warnl114 S1nns Gulde Stems Trees• 
In ,ugnt Ill Rfgnt In ,ngnt In R1gnt 

Kedhn Stele Nedf1n Side Medf11 Side Medlar, Side 

.... te: Trees en counted only ff they art wtthtn 5 feet (vertfctl cum present) or 12 feet (1111 vertical curb) of·road­
wy. 

Figure 11. Data fon11 A. 
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MTA FMM I! - SUPMITS NID m15TACL£S 

CITY ______ _ ROUT£ 110. _______ _ ROUT£ tl.W: --------
DATE ______ _ 08S£RV£P. _______ _ OIR(CTIOtl _______ _ 

llote: Objects ire counted only If tti.y ire within 5 feet (verttul cur1> presP.nt) or 12 feet (no vert1e1l curt,) of 
r'Oidw•Y• Obst1cles hthtnd gu1rclr1f1 ire not countect. 

Thtn SuDOOrls He,yy 5unnnrts Uttllh t, lttJht Poles H.111 Boxes r. l!ydr1nts Ind 
Others (Lfcaht) In R1gllt In [Rfght In Rlqllt Others (HHVY 

NedlH Stde Medf•n Sidi! Medt.n Sfde In Right In iR1ght 
Medlin Stele Meclt,n Side 

-
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DATA FlltN C • LANE USAG£ Nm TURNS 

CITY _______ _ ROUT£ 110. ______ _ ROUT£ NW --------
DAT£--------

OBS£RY£R. ________ _ DIR[CTION ---------
........ Continuous Left Conttnuous I Parlttng Nlltllber nu__. 
ThnNgh Turn Line (Mtdhlt.) Right Turn Line (Cnnt. Rfght Turn Left Turn 
lues une Dtr. ,wo u1r. Line (NfdMk.) or Pl:-tf11) B1ys (Inters.) etys (lnten.) 

Figure ll. Data foni C. 

Hulllt,er 
R fght Turn Bays 

(Nid"1k.) 
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MTA RIIM D - MEDIAN, Clltl!, N!C SIICltllDER 

CITY ______ _ ROUT£ fl>. ______ _ ROUT[ MM£ _______ _ 

DA1£ -------
OP.SCP.VFR. _______ _ OIRECTIOH _______ _ 

Nedllll Medf1n Tviie Curb Type Shoulder Type Shoulder Width Percent of 
IHdth {Curb or {Plvttl or (Mountable (Paved or Un- (Ft) Cu1rdr1l1 

(Ft) No Curb) Unpaved) or Yerttcal) p•ved) 
• 

Fi~ure 11, u,u fl)DIL.ll 



N • ... 

DATA mt" F • "llQIIEMT, INTCRSECTJOflS, NIil llUV£11A\'S 

CITY _______ _ ROiff£ ti>. ______ _ ROUT[ tlNIJE _______ _ 

DATE _______ _ (18$[RV£R _______ _ DIR[CTION _______ _ 

Vertical A11grant Hortiont1l A119t'llllellt Nlllllber of Nullber of Hutllber of 
(Level, Mfhl, or (Str1tght or Cu"es) I nt•rsec:t Ions Orhewus lanes on l•St. 

Steep) Sig. [Hon, Jlg. 5tn91e ;{;0-.1' (Z,3,.,s or 
f'a11t1y Other other) 

---

Figure 15. Data for111 E. 
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DATA FIRM F - ROAOWAY fNVIRONKll!T 

CITY ______ _ ROUT£ tll. _______ _ P.OUTI: NM ______ _ 

MT£ ______ _ Of.S[RYFR _______ _ DIRfCTIOP: ______ _ 

Posted ltghtfng Surface Land Curb Lene Usa~ Bus Stops 
Speed (Yes Type (Btt. Use (Thru. P.fke, r.us, , ,.,. .. •ton TYi>@ 

Lf ■ft or No) or Con.) • Parking Cont. or {Near, (Curlls1ae, 
Ll~ftl!d; Restricted 
or Unrestricted) 

far-, '1111) Pullout) 

.... 

. . . .. . . . . ' .. . . 

. . . . . . . . . 

' 
.... 

. . .. . . . 

. . 
• Resldentf11, COIIW'rlc11, lndustrf,1, l!ecre,tton, £duc,tton,1, Vc1cant 
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Counts of all data on Form A should be made by making slash marks in 
appropriate boxes if possible. When numerous signs or trees make this 
impossible at desired vehicle speeds, mechanical traffic counter boards 
were used to eliminate the problem. 

Data Form B 

The highway variables on Form B include sign supports and other 
roadside obstacles which are classified by median or right side of road 
locations. Sign supports are classified as heavy or light. Light supports 
include most LI-channel posts (light gages). Heavy sign supports include 
double or heavy gage LI-channel posts, steel I-beams, and concrete 
supports. 

All utility and light poles were counted, regardless of the diameter 
or type of base. All mail boxes and other ligtit objects including wod 
posts, water pumps, newspaper boxes. litter barre 1 s, fences and other 
miscellaneous objects were included in this category. 

Fire hydrants and other heavy obstacles is the final category wiich 
also included such obstacles as: 

1. s:.ipport poles for pedestrian signals and pole-mounted traffic 
signals, 

2. concrete block, posts, and boxes for trees and shrubbery, 

3. culvert pipe and head walls, 

4. gaso 1i ne pumps, 

5. railroad crossbucks and signals, and 

6. stone walls. 

The criteria for counting all obstacles in 5 feet where vertical 
curbs exist and 12 feet for mountable curbs or no curbs was al so used for 
data collection in this category. Objects behind guardrails or otherwise 
shielded were not counted. Obstacles should nonnal ly be counted with 
slash marks in appropriate columns, but may be counted with counter 
buttons. 
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Data Form C 

Variables related to lane usage and turns are recorded on data sheet 
C. The number of through lanes is counted including those lanes in ~ich 
both through and turning movements are allowed. For example, a lane 
marked for through or left turns would be counted only as a through lane. 

The next column is for continuous left turn lanes. This applies for 
example in the case of a 3-lane, 5-lane, or 7-lane road, "1ere the center 
lane is used for left turns by vehicles in one or both directions. Pave­
ment arrows are usually provided in such cases. A continuous right turn 
lane should be recorded where there is a shoulder lane intended only for 
right ·turns into and out of driveways. These categories of left and right 
turn lanes relate to midblock ·1anes and do not include intersection­
related turn bays. 

Separate parking lanes are noted in the next column. These faciH­
ties are further described as continuous or partial, although the number 
of actual parking spaces is not recorded. 

The number of intersection-related turn bays is counted for right 
turns and left turns, -,ere the bays are provided only for turning maneu­
vers . If two intersect i ans were present within a section. each turn bay 
would be counted separately. For these cases, intersections do not 
include driveways but normally include signed cross streets with some fonn 
of control. The number of midblock right turn bays is noted in the last 
column. 

Data Form D 

Variables related to median, curb, and shoulder are included on Fonn 
D. The rnedian width should be estimated as closely as possible and 
expressed in units of feet in the first column. For streets with medians, 
the median type should be given as curb or no curb and al so asp aved or 
unpaved. A median is considered here to be four feet or rore of space 
between opposing traffic lanes. 

Where shoulders exist, the shoulder type (paved or l.flpaved) and width 
( in feet) should be given, wiere the width is estimated as close as pos­
sible by the data collector. For sections with guardrails present, the 
perc.ent of the section with guardrail should be estimated. For example, if 
a 0.1-mile section has about 100 feet of guardrail, then the percent is 
about 100/500 or 20 percent. 
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Data Form E 

The al i nement of the roadway and the number of intersections and 
driveways are inventoried on this form. The vertical alinement of each 
section should be classified as level, mild, or steep. Horizontal aline­
ment should be noted as straight or curved. These evaluations are subjec­
tive, and care should be taken to insure consistency in ratings. 

The number of intersections should be counted as signalized or unsig­
n a 1 i zed. Al so, the driveways on the right side of the road are to be 
classified as single family or commercial. A single family driveway 
includ~s a driveway to any house, w,ile commercial types normally include 
restaurants, apartment buildings, gasoline stations, parking lots, and 
others ¥1tere considerable traffic usage might be expected. 

For each cross street, the number of lanes is noted in the final 
category. This should be th~ number of through lanes only Wlich may 
include continuous turn lanes. If more than one intersection occurs in a 
0.1-mile section, the number of lanes should be given for each cross 
street. 

Data Form F 

Variables related to the roadway environment are included on this 
form. The value given for posted speed limit may be the last speed limit 
sign along the section if no speed Hmit signs exist on the section. The 
presence of lighting means that at least 10 1 ight poles exist n the 
section, regardless of the apparent condition. The surface type should 
only be noted as bituminous or concrete. In the case of both surface 
types within a section, both types should be noted on the form. 

Land use pertains to the predominant type of development along the 
right side of the roadway. Possible types include residential, commercial, 
industrial, recreational, educational, or vacant (parking lot, field, 
etc.). Curb lane usage is the next category .tiich includes through lane, 
bike lane, bus lane (exclusive), and curb parking lane. For a curb parking 
lane, furt~er classifications include continuous or limited and restricted 
(specific hours only) or 1.11restricted. 

Bus stop descriptions constitute the final category. The location of 
the bus stop with reference to a signed intersection is ~iven as either 
near-side (just before intersection), far-side (just beyond intersection, 
or midblock}. Bus stops may be either curbside or pullout, Wlere a pull­
out defines a special area provided for buseds to pull off of the main 
traffic lane. 

250 



REFERENCES 

1. Federal H;ghway ~ministration, "Highway Functional Classification­
Concepts: Criteria and Procedures", Washington, D.C., July, 1974. 

2, Institute of Transportation Engineers", System Considerations for 
Urban Arterial Streets: AA Informational Report", Washington, D.C., 
October, 1969. 

3. Alan M. Voorhees & Associates, Inc., "Application of Existing Strate­
g,ies to Arterial Signal Control", prepared for the Federal Highway 
Administration, Washington, D.C., 1980. 

251 



APPENDIX D - DESCRIPTION OF THE COM>UTERIZED DATA BASE 

Introduction 

Creation of the master file began with the collection of three conse­
cutive years of data from existing computerized accident files of the 
cities selected for study. Operational, geometric, and environmental data 
were al so collected for the roadway sites of these selected cities for the 
purpose of developing a computerized data base that would be representa­
tive of the accident and roadway characteristics of 1.rban arterial high­
ways in the United States. 

Data Base Layout 

The data base was structured in a manner that would provide enough 
detail to associate accidents occurring at a particular location with the 
decription of that location. This provided the analyst with a roore analy­
tical option in addressing the contract objectives. 

Because of the large number of accidents desired, only those cities 
that could provide a computerized accident file were considered eligible 
for sample site selection. Data from 19 cities were eventually selected 
for the file, with the final determination based upon a number of consi­
derations including; the availability of sufficient locational data to 
enable assignment of individual accidents to 0.1-mile (0.16-km) segments 
of corresponding roadway; and the availability of sufficient infonnation 
on severity, accident type, and other descriptive information that would 
al low the accident to be used for the proposed analyses. 

Based on data availability and sampling requirements, the completed 
data file consists of descriptive roadway information, plus the appro­
priate accident data in the form of total numbers of fatal, personal 
injury, and property damage accidents, as well as the accident data cate­
gorized by accident type for 8,678 one-tenth-mile (0.16-km) roadway seg­
ments. Because of prograrrming constraints, each 0.1-mile case was broken 
into three records containing data grouped in the following categories: 

• Operational Data 
• Geometric Data 
• Environmental Data 
• Accident Data 

The general arrangement of the data within the master file including a 
description of the data tape, the data base format and the variable lables 
1 s shown in Table 68. • 
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Table 68. Format of the computerized data base. 
REPORT NO. FHWA/RD-82/(DOT-FH-11-9500) 
ANALYSIS OF URBAN ARTERIAL ROAD AND STREET ACCIDENT EXPERIENCE 

·tHE DATA.TA;( IS A 16008Pi.9TP NONLABELED MAGNEtic TAPE. 
File Block T•P•l•n Block len 

, count (feet) av. ••x. 
••••• i ••••• ·, 1.30 ····2120···2400· 

2 1042 210.08 2823 2825 

·totii i. ·, • .,.· .iiingtt-i ·;; ··21 t :31 tiiet: •• 

THE TAPE CONTAINS TWO FILES. THE FIRST JS AN OUTLINE OF THE FORMAT ANO 
··vARHiii.t ·otsc:Ri pficj~,i" OF ti-it··o•TA BASE .•• THIS.FI LE CONTAINS. 106 RECORDS 

AND IS FIXED BLOCK FORMATTED AT (2400,120). 

THE •• SECONO. FiLE i's THE··uRiiiiii •• ARTERiAL i:>ATA BASE. ti-tis FiLE CONTAINS 
26034 RECORDS ANO IS FIXED BLOCK FORMATTED AT (2825,113) .• 
THE DATA BASE FORMAT PROVIDES FDA 75 VARIABLES. 
iT PROVIDES FOR 3 RECORDS PErH:Ast; • A MAXIMUM OF it3 lt:cii.:.iJMNS' ARE LiSEi> ON A RECORD." 
THE DATA BASE CONTAINS A TOTAL OF 8678 CASES. 

DATA ~ASE FORMAT FIXED(2(16,1X),11,1X,12,13,212,l4,512,14, 
5l2,2X, 1112,4X, 1612/914, 1X.15, 13,212,FJ. t, 
)3~i2~fi;t2.213;2F~.1.i2.3X,i5/~ltl.3.1X)) 

ACCORDING TO THE DA.I~. ~A.~E.. FOAMU , .. VARI.ABLES .. ARE Tl? .. BE. RUD AS FOLLOWS 

VARIABLE FORMAT RECORD CDLu-.s VARIABLE LABEL VALUE LABEL 

vAto1······•·i & 
VU02 I 6 
VAT03 I 1 

VAT04 
VATOS 
VAt06 
VAT07 
VATOI 
VAT09 
VATIO 
VAT11 
vui::i 
VAT13 
VATlol 
VAT15 
VAT16 
VAT17 
VATt8 
VAT19 
VAT20 
VA1'2f 
VAT22 

.. VAT23 

VAT24 

··vAt:zs 
VU26 
VAT27 

I 2 
I 3 
i 2 
I 2 
I 4 
i 2 
I 2 
I 2 
i 2 
I 2 
I 4 
I 2 
I 2 
I 2 
I 2 
I 2 
I 2 . 
i 2 
I 2 
I 2 

2 

2 
2 
2 

i ••••••••••• ·1.:.······ir· RouttNl.iMSEA. 
8- 13 STREET 10 

15- 15 TRAFFIC FLOW (O)MISSING(t)ONEWAY(2)TWDWAY(3)1WY DIVIDED 

17-
19-

i. 22- •• 
I 24-
1 26-1 ••• 30-. 
1 32-
1 34-···•••••· 1 •••.•••.. 35.::· 

1 38-
1 40-

··, ••••••• •• 44.:· 

1 46-
1 48-
i ••• ·····so-
, 52-
1 56-
i 58-
1 60-
·'·············62-

64-

66~ 
68-
70-

18 TRAFFIC SIGN FACES 
21 LARGE OBSTACLES 
23 SMALL OBSTACLES 
25 TIIRU LANES 
29 MEDIAN WIDTH 
31 MEDIAN TYPE-CURB 
33 MEDIAN TYPE-PAVED 
35 CURB TYPE-RIGltT SIDE 
37 ~URB TYPE-Li~T SiOE 
39 AVERAGE StlOULDER WIOTII 
43 PERCENT GUARDRAIL 
45 VENriCAl ALIGNMENT • 
4·1 IIONIZONTAL ALIGNMENf 
49 DRIVEWAYS 
Si SIGNALIZED INTERSECTIONS 

···t4)2WY DIVIDED • • • • ••••••••• 

(O)MISSING 
(0 )Mi SSING( 1 )CURB( 2 )NO CURB • 
(O)MISSING(1)PAVED(2)UNPAVED 
(O)NONE(t)VERTICAL(2)MUUNTABLE 

•• (O)NONE( 1 )VERT iCAL( ::i )MOUNiABLE ••• 
(99)MISSING 

( O )Ni SSING( i )LEVEL( 2 )MODER A JE ( 2 ISTEEP 
(O)MISSING(l)SlRAIGll112)CUNVE 

53 NONSIGNALIZED INTERSECTIONS 
57 POSTED SPEED (O)MISSING 
59··uGHTiNG •• •• ••• • ••• ••• (o;MISSING(i)YESi2)Nci 
61 SURFACE TYPE (O)MISSING(l)BITUMJNOUS(2)CONCRETE(3)DIRT 
63 LANO USE (O)MISSING( I )COIIIMERICAL(2 )RESIDENTIAL ... . . ..... .. .... .. ...... .. (3)VACANT(4)0THEII . .. . . ........ ······. 

65 CURB LANE USAGE IO)OHIEN( l)TltRU(2)BIKE(3)BUS(4)RESTRICTED 
(5)UNRESTRICIED(6)LIMlrEO 

67 NO. BUS SlOPS 
69 BUS STOP TYPE-CURB 
'fl IJIJS S llll' TVl'E -PUI I fflJT 

(O)ND( I )YES 
(O)NO( 1 IYFS 



Table 68. fonnat of the cQ111Puterized data base (continued). 
Vll28 

·vit2s 
VAT:IO 

I 2 

i2 
I 2 

•··· ...... r· 

1 

72- 13 SECTIONS PER CITY 

, .. ~ •••• 75 

76- l7 
c1'rv siZE 
ROADWAY CLASS 

··v•flf ....... ··1·!.f •••• ·••········· i. ·····•··• a2.::···· 83 ••• REGULATORY ·siGNS ••• 

VlT32 I 2 I 84- 85 WARNING SIGNS 
Vlo"f33 I 2 1 86- Bl GUIDE SIGNS ... ¥"134 ......... i. 2 ............... , .. .,. ......... liii-. 89 . tRi:ts· . 
V"135 I 2 I 90- 9 I UT JLlTY POLES 

(1)8lG AAPIOS(2)KALAMAl00(3)lANSlNGl4)SAGlNAW 
( 5 )8 IRMINGIIAM( 6 )f A~MINGlON( 7 )f ARMINGTON tllllS 
(8)NOVl(9)0AK PARK( IO)ROYAl OAK( ll)SOUlltfULO 
(12ITROY(13ll0PEKA(l4)NEW ORLEANS • 
(15)MILWAUKEE(t6)SAN FRANCISC0(17)FORT WAYNE 
(l8)SEATTLE(l9)MINNEAPOllS 
I 1)SNAi.L(2;MEDIUM(J)LARGE ••••••• 
( l)ONEWAY(2)TWO WAY,TWO-LANE 
(3)MUL~ILANE DJVIOE0(4)MULT_IL~NE ~~1/IOEO. 

VAT36 I 2 1 92- 93 LEFT TUAN LANE-I DIRECTION (99)MISSING 
•• vat31···········i ·2 ··············•·····--r. ········a.-- •• 95 •• LEFT TURN ·uNF:Z i>tRECTiON (99)MissiNG ••••• 

VAT38 I 2 1 96· 97 RIGHT TUAN LANE-MID8LOCK (O)NONE( 1)YES(2)NO 
VAT39 I 2 I 98- 99 PARKING LANE-RIGHT SIDE (O)NONE(t)PAATJAL(2)CONTJNUOUS 

••• VAT.eo········ ·••··i 2 ••••••••••• ••••••• • .,. ••••••• ioo.::···· 1cff· PAR1<it,1cfUNFLEFt Si DE •• (O)NONE( t )PART JAL( 2)cONTiNUOUS 
VAT41 I 2 I 102• 103 RfGHT TURN BAY-INTERSECTION 
YAT42 I 2 I 104• 105 LEFT TURN BAY-INTERSECTION 

··vat43············i 2 •••••••••••• i ••••••••• i06- 101 •• iHGtit TURN BAV~MiDBLOCK •••• 

VAT44 I 2 1 108- 109 BUS STOP-NUR 
VAT45 I 2 1 110· 111 BUS STDP·FAR 
VAT46 ... •••••• i 2 •••••••••••••• i i 12;. 1 i:i BUS STDP-MIOBLOCi< • 
VADOI I 4 2 I- 4 TOTAL ACCIDENTS (9999)MISSING 
VAD02 I 4 2 5- 8 FATAL ACCIDENTS (9999)MJSSING 

N .... VA003 i 4 ••• ············2 •• 9.;. ••• i2 iNJURY ACCIDENTS (9999 ►MISSING 

: VA004 I 4 2 13- 16 PROPERTY DAMAGE ACCIDENTS (9999)MISSING 
VAD05 l 4 2 17- 20 HUD ON ACCIDENTS (9999)MISSING 

•.. ·vai:io6 ·• .•...• T 4 .• ·····················2··········21:. •••• 24···--RiAR. END. ACtii>ENts······. (9999)MISSiNG •• 

VA007 I 4 2 25- 28 SIDESWIPE ACCIDENTS (9999)MISSING 
VAOOB I 4 2 29- 32 ANGLE ACCIDENTS (9999)MISSJNG 

··v.A009 ••••• i 4 •••••••• ······2······ ·33. 36 ··au.: OTHER.ACCiOENTS • (9999iiUSSiNG 
YACOI I 5 2 38- 42 &OT (999.999)MISSING 
YAC02 I 3 2 43- 45 PHF (999.999)MISSING 
VAC03······ i 2 ••• • 2· 46- 47· VEHiClE MIX-CARS (999.999)MJSSING 
YAC04 I 2 2 48- 49 VEIIICLE Mll<·COMMERICAL (999.999)MISSING 
VACO!i F 3. I 2 50· 52 PARKING IURNOVEA AAlE (999.999IMISSING 
VAC06 l 3 2 53· 55 LOCAL SUS PEA IIOUR (999.999\MISSING 
VACOl I 2 2 56- 51 LANE WIOlH (999.999)MISSING 
VACOB I 2 2 59- 60 AVERAGE CYCLE LENGTH (999.999)MISSJNG 
YAC'>9 I :i •••••••••• • 2 •••••••••• 61- 63 • LOCATION FACTOR ••••• (999 999)MISSiNG 
VACIO I 3 2 64- 66 CITY POPULATION (999.999IMISSING 
VACII F 4. t 2 67- 70 RAINFALL (999.999)MISSING 

···•v,c:H""··········;- •·.·· ;· ··•···· ·2··•···•· .:;1.:.···· 74 ·sNOWFALL. •• ••••• ••••• • • (999.999)MiSSiNG 

YACl3 I 2 2 75- 76. OPERATOR SPEED (999.999)MISS1NG 
YAC15 I 5 2 80- 84 CAPACITY (999.999)MISSING --· vaci, ........... , ·;: ·3 •••••••••• 3 •••••••••••·• ,:,;; 7 • vc RATIO •••••••• •· •• (999'.999)MiSSING •• 

VAC17 F 7. 3 3 9- 15 TOTAL ACCIDENT RATE (999.999)MlSSING 
VAC11 Fl. 3 3 17- 23 FATAL ACCIDENT RATE (999.999)MISSING ····v,kti ........... ,. .. ,. :··,·················,·············:Hi"~ .... 3 i .... INJURY ACCIDENT RATE .••.... •··•••• t999 '. 999)MI ssiNG ••••••••••• , ••••••••••••• , ••••••••••••••••••• 

VAC20 f 7. 3 3 33• 39 PROPERTY DAMAGE ONLY RATE (999.999)MISSING , 



A description of the data variables is given below. 

Geonietr1c/Operat1onal Data 

1 . Route Number 

2. Street 1.0. 

3. Traffic Flow 

4. Traffic Sign Faces 

5. large Obstacles 

6. Small Obstacles 

7. Number of Thru Lanes 

8. Median Width 

9. Medi an Type 

10. Medi an Type 

11. Curb Type 

12. Curb Type 

13. Average Shoulder lilidth 

14. Percent Guardrail 

15. Vertical Alignment 

16. Horizontal Alignment 

17. Nllllber of Driveways 

18. Number of Intersections 
Signalized 

19. Number of Intersections 
Nonsfgna11zed 

- {Arterial Reference Number) 

- (City, Section Code) 

- (Directional Use) 

- (Total of Guide, Regulatory, and 
Warning Sign Faces} 

- (Total of Trees, Heavy Supports, Uti­
lity Poles, Hydrants, and Other Large 
Objects 

- (Total of Light Supports, Mail Boxes, 
and Other Small Objects} 

- (With Curb) 

- (Paved) 

- (Right Approach) 

- (Left Approach) 
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6eometr1c/Operationa1 Data {Continued} 

20. Posted Speed 

21. Ught ing 

22. Surface Type 

23. Predominant Lane Use 

24. Curb Lane Usage 

25. Number of Bus Stops 

26. Bus Stop Type - (Location at Curb) 

27. Bus Stop Type - (Special Lane - Pull Out) 

28. Number of Sections per City - (Tenth of a Mile) 

29. City Size 

30. Roadway Classification 

31. Number of Regulatory Signs 

32. Number of Warning Signs 

33. Number of Guide Signs 

34. Number of Trees 

35. Number of Utility Poles 

36. Number of Left Turn Lanes - (With One Approach) 

37. Number of Left Turn Lanes - (With Two Approach) 

38. Right Turn Lanes - (Midblock) 

39. Parking Lane - (Right Approach) 

40. Parking Lane - (Left Approach) 

41. Number of Right Turn Bays - (At Intersections) 
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42. Number of~Left Turn Bays - (At Intersections) 

43. Nl.lllber of Right Turn Bay - (Midlock) 

44. Number of Bus Stops - (Nearside) 

Geometric/Operational Data (Continued) 

45. Nllllber of Bus Stops - (Farside) 

46. N\Ullber of Bus Stops - (Midblock) 

1. AOT 

2. PHF 

Accident Data (Frequency of occurance per 
tenth of 1 ■1le section) • 

1. Total Accidents 

2. Fatal Accidents 

3. Injury Accidents 

4. Property Damage Only Accidents 

5. Head on Accidents 

6. Rear End Accidents 

7. Side Swipe Accidents 

8. Angle Accidents 

9. All Other Accidents 

Operational/Environmental Data 

- ( Average Daily Traffic - Vol 1111es) 

- (Peak lt>ur Factor - Ratio of the 
Volumes Occuring During Peak Hour) 

3. Vehicle Mix - (Cars - Percent of Cars in Normal 
Traf'.- fie). 
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4. Vehicle Mix 

5. Parking Turnover Rate 

6. Local aus per Hour 

- ( C011111erc ia l - Percent of Cooimerc 1 a 1 
Vehicles in Normal Traffic} 

7. Average lane Width (each approach) 

8. Location Factor (weighted-city population) 

9. C.ity Population 

10. Average Rainfall 

11. Average Snowfall 

12. Operator Speed 

13. Capacity 

14. VC Ratio 

- (Maximum - Number of Vehicles ~ich has 
a Reasonable Expactation of Passing 
Over a Given Section) 

Accident Data (Per Million Vehicle Miles) 

15. Total Accident Rate 

16. Fatal Accident Rate 

17. Injury Accident Rate 

18. Property Damage Only Rate 

Problems Encountered Creating the Master File 

One of the primary problems encountered in developing the master file 
was that of coding accident data to a 0.1 mile (0.16 km) section of road­
way. This was found to be due primarily to the non-standardization of 
information on the computerized accident record systems of the cities se-
1 ected for the study. It was found that the criteria for recording an 
accident as wel 1 as -1\at information is recorded varied considerably 
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bet#een the selected study cities. Var1able classification and accident 
location information either did not exist or was unusble in somP. of the 
selected sites. 

This difficulty made the identification of accident severity, acci­
dent type, and other factors associated with or contributing to an acci­
dent, difficu1t to associate with a specific roadway segment. These 
problems particularly created a major problan in providing the detailed 
accident and geometric information necessary to throughly address the 
contract objectives. BP.cause of this probleT., the accident sample size 
outlined in the analysis plan was considerably reduced. 

Progrnning 

P1·ogramning used in the performance of the analysis plan of the study 
were SPSS (Statistical Package for the Social Science), and OSIRIS IV. 
(Statistical Analysis and Data Management Software System). 

In addressing the objectives of the research study, SPSS was used for 
Bivariate Frequency Analysis, One Way and Multivariate Analysis of Vari­
ance, Contingency Table Analysis, Correlation Analysis, and Regresssion 
Analysis. OSIRIS IV's Search (searching for structureJ was used for 
branching analysis. 

Other programs used in the study were designed specificly to process 
the various accident and geometric data from each city to meet the stan­
dard format outlined in the master file description. 

An example of the SPSS program and typical output is displayed in 
Table 69. 

An example of the OSIRIS V's program and typical output is given in 
Table 70. 
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Table 69. Example SPSS program and output. 

••••••• ANALYSIS OF VARIANCE - ROADWAY CLASS BY CITY SIZE - TOTAL DATA BASE ••••••• 
SPSS BATCH SYSTEM 07 / 13/82 PAGE 

·1rrs/SPSS .-·· vERSION •• H ••• RELEASE ···9. ·1 • ••• FEBRUARY. ··1 ·; • 1982 •••••••••••••••••••••••• 

CURRENT DOCUMENTAT'ON FOR THE SPSS BATCH SYSTEM 
··o1on···,rioN··iiicuiv:.:Hlil·,······s-;,n~·--·2Nif .. ti>'.. (PRINCIPAL iEiici) •••••••• ORDER FROM SPSS JNc:: .. SPSS SiAHsticAL ALGORITHMS. 

SPSS UPDATE 7-9 (USE W/SPSS,2NO FOR REL." 7, 8, 9) KEYWORDS: THE SPSS INC. NEWSLETTER 
SPSS POCKET GUIDE, RELEASE 9 

--··---····················· ... ····-······ ··············spss·;;RfMER •• (BlhEf iNTAo··iu sfissr···· ••••••••• 

-oinurr·1,·ict ... iiloca'flmi:·:··············•iXows···;:c;R:············,o2 .. i'RANS.FORMAtftiNS •• •··· 
WORKSPACE 71880 BYTES 409 RECODE VALUES+ LAG VARIABLES 

.. !.'~A~~AfE ........ ... 1C>24~ .. 8.!.!~~............... ..... . .. . ................. 164 1. If /COMPUTt OPERATIONS 

t RUN NAME URBAN ARTERIAL STUOY 
2 FILE NloME URBAN.A 

N .... ·-··-························•····•·•······3--y;,jHiaLt. i.Tst· • VAto1· to vi"l'19·;v•t21 to VAT3f;VAT34 to VAT49; 
en 4 VADOI TO VA009,VACOI TO VACl3,VACl5 TO VAC20 
O ____ 5 IM»UT MEDIUIII 01 ~K 

......................... h,i>i.ii'""FoRMAT ••• F'ixtolRfiUj":·liO;Fr:o; 1it;i=2:o, F:i .o·.·2,=2 .o. F4.0, 5f2 .o. F•:o; 
7 5F2 .0,2X, I lf2 .0,411, l"t 2 .0/9F4 .0, tX, F5.0,f3 .0, 2f2 .0, F3. 1, 

······-·············• .. •·••·····•···••···•·······II······················ ....... ······ F~.:.O., F.? .-9.! 1)(, F2.0! 2F3 ,0,.2f4 •. 1, f:Z. 0,3>1, F5. 0/5( F7. 3 ! IX)) . 

·······························•···········•··~~co~~~ .. .!Q .!~A .. INPUT FD~MATL.VAA~ABLES ARE .To. 8E. .. AElO AS HlllOWS 

VARIABLE FORMAT RECORD COLUMNS 

·•···•·•• •••• •···• ·· ·•·······••·•v•'t'or··········· , , :-···o······· ·••·•······r··--··· •• • •• i;. · ···, ......... •·••·•• · · ... · · ·· · 
VATO:! F 6. 0 t 8- 13 
VATOJ F 1. 0 1 15- ts 

••••••••• ... ·.·····························•···-· VAT04············j: "2:·· .. ,r···•· i ···i1-·····,a ········· ................ . 
VAT05 F 3. 0 1 19· 21 
VATO& F 2. 0 t 22· 23 

•••••••••••••••• • • ••• •••• ···········-···········vuo1·-•······••··F ··2. "o ............... 1 ···•·· ····• 24-···· • 25 

VATOI F 4. 0 t 26• 29 
VAT09 F 2. 0 t 30• 31 

--------.,:C,v1.t10·········•···F· .. 2:··o··················, ············32-········33 
VATlt F 2. 0 • 3.C- 35 
VAT12 F 2. 0 • 36- 37 -----------cVAT t3 ···--······F··f_-· 0 •••••••• ····,-·············39-········ 39·•···················· ............................... . 

VATl4 F 4. 0 1 40- 43 
VAT•S F 2. 0 1 44• 45 ·············•· ... • .. va't"11·••··-·······;: .. L .. o ·••·•·· ··········T··········· 46..;··--·· .. 41 ••• ••••••• ••••••• •• •••••• ....... ••••••• •• .... • ••••••• •••• .. ••• •• • • • 

VAT•7 f 2. 0 t 48- 49 
VAT•8 F 2. 0 I 50· 51 ··•··••··••······ .............. va, ••.....•...... i=.2:·o· .. ··· 1 ti2..: .. ···s3 

VAT21 F 2. 0 I 56- 57 



Table 69. Example SPSS progr• and output (continued). 

URIIAN AAJ[qJAL STUDY 07/13/82 ·PAGE 2 

ACCORDING TO YOUR JNPUT FORMAT, VARIABLES ARE TO BE READ AS FOLLOWS 

·······-.. ···-··· .. ······· ······· ............ · v•• I ABU .... FDRIIA°T •• ·,ucOAD ............. cou,-.s ............... . 

. VAT22 f 2. 0 I 58- 59 ................................................... VA'r2:f···· .. ·· .... , .. 2 : .. t, ................ ,.. .......... 60- .... 6 I 
VAT24 f 2. 0 t 62- 63 
VAT25 f 2. 0 1 64- 65 ................................ ·--vAt:i6 ............. F.2i·o ......... T .......... 66..:·· 67 .. 
VAT27 F 2. 0 1 68- 69 
VAT28 f 2. 0 1 70- 71 ••••••••• ..................................... VA'l'29······ .. ·····; ·2 : .. c> ·· ........................ 12~ ...... '13 

VAT30 F 2. 0 I 74- 75 
VAT3I F 2. 0 I 76- 77 ............................. VAT34 ............. , ·2: ... 0 .............. , 12..:·· .. 13·· .. ··· ............................ . 

VAT35 F 2. 0 I 84- 85 
N VAT36 F 2. 0 1 86- 87 e ........................................... ·vAT3'f .......... °F 2·:· 0 .. ... . .. . f 99..: 89 ..................... . 

VAT38 F 2. 0 I 90- 91 
VAT39 f 2, 0 I 92- 93 ................................................ VAT◄O ........ -... ;:-.. f: .. ·o ................ i ......... 9◄..: 95 .................. .. 

VAT41 F 2. 0 I 96- 97 
VAT42 F 2. 0 I 98- 99 

........................................ VAT43 ............ ,. .. 2:··o ··········· .. ·i·· .. ····•oo;; .. ,o; .. 
VAT44 F 2. 0 t 102- 103 
VAT41 F 2. 0 I 104- 105 _ ...... - .......................................... iiAt••· ............ , ·2: .. ·o ............. i .......... 06;;···101 

VAT47 F 2. 0 I 108- 109 
VAT48 f 2. 0 I 110• 111 ...................................................... vAt◄s··· ...... , Lo .................. , ........ 1,2~·· .. ii:i 

'V-1001 F 4. 0 2 1· 4 
VA002 F 4. 0 2 I- 8 .......... - ....................................... VA003 ...... ··, ... : o ............ :i ............ _ . "i2 

VAOO,t F 4. 0 2 13- 16 
VAOOI F 4. 0 2 17- 20 ...... - .. - ......................................... v,oo. ............. , .. .-: . 0 .......... .. 2 . . .. 21- ...... 2◄ .. • . .. . 

VAD07 F 4. 0 2 25- 28 
VAOOI F 4. 0 2 29- 32 ................................................ _ .... VAD09 .............. , ........ 0 .................. 2 ............. 33_ ........ 36 

VACOt F 5. 0 2 31- 42 
VAC02 F 3. 0 2 43- 45 ••· ................................. ······ .. ·vaco:f"·· .. ·· .... , .... ,.: ... o ................. 2 ............ _.&~·--·--·--◄ 'i 
VAC04 F 2. 0 2 41- 49 
VAC05 F 3. 1 2 50- 52 

............. VAC06 ........... F3. 0 2 5J- 55 



N 
0\ 
N 

UR8AN ARTERIAL STUDY 

Table 69. Example SPSS program and output (continued). 
07/13/82 

ACCORDING TO YOUR INPUT FORMAT. VARIABLES ARE TO BE REAO AS FOLLOWS 

••••• ···••· viiffAal"E······;;c;11MA ~ • iicoim •••••••• •••• coi.iJll!NS 

VlC07 r 2. 0 2 56• 57 
····-··· ·· · ··- · ··· ··• • ··············v,coa ······-···· F • 2·.--· 0 ................ 2· ••• 59-······· 60 •••• •• • 

VAC09 F 3. 0 2 61• 63 
VACIO f 3. 0 2 6◄• 66 •• ······················v.:c,T···········--,- ": ·T···· • •··· 2 ··••••·· ·· &1: ••• ••• 10 •• 

VAC12 f 4, t 2 71• 74 
YAC13 f 2. 0 2 75• 76 ·-····-············-······· ·····•················vacHr············,· · !L • o ·····--·····•·· • 2 ••••••••···· 80- ··a◄ ···•·• 

YAC16 F 7. 3 3 1• 7 
VACt7 f 7. 3 3 9· 15 ............. ·-······· ••••·••••••••••·•••··•••••• v.ic i1i"······•···-- F · t . :, ·· · ·· · ···· ·:, ···· · · ·· n.; · 23 •• • 
VAC19 F 7. 3 3 25· 31 

··········-····•······••·•·•·••······· ......... VAC10 ............. F .. 7.-.... 3 ............. 3 ......... 33· 39 

THE INPUT FORMAT PROVIDES FOR 7◄ VARIABLES. 74 WILL BE READ 
.. J.! .. !!l~~J.~~~ .. ~CJR ... ....... 3. ... !f~~~R.11.~ ... (~CARD~.'.J.._1:•~R.CAS~ , ..... A MU IMUM Of 113 'COLUMNS' ARE USEO ON A RECORD. 

9 ALLOCATE TRANSPACE•ISOOO 

··spfflFUif ·sPACf .. ailocii'fiON:··:··· ... • ••• liOWS •• FOil; ·~···· ••••• i 50 • tii.iNSFDRliAOONS •• 
IIIDRKSPACE 66920 BYTES 600 RECODE VALUES ♦ LAG VARIABLES 

.!.11.~ ... ~~E ............ !~ ... ~!.'."..£.t ...... -•-· ............................... ?~00. ... ~ f /.CC>MP\J.T E. OPERATIONS 

10 N OF CASES UNKNOWN 
11 VAR LABELS VlTOt ROUTE NUMBER/ 

----·····················u···· ··•····· ··················v,Toi'.sriltH ·io/ ••••••• 
13 VAT03.TRAFFIC FLOW/ 
14 VAT04 NO. OF TRAFFIC SIGNS/ ···········································,5········ .............................. v,,os:LARCE OBSTACLES/··· .•..•...•.... 
16 VAT06,SMALL OUSIAClES/ 
1l VAT07, NO. OF ltlRU LANES/ 

....... ················• .... ···· .... • .. ··1a······ .......................... ...... VATo&;MEDiAN WIDTH/ . ·····•·· ... . 
19 VAT09,MED TYPE CURB/ 
20 VAT10,MED TYPE PAVEO/ ...................................... 21········ ................................ v,.tii;cull8 TYPE.Rt/ .. 
22 VAT12,CURB TYPE LT/ 

............................................... :?------·········· !!i:!·:t::c:~u~~!:o:!~[t .. ·· .................... . 
28 VAT15,YERT ALIGN/ 

-----·••····-·•--··-:;-_ ---··-·······--· .. ~: H' ::~~o:L ~'::,twivsr··· .. ·· .... · ............ ··· .... ···· · 
28 VAT18,NO. OF INTER SJG/ 

······-· ········-•-··•• ............... : ........ ·---········--··· :: t; t f:it~~ .. ~;H~,NSI GI... .................. •••••••••••••• ••• •••••• •• 

31 VAT22,LIGHTING/ 
32 VAT23,SUAFACE TYPE/ ....................................... ····33 ................................. ·vAT24;L.ANO USE/ 
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Table 69. Example SPSS progra111 and output (continued}. 

URBAN ARTERIAL STUDY 07/13/82 PAGE .. 
34 VAT25,CUAB LANE USAGE/ 

·······-···················· ···············3s·······································vAT2&:·N6:·eus sToPs/ •••• •••• •••••• 

36 VAT27 ,BUS STOP TYP CURS/ 
37 VAT28,BUS STOP PULLOUT/ 

·-····-············· ••·•••••••••· •• :Jir·················· •• ·············v•12s:stctioliisi>eR citv/ •• • • ••• ••• •••••••••• •• • 
39 VAT30,CJTY SllE/ 
40 VAT3I,AOADVAV CLASS/ 
4 ,·······•····· •••••••••••• •••• ·vAT34, REGUi.AtOih stGNsr·· •••••••••• 
42 VAT35.IIIARNING SIGNS/ 
43 VAT36,GU10E SIGNS/ ········ ·•····················· ············u · ·························•··· ····vAfa1 ;1iieh/ · - • · ••••••••••• ••••• •••••••••••••••••• •• 

45 YAT38,UTILJTY POLES/ 
46 YAT39,LTLANE I DIR/ 

··············································:.1. ••••••• ••• •••••••••••••••••••••• var4ci:l tt.:ANE2··i>tR/"····••· .. ••• •• 
48 VAT41,RTLANE MIO/ 
49 VAT42,PARKING LANE RT/ 

••••••••••••••••••••••••• .................... so··············· ................. •• vaujiPARKiNG LANE ·LT/ 

51 VAU4,RTBAY INT/ 
52 VAT45,LTBAY INT/ 
53········ .................... ••··· •. VAT46; RTBAY. MID/ •• 

54 VAT47 ,BUS STOP HUA/ 
55 VAT4e,eus STOP FAR/ 

N sif .............. •• •• • ···•··• • •••• variis;eus ·sToP ·;,r1or·· 

O'\ 57 VA001,ACCJOENT fREOUENCY/ 
w 58 YAD02,FATAL ACCIDENTS/ ····-············· .. •····•••••·••·••• .. ···•·····sg··············• ............................ VA003; INJuitv···•ccioENTS/"·····•······ 

60 VAD04, PROPERTY DAMAGE/ 
61 VA005,HEAO ON/ 

---··············· ·····•········ 12···•··•······ ............................... VAD06, REAR .. ENDS/···· .. ••·••············ •••.•• ·•············ • ··•···· 

63 . VAD07,SIDESW1PE/ 
64 VAD08, ANGLE/ 

.. -······································· ,s· ··· ·····················•············vAoos;ALL oti:.eRsr ·········· ·· .... ········ •····· ·· ··· 

66 VACOl ,AOT/ 
67 VAC02,PHF/ 

...... ··············· ............. ··········6i"········· ............................. VAC03; i/Etf ifif"ciiis/"· ....... . 
69 VAC04,VEH MIX Ca./ 
70 VAC05,PKNG TNOVER RATE/ .............................. ··········•· .... ti.................................. . .. VAC06; i.oci[ eus PER HR/ .. ······• .... · ............................ . 
72 VAC07, LANE VJOTH/ 
73 VAC08, AVG CYCLE LENGTH/ ................................................. 7"•···················· .. ··········· .. ·· ... · .. iiAc69;i.oc ··,,;.ctoii/ · ···· ·•·····•• ... •·• .. ·•··· .. ·· .. •············· ·• 
75 VAC 10, CITY POPULATION/ 
76 VACtt,RUNFALL/ 

...................... _ ......................... 77················••"······ .. •••••••••••·•••• VAC 12·,-SNOVFALL/ •••••••••••••••• 

78 VACt:J,OPEA SPEED/ 

······ ......................................... !~········· ................................. ::~~:·:~~p:~i1;~ ..... ··············--
111 VAC17, TOT ACCIDENT RATE/ 
112 VACtl,FATAL RATE/ ··-·····-······· .. ·-·········•·· .......... 83 ..................................... ····vACl9·,·1NJUAY. RATE/ ...................................................... . 

84 VAC20.PO RATE/ 
85 MISSING VALUES VAT03,VATOII TO VATIO,VATt5,VATl6,VAT21,VAT23, 
116 • •• .... ••••• •• • • • VAT2◄ ;VAC6t to VACi5(0)/VAT 13,VAT:J9.VAT40i99)/ 



Table 69. Example SPSS progr• and output (continued). 

URBAN ARTERIAL STUDY 07/13/82 PAGE 5 

87 VAOOI TO VAD09(9999)/VACl6 TO VAC20(999.999I/ ..........•• ·coiiPu'tE........... . VAD IO•VAOOi/3 • . . • .. . • . • . • 

89 VAR LABELS VAOIO,AVG ACCIDENT FREQ/ ~ 

~ VALUE LABELS VAT03 (O)UNl<NOWN(l)ONE WAY(2)TWO WAY(3IIWY DIVIDED 
·,; .. ····•·· .. . ··<,a;2wv DiVIDED/ ••••• • •• • • •• • • • 

92 VAT22 VAT41 (O)NONE(l)YES(2)NO/ 
93 VAT42 VAT43 (O)NONE( I )PARTUL(2)CONTINUOUS / 

•·•···········•····· ■c·· ·······························v.iTO!i (t)CURB!;JNO CURB/... • •••• 

95 VAT 10 ( t)PAVE0(2 )UNPAVED/ 
96 VATII VUl2 (O)NONE(l)VERTICAL(2) MOUNTABLE/ 

•••••••••••• ••·••··· 97 ••••• ·• •••••••••••••••••••••• ... VAT 15 ( I )LEVEL(2 )MODERATE( J)STEEP/ • 

98 VATl6 ( t)STRUGHT(2)CURVE/ 
99 VAT27 VU28 (O)NO( I )YES/ 

••••••••• 100·····································,;u2:i ( i)eifoMINOUS(2)CONCREtH:i)DIRT/ 

IOI VAT24 (t)co•ERICAL(2)RESJDENTIAL(3)VACANT 
102 ( 4 )OTHER/ 

···•······-·····················•o:f········•--•··•·--·--···•·· •• • ·v,t2s (0)01HEA(t )THRU( 2)Bii<E ( 3 )BUS(4 )RESTRiCTEO • 
104 (!l)UNAESTRICTED(6)LIIIIIIHO/ 
l.r.t VAT29 (O)UNICNOWN 
10&······························ ••• ···c 1 )BIG AAPiciS( 2 )KALAMAZOO( J)LANSiNGf 4 )sAGiNAW( 5 )BIRMiNGt-tAN ••••• 
107 (6)FARM1NGTON(7)FAAIIIIINGTON HILLS(B)NOVl(9)0AK PARK 

N °' ···•·················· 
• 

108 ( IO)ROYAL OAIC( I I )SOUTlfF IHD( 12 )TROY( 13 I TOPEKA( 14 )NEW ORLEANS 
········•··············-- •• ••••••• ·····-···09· ·························-···· •••••• ··r1s)MILWAUkEE( i&)SAN FRANC I sco( 17 )FORT WAYNE( 18 )SUTTLE 

110 ( 19)MINNEAPOLIS/ 
Ill VAT30 (O)UNICNOWN(l)SMALL(21MEOIUM(3)LARGE/ 

··········-······•··········· ·········H2··••··•····•·••·············· •••• ·VAt:if (o)UNKNDWNH>i>NE VAY(2)Tim VAY. TWO LANE. 

113 (3JlaJLTLANE DIV(4)MULTLANE UNDIV/ 
114 ANOVA VADIO, VAC17 BY VAT3 I( 1,4). VAT30( t ,3) 

·····-·········· • tti···· ••• • ············-········· .. ••••••• vftti vacorr···· ···· ·· · ········ ·· ···· · ·· ·· ·· ··· ··· 
116 STATISTICS ALL 

··•aNDVA' PioaLE•··aEouJltES·-··--····i11s··,vns ·o, ··space:········ •••••••••• •••• ••••••••••• •• •• ••••••••••• • 

-·• ..................... t .. !.?. ... ~~.~~ ... !~! .. D~!A ......... . 

AFTE• •EADINQ 8578 CASES FROM SUBFILE URBAN.A, EN> Of DATA WA ENCOUNTERED ON LOG IL UNJT, 8 

........................................................... 

-----·-----·----········,---------·········· .. ·························· ............................................................................. ••·••···· ·•···· ................ . .......... ········· .... . 

-----·············•·····••·•· ····························································· ................... . 



Table 69. Ex•ple SPSS program a. 1utput (continued}. 

N 
OI 

URBAN ARTERIAL STUDY 

_FJ.~.E. ........ ~~B.~N :.~ .... ~CRU~J~.JJA.J~ .• 07/ f 3/1~ ~ ..................................... . 

• • • • • • • • • • • • • • C E L L M E A N S •••••••••••• • • 
VADtO AVQ ACCIDENT FREQ ·-•·····•·•·················· av ·vAt3r···--········iiOAow,v · c:uss · · · ········ ........... ·· · ............. · ·· ···· ............ ······ .... ·· 
VAT30 CITY SIZE 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

. TOTAL_ POPULATION·-···········-··· .. ·······-···--··----··· .................... .. 

3.88 
..... L ... '!1~.!~.L .......... _____ ............................ . 

VAT3t 
.. . . .. ···-·· ' ............ ···-···•· 2 ....................... 3 ................ ......... . 

3.72 2.50 ... 73 ... 37 
UI { --··,f2s r····r··--:;~sii r····T ····us1 r·--T ···2_.,. > ·· ··••· ······--·····--·----···--·····--····· ...... ··· ·········· 

. VAT30 ·········································-······ ..................... . 
t 2 3 

2.19 3... 3.50 
( ·•~> ( 3806) ( 4.24) 

-·-· .. ····················-····· .. ---··•···•·····-·· .. ·---·••··············• .. ·••·············· .. ······ ...................... . 

VAT30 
···········•· ·•····· ·····-·•·· ··· .. ····•·········r········--·--···· .. ·•·· 2 ....................... 3 
v .. r3t 

I I.to 4.21 2.73 ----·······c .......... ,,, .... , .......... ,r····c --··--·22s> ............ . 

2 t.81 2.84 2.93 ---~·••··-r·······3,ol·····, .... 1&02 ,. ... T ..... 1!547) 

3 4.0t 9.94 4.49 
·-········c -·· .. •···31 r···T······93, r····r····, •2• > .. 

4 3.92 4.U ... 13 ----······T--· •• •• r·····r-···nH r···· c .. ·-r220> ••••• ••• •••••••• •••• 

···················•--···•···· ...... . 
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Table 69. Example SPSS program and output (continued). 

UtlSAN ARTERIAL STUDY 07/13/82 P&GE 1 

.. hle.E. ....... URBAN.'..A .... J.~~TJON .. ~.~T.E ... ~ 91/13/12) ................. .. 

• • • • • • • • • • • • • • C E L L M E & N S . . . . . . • • • • •••• 
VAC17 TOT ACCIDENT RATE 

················-····av- VAT31-··-····-·iioAOWAY CLASS 
VAT30 CITY SIZE 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

.. TOTAL_ POPULATION .................................................. . 

8.32 
-·· <__. H7■ I ............................................................. . 

VAT31 
.................. ••·••••••••••• .. 2··················••···:1····----· 4 

10.07 8.08 7.82 1.59 
-·-r·-····;-2e 1 ····T·····34sa > • .. ··r·· ,es-;; .... T --· 2496 > ·••• 

N 
0\ °" "ViTJo- ···--·-······· ................................ -.. -•································--···· 

I 2 3 

·-·······--.. ,. 50······-········· .-2 f··········- T . 84 ...... . 
( , .. , ( 3805) ( 4424) 

-~-----··-······················•·•···························•··• ··········•·····•· 

VAT30 ----- ·•·· .. ···········1·· ... ·········---····2···· ... .. ... .. 3···· ............... . 

VAT31 
1 •. ,, 10.85 8.94 ·····---···-········· · ··----·, ····· ,s r··T·······••,) ····T ••• •• 229 > ... • ••• • ·••·••· 

2 9.38 1.16 7.18 --- ·····r······1 io r···r····•602 ;·--··--( .... t s,h ) . ... .. .... .. ......... ······ ................. . 

3 •. 15 •. 7& 7. 14 ---·····•··r·-···· 3iJ ·-·1-·-···s:1 •l--···r· .. ·· 142a > ··•··············•--···· ............................ . 

4 9.69 1.90 8.47 ·--.. -·-•------r·····- · •• ,--·· c--··• ,,2r··c·•--, 220 ) ..................................... • 

•••••••-••-••••• .. ••••••• .. ••••••••••••-•••••••••·••••·•·•••-•••••••• .. •n•••••••••••• .. ••••••••••••••· ·•••·•••••·•••••"••• 



Ta~le 69. Exilllf)le SPSS progr• and output (continued} . 

URIAN ARTERIAL STUDY 07/13/12 

f}_~L .. _.~RlN. l ..... (.C:.!UA ~.I~ ... IJA,~E .... •. 07/13/12) 

• • • • • • • • • • l N l L Y S 1 S O F V A A I A N C E • • • • • • • • • • 
Vl010 AVG ACCIDENT FREO .......... av··vAT:ir·········iioaowa, class · ·· 
VAT~~ CITY SIZE 

WITH VlC. lDT ........................ -. ·•·· .............................. ···••·· ..•. ··•···· .............................. , ........................ . 

.. ....... ................ . ... . ..... sUii" ·o,.··· ......................... ········· ilifAN . . . .... .. .. 51 GN i ,· ...... . ······· 
SOURCE o, VARIATION SOlJARES OF SQUARE f OF f 

.. coiYan,ns •• ••••• •••••••••••••••••••••••••••••••• .... •••• .. •••••• ·······2si'i cit a············ r ···•·· ••• 2s:i'fL•·1:ilo-tii :·s,is ••• 0:000 
VAC01 25371 173 1 25371.4731048.545 0.000 

.. tiliii'-111ncts······································ .. •••••••• ............. ,a,:i:sd •• •• •• •• 15····· ••••••••• :iif:-'ias ····,. :ss:i o'.ooo 
VlT31 667.739 3 222.580 9.199 0.000 

.......... Y.~I~ ...................................................................... 1:t~~'..67.L ........... ? .................. 4.lil~.:.~ati ... 1e.ae3 0.000_ 

2-WAY INTERACTIONS 693. 2 1!1 8 115. !136 

N VAT3t ........... ~~T..~ .... - ............................................ ~~:J.'..~ 15 .............. ti .................. 1. 15..:.536 
4.775 0.000 
4. 775 .. 0:000 

°' ...., u,urNEO 27878.688 12 2323.224 96.014 o.o 

"1tlll t®&L ................................................................... 20966!1. !500 ··••·•· ■66!f··············· .. • .. 24·: 1s1· • •••••••·• ••··••·• •··•• •·•·· ·• 

.. TOTAL ............................................................................. 237!144 .• _188 ....... 8677 ..................... 27. 376 

COVARIATE RAW REGRESSION COEFFICIENT 
··vaco,··••m••· .. ················· o.ooo"····· .......................................... •·••····•···· 

··• ....... ta···cuu· it•t·-,iioctss·Eo·:........... . ...... · ····· 
0 CASES ( 0.0 PCT) WERE MISSING . 

...................................................... , ................................................................................................... , ............................................................................................................... . 
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Table 69. Example SPSS program and output (continued). 

URBAN •RTERl•L STUDY 

.. !.~.~.E. ........ ~ ... ~~ :.• ..... J ,;~~~!.!~ ~•~"E. ~. 07 / 13/82) 

• • • M U L T I P L E C L A S S l F t C A T l O N A N A L Y S I S • • • 
v•oto •vG •cclOENT FREO 

-···-········ ····-·······11i"v······ .. v•t:ff··········it0•1>wAY. Ci.ASS. • •••• 

Y•T30 CITY SIZE 
WITH YACOf ADT ..• -................................. -·.-······-··•· ···--.-······· •....•....•...•...•....•. ••••••••• •········ •••••••• ..• • ••••••••• ••••• • ••• •. •••• • . ..• • . . .. . 

. GRAND .. •E•N . • .............. 3. "··-····································· ............ . ADJUSTED FDA 
•• ··:.o.ius'ttii" j:ojf" ••• iNOEPENOFNT s •• 

UNADJUSTED 
DEV'N ETA 

INDEPENDENTS + COVARIATES 

.. ~~~J~~.E. ... ~ .... C:~ TEC:OAY ............................... N .. .DEV'N ... BETA .. DEV'.N .. BETA 

YAT31 
1 ONE VAY 726 -.. ··-···· :I° TWO • VAY. rvo·· LANE········ •••••• ·3459 ••• 

3 tlJLTLANE DJY 1997 

-········ .. 4 .. tlJLTUNE .. UNDIY ........................ 2496. 

N . 
CJ\ VAT30 

0.07 ·········:cis············ ·•••··•·····•·· ····· · 
1.08 
o. 72 

•••• •• ·o:i9 

0.38 
·-o::1s 

0. 10 
0.29 

•• o:06 

00 .............. , •••• le····•····•···• ········· .................... 44e·········· · ·· ·:,-:so ················· ............... ···· ······· ······ .... .:a. s1 ··· · 
2 MEDIUN 3806 0.24 0.33 
3 LARGE 4424 -0.05 -o. 18 

·······-··············· .. ···••·•··••···"'··············· .. ···················--·· ........ ......... . . .. tf.07 ... ............. ............ .. .. . . o .·()6· ····· 

.,._TIPLER SQUARED 0.114 .. tlJLTIPLE .. A .. ...... ·················•·········· ................. . . ............. ······ 0.338 

----------·······-·········· .. ··-.. ···--···················································································································•·· ···• 

------···••·•···· ······························································•····· ....................... ··••·•••••• ····•··••· 

----·-----·····••·••·········································· •···· 

_______ .. _________ ......................................................................... . 

07/13/82 

------·-----·--------························································································································ .. •••••••••••••••••••••••••••••••••••••• 
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Table 69. Ex1111Ple SPSS progr• and output (continued). 

utteAN &ATf~IAL STUOY 07/13/82 PAGf 10 

.. rn:-~ ......... ~•N:.• .... (~AEATJON .. DATf • .C,7{13/12.~ 

• • • • • • • • • • • N A L Y S I S O F V A A I A N C E • • • • • • • • • • 
VAC17 TOT ACCIDENT RATE ................................. av-· VAT3i ·········RoADWAY CLASS .................. . 
VAT30 CITY SIZE 

WITH VAC01 ADT 
••·H•······•Ho·••••·•••·• •. • •·•• •· • ............ -••·• • ·••••·••••· .............................. •••·•••·• • ·••••· ........... ,, • •0 • - •·• ••· ••·• • • •· ·• • • • • 

............................................... SUM .. OF •• MEAN···· SJGNiF. 
SOURCE OF VARIATION SQUARES OF SQUARE F OFF 

··cova1u1n··· .................................................. 7i:i'4.i504 ·· ··· ·· ··r ··········,,-13,1:so4 ·&2: tsa a.cf ... . 
YACOI 7134.504 1 7134.504 62.198 0.0 

··u11iru,tc'ts •••··• •• ···· ••···• ... ·•••·•··•·• ........... • ··10:i!i2 ::.,o· · s ··2010:•9& 1a:oso ·o.ooo 
VAT31 3115.461 3 1038.487 9.053 0.000 

-······-Y.~I~ .............................................................. 6 ''l•., .. 1J.t. ............ ~ .. 3091.061 27.000 0.000 
··••·•·••"'''''''""' 

2•VAY INTERACTIONS 1499.699 6 249.950 2.179 0.042 
N VAT31 VAT3~ en ···············.... ........... ·•••••••··•·•·•······· ······· ... I 4.99: !09 ............... 6 249.950 2.179 0,042 ........ ··•· 

'° EXPLAINED 189H.6H 12 15112.224 13.794 o.o 
··1ntouir············· •••••• ••••••••••••••••••••••• ...................... 1931:;2 . s&3 .. •• •• as&5 •• •• • ••• ••••• ··; f4 : 101 • •• 

.. TOTAL········-················································----······· ... 1012919. 2so ....... 8677 ................. 1.16 .• 736 

COVARIATE RAW REGRESSION COEFFICIENT 
··v•co·,·· .. ··-- ................... -0.000··--·· .. ·• ...................................... . 

····-···••'·•··c•sd"·wut ... ,itocHsfif:········--······· ·· ·•· · · · · ................ ····· ·· ········· ..... ······· ·· 
0 CASES ( 0.0 PCT) VERE MISSING. 

------························ ... ······ .. ·······--··-·······································•· .. ••· 



Table 69. Ex•ple SPSS program and output (continued). 

URBAN ARTERIAL STUDY 

.. fH,~ ..... ~IIA~," .. .J.~lf.UIIDN .. ~~TE • 07/ 13/82) 

• • • N U L T I P L E C L A S S I F I C A T I O N A N A l Y S I S • • • 
VACt7 TOT ACCIDENT RATE 

····•··· ··•••·• ..•... iii" ••... vat:ff· ...... iiiiaav Ci.Ass .. . ............. . 
VAT30 CITY SIZE 

111TH VACOt ADT 
·········•··· ····•• •• • • •• • • •• •• ••••••• • ••• • • • -. •• • • ••• • •••••• •• • it • • • • • • -. • • • • • • • 

.. GRAND ... •uN •............ ~. 32 ..................... . 

UNADJUSTED 
.. VARUIILE ... • .. CATEGORY .................. ·-········--·····N .. ...... DEV 'N EU 

ADJUSTED FDA 
INOErENDENTS 
OEV'N BETA 

ADJUSTED FOR 
iNOEPENOENTS 
♦ COVARIATES 
OEV'N BETA 

VAT3t 
t ONE IIAY 726 t . 74 t. tO 2·1wrw•v~tiio··i:ANE····················3•ss ............ --:.:o.2,··· .. ·--·--·········· • •• •• ••• •• ... ••• • ·~o. 14 • • 
3 IIIIJLTLANE DIV 1997 -0.50 0.34 

N 4 IIIIJLTLANE UNDIV 2496 0.26 0.44 
~ ·•·· .. ········· ···••········· .. ·····•• ·•••········· ··•············· · ·0:01 ·· ····· ·· ··· ·· ···· ·· · ·· ···· ····· · ·· ·· · o:66 · ······· 

VAT30 ...... •••• 1 • •u ······ ··················-···•·•·· ··········· · 44• 
2 NEDIUN 3806 

·:.:2:13······· ... ··••····•· ....... . 
0.88 

-0.48 

......... ~2:&1 
0.81 

-0.43 

07/13/82 

·-····-·-3 .. LARGE ...................... ·······---·4424 ···· ···· ··· ··tr:os o:b8 ......................... . 

MULTIPLE R SQUARED "NULTiPLE .. R ..... ........................... . 

------.--•··-··· ···········•···················-········· 

------------· .. ········-············-· ...... 

--------·-----·••· .. -··· ................... . 

----- -----· .. ··········· ........................................................................................................ . 

_____ .......................... -.................................................... . 

o.on o. t3i 

PAGE " 
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Table 69. Ex•ple SPSS progr• and output (continued). 

UIIIIAN ARTERIAL STUDY 

··r•iNsi>Ut···•touiliito·~·:·················•,oo··avtts •• 
I TRANSFORIIIATIONS 
0 RECODE VALUES + •.AG VARIABLES 

-···············--:r· i ;/COMPUTE •• OPERA I IONS • 

.. ~~ ... !JNf: .. lf.EOllI R.~I? '. .. ' ......... 20 ,.llfi .. ~ECONDS .... .................................................. . 

··••·•··········-·····························11 ■ ··; !NlSH··········· ............................................ . 

NORMAL ENO OF JOI. 
----····· ·1·1if.cONtROC·c•Rt>"s···vtRt· PRDCESSrt;-:·······"·········· 

0 ERRORS VERE DETECTED. 

H•••-••-••••••••••-••-••·••••••00000000•0·•·••·•···•··•••••••••••0•00 ••••••••••oo•••••••oOO 

.... ·-·····-·-········································ ··········-····-···•··························••·-· ••••••••••••••••••••••• 
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Table 70. Ex•ple OSIRIS V program and output. 

1 R •OSIRJS4 ~rRINl•-6 
2 &DICT DICTOUf•-DIC2 SOIJRr.E•OIC1 PAINT•OUTC 
3 &RECODE SOURCE•RCOOE 
4 ••••• &TRANS tiiCIIN•-ilic2 oitrAIN•-GEOM(LR.;ti3) OICTOUT•OIC:Z OATAOUT•-OATA 
5 CREAIE Nt~ VARIABLES 
6 RECOOE•I PRINl•COOERK VARS•Vt-V49,VIOI-Vl24,V201-V210,R50-R71 ·1 ······ ·aEN6 . . . .. . . . . ...... . 
8 SEMPTV -6 
9 &SEARCH OtCTIN•DIC2 OAIAJN•-DATA 

• 10·-····· iNCLUDE v:ii•3 • •• • •• 
11 BRANCHING ANALYSIS FOR URBAN ARTERIAL STUDY 
12 RECODE•! DEPV•R70 MA~•30 MJN•25 EXPL•.25 ·13 .• VAA•R&t i cociES•C i-7) •••••••••••••••••• 

14 VAR•R54 CODES•(1-6) 
15 VAR•V25,R52 CODES•(0-6) 
ii ·······v•R•R5i .R55. CODES•( ,~s; . ················· ········· . 
17 VAR•V24.V31,R53,R62,RG8 COOES•(t-4) 
II VAR•Vl9,R58,R59,R65.R66 COOES•(0-4) 
ii •••••••• VAA•Viii,R57 ,R63,A64 cooi=S•(o.:.3j. • •• 
20 VAR•Vt5.V23,V30,R60,R69 COOES•(t-3) 
21 VAR•V11,V12,V22,V42,V43,R6I CDOES•(0-2) 

• .. 22······ ·····v•A•V i&. vii ccii>ES• ( i-2 i tr.io • •• • • • • •••• 
23 &END 
24 $COP -6(1,30) ••••••••• 21···········ashiici•f oic'l'iN•Dit2 DATAtN•::ol't'A···· •••••••••••••••••••••••••••••• 
26 INCLUDE V31•3 
27 BRANCHING ANALYSIS FOR URBAN ARTERIAL STUDY 
2a····--···1Ecoot•1 .. oePV•R50 MAX;30 MiN•:i!i EXPL•:2s 
29 VAR•R54 COOES•(l-61 
30 VAR•RF~ M COOES•(t-7) 
31········ .. vAit;;v2!i.~s2 tooES•(tH!i> 
32 VAR•R5l,R55 COOES•(l-5) 
33 VAR•V24,V31,A53,R62,R68 COOES•(l-4) 

• 34 ••••••••• VAR•Vi9,R'5ii,A59,R65.R66 coi>ES•(0_.4t· 
35 VAR•Vl8.R57,R63,R64 CODFS•(0-3) 
36 VAR•V15.V23,V30,R60,RG9 COOES•(l-3) 
37· ••••••• VAR•V ii, v 12, v22, V42. v.i:i. RG i COOES• (0..:2; 
31 VAR•V16,V9 COOES•I 1·21 ENO 
31 IENO ···o10··········sto;;··· •• ••• 
41 CON •PAINT• ROUTE•FAPC 
42 COP -6 •PRINI• 

• 43 ••••••• REL. •PiiNT • 
End of fl I• 



N ..... 
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Table 70. Exaple OSIRIS V progr• and output (continued). 
I DICTIONARY FOIi URBAN IRlERIIL STUDY 
2 •ECOROS•l LRECL•113 
3 V•I G•I NINE•'SlREEJ ID' REC•1 COL•1 WID•& TYPE•C NOt•NONE L•NONE 
4 ••• ····v•:i NAME• •err·, coo£· co, ~, vii>•& 11> t•o L •NONE •• •• • • • • • • • 

I V•3 NANE•'fRAFFIC FLOW' COL•15 WIO•I MDl•O L•NDNE 
• V•4 NANE•SIGNS COL•f7 WID•2 MOt•NONE L•NONE 
1···········v•ii°NiME•'l.ARt".E oiisHtiES' COL•t9 VID•3 L•NONE 
8 V•& NINE•'SNALL ORSIAClFS' COL•22 WI0•2 L•NONE 
9 V•7 NANE•'NO OF nw LAtlES' COL•2• Wl0•2 L•NONE 

·,o ·v•iiiiiiNE•'MEOiAN iiiiDfH' r.oi.■·2,·vio~ .. iiii•O L~NONE 
11 V•9 NAME•'MED TYPE CURB' COL•30 WJD•2 L•'l•CURB.2•NO CURB' 
12 V•IO NINE•'MEO TYPE PAVEO' COL•32 L•'l•PAVE0,2•UNPAVED' 
13·········v•n NAME••cliilii TYPE RS' COi.•341MOi•NONE L•'O•NONE.i ■vt"iific"ii.;2-MOUNtAai..E' 
14 V•l2 NIME•'CURB TYPE LS' COL•3& NDl•NONE L•'O•NONE,l•VERTJCAL,2•MOUNTABLE' 
II V•l3 NANE•'SHOULOER WIOTH' COL•38 NDl•99 L•NONE 
1•··············v•i4 Niiit•;Gt.iARORAii.s· CDL•-40.WJD•4·MOi•NONE l•NONE •••• •••••••• 
17 V•II NANE•'YERTICIL ALIGN' COL•4• VID•2 1101•0 L•' l•LEVEL,-
11 2•1mOERITE.3•STEEP' 
, •••••••••••• v"•ii Nail• ·tt0titiz6Ni iL ii. JGH' ·coi.•46 l•'i •STAA iGHr", 2•Ci.iRVf ;· •• 
20 V•t7 NAME•'DRIVEWl~S• COL•48 NDl•NDNE L•NOHE 
21 V•t8 NANE•'SIGNALJZED INrER' COL•50 NDt•NONE L•NONE 
u············,;.;; ii NAME• •NOi,isiGNAL izED h•tER; •• COl.•52 l•NONE. • • •••••••••••• ••••• • 
23 V•20 NANE•'LINES ON CROSS ST' CDL•54 L•NONE 
24 Y•21 NINE••POSIEO SPEED' COL•56 L•NONE 21r··········y;2:i" NAN(• •liGiniNG' COL~Sii •• iio i•Ni:iNE L• ;O•NONE. i•YES;···· •• ••••••• •••••••••••••••••• 
H V•23 NINE•'SURFACE TYPE• CDL•&O MD1•0 L•'l•BlTUMINOUS,2•CONCRETE,3•DlRT' 
27 V•24 NINE••LaND USE' COL•62 L•'l•COMIIIERICAL,2•RESIDENTIL,3•VACANT,4•0TllEA' 

• • 2ir···········v•25 HANE• 'CURB i.ANE USAGE•. coL•84 Ml> i•NON£ L• ·o~o,11eiCf•'h1Ri.i, 2•Bil<E, 3•8US, ~ 
29 ••RESJRICTEO,S•UMIESTRJCTE0,6•LIMITEO' 
30 V•21 NIME•'BUS STOP' COL•66 L•NDNE 

·3;···········v~2'i iiiiiit••ii1j5 sioi» ciiRli· COL•&i L•NONE 
32 V•21 NINE•'BUS 510P PULLOUT' COl•?O L•NONE 
33 V•29 NIIIU:•'SECTIDNS av CITY' COL•?2 ND1•0 L•NONE 

·····,.··-····--·v•30 NAME•·citY SiiE• t:oi.•74 MDi•NONf t_;;, i•SMAi.L,2•MEDiUN,3•LARGE' 
35 Y•3t NIME•'ROAOWAY CLASS• COL•76 L•'t•ONEWAY,2•2WAY 2LANE,3•01VIOED,4•UNDIVIDf0' 
31 V•32 NANE•'SHDULDER 1Vf'E RS' COL•78 L•'1•PIVED,2•UNPAVED' 
31-·········;;;.33· Niiit•·stDILDER TYPE Ls·· coi•iio L• 1 t•PAYEi>;2•UNPAVED' •••••••••••• •••• 
38 V•34 NINE•'REGULATDRY SIGNS' COL•82 MDl•NONE L~NONE 
39 V•35 NIME•'WARNING SIGNS• COL•a• L•NONE 
40·············;;;:ii Niit• ;atiii>E sioos · ri:Ji. ■i& i.•NDNE •• 
•1 V•37 NAIIIE•'TREES' COL•88 Nfll•NONE L•NONE 
42 Y•:ta NINE•·urJLITY POLES' COL•90 
43····· V•39 NANE•iUUNt iiHA' coi. ■12 
44 V•40 NANE•'LlLANE 2DIR' COL•84 
41 V•41 NINE•'RILANE MIDBLK' CDL•K l•'O•NONE,l•Y£S,2•NO' 

•• .. , ··-·····-·v~;.-:;· NANE• 'PAAklNG iis; COL•ii ·1-•o•NDNE; i •PARTiAL 2 ■ cciNt··--······· 
47 V•43 N&Nf•'PIRICING LS' COL•tOO L•'O•NONE,t•PARTIIL,2•CONT' 
48 V•44 NINE••Rr■AY INTER' COL•102 L•NONE 

•••••••••• ··••···--·-v•••·twii•·•i.tiAi" Uo1tt11; coL;;1oi········· • •••••••••••••••••••• ••••••••••••••• 
90 V•41 NINE•'RTIAY NJOBLK' COL•10I 
11 V•47 NAME•·eus STUP NEIR' COL•I08 

·····u··-··--··v•4i"" iiiiiEi •iii.is • STOP • FAR· col;; t io •••••••••••• •••••••• 
13 V•49 NANE•'BUS STOP 111108LK' COL•ll2 
14 V•IOI G•2 -NAlll•'ACCIDENI FREO' REC•2 COL•t WID•4 NDl•9898 

• ·······•1·····-··"··v•i02·Ni•••F•tit.: icciottHs• ·coi•s •••••••• • • ••• • ••• • ••••• • • •••••• • •••••••••••••• ••• 
M ¥•103 NA'IE•'INJURY ACCJDENTS' COL•B 
17 V•I04 NANE•'PDO ICCIOENIS' COL•13 

·······--"s1 ..... -•• -••• v,;;ios Ni•;;·,.-,o oo •cc· coi:;;it 
,. V•IO& NANE•'REIR END ace· COL•2t 
SO Y•107 NANE••SJDESVIPE arc• CDL•25 



N ..., ... 

Table 70. Example OSIRIS V progr• and output (continued). 

S1 V•108 NAME•'ANtlLE Ace· COL•29 
S2 V•I09 NAME•'OIIIER ACC' COL•29 
S3 V•l10 NAME•'AOT' COL•3B WJ0•5 11101•0 
.,········v•Ht NAME•·P~if• coi.•.1:i vio;;:;· • 
15 V•l12 NAME•'VEH NIX CARS' COL•41 WJD•2 
ff Y•ll3 NAME•'VEH NIX COMM' COL•48 

• •••••• il't ······-·· ·v•fl4 NAME•• PARl<iNG. TiJRNOVEiF···coL•!iO··w10-3 ·Ni>tcii I·······. 
II Y•ll5 NAM[•'BUSES PEA HOUR' COL•53 TYPE•C WI0•3 NDEC•O 
II Y•l11 NANE•'LANE WIDTH' COL•51 WID•2 

•••••••••• 'io············ v•H1. Nillit•• AVG cvci.E lbiGihF ··c'til'..•!ii 
71 V•III NANE•'LOC FACTOR' COL•II WID•3 
72 Y•III NAME•'POPULATJON' COL•l4 

··········1,·········· .. v•·l20·;.,•lliE•'RAiNFAli.' coi.•&7 iiiib•~·Ntiei::iiT 
74 V•121 NANE•'SNOWFALL' COL•71 
75 V•l22 NAME•'OPERATOA SPEED' COL•75 TYPE•C WID•2 NDEC•O 

···········n···········°''··•23 NAME•'POPULATJON i.Ever-··ctk•79 iiiJD•t •••••••• 
77 V•124 NAME•'CAPACJTY' COL•IO Wl0•5 
71 V•20t G•3 NAME•'YC RATIO' REC•3 COL•1 WJD•7 NDEC•3 MD1•999,999 
11··········--v•202 ... ,·.e•·•cc1otifr RiH• ·coL■s·· ••••••••• • •• • •• • .. ••• 
IO V•203 NAME•'FATAL RATE' COL•l7 
11 Y•204 NANE•'JNJURY RATE' COL•25 
·12··-····· •• v·•2o!i NAME• 'PDO 'RATE' COL•:i:f •••••••••••• 
13 V•206 NAME• ·uuo ON RATE' COL•4 I 
14 Y•207 NAME•'REAR fND RArE• COL•49 

• iii ••••• V•208 HANE• •sii>ESWIPE ilArt • coliisi 
86 V•209 NAME•' AN<,LE AAI E ' COL •65 
87 V•210 NANE•'OllfEA AAJE • COL•73 ········· .. ·•······•·•· 1tND . . . . . ......... . 

End of ft le 

................................................. 



Table 70. Exaniple OSIRIS Y progr• and output (continued). 
OSIRIS IV __,ITOlt SYSTEM 
t•:33:21 IAIL 12. 1••2 

""lllaJ61···!6uic1•Rtitil ••• • • 
RICCIDl•t FLOATING POINT 
IIIO■O 

-.,-·,msnn-- (ffMEtf·t1o•vioi/:'i ••• ••• 
Ht•O 
If Y4 IN(0-4 J TitlN RII• I 

--• ,-··v•·-·1;;c 1·.::; r·tMEi •• *' i • , 
If V4 IN(l•IO) THEN R51•3 
If V4 IN(ll-19) THIN 1151•4 

-lit v,--···1.-··THIN 1191•5 
_,.TA ■Sl(O) 
02-0 

,,-·v1--1NlW=•r·,1tti'··•12-r· • •• 
If ¥11 IN(S-10) THEN R52•2 

-l~·-1--ICUJ:;J---l!:C-:::;J ·· 
If VS IN(2t-24) THIN R92r5 
If VS GI 25 THEN Rl2•6 -·-ta-Rti(or-··················· ••••• 
03•4 
If ft 10 0 THIN R53•0 

-·1r,11r·"iif"f=2 J" ··tHEN R53.;; i • 
IF ft INC3-5J THIN R53•2 
If ft fl( 7 THIN R53•3 -*u ·tiiur · · ····· ···· ···· ··· ·· · 

N IIM-0 
" IF YT 91' 0 THIN RS4•V7 "' -rr·vf··• ·r,urilr ii!i••'i •• ··-··· •• • 

..,.,a U4(0J 
ns-o 

11··w,1iTT=iJ""liifri •• H!I• i 
IF Ya IN(l•tO) THEN R55•2 
IF Ya IN(tl-20) THIN R55•3 

-:-irv1·-u;r21-:.-Hr-tHtw --•ss;; .. -• 
IF Y8 81 3a T•N R!i!l•!I 
_,.TA NS(O) -w--cr··-··-·-······--····-····-•······ ............... . 

IF ¥13 IN(t-9) THIN RH•t 
IF ¥13 IN(a-,o) T•N RH•2 -,,-··,,s·u····n···tttUi ·111-,· • •• •••••••••• •••• ••••••••••••••• • ••••••••• • • •• •••••••••••• ••••••••••• 
9DAT& RH(O) .. .,.. . -.-,-vrrno··fiillil"'"er-o····· · ·········· ·· · · ·· ·····--··········· ·······•·• · .................... . 
If Yt4 IN(l-2!1) THIN R97•1 
IF Vl4 IN(H•IO) THIN R!l7•2 

1rvTi'""ii···1r·1Hili •• iiii, •a • • •••••••••• • • •• • ··············••·····•·············•··••·····················-·--··-·········· 

9DAT& .. ,,., ..... -1, Yi f"""fif"ij···fiitA .. Hi;o ..... ... . . .. .. . .. .. .... .. .... .. ...... . 
If Y17 IN(l-2) THIN 11!18•1 
If Ytl IN(3-1) THIN 1198•2 

1riTf"""llifi=1r·ffilii""Hi•:i •• 
IF VIT 81 10 THIN ■91•4 

.................................... ····· 

IIIDATA RSl(9) 
•• ·•-o·-•-•··•······•• -·-······· --···•···--··-··· •• 

IF ¥2 10 IOIIO THIN Rl8•1 
._.J'. .... v~ 10._I0920 __ THIN __ R59•2 



Table 70. Ex•ple OSIRIS V program and output (continued). 
IF V2 10 10110 THEN RS9•3 
IF V2 10 101010 THEN R59ft4 
IF V2 EO 121230 THEN RS9•S 

····u···v2 ·ro i3.i3 IO THEN R5i~& 
IF V2 EO 141310 THEN R59•7 
IF V2 EO 151310 THEN RS9•8 

---.,···v:i" to···;, tdo ·tHEN ji59;;9 
IF V2 EO 171520 THEN R59•10 
IF V2 EO 111310 THEN RS9•1I 

--·.-,-··v2···,cr··11 i::i io ·tHtN ioJie• 12 
IF V2 10 201310 THEN R59~13 
IF Y2 (O 211120 THEN RSl•l4 

•••• 11r··v2 ···to·· 2:fli io ··tHtN 11,;; i is 
IF Y2 10 231310 THEN R59•16 
IF V2 EO 241710 THEN R59•17 

·····u···;;2··"t'o·· 2• i1 i r··,Htw 1s,~ ii· 
IF V2 10 251710 THEN Ass~,, 
IF V2 10 312410 THEN RS9•tl 

·-1,···v2··•10 :i22s1o··tHtN ·ii59;; ig 
NDATA RSl(0) 
RIO•O 

... a, ··vn··1;;n,::·2sr·,Ht.; ioo; , 
IF V21 IN(21-35) THEN R60•2 
.IF V21 GE H THEN R60•3 ..... iii6n1··uo(o>··· • ••• ••• • • • • 
H1•V21 
IF Y21 GE 2 THEN R61•2 _ .. H2-o·········· ................... . 

~ If Y34 IN(0-1) THEN R62•1 
0\ IF V34 IN(2-5J THEN 162•2 

·-··r,···vt•··•·•wr1·.;;•or tHtw ;;,2;;:i 
IF V34 GE 11 THEN 112•4 
NDAU Rl2(0) 

-··u:i■ Y3!J°"·••···········"· .. ····••OO••········· ··•• 

IF Y31 GE 3 THEN 113•3 
·k4•4 

-· 1,-··v31 ··16"··0···t,_,.- H••·o • • • 
IF YH IN(1-2) THEN Rl4•1 
IF YH IN(3-4) THEN 164•2 

·-u···v3t···aE • s·"ti4fw· •••. :i • 
NDATA H4(4) 
le!l•!I ...... , .. vi·,··-,o--o···tHf.r·Hs;o • • 
IF Y37 IN(1-2) THEN R6S•I 
IF V37 IN(3-I) THEN R&5•2 -un;,,···two.;;n .. , ...... liss•:i •• 
IF V37 QE 10 THEN A&S•4 
NDATA HS(S) ......... ···········•·•··•·-·--·-·-··------·--······· 
IF ¥39 10 0 THEN 111•0 

·-1; ... ;:.--ICJ5:;J-••,;; .. :::;J ···· 
IF YR IN(8-IO) THEN R68•3 
IF V:11 GE 11 THIN RH•4 ---iii6Ui ··Hslir·· ·········"··. .. .. . . •. 
N7•0 
IF V110 IN(0-4"9) THEN A67•1 

....... , •• vno···N(S000.:.9j99 J THEN R67;,;2 
IF YttO IN( 10000-14999) IIIEN R67•3 
IFV110 IN(.15000-19999) lltEN R67=4 

··················· .. ····· ........................................................... . 



Table 70. Exaple OSIRIS V progr• and output (continued). 

IF V110 INU0000-24999) IICEN R61•!1 
II' VIIO GE 2'5000 THEN IK1•6 
NOATA R67(0) ····-•o·· . . .............. . 
IF VIII IN(7-9) THEN R61•1 
IF VIII IN(l0·12) THEN R68•2 

-··1rvn,· .. 1;,n1=1•J .. ti-fEN r,r.ii•:J ..... • 
IF VIII QE 15 THEN R61•4 
•ua Rll(O) ...... 0 ......................................... . 
IF Vt24 IN(IIS0-4950) TH£N R&9•1 
II' V124 INl5000-1250J THEN R69•2 

-·-1rvf2•"·GE. 1300. THEN ••• ~:i •• 
..,ATA Hl(O) 
R70•0 -··n···inof .. [f"·HfLiii .. 'fHiN. i10•v2cfa .. ..... ... . .. ... .... .... . .. . .. . . ........... .. 
R7t•O 
II' Vlt9 IN(0-49) THEN R71•t -1',v·1•, ... ·u,no~2cil ti-tEN · ii 1, ~·, ....... .. ........ · ··· ......... · ·· ............. · ............. . 
IF Vtl9 GE 250 THEN R7t•~ 

.. .................................... .. 

NAME ■SO '&VG ACC FREO' R51 'SIGNS'.R92 'LARGE OBSTACLES',R93 'SMALL OBSTACLES' 
·-· ..... ··'19•··-.-tMiu LANI'S; ~••s ;Motf AN wtimV,'ltse • SHOULDER WIDTH;; A57 'PCT GUARDRAi i.' 

N NANI RH 'DRIVEVAYS',R59 'CJTY',R&O 'POSTED SPE(D' 
...., NAME HI 'IUS STOPS' .R&2 •r,,ouUTORY SIGNS' ,11113 'V&RNJNQ SIGNS' 
...,. --·--··lii• ...... GUfor·siGNS' ,A65 'TREES'., ••• ·t.ri'i'lh'v POU$' •••••••••• 

NANI U7 'AOT',R68 'LAME WIDTH',R69 'C&PACHY',ll70 'ACC RATE' 
--~~~-.1'.!.L~~~I::~.~.~~: .. . . ............... ........ : . . ............. . 
•••••.,.,..,.L TERMINATION DF RECDOE I 0.17 O. 73 SECS 

........................... 

_____ ... , .......................... . 
----................................ . 

• 

.. ........................................ ····•·•····· •···· 

----------.......................... .. .......... .. ........................................ , 

------··· .............................. . 



OSIRIS IV MONITOR SYSTEM 
1•:33:43 JUL 12, 1982 

Table 70. Exaple OSIRIS Y progr• and output (continued). 

-11u1ar ol"cflM•olc2···oa,, i .,;; .:osoa t, 
PMCHIN8 ANALYSIS FOR URBAN ARTERIAL STUDY 
RECCIDf•t DEPV•R70 NAX•30 MIN•50 EXPL•,25 
vii••···, aii>is-n::,iH • •• ••• • ••••••••••••• 
VM•V24,Y3t f COOIS•(t-4) 
VAll•Vfl f CODES•(0-1) ·vi•·••t.···•··coor·s• C • ~ 1, ••••• • • 
Vd•R52, .. 7 COOES•Ct-&J 
VAR•Rl1 CODES•(1-5) 
-iii•i'fl°"cooES■ (f~<i r········ ••• 
¥Alt•Vt8,IIU CIJDES•(0-4) 
VAR•Vl■ .v••.•s3,R57 CDDES•C0-3) -;;i1·.,;-r1: v36:ko· aioEs-, ,~:i • • •• ••• ••• •• ••••••• ••• •• •••• • •• ••••••• 
¥AR-Vtt,Vl2,V42,V43,V4&,R~I COOES•(0-2) 
¥A■•Vt.,V23 CODES•(t-2) 
··vii-vu: ¥27 ;·v2ii COOES•(O~ it END 

--------·--·-•··•···········•· -

I\)-------·······•······•········· ..., 
GD 

-------········-··-···. ••••••••••••• ···•· 

--------·····•-········ ............ ·•·· 

------··•·-·······•·•···············••·•-· 

---------········••··•·····-·····. ·• ••• -······· ...•...••• ···•····· •••••••••·• 

-----------······••··········• ... .. ·•····•·· 

-----·····-·-······-·····-······••···········•· •••• . .......................... ····--·•··········"'·"•""'·"'"'''"'"''''''"' 

-----········-················-··-·-·· •••• 



Table 70. Ex1111ple OSIRIS V progr• and output (continued). 

••• SEARCH - OSIRIS SEA~ING FOR STRUCTURE 

-·~-.. ,.~.! ... ~.~·~······~~~.~.NG ANAL vsr.s FOR URBAN ARTER UL .. sruov 

THE .... H OF VARIABLES IS 30 

·1c.UiiI"""aiil"AcfHs--nr·nii! DA i .i iii i U • 
■E T•EATED AS ■ISSING OATI 

··R··1Jn1···11r···NDt··vr"fGHTED 

_THE .. DATA .. W!RE .. TRANSFOIINED BY RECOOE 1 

1ME ,._ER OF CASES IS 1437 
·······••·····••·········•·•·· .... 

-------······•··••·-··················· 

------········•·························•······· 

N -------······························· ..... 
'° --------················•······ 

-------·••················•···•··· 

--------····························· 

---------··················•···· 

-----------········•··•······ 

---------·········•·····-··--· •••• 

SEARCH 



N ..., 
IO 

Table 70, EX1111Ple OSIRIS V progr• and output (continued) • 

••• SEAIICH - os1•1s SEARCHING FOlt STIIUCTu■E 

.. ~ .... ?.~ ! .... !.!'!.~ ...... ~~NCt:flNG _ ANAl 'f.S~S.. FOR IJR8~N .. A~:t"ERl~l,. _STUOY 

TNl NUleE• OF v••rAILES IS 30 

·"Jc.Uiir·cUillC"flH .. Uf THE DA t •• ·w; l l 
IE T■EATED AS •1ss1NG DATA 

•• TR1 .. "Din· .. 1w···Mtf···wrriHttb 

-~-J~~!.~ ... ~.~L!~~NSF.~D RV ·~~ODE 

lME NUNl!R DF CASES IS 8437 

---------····················"·················· 

-----································••·····•· 

-------········ .. ·····················•· 

-----·· .. •••••••••••••••••••••••••••••••••• 

------······························•····· 

-------···············•·•·••·····•·· 

--------························· 

_______ ................................ . 
--------.. ············-········· 

-------···-························ 

SEARCH ... t 



Table 70. Ex•ple OSIRIS V progr• and output (continued). 
·•g JHftHiiNHii···1•s""iiHfi i'f • F iNAL oioiirs 

. ~ ... !~.•--~J~ ... ~~~.AJNED IS 12. I~ 

.. ~.".'.~.! ... ~~!~J, ... ~'. ... f..~NAL GIICJUP.S 

SIIUIICE VARUTION 

······-···············1x1c1n•c; ·······«;-:· • 2ii:iaii11i •or; 
ERIIOII 0.1591641(+06 

···············-·······:t:°-T ~~. ·••···· ....... C> ~·119~536£.~06 

SPLIT -RY TABLE 
···- ···--······ . --• 

.OF 

• tri" 
1420 
IU8 

....,.,.,. ...... t ......... ..1~43~ . .;asrs .. sUM(WT>".' .. o.1437000£ +04 
__ ,,_ 0.1339917£♦01 VlQ(Y)• 0. 1181271E+03 VARIATION• 0.915!1538(+06 

·······•·•-p-[ff·iiN···lfi····· --·····ci h • •• ••••• • •• • • ••• •• • vii hPi.;; • o: 4 t93937t•os •••• 
INTO..._. 2 CDDES 12 I 8 11 15 18 17 3 13 4 fl 9 7 

................ ~ ... ~ ........ ~ .......... CDDES ... ~ 9 .19..~0 .•~·····2 

SUll(WT)• 0.3929000E+04 : _., 3 31129 CASIE$ 

0 ···•·•····•atn;;·•···1,~·10t2•lot•o2 • ··,wHv1;;·· 0. fi03.t03£•03 iiHU'tiON•· ·o.8512566!•06 

SPLIT _, Ht SIGNS ·•··••······· .. tff1·illlllt ···· • ••••••• •• coots · ·r 2 • •• •••• VU.~Xf'.~~···· 0..,. f !54203::!E +O!I 

are....., s coon :1 .. s 
·-...·····••·l"•··· ............... w .. cists • •• ···ofwf r;;···· o: ,.WoooE•lM° 

.......... ~-~!.1.~ ..... Qc~~~~~E.+O I ........ ~AR( .Y ).• ..... 0..: 17~!1 t!IE.+<>2-..... VAR ~.l."f. ION• ... <>.,.~11:Z.3!17!!1E+06. 

SPLIT_, Vtl SIGNAllZIED INTEQ VlA IEXPL• O.t070301E+05 
INTO am. C CUMS 0 •·• .. ··-······•···tlliUIJ···· .. ··,··········· ·arts ···, • , :t •• 

... ?(WT)".' . 0,_. 2213000E+04 . .. IIClll' ........•................... 2213. CASES 

-#l(Yt• O.t240C27E+M VlA(Y)• O. t548!104E+03 VAA[ATIDN• 0.3!129f221E+06 

···-··-·IJl:n··•·•,-····· ........ ilit· •• •• vii Ei<Pi•· •• ·c;-: !sf47i21t•o4 •••••••••• 
INTit .._. I CODES I 2 3 4 
AND IIClllt 9 COllES •!I t; ----············-············ ........ . .... . 1790 CASES SUM(WT)• O. 1760000£+04 

.......... •••l;;······o~·,:e:un@•02 • ··valiCv>·-···o. tii:iii3sE+o:, viliiiHtiN•·· o.2Ko296E•66·· 

Pt.IT• ltS9 CITY ............... iiflt ~. lo···••·· • COOES ·r i.e lo VAR EXPl• .C>.,41~7602E~04. 

AND CIIIOUP I t coot S ,. 9 2 

SEARCH 2 



Table 70 • Ex•ple OSIRIS Y progr• and output (continued). 
•• .,.. .... ,.,n1•n•·--1NM·wntt • ,,···,tNiCGitis 

. ~ ... !~.~.l.~'.'J~ ... ,.~~~~J~.o . rs. 12. ~ . 

.. ~.:'.~~.~ ... ~~!..1.S ... fJI: .. ~JNAL GROUPS 

sauac:1 VllltUTION 

····u,u1•···-···c;-:· 12s:;see1 •66 
IIIIIOII o. ■591s••E•08 

____ T~O_T~~····-··· ......... ~,.~95536E.~ 

.. SPLIT .. suianY .. TABLE ........ . 

DF 

·H; 
, .. 20 

···••···········'·•·3-6. .... 

··~··•····-'········ ...... ~•3.7..~.ASES ... ~(WT)~ .. (). 1•3-!000£+9." 

•AN(Y)• 0.833H17E+Ot 

•••••••••••• IJi·rf··-·-u1······ ·······ci rv ••• • 

VAltfV)• O.ttl1271E+03 VARIATION• 0.9155536£+06 

• vaifEXPL~····o:4·1g3937e•os ••••••• • •••••••••• 
nm, GIIOUP 2 CODES 12 I 6 11 t5 16 17 3 13 • 18 5 7 

····-·····-···AND. CIIIOIJP ........ 3 ............ CODES I 9 19 10 1~ ..... 2 ................ •·••······ ......... . 

SUM(Wfl• 0.3929000E+O<t = aGIJP 3 3929 CASES 

0 ··········•mrn- ·····c;-:·,o,,-•·•ot•cn vaocv ,. • • o. i<to:i,o:1E•oa viiHatitiN• • o:s!i 12sGGt+06 • 

SPUT ... RSI SIGNS VAR EXPL• 0.1542032£•05 
··•······•··uno·GlfU" ····i······· • emu 1 2 .. ······ ·•··· ...... . 

AND_,.. 9 CODES 3 4 !I 

• IINDt·- -··1 • ••• •··· • • ·49o1·· casts • • suw, wr , • ·••• o. • soiioooc •o4 

.......... • ... ,, •.... o.•21,..••r.~• .~AR(V )• ... . 0. .. 17()!5919E+02 . VARIA.TUJ ... ~ ... C>.:.39.2,3579E•06 . 

SPLIT UN VII SIGNALIZED INTER VAR EXPL• 0.1070308£+0!1 
INfO GROUP 8 CODES 0 ········-·-···ifjfj··aiHUJ········t············ coi."Es ••• t •• 2 3 

.............. 1 ................... 2213. CASES SUNfWT)• 0.2213000£+()41 . . . .... 

•MICYJ• 0.12.o827E+o, VARfY)• 0.15•&50 .. [+03 VARIATION• 0.3929122£+06 

••••••• ···-1M.n··111·· y-,·······-·-··iiif. • •• viii bPL•··. cL!H4't&iith64 ••••••••••••••• 
llffOaGIJP 8 CODES t 2 3 • 

__ ...;AND;;. aGIJP ....... ■ ............ COPES •!I Ii 

GROUP I t'NO CASES SUlll(WTt• O.t760000E+Q41 

···-····••nl•······o:nH•Ht•o2 ·vah')ii 0. t&U939E ♦03 vilHiTION•· o:2i&o:Uiot•oo· 

SPLIT M... CITY ···--·····1ffl··liNIIJ ·lo •••••• •· coou •• r u ,o 
AND ..,.. tt coon ,. 9 2 

VAR EKPL• o.•1•1eo2E•04 . ······ .... ... . .. 

SEARCH 2 



N 
CD ... 

Tlble 70. Ex-..,le OSIRIS Y progr• and output (continued). 

... ___ .•................... 3413 .. CASES .SUM(WT)• 0.34.t:JOOOE•O .. 

•AN(Y)• 0.5.1U3E♦OI VAR(V)• 0.6797601E+02 VARIATION• 0.2319342£+06 

---·-u,utfiN·v2 .. ············uND USE. \iaii EiiPL• • 6.3f&i:Wit•o4 
INTO GRDUP 12 coots 3 2 • 

___ are_ .GIIDUP ...... 13 ........... COOES I 

.... 4 t•4• CASE~ SUM(WT)• 0.1646000E+04 

--·•iiilil"•·····o:·uioiiu•oi • • • • --v,iilv r.;·· ·o., ti2ooit•o:'f vaii1.ffiDN• ··«Ltii2si2.-1t•66 •• 

SPLIT Cit Rl7 ADT ---·-ffffii·"ilii[ii·····l4········· ••• ci'ibU •• ··r· VAR . E XP.~.~ ..... 9..,.4'&16141E •04 

are GIIDUP 15 COOES 2 3 4 5 6 

...-·,·r·-··················t11·--cists • suiii, wt>;;· • o: 1ieooooi •o3 

--•------~HJ.~.-.J~.~.!~!9.1.E•(?2 .. ~AR(v)~ ... 0,.191100•£~03 . vAR~~Tl«JN~ .... o. 151aa&OE•06 

SPLIT 11N V25 CURii LANE USAGE VAR EXPL• 0.5339121E+04 
INTO GROUP ti CODES I 0 

--·-··.,.,iilaUP ·11···········cooEs ··, .-

_. ....... ! .................... ~.~ ... CASES ...... ~(WT~• .. 0. 1(?95000f •04 

.... ,,,. 0.8974815£•01 VA~(V)• O.t361SSIE+03 VARIATION• 0.1497202£•06 

-·---IJtff.llifBf············· iof • VAR EXPL• 6.4718734£•~ •• 
INTO G11DUP 18 CCIDES t 2 

--·- are. GROUP ..... 19 ·-···•··• COl.1ES 3 4 5 6 .... ,. 147& CASIES SUMfWT)• O. 1476000£•04 

---iiiTiJ•-·o:lili2iif-..:O.i ••• ···--vaiUvF • cf: 10029:.i6E+03. ViliIATJON• •• o:·u19316E+06 •• •••• ••••••• ••••• • •••••••••••••• 

SPLIT Cit ¥24 UNO USE ---,ffl···ifiiiDi·····1cr-,······· ciioU • • .. 3 2 ···4······ • •••••• • VAR .. EXP.~.~ ..... c;> ,.:J9!1~220E +04 

MD GROUP 2 t CCJOES 1 ... '' i.fi''"cish. • ·• .Dhii'I •· •• iU;•iiotx>oi +o:i 

•AN{Jl!.____J). tH~?,~~ ......... Y.~R.fr.>~ ...... c;>.'.:r~G.~29£~93 ... YAR!_A.!~~~ ...... 9..: .. •.~.~~~.!0E.•.~ 

SPLIT Cit 1193 $NALL 08STACLfS VAR tXPL• 0.3441502E+04 
INTO ..._. 22 CODES 0 --..:-.:-ir.iia-.__,,·-·"Jt"--·-· fotiU .... ··1 • ··2 • • I • ••••••• ••••••••••••• 

_... 10 ~.~ ... !:.~SES ... ~~(WT)~ ..... ~'.~~0900E~9.3 

•ANCY)• O.tt7t327ftO' 

-·--""1'1.·u·lii···a.,-·············ut •• • 
VAAfV)• O. t387048E+03 VARIATION• 0.1332953£+06 

v,1···tx,-.:.·.;;··· ·o·::1·• na'f2t•64 • 
INTO aauP 24 CODES 1 

___ ..,. _. _ .. n .. ........ coocs 2 3 4 

SEARCH 3 



N 
c» 
N 

Table 70. Exaple OSIRIS V progr• Md output (continued). 

..... _ .. 11 ..... - .............. 30 .. CUES Ut( VTJ ~ 0. HI0000£+()3 . 

NEAN(YJ• 0.1119298E+02 

·--·······•ut···a,r·11,·············c·itv 
VAR(Y)• 0.2229207£+03 VARIATION• 0.8111188£♦0!5 

VAR Eid>t•. o:1&2i9:id:•64 
INTO QROIJP H · CODES 15 17 3 

__ ..:c.AND ... GIIOUP ..... 27 ............ CODES .e Ill 13 7 

..._. 27 215 CASES SUM(WT)• 0.2160000E+03 
11 

··········•iN(il •······o:··1 !4"!1"2if E •02 VAiih>• o:2131745E•O!I VARUJifiNi, •• o.siiiit303E ♦05 

SPLIT ON V31 ROADWAY CLASS VAR E'XPL• 0.6518176E'•Ot ·······-·-1Nfct···litiuP 21 ···•·••· coots ... 2 ii 
AND GRIM» 29 CODES 1 • 

-w·•·····1················ H:fcists ··· ·siJiitwtJ•· ·o:52°30000£•63 •• ··•··········•··· •••• 

__ ■...~!J~ ...... !h~!IJ!.?.~£•()1 ........... ~A.~(Y )• <>:99-11.023£•92 VARIATION• O. 517355.eE+O!S 

SPLIT ON R99 CITY VAr. EA~L• o.2e2320<1E•04 
INTO GICIUP 30 CODES 9 19 I tO -··-···· • ilii ··iaiciiJi,·····:, r··········· cones ·····r 1 .. • • •••• •• 

..,.. ...... 3-.L ................... ~.~~ .. ~.A SES . ... SIJ.N( WT)·.. 0. 2?10000E ~03 

•IN{Y)• O.t175413E•02 VAR(Y)• O.t2.et995£ ♦03 VARIATION• 0.3440325E+05 

" 

--·-··Ptn··liii··v11··············fHNiUUir tNftir·····················••· ••• v11r·tx·11r-······o·:·:rt13Hfit•64 ••••••••••••••••••••••••••••••••••••• 
INTD QltOUP 32 CODES 0 

___ AND.;.;.= GltOUP .. _.33_ ........... cooES ........ , 2 ... 3 ....... . 

. ,tNAL.GIIGUP .. SUlaARY ... TABLE. 

.. ~ ...... ~~ ................. ~.~ ... C:ASIE'S ~(WT)• . O. 2~HOOOE•O<I 

-AN('I )• 0.485Nl8E'♦01 VAA(Y)• 9.5201608E+02 VARIATION• 0.1635914E+06 SHR EXPL• -O . .e4580'56E+05 

-_,,-u---····•···········.,-,,···cuu ·· • ··· • Drwt , .••• · er: 'ft4ooooe •o3 · ·· ·· · 

SEARCH 

-··-···-~~.!l~ .... J~: .. !.,.~!!,.•~• ............. !~!'(!>~ ..... C?.:• ... ~•4E+02 .... '"~tA!1.C».!.".". ..... 9..:.11~.~~ .. ~~05 .... ~.E.XPL• :-:O,.Ht .. ~3.!!E.•.~············ ................... . ..... ... t70 CASH SUN(WT)• b.t100000E+03 

-·-··IIDKir-·-·15:11K11H:.:o:t •• • • ·····va1tf vF ··o: 11H22el•oi· • viltU'floili•·····o·:·:iO"wHt•cwr • ···a rx►t.• • o·:1142i:>4·st•otr· •••••••• ••••• ·•······ • • ••••••••• 

....... •~·········-···-·····J"! ... ~.AS.E.S. . ... ?,(Wl:J~ ..... 9.: •~~•()~. 

-AN(Y)• O.N48292E•Ot VAR(Y)• 0.1217374£•03 VARIATION• O.1180913(+05 SHR EXPL• 0.1111600E+O<I 

.....,.-····11·-················,-H···cast~ •• tuiiilw·f •;·· ···o: ,2toooot •01 • 

-····--~~ff..~~ .... 0.• .. !~,'.7!!3E+Ot .... ... VAR(Y)• ... ~· ■!03792E+C>2 VARIATION.".". .. 0.:11~119'53£+05 SHR. E.XPL.• -O • .e561t3·tt•04. 

.. 



............ 20 ................. 1103 .. CASES 

•AN(Y)• O.IHlll9E+OI 

•• _.·····i1··············•···••··1H···casts 

··-···-••AN<YJ• ... o .. tOl32tBE•o, 

.._. 22 358 CASES 

Tlble 70. Exaple O~IRIS V progr• and output (continued). 

SUM( wq •. 0. t 1()3000( •~ 

VAR(Y)• 0.1784972E•02 VARIATION• 0.9658994E+05 SHA EXPL• -0.1112788E+05 

sUM(wo;; ····o::if30006E•o3 •• 

Y.AR( Y ):-..... C>'..~27.39'J9E+03 VARI ATJOt<f• .... <>.: 473894 ~E-♦05. SHA EXPL• 0.9t06578E+04 . . . . . . ... . 

SUM(Wt)• 0.3!180000£+03 

·········•iNCil•·····o:1n12nr•o:i • • • ·,w,rv,;;······o:201i1-tn•o:i vunuuiN·,;;· ·o. 1i.2 i H:iM•o!i ••• sHR txPL•·· ·o:6'sii i:Jtst•os··· • 

.......... 23 ................... 291 .. CASES 

NEAN(Y)• 0.137323tE+02 

··il&Jili·····u •••••••••••• u1·cHts 

.~UN( WT)·.. (). 29.tOOOOE 4-03 

VAR(Y)• 0.19408~tE+03 VARIATION• 0.5628439E ♦05 SHA EXPL• 0.2156454[4-05 

WM<"',. • ·o. 2:i,0000£ •M 

······-•·~·~(.!J~ ...... ~: .. ~~~.7.~3E+02 ...... VAR(Y):" .. 0:20!5._t456P03 VARIATION• 0.48619SOE_♦05 SHA EXPL• ... 0,2~78012E+05 . 

.... 29 724 CASES SUM(WTJ• 0.7240000E+03 

N ··-······••ro-·····o:·1ot:t:i90f•o2 • ···vaiHv>• .. ··o.·nn,ii2e•o:1 v•unto~•· • i.i:a12s3eiit♦o!i· sHi txPi..• ·o:·11iiail3oHos •·· • 
CD 

W .. ~ ..... ?9-.................... 1!1~.c•s~s . SUN(lf!):- o. tS~OOOOE+03 ··············· ....... . 

NEAN(Y)• 0.8833491E•OI VAR(Y)• O.t079530E+03 VARIATION• 0.t630091E4-05 SHA EXPL• -0.1560550E•04 

•• _,,--·21 ·-·•"··casfs --~uw,wr,.····o:,~60000t•o:J 

_,, ...... ••NIY)• .... o. 11821SIE+02 .... 1'AR(~)~ .. O. 1711256E•~3 .VARJA.TIOtl.~ .. 0,2.~9.1471(♦ 05 ~HR £XPL."'. . O.H90191E+04 

GICMt29 70 CASES SUMfVT)• 0.7000()Cl()E•02 

···-·-··.-arn-· ····o·.2M211:tr •02 ···v.iii(Y)•· o::tkit3~E•o:r VARIAfiON•"··o·:2•,-3101,ilt+os· SHA EXPi..•· 0.2475213E+05 

............ 30 ··············••·····"4s ... cAsrs . SUM(VTl• o. 24!IOOOOE+03 

-AN(Y)• 0.7211039f&01 

·-.····12·· ·· ··········· tffciisEs 

VAR(V) 0.6028313£•02 VARIATION• 0.1470908E+05 SHR EXPL• -O.t904575E♦04 

siiii( wf) • 6. i Hoooof •63 

.......... ~.~,.n~ ...... 9-.~!~~~IE♦OI . VAR(Y)• .... 0.924021 IE+02 VARIATION.• .. C>.,J.57()1:J.&E:+M ..... SHA EXPL• 0.7614846[+03 

..... 33 107 CASES SLIIWfWT)• 0.1070000E•03 

SEARCH 5 

---······ .. iNtiJ"•·····o:u.tnJif•o2 • •• viiHv) ■ • o. i.eo'ti!;?E+03 viitUHtiN•" 0. WiHfft+os" •• SHR hPi..• <f i4Hii'tse•6s· •••••••••• ••••••••••••• • 

-------···•···························•· • 



Table 70. Exaiple OSIRIS Y progr• and output (continued). 
··"···!~I•!l.~ ... PC.P..~ : ....... ~ ... IIE.~J. SPU!( • FOlt '..1 ... Al. ~PS, ) 

SURCH • 
2 

.......... ·--·····-·····-,. 26 .••••••••• 0. 32 • 

................ ¥24 .............. t .• 12.. ....... o. 1s 

Y3t 0.21 0.1:1 

H••••---••••--v21 ••-, .. ••••--••· ,12• .... •.-• • •o. 411 

3 4 5 6 1 • 9 10 It 12• 13* 

o.5o • .. cf::i•·--· ••• o:·4; ......... tLoa·· ··0:-.-1··· .. ·o:4s ........ 1r:21 ·o.66 • o:Hr ...... 0:01 ••• • o:65 

<> .. 81 

0.311 

0.26 0.26 0.32 0.09 

0.011 0.311 0.02 0.02 

0.22 

0.24 

o.as···· .. 0.2:i .... o.Jt •• ... o.--1e>'·· .. ·o:ti····· 0.24· 

0. 14 

0.03 

.. 0,05. O. Hl 0.03 0.00 

0.0!1 0.04 0.23 0.02 

6.03 ••• 0.06 • c>":!5• ·0.02. •• 6.61 

................ !.!:~ .............. c,: .. ~e> ....... o.oe .. . 9, 2~ .......... 9.,9~...... o. 39 .. <>J>~ ......... <>,02 .. 0, 22 ........ o .<>,.. o, 12 ....... <>, '·'···· o.o4 0.0.1 ..... . 

1192 t.H 0.111 

.................. , ............ o .!is .......... o. 2!" 

................ ••• .............. 2.118 

•11 0.38 

... - .... ·····v1• ............ 0.21 

0.311 

o. 1q 

o.o:i 

·-··· .. ···-··RH· ............. 0. 13 ........ o, 05 

0. 76 0.23 0.32 0.04 

·o.ii& • ·0:41· • o:s2 • ..... o:2s 

1.56 

0.24 

0.23 o. It 

0.07 

cu,1 • • o:oe· 

0.89 0.39 

o. 15 

0.01 

0.05 

0.02 

o ... 0.36 0.02 

·o:,s .. ······ 0:1, o:or 
.64E-02 o. 14 0.02 

0. 11 0.01 0.09 

• 6.63 o.M. o.o.ii·· 
0.16 0.14 0.06 

0.04 

o::is .. 

0.07 

0.03 

o.o:i 

0.01 

0.27 

0.03 

0.02 

6.22 

0.17 0.05 

0.09 .99E-02 

• 0.03 0.04 

0.20 .74E-02 . . . . . . . 

0.01 

o.H. 

N 
m v1a 2.44 , .09 0.99 0.25 

0.01 

0.0:1 

.0.25. 

0.46 

o.oi· 
0.00 .!12( .. 02 0.3!1 0.21 0.09 0.26 0.00 

o:oo ••• 6.63 

0.02 

0.01 

o.oi 

O.Ot 

o.oo 

0.00 

0.01 

0.00 

o.o:J 
0.01 

O.Ot 

o.o:f 
Q.9-t 

o.ot 

.. ............... ¥ ............. o. 10 ...... 0.02 

--.......... ;, ............. o. 01 ........... _ 0 •. 0.1 

Rl7 0.02 0.01 

o: o• • ·--:-itn:.:o:f .. 

o. 14 

0.01 

0,.0.1.... 0.33 

0.01 0.01 

0:02 •••••• ·o·:·o, · ····· 0.01 •• 0. t9 •••• 0:03· 

0.01 

0.01 

o .. 04 o. ◄ 1. o.06 

0.00 . !IOE .. 02 0.011 

0.01 ... <>,34. 0.01 

0.00 

.......... ·-··vls· ............. 0;02 • ........ o.o,· ··o. 2, • •• ...... c:;-.·o,..... 0.2:i • ··o:or···:iitt.:o:f .... • .. o:66 ···• ····o.2i •• • ····,;.02 
0.00 .90E-02 

cU>-t • ; dF02 

___ V~39. .............. C>..~.3-!I. ............ O .. HI ........ 9 .. 24 ........... !?.07 0.01 

0.22 

.. (),()t ............ 9.: 1.~ ......... 0,,01 ........ <>..09 0.03 

0.09 

.<>,()9 

0.02 

.9!1E-02 

RIO O.N O.tfl 

--·· .. -• .. vn·· .......o. n · .......... o. 21 

--""'v-"-"12 ............. 0.11 ............ 0 .. 11 

¥42 o.t3 o.~ 
•--····-vi~ .......... 0. ·1(S .... ...... 0. ·1 I 

0.80 0.32 0.0!1 o.oe 0,011 0.03 

0.2:i ........ <f.osr· .. · · ·0.03 .. o:·u··· .. :·nFo2 .......... o:os •• 0.02 ····--·o:oif ....... o.·1.,. .. . 

0.04 

0.05 

0.04 ... 0..-2~ ............ "..·.~...... 0.09 .. O.,C>.! ..... !~.3E.-:-92. 0.11 0.01 ........ 0: .. 16 0.01 

0.04 0.07 ').03 0.01 0.09 0.03 0.01 0.02 0.20 . 71E-02 

..... <Loi ........... lUH..... i>.'03 . • 0:01··--.. •••• .. ,;-:-oi .... ··o.o:f· ...... c,.04. :ad~oir-- ..... o.:Hi ....... 0:02 •• ••••• o.o,·· 

__ .. ~.~ ........ ~.~~.::9-~ .......... Ju:,1 . . ... <>.oo ........... e>.00 ........... ~·.f:)C) .... ~,.()() .......... <>.,.()() .......... 0,00 .......... ().f:)C) ...... 0 .• 00 ...... __ o.oo 0.00 

0.01 

.. 0,0() 

0.01 Ht 0.33 0.21 0.07 0.04 0.03 0.0!1 0.02 0.02 0.03 0.01 0.0!1 

--·-·--·· .. ·v-r•···· .......... •r·c,·1·· ... "isu .:02 .... o:oi ......... o:mr .... :s2ii::02 ··· ·· .. oiol .... ·• 0:01 ••• ••• • o:of •• • • ·0.05· ···:kt.:.02· cun • • en,, · o.or 

.............. "-2.3-........ ... ~,.0.;l. ..... ~5E-02 .9U-02 ..... C).01 0.01 . 70£-02 O.Ot 

0.12 

0.07. . 0.00. 0.01 . 0.08 

0.00 

0.01 .57E-02. 

0.06 .SOE-02 ¥22 t .42 0.31 0.22 0.07 0.00 0.011 0.00 0. 00 o.oo 



N 

Table 70. Ex1111ple OSIRIS Y progr• and output (continued). 
.:l .. ~~~-~.!JCJ_t,q~.ftl,.: ... 11".lll:ST SPLIT(• FOA .F.INAL GRPS. ~ .. ~.continued 

, 3 4 !5 6 1 a 9 10 

SEARCH 

" 12• 

··-···········vn··············o:·n ··•·····<,.-1°9 •• • --·o.oii ··.-,9t:.;of·.. o:o. • ·o:os· •••• ·o:o, 0:03·· o.01·········0·:o:r· ····o.m •• .. 0:01 

................ v21 ............ o.00 .... .... o •. oo ... 9..00 ... ()~.()() ... ... o.oo 0 00 .<>:.()() ..... o,oo 0.00 0.00 , .. (). 00 0.00 

JL~.~~J.~JJ~ .. ~IC.ft.l,, ... av .. HST SPLI!(• FOA .. fl.~ll .GR.PS,.) - continued ....... . 

1•• 1~ ts• t7 19 19• 20• 23• 24• 25• 

1 

13• 

• o·.oi 
0.00 

26• 

·······-·······15· ........... o.oo· ........... o:c:,a ·o:oo··· ·····o·.01· 0.11 ·o:ci9· .. ······c;-:15!r 

21• 

o:os 
o.oo 
0.03 

22• 

6.0t o:·b6· ···c;:oo· o. h •• • • o.oo 

................ ~:z.~ ........... O •.. ~~. ..c:>:.~O ..... <>.,.01 

V3t o. 12 0.09 0.01 

0.1!5 

o.oe 
o .. .ta.. o.oe 
0.!52 0.04 

0.07 

0.03 

0. 20 .· 91E.:-02 

0.01 0.02 

0.07 

0.03 

··-·········-·1mr··-·······cr:oc;- ••••••••• 0.21 · · cLoo ·· • ..... 0.-04· o;,a ; 10E;;or· •••• ci":o:i •• ••• ••• 0:11 • o.or o.o:z ••• 0.02· 

··--····-·11114············· o. 00 ............ 0. 04 

H2 ·••r-02 0. 19 

0.C>2 ........... 9..:09 

0.01 0.18 

0.!52 

0. ,. 

0.01 

0.08 

.9.,.C>,!i .... ,82E.:02 .94E-02 O,C>1 0.00 

0.14 0.02 0.01 0.03 .97[-02 

0. 17 0.03 

0.02 0.01 

6.03 0.06 

0.06 0.00 

0.09 

·-·-·-·-···Ht··············o-:c5o···········o:n·· ...... 0:02 ····o:o,r··--· ·,u,2· ···o.02····· ··c:;:-,1· •••••• o:i.e ··· ·· o.o, 0.02 • c>.oo 0.01 

0.03 

o.oo·· ••• 

CD R91 .tlOf-02 0.30 0.03 o.oa o.-<>L .... <> .. c:>4 ........ o. 1!5 0.08 ()_.03 .. 0.04 . 0.02 ..... 0,03 0.01 en -··-··-···········-································••·••· . 
R71 o.oo 0.0t 0.00 .!56£-02 o.oe 

···-··--··vur-···· ... ·····in,:r··----· .. ···o. os • •••• o. oo · o. o, o. 01 

0.02 0.01 

0:10 ········«fo, • 

0.01 0.06 

o.oi •• 0:02 

0.00 

cU>ii 

··----··~·~··············9..~tt... .......... <>,p ·•~-02 ........ ..c;,.,02... 0.08 

0.01 

0.06 

0.02 

0.01 

.. 0.:.1~ .. 0.07 ..... 0_..06 ..... 0.03. .:77.E-C>:l 

¥11 o.oo 0.24 0.00 o. 18 0.00 o. 10 0.01 0. 2 1 . !5 1 £ -02 0.00 

···-··-··-v ... ··-······" o.oo·········· 0.01 • ··o.oo ...... 0.01 o.oo .. :,2r~o2 •• •• o:o:; o:oo •••• • ifoo • o.oo • • o.oo 

-·-······-··-~·~············..C~.•.9.2-............. <>.o2 • ,.2r-02 ....... <>,3tt ........ () •. ()8 ,.81~"".02 <> .. 02 

o.o, 
0,02 

0.00 

<>.00 

o.oo 

. 0.02 

0.00 

... 0,0.1 

0.GO ··.7 o.oo 0.02 

················v11······:·,n·::o2· ........ ·o: o-i 

............... vao ............ 0.00 ............. 0 •. 01 

NO 0.1C o." 
-··-··· ... ·vrr·········-· 0. 61) ............. 0 _- I :1 

0.00 o.oo 
.. 0.00 ... o.',e 

0.00 . !ffiE-02 

0.00 0.0& 

0.00 0.00 

0.09 0.02 6.6:f •••••• 0.07 

.. 0J>I. .. 0.,9..1 ....... 0:02 

0.00 0.06 0.07 

0.01 

o.o• 

o.63 • o.o:i • o.oo 

0.01 ....... g,06 .. 0.00 

0.00 .16£-02 0.07 

·· ·o:oo ··;w:.:02·· .. •· ·· «nso······ .... ·c;-:os ........ •·o·:-u .... ••···• .. o:oo·· · • ·· cn;r .. •···· · o:oo ·· .. o:n 

0.00 .53E-02 

··0.0& ·o.oo 
0.01 0.01 

0. 11 o.oo 
o.M 6.00 

0.02 0.00 

o.oo o.oo 

6.06 o.oo 

0.00 .!53E-02 

0.0, o.oo 
<f.04 •• o.oo 

··--······· v,2 ............. 0.00 o. 1!1 

o. 10 

0.00 ..... o.~.. .. C> •. ~ ........ J),()I .......... Cl., .. 11 ...... .. 0.00 o .. 11 

0.02 

0.00 ...... Cl. ta.. o. 10 0.00 

o.os 

0.05 

0.00 

¥42 0.03 0.00 0.04 0.01 0.01 

-···-·······l,u···········o.ot ······•· .. •o.6'1· --,;-:oo • ••• .. c;:dr··· 0.0:2 • • •• o.or 

···-·········· v••····-······· o. oo o.oo ... 1>.,00 ........ e>.oo. . o.oo 0 00 

o.os 0.03 0.03 0.01 . 71E-02 

o·.o:z" ..... ·o:o, • .sn;:02·· ••• o.<ff .iHt~o2 • 6.02 

0.00 0.00 .o.oo 0.00 0.00 0.00 



Table 70. Exlllll)le OSIRIS Y progr• and output (continued). 
SEARCH 8 

......... -·-·w..- ·········o~oo··········· o.lu · .... 0.01· ·•· .. ··o·.o.-·· .. · · · 0:01 · · · · ···,u:H ............. ,Lor·..... o.04 •• • ..... ,u;.. ••· •••·•· o:·01 ·•· ···o•:-oo·· .......... cr:01r ···.!Ot:.;02·· ................. . 

Vt• 0-.9-9. .......... ~-~3 .... ~.00 ....... 9:.91 ............. o~~ ....... _g.:.~.1-.. ........... ~.:.~ ........ Q.:~ ..... ........ 9.:.99. ............ O.CJ0 ............ 9-.:.<>.9 ....... :.~.?.~::~ ......... 0..-.~ .................... . 

VII 0. 00 . IC)E-02 0.01 .!SOl-02 0.02 .SOE-02 0.01 0.01 .51!•02 o.oo 0.08 0.02 0.00 

...... - ... • .. ·vu·· ........... o~oo·· .. ········o.oil ·· ··o.oo· .......... ,Loo .. ···· · o.oo· · ·· ··cLoc··· .. · ...... cuH· · · cf.oo ·•· • ···· .. cux, ··· ····· o.oo .. ·······c;:·oo ········· inxr · ·····o:ocf ·· 

................ V.!.! .............. 9..-.~ .... ,.~•e-o,. . .. 9-00 ... ,~::-02-..... o .. 9A ..... ,~2~.~()2 ....... ,.11.1.e..~02 .()_..9• ....... 0.()3 0,01. 

¥21 o.oo 0.00 0.00 o.oo o.oo o.oo o.oo 0.00 0.00 

s ... ,., •• EXPL. ■Y ■EST SPLIT(• FOR FINAL GRPS.) - continued 

..... _._ ..... -........... ·-······· .. ···1,--............ ,.. . ...... :ii.i•··· ............. 30•········ ... tr ......... j~•····--· ......... 33·• ...................... . 

........... _ ... ~ ............. 9..-.~ ......... ~.~ ... ~-.oo ....... ':':o~...... o_.~ .......... ~.·~ ........ o..,9<> .............................. . 

n• o." o.o, 

·········· .... vn·· ........ o:et ·· · · o.on 

................ v~.~ ............. e>.'. .. ~3 o.o, 

: ... o.•• o.oo 
0t ......................... ··--·o·:n o. ·10 

... - ....... NT ....... ltE-02....... 0.00 

nt o.o, 0.01 

0.00 0.09 0.23 0.01 0.01 

• ·o.oo • • •••• o. o, ... ~i;Fo2 . ,si-o:r • · · <Loo· • ••• 

... 0.:00 . ...... CJ..'.01 . 0.00 .O:<X> ........... 0.00 

0 .00 . 72(-02 .97£-02 .721-02 0.00 

· · .. o:oo · .... 0:02 .. • 

.. JM>~> ... ,.s•~::~~ ....... . 

0:01 •• •• •• ·o~o~ ··· ···· troo ···· 

.o'..9.~. -.~.•.,.-::<>2 ........ ~-09. ..... 
o.oo .sn-02 O.Ot .IOE-02 o.oo 

.......... -... ·•n· .. ····· .. ··cu;o ............ o.oo · .... o.tio ... :Mf:02 ... ·· · «nm····· ....... ,ux, ......... ,u»········· ......... ··· 

................ !~'-............. CJ. ... ~~ ............ 9.04 ..... ~.:oo ........ CJ..,0~... .. .0 •. 91, ........ o.,o.• ........... 0..,.99 ........... . ... 0.01 o.o, 0.00 .!ll!-02 .71!•02 0.02 .70(-02 

................ vl1········--.. c,-:00·· ........... 0.00 · ·· ... o.oo ........ cror··· ·· o.!li ···· ·--t;'.oo···--····· 0:-00 ........................ ···· 

................ ~!~ ............ <>.:.~ ............. o. oo ...... 9..· oo .. 0.,09. ........ <>.•.~ ........... 9.:00 .9,.<>.<? ............... . 

na 0;03 .• 2(-0, o.oo . 70(-02 . 78(-02 o.oo o.oo 
..... ·-·--·•t .. ·--.. -·,r:tili--... • ... -- o. oo· · ... ···o .. oo· ........... o·: oo ·--· · "<Uio .... · --o: lio········ ..... o: 00 ........... · .... ·· 

.. - ........... vt■ ............ 0.02 ............. 0 •. 00. .. .. o.oo ......... o.09 .o,.~ ........ o.~~ .......... 9. .• 02 ........... . 

¥30 0.00 O.«t 0.Ot> .HE-02 0.00 o.oo o.oo 
............................. c:;-:oo ·····• ....... o. oo ·--6.oo · ··· lU,2 ........ · o:cn· · · ·c,:oc;-··· ....... o:oo········ ··· .. · ··· · ............. ······ .. 

................ !.~.' .............. <>..-9.C>. ............ 0. 00 . .. 9.: 00 C)_. 00 • !I f£~92 .. ~, ()' ......... C>.,.(),O ... . 

'ltt 0.00 0.00 o.oo o.oo .!ln-02 0.01 o.oo 

o.oo 
o.-.90 .......... J> '. 10. .... . : SOE-02 .................... .. 

0.00 o.oo 0.00 



Table 70. Ex1111Ple OSIRIS V progr• and output (continued). 

-~ ... !~~f..~.!.!.~ .. ~.~~~.! .. J!.! ... ■EST sPUT ( • FOR .. f. I.t,UL ~PS._) .. '.'. c.ont 1 nued . 

27 29• 29• 30• 31 32• 33• 

--··-···-···v42·····---·--·c;:-c;e···-··-···o:oo ..... o.oo • •• • 0.02· • tLoo o.oo • ·····o.oo ·· · 
___ Y.c...4.=3 ............. O. 18 .......... 0.00 

V48 o.oo 0.00 

o.oo 

o.oo 

0.02 

0.00 

o.~ o.oo .9.,00 

0.00 

-·-··-······•s1 -····-·o.0'1·--·····--·· 0:03 ·--·o.oo ·.!ite-02· ... 0.02 

o.oo 

.<Loi 

0.00 

cLoo ·•·•· 

·-·········- v••·•••··· .... o.oo 
¥23 o.oo 

0.00 

0.00 

o.oo .... J).00 

0.00 0.00 

····-··-·vi2 ··········o.oo ........... o.oo .... o.oc,·······--o.oo 

0.07 

0.00 

().00 

o.oo 
0.00 

0.00 

o.oo ·tLoo ••••• ·c:;-:oo • 

___ ¥2='·-··-······ 0.0!5 ............. 0.02 0,00 ... :.~E-02 ........ O_.Ot. 0.01 9,00 
0.00 V21 o.oo 0.00 o.oo 

N ••••._L TE•INATION OF SEARCH CID .... -----·-····••·•········ 

---------············-·--···· 

-----------·--·······--•·• •• 

------------·-·····•··•·. 

0.00 0.00 0.00 

t 9.07 36.<12 SECS 

SEARCH 9 



FEDERALLY COORDINATED PROGRAM fFCPI OF HIGH'\l'Al' 
RESEARCH AND DEVELOPMENT 

The Officts of Research and Development (R&D) of 
the Federal Highway Administration (FHWA) are 
rnpon1ible for a broad program of 1t1ff and contract 
research and development and a Federal-aid 
program, conducted by or through the State highway 
tran1ponation agencie1, that includes the Highway 
Planning and Reaearch (HP&R) program and the 
National Cooperative Hi1hway Research Program 
(NCHRP) managed by the Tran1portation Re■euch 
Board. The FCP is a carefully selected group of proj• 
eels that uses re■earch and development resourcea to 
obtain timely 10lution1 to ur1ent national hi1hw1y 
engineering problem•.• 

The diagonal rlouble 1tripe on the cover of this report 
represents a l1i1hw1y and i1 color-coded to identify 
the FCP caugory that the report fall, under. A red 
,tripe i1 u11ed for cate1ory I, dark blue for cate1ory 2, 
light blue for cate1ory 3, brown for category 4, gray 
for category 5, green for categories 6 and 7, and an 
orange stripe identifies cate1ory O. 

FCP C.te,arr Dacriptio111 
1. Improved Hiahway De,ip aad Operation 

for Safet)· 

Safety R&D 1ddre11ea problem, a110ciated with 
the re1pon1ibilities of the FHWA under the 
Highway Sa!ety Act and includes investigation of 
appropriate de■ign 1tandard1, road,ide hardware, 
1i1nin1, and physical and acientific data for the 
formulation of improved nfety replation,. 

2. Reduction of Tnl&e Cc,npetlon, aad 
lmprol'ed Opentloul Efficiency 
Traffic R&D ii concerned with increuin1 the 
operational efficiency of eailtin1 hi1bway1 by 
advancin1 technolo11, b:, improving detip1 for 
uiating a1 well a1 new facilitie1, and by balancing 
the demand-capacity relationehip through traffic 
mana,ement technique■ 111ch u bua and carpool 
preferential tnatment, motorist information, and 
nroutin1 of traffic. 

I. E11mo11mental Co11ndentlo■1 la lllpway 
De.Ip, Loeallo11, Co■llncdo■, ... Open• 
doa • 
Environmental RID ii directed aoward Identify• 
i■I and naluatinl hipway llementa tlta1 affect 

•Ti.._,_. _.., .. ill...,_ ti .. PCPll111111Wt,_. 
.. !'IIIINIITNllairll......._lffliee,~,Ve.11111,lillllt ..,...., ..... ......., ............................ ...... 
....,.(llaD-11,0lieftlf ......... Dt I e ■ HM , ..... ......, 
...... ,.., .......... D.C. ... 

the quality of the human environment. The 1oal1 
are reduction of adverse highway and traffic: 
imp1ct1, and protection and enhancement of the 
environment. 

•• Improved Material ■ UtilizaUon and 
Durability 
Materials R&D ii concerned with expanding the 
knowledge and technology o{ material, propertiu, 
u1in1 available natural materials, impro,·ing 1truc:• 
tural foundation materials, rec:ydin1 hi1hway 
materials, converting indu11ri1I wastes into useful 
highway products, developing ntendrr or 
1ubstitute material■ for thote in short supply, ar,-1 
developing more rapid and reliable testing 
procedure,. The goal■ are lower highway con· 
struction costs and eztended maintenance-free 
operation. 

5. Improved Detlp to Reduce Coat■, Extend 
LIie Expectancy, and ln■are Structural 
Safety 
Structural RID ii concerned with funhering the 
late1t technolosical 1dnnce1 in 1tructural and 
hydraulic cletign1, fabrication proce11e1, and 
con1truction techniquet to provide safe, efficient 
highway• at reuonable co1t1. 

6. Improved Techaolo•t· [or Hi1h"·•y 
Co■Hl'lletioD 

Tbi1 cate1ory ii concerned with the research, 
development, and implementation of highway 
con1truction technology to increate proclucth-it)·, 
reduce eaerr con111mption, conaene dwindlina 
resourca, and reduce coat■ while improvin1 the 
quality ud method, of con1truction. 

7. Improved Teehaolo1y for Hi1h-·a,· 
Mainteaaace 
Thi, catepry acldmHI problem■ in preMrvin1 
the Nation'• 1ti.-iway1 and includn activitift ia 
phylical aaiateaance, traffic 11nlce" ■anap• 
meat, ucl equipment. The pl ii to muimiae 
operational eff'aciency and Nftty to the 1ra,elln1 
public wltUe coueniq resources. 

I, Odl•Newll.._ 
Thi, caaepry, NI lllchadecl in the llftlloftlume 
offldal Mlttant of 1he FCP, ia eoaetr11ed with 
HP6Jl aad NCHJlP 1t11dln DO& tpNUleally nlatecl 
to PCP ...-. Tliae •dies la..._ IID 
.. ppon.,..., ................... . 




